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OPENING REMARKS 

D r .  Robert G. Sachs 

Laboratory Director 

Argonne National Laboratory 

1 think my responsibi l i ty  is to  welcome you here i n  the  name of Argonne 
National Laboratory, one of the sponsors of t h i s  meeting, and it is a pleasure 
for  me  to  have tha t  opportunity. 

T do think a word of explanation may be appropriate because, ever since 
we have become ident i f ied  a t  Argonne with an i n t e r e s t  i n  f o s s i l  enerm, many 
people who have been i n  the f o s s i l  energy business fo r  a much longer t i m e  than 
we have appropriately ra ised the question, "What i n  the world is Argonne doing 
in our business?" I think tha t  has a grea t  bearing on our ro l e  i n  t h i s  par t i -  
cular  meeting. How did we get  i n t o  the f o s s i l  energy business? The reason a t 

t h i s  question is a sked , i s  t ha t  Argonne is usually associated with nuclear 
energy and re la ted  basic  research. Now, of course, these f i e l d s  of work i 

involve very broad areas of science, technology, and engineering, and they + 

involve i n  par t icu la r  state-of-the-art technology. I n  state-of-the-art 
I 

technology, i t  is most important t o  have avai lable  r e l i a b l e  and precise  
measurements of a l l  of the parameters t h a t  a r e  involved. The measurements 
n m s t  of ten be made under the mast extreme adverse conditions. The develop- . C 

\ <. 
ment of improved processes f o r  converting f o s s i l  f ue l s  in to  useful work, which L 

(9 

is what the f o s s i l  energy business is a l l  about, requires measurements under " i  
, 7. 

conditions t h a t  a r e  s imilar  t o  those with which one is involved i n  the nuclear ' 1 .,. i t  

energy business -- measurements a t  high temperature, high pressure, i n  very L 

corrosive environments, and so on. Therefore we have a t  l e a s t  t h i s  one thing 
to o f f e r  to  the development of f o s s i l  energy, a g rea t  deal  of experience i n  
the development of very sophisticated instrumentation f o r  measurements under 
very extreme conditions, and we Are much involved i n  applying these techni- 
ques developed over the years t o  the instrumentation problems which a r e  the  
subject  of t h i s  meeting. 

You a re  here, a s  I understand it, to  address such questions and come to  
a consensus as t o  &a t  the r e a l  problems are. I ' m  sure  youtre going to  f ind  
tha t  there a r e  plenty of rea l ,  very challenging problems and you'l l  leave 
t h i s  conference with more than enough to  do. I'd l i k e  t o  wish you good luck 
i n  t ha t  endeavor. Thank you. 
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by 
B. S. Lee 

I n s t i t u t e  o f  Gas ~ e c h n o l o ~ ~  

1. INTRODUCTION 
. . 

The need t o  u t i l i z e  coal ,  our most abundant domestic f o s s i l  energy 

resource,  has been long. recognized. The need t o  acce le ra te  and expand 

the  u t i l i z a t i o n  of coal has only been broadly accepted i n  the  l a s t  few 

years ,  as  domestic supply of  o i l  and gas continues t o  diminish. Spurred 

on by the  r ap id ly  r i s i n g  p r i c e  of imported o i l  and the  increas ing '  r e l i ance  

upon fore ign o i l  supply, quest ions of na t iona l  s e c u r i t y  and the  balance 

of payment made us r e a l i z e  the  c r i t i c a l  need t o  develop domestic energy 

resources.  St imuli  such as  deregulat ing na tu ra l  gas and providing 

investment c r e d i t  f o r  exploring f o r  new o i l  and gas would help t o  increase  

the  energy supply. Nonetheless, the  most r e a d i l y  ava i l ab le  energy 

source i n  the  U. S. i s  coal .  

This f a c t  i s  well recognized by both the  Administration and Congress. 

The need t o  expand coal u t i l i z a t i o n  was c l e a r l y  enunciated i n  the  

P res iden t ' s  energy message. The quest ion i s  no longer whether we should 

use more coal ,  but how bes t  t o  use it. Our mission, a s  technology 

developers, i s  t o  br ing  f o r t h  technologies t o  allow the  most e f f i c i e n t ,  

environmentally acceptable,  u t i l i z a t i o n  of  the  energy i n  coa l ,  from the  

coal  mine t o  end use. While energy conservation is  undeniably important,  

it -is j u s t  a s  important t o  increase  the  energy supply. These two ac t ions  

form the  two corner s tones  of  a v iab le  energy pol icy .  

Coal i s  a complex material .  whose composition va r i e s  with the  seam 

and the  locat ion .  I t s  b a s i c  chemical s t r u c t u r e  has never been f u l l y  

e s t ab l i shed ,  so  t h a t  coal  cha rac te r i za t ion  i s  l a rge ly  done by empirical  

means. Coal has been charac ter ized  by i t s  bas ic  atomic elements, and by 

maceral cons t i tuents .  I t  contains s o l i d  mineral mat ters  i n  the  form of 

ash, which has a h ighly  va r i ab le  composition. Some of the  components i n  

ash occur i n  t r a c e  q u a n t i t i e s ,  but  a r e  important f o r  emission and environmental 

control.. 



We can group a l l  uses  of coal  under the  heading of  "Coal Conversion 

Processes ," if we def ine  conversion as  changing coal  from i t s  conlplex 

"as mined" form i n t o  a clean energy form. This kind of conversion 

covers both d i r e c t  conversion, such as  combustion i n  which the  coal  is  

converted i n t o  a form of thermal energy such as  high-pressure steam, .and 

. i n d i r e c t  conversion, where coal  i s  converted t o  a s y n t h e t i c  p i p e l i n e  

gas ,  low-Btu f u e l  gas,  o r  clean l i q u i d  f u e l .  With t h i s  d e f i n i t i o n ,  l e t  

me b r i e f  you on the  general  p i c t u r e  and give you an o v e r a l l  review of 

t h e  technologies being developed i n  d i r e c t  and i n d i r e c t  coal  conversion 

processes.  

For you who a r e  i n t e r e s t e d  i n  instrumentat ion and con t ro l s ,  twg 

types of  measurements a r e  taken i n  coal  conversion processes:  

1. Compositional analyses 

2 .  Process parameters such as temperature, pressure ,  flow, densi ty,  

and l eve l s .  

The d i f f i c u l t  p a r t  about making compositional analyses i s  t h a t  a 

r ep resen ta t ive  sample must f i r s t  be taken. This i s  d i f f i c u l t  because many 

s o l i d  samples a re  not  i n  themselves homogeneous. Other samples involve 

gases and s o l i d s ,  and a sampling method must be devised so  t h a t  the  

sample represents  a t r u e  concentrat ion of s o l i d s  i n  the  gas stream. 

Conditioning the  sample i s  d i f f i c u l t  because samples contain not  

only d u s t ,  but poss ib ly  condensable l i q u i d s ,  including water,  hydrocarbon 
5 .  

1 

o i l s ,  o r  heavy viscous t a r s .  Recan~se many of these  processes occur a t  

high temperatures and pressures ,  the  sampling device must he ah1.e t o  

take  samples continuously, s a f e l y  and r e l i a b l y ,  while not  being obs t ructed  

by condensat ion.or  f i n e s  co l l ec t ion  t h a t  could cause plugging. 

Once a sample i s  taken and proper ly  conditioned;t.he c.nmposi.tional 

ana lys i s  can o f t en  be done with standard equipment, such as  individual  

component analyzers ,  mass spectrometers,  o r  gas chromatographs. 

In measuring process paramctcrs,  it i s  a challenge t o  uvercusle 

physica l  r e s t r i c t i o n s  imposed by high pressure ,  high temperature, and 

poss ib ly  corros ive  atmospheres accentuated by the  high temperature and 



pressure.  Locating sensing elements t o  obta in  a r ep resen ta t ive  measurement 

of  the  process condit ions,  while p ro tec t ing  them from an adverse environment, 

demands ca re fu l  design of  thermowells, pressure  probes,  and l e v e l  de tec to r s .  

2.  DIRECT COAL CONVERSION 

Besides conventional coal  combustion processes involving e i t h e r  

s tack  gas scrubbing o r  adding limestone t o  the  combustor, the  new advance 

i n  d i r e c t  combustion is  fluid-bed combustion. The important f a c t o r  t h a t  

motivated developing t h i s  technique i s  t h a t  in t imate  mixing and high- 

heat  t r a n s f e r  r a t e s  mean coal  can be completely combusted a t  the  r e l a t i v e l y  
0 low temperature of  l G O O  F, while conventional s lagging cyclone combustors 

operate a t  2500' t o  3 0 0 0 ~ ~ .  Because of the  low temperatures i n  f l u i d -  

bed combustion, f a r  l e s s  n i t rogen oxides a r e  formed i n  the  f l u e  gas. 

Limestone i n  the f l u i d i z e d  bed permits removing s u l f u r  compounds s o  t h a t  

the  f l u e  gas can be discharged d i r e c t l y  i n t o  the  atmosphere. The exce l l en t  f 

heat  t r a n s f e r  c h a r a c t e r i s t i c s  of a f l u i d i z e d  bed a r e  u t i l i z e d  i n  a 

compact heat  t r a n s f e r  sec t ion ;  t h i s  allows high-pressure steam t o  be I . I  

generated i n  tubes immersed i n  the  f l u i d i z e d  bed. 

Several  f luid-bed combustion u n i t s  have been t e s t e d  i n  England, i' 

including one pressur ized  a t  6 atmospheres, a t  NRDC/BCURA. In the  U. S., I t. 

development work by Pope, Evans, and Robbins has l e d  t o  designing and a<p$ <- ;I . 

operat ing t e s t  u n i t s  producing 5000 lbs /h r  of steam. Based on these  

r e s u l t s ,  a la rge  demonstration p l a n t  was b u i l t  a t  R ivesv i l l e ,  West 

Virginia.  There, the  u n i t  i s  in teg ra ted  i n t o  a power p l a n t  and includes 

a f luidized-bed combustor producing 300,000 lb /h r  of  steam. This i s  

equivalent  t o  30 megawatts of power from 15 tons /h r  of coal .  

Fluid-bed combustion can replace  the  conventional steam b o i l e r  i n  a 

power p l a n t .  Because the  high-pressure steam is  used p r i n c i p a l l y  f o r  

power generat ion,  the  o v e r a l l  coal  u t i l i z a t i o n  i s  s t i l l  l imi ted  by the  

conversion e f f i c i e n c i e s  of conventional e l e c t r i c  power generat ion.  The . 

n a t i o n ' s  energy demand requ i res  power generat ion,  and f luid-bed combustion 

has a p o t e n t i a l  t o  provide improved steam generat ion f o r  t h i s  power *. 

generat ion.  I f  co-generation i s  eventual ly  des i red ,  then e i t h e r  f lu id -  

bed combustion o r  conventional steam r a i s i n g  could be adapted f o r  co- 

generat ion of power and heat ing  steam. 



The sca le -up  of f lu id-bed  combustors has  been considered i n  a  

r e c e n t  r e p o r t  by Babcock and Wilcox f o r  t h e  E l e c t r i c  Power Research 

I n s t i t u t e .  They were p r i m a r i l y  concerned wi th  t h e  l i f e  of  metal  p a r t s ,  

such a s  steam c o i l s ,  i n t e r n a l  cyclones,  and ho t  p r e c i p i t a t o r s ,  which a r e  

exposed t o  t h e  co r ros ive ,  e r o s i v e  condi t ions  i n  a  f luid-bed.  Because , 

t h e  steam c o i l s  con ta in  h igh-pressure  steam, t h e i r  s t r e n g t h  i s  v i t a l l y  

important  f o r  s a t i s f a c t o r y  ope ra t ion  and f o r  s a f e t y .  

3.  INDIRECT CONVERSION 

One p o s s i b i l i t y  i n  conver t ing  coa l  t o  gas i s  t.o produce high-Btu, 

o r  s y n t h e t i c  p i p e l i n e  gas.  This i s  interchangeable wi th  n a t u r a l  gas and 

can be t r a n s m i t t e d  and d i s t r i b u t e d  i n  e x i s t i n g  n a t u r a l  gas p i p e l i n e  

systems. The o t h e r  rou te  i s  t o  produce low-lltu f u e l  gas ,  which i s  

e i t h e r  d i s t r i b u t e d  over  a  r e l a t i v e l y  s'hort r ad ius  t o  concent ra ted  i n d u s t r i a l  

u s e r s ,  o r  i s  used f o r  e l e c t r i c a l  power genera t ion  i n  a  combtne-d cyc le .  

A.3 High-Btu G a s i f i c a t i o n  

Shor t  o f  burning coa l  d i r e c t l y  t o  provide h e a t ,  the-most  e f f i c i e n t '  

way t o  use c o a l  a s  a  c l ean  burning f u e l  t o  hea t  homes and bus inesses  i s  

t o  convert  t h e  coa l  t o  high-Btu gas.  The t o t a l  system (from- c n a l  rnn~rerqi'on, 

through t ransmiss ion  and d i s t r i b u t i o n ,  t o  end use)  c o s t s  l e s s  than  one- 

t h i r d  as much a s  u s ing  coa l  t o  genera te  e l e c t r i c i t y  t o  provide hea t .  

High-Btu g a s i f i c a t i o n  processes  can be c l a s s i f i e d  by t h e i r  mode o f  

g a s i f i e r  ope ra t ion ,  which l a r g e l y  determines t h e  process  e f f i c i e n c y  and 

c o s t .  Ins t rumenta t ion  and c o n t r o l  development c e n t e r s  around t h e  g a s i f i e r .  

This  u n i t  no t  only c o n t r o l s  t he  e f f i c i e n c y  and o p e r a b i l i t y  of  t.he e n t i r e  

p roces s ,  but  con ta ins  t he  most severe  environment f o r  making.measurements. 

1. Moving-Bed G a s i f i e r s .  Here, g a s i f i c a t i o n  occurs  i n  a  bed o f  

coa l  moving downward, countercur ren t  t o  upward flowing . . gas ,  

s i m i l a r  t o  a  b l a s t  furnace.  The Lurgi p roces s ,  which can be 

app l i ed  t o  non-caking U. S. western c o a l ,  i s  commercially 

a v a i l a b l e .  Severa l  commercial p l a n t s  have been proposed i n  

t he  U. S. and a r e  awai t ing  approval  by the  Federal  Power 

Commission and o t h e r  favorable  Goverri~i~erit a c t i o n s ,  such as 

loan guarantees .  



The g a s i f i e r  ope ra t e s  a t  around 350 p s i g  p re s su re  under non- 

s lagging condi t ions .  Temperatures reach about 2 2 0 0 ° ~ ,  depending 

upon the  steam and oxygen content  of  t h e  gas.  These g a s i f i e r s  

a r e  t y p i c a l l y  10 f e e t  i n  diameter ,  and r ece ive  dry  feed  through 

c y c l i c  lockhoppers. A t y p i c a l  g a s i f i e r  atmosphere tends  to be 

reducing; depending on t h e  loca t ion  i n  t.he g a s i f i e r ,  it v a r i e s  

i n  t he  p ropor t ion  of  CO, H2 ,  C02, steam, methane, and t h e  

l e s s e r  amounts of  e thane ,  propane, and o t h e r  hydrocarbons o r  

vaporized t a r s .  Su l fu r  compounds abound, c o n s i s t i n g  mostly o f  

hydrogen s u l f i d e ,  p l u s  l e s s e r  amounts of  COS, and o t h e r  organic  

s u l f u r  compounds. Some of  t he  ch lo r ine  i n  t h e  coa l  might be 

v o l a t i l i z e d .  Most of  t he  n i t rogen  is converted t o  ammonia 

p l u s  small  amounts o f  HCN. Most of  t h e  oxygenated hydrocarbons 

i n  t h e  coa l  become carbon oxides o r  steam, with a p o r t i o n  , * 

converted t o  phenol .' .!:i  

' ( !  , -$ 
# .  

On the  development s c a l e ,  a s lagging  ve r s ion  of  t h e  Lurgi g a s i f i e r  

i s  being developed a t  t h e  Westf ie ld,  Scot land f a c i l i t y  f o r  

caking bituminous coa l .  The s lagging  mode inc reases  t he  _ ,  .. 
. . ,,k 

throughput of  t h e  g a s i f i e r  and s imultaneously r e q u i r e s  l e s s  ;-;, - i;, 

steam flow than  t h e  non-slagging mode. A r o t a t i n g  r abb le  arm . . 3 ,  ,?I. 

;y 

breaks  up any agglomerates formed from t h e  caking coa l .  
i .. 

Refrac tory  l i f e  i n  t h e  s lagging  a r e a  i s  an ope ra t iona l  concern. 

The s lagging  Lurgi process  i s  t h e  s u b j e c t  of  a c o n t r a c t  between 

EKUA and a group of companies headed by Cv~lvcu f o r  .the cleslg11 

o f  a demonstrat ion-size p l a n t .  

Other developments o f ,  t h e  ~ u r ~ i  process  i nc lude  cons t ruc t ing  

i n c r e a s i n g l y  l a r g e r  diameter  v e s s e l s  and ope ra t ing  a t  h ighe r  

p re s su re s ,  i n  t h e  1000 p s i g  range.  These f a c t n r s  increase 

throughput t o  reduce t h e  number o f  p a r a l l e l  g a s i f i e r s  i n  t he  

commercial p l a n t  and t o  make t h e  process  more e f f i c i e n t  by 

producing l a r g e r  percentages of  methane d i r e c t l y  i n  t h e  g a s i f i e r .  



Fluidized-Bed G a s i f i e r s .  The Winkler process  i s  a v a i l a b l e  

commercially. However, it ope ra t e s  at. e s s e n t i a l l y  atmospheric 

p r e s s u r e  and t h e r e f o r e  only produces CO p l u s  H z ,  with n e g l i g i b l e  

q u a n t i t i e s  of  methane. This makes a high-Btu gas process  

based on Winkler i n e f f i c i e n t  and c o s t l y ,  and no such commercial 

p l a n t  i s  planned i n  t h e  U. S. We understand t h a t  development 

work i s  underway i n  Europe f o r  h igher -pressure  opera t ions  of  

t h e  Winkler process .  

S e v e r a l ' p r e s s u r i z e d  f lu id ized-bed  ope ra t ions  a r e  i n  t h e  development. 

s tngc  . The I.NGAS ji t:ocess u s i ~ i g  sream-oxygen g a s i f i c a t i o n  i s  

undergoing i n t e g r a t e d  p i l o t  p l a n t  t e s t i n g  i n  Chicago. Technical 

f e a s i ' b i l i t y  o f  ope ra t ing  with a l l  t h r e e  major U. S. coa l  types 

( l i g n i t e ,  subbituminous, and bituminous) has been demonstrated. 

This  process  ope ra t e s  a t  around 1000 p s i g  i n  t h e  g a s i f i e r ,  

under non-slagging,  dense-phase, f lu id ized-bed  condi t ions .  Coal 

feed  t o  t h e  g a s i f i e r  i s  v i a  a s l u r r y .  Maximum temperature i n  

t h e  steam-oxygen g a s i f i e r  bed i s  expected t o  be l e s s  than 

1850'~. Seve ra l  s t a g e s  of  f lu id ized-bed  ope ra t ion  a r e  contained 

i n  one pressure vesse l ,  w i t h  i n t e r n a l  s o l i d s  t r a n s f e r .  The 

combination of  high-pressure and non-slagging g a s i f i c a t i o n  

r e s u l t s  i n  about two-thirds  ~f the t o t a l  met.hane b e i n g  produced 

d i r e c t l y  i n  the  g a s i f i e r .  Therefore,  among t h e  f i r s t  and 

second gene ra t ion  high-Btu processes ,  HYGAS has t h e  h ighes t  

o v e r a l l  thermal  e f f i c i e n c y  (over 70%). The HYGAS process  w i l l  

be s ca l ed  up t o  demonstrati.on-pla.nt. s i z e  i n  a conceptual 

design e f f o r t  by Procon, Inc. A commercial s i z e  HYGAS r e a c t o r  

w i l l  be about 20 f e e t  i n  diameter .  

The CO, Acceptor process  developed by Conoco Coal Development 
L. 

Company a t  Rapid Ci ty ,  South Dakota i s  designed f o r  l i g n i t e  

ar~d subbituminous coa l s .  I t  ope ra t e s  a t  150 p s i g ,  while t he  

g a s i f i e r  temperature i s  maintained a t  around 1600 '~  and t h e  
0 

acceptor  gene ra to r  around 1900 F. So l id s  a r e  f ed  t o  t h e  

r e a c t o r  v i a  lockhoppers and a r e  c i r c u l a t e d  between the  g a s i f i e r  

and r egene ra to r  v e s s e l .  Successful  ope ra t ion  has  been demonstrated 

with l i g n i t e  coa l .  



The Synthane process,  being developed by the  ERDA Pi t t sburgh 

Energy. Research Center a t  Bruceton, Pennsylvania, uses a 

s i n g l e  s t age  fluidized-bed g a s i f i e r  opera t ing  a t  1000 ps ig .  

About two-thirds of the carbon is  g a s i f i e d ;  the  remainder 

being discharged from the  system a s  byproduct char. Coal 

i s  fed  t o  the  g a s i f i e r  v i a  lockhoppers. Temperatures i n  

the  g a s i f i e r  reach about 1 7 0 0 ~ ~ .  initial opera t ion  with 

subbituminous coal  is  i n  progress ,  with reasonable success 

a t  600 ps ig  operat ion reported.  

3.  Entrained Bed C;a.si f i e r s .  The only commercially ava i l ab le  

en t ra ined-gas i f i e r  process i s  the  Koppers-Totzek process.  

Because t h i s  system opera tes  a t  nea r  atmospheric pressure ,  

neg l ig ib le  amounts of  methane a re  formed i n  the  g a s i f i e r .  

Therefore, the  process i s  cos t ly  and i n e f f i c i e n t  f o r  

p ipe l ine  gas production. No Koppers-Totzek high-Btu gas 

p l a n t s  a r e  planned i n  the  U. S. 

The advantage of the  Koppers-Totzek process i s  t h a t  it 

can accept -any type of coal  feed of any s i z e ,  because the  

coal  must be pulverized before being fed  t o  the  g a s i f i e r .  

The operat ion is  i n  a s lagging mode, with temperatures of  

2 5 0 0 ~  t o  3 0 0 0 ~ ~ .  The high temperature, accompanying 

slagging,  r e s u l t s  i n  low process e f f i c i e n c y  and high 

oxygen consumption p e r  u n i t  coal fed.  

Koppers is  developing a 150 t o  200 ps ig  vers ion  of t h e i r  

r e a c t o r  t o  increase  d i r e c t  methane y i e l d  and t o  increase  

the  throughput of  coal  p e r  g a s i f i e r .  

The COGAS process i s  c l a s s i f i e d  a s  an ent ra ined bed 

operat ion because the  heat  generat ion s t age  opera tes  i n  

an entrai.ned mode wi th  a s lagging bottom, even though the 

c i r c u l a t i n g  heat  c a r r i e r  i s  i n  a f l u i d i z e d  bed. This 

process combines a COED oil-making front-end with a back- 

end t h a t  generates a low-methane synthes is  gas from the  

re s idua l  char  of the  COED front-end. The r e a c t o r  pressure  



i s  low, l e s s  than  100 p s i g ,  while  t h e  temperature i n  t h e  

s l agg ing  zone is. 2500' t o  3000'~. Coal feed  t o  t h e  

r e a c t o r  is  by dry  lockhopper. Although t h i s  process  i s  

t h e  s u b j e c t  of  a  c o n t r a c t  between ERDA and t h e  I l l i n o i s  

Coal G a s i f i c a t i o n  Group f o r  a  demonstration p l a n t  des ign ,  

it has  n o t  y e t  been demonstrated on a  f u l l y  i n t e g r a t e d  

b a s i s  irl*.tlle p i l o t  p l a n t .  ' 

Among t h e  second genera t ion  proces,ses being developed on 

t h e  p i l o t  p l a n t  s c a l e ,  t h e  BIGAS process  o f  Bituminous 

Coal Research, Inc. a t  Homer Ci ty ,  Pennsylvania uses  an 

entrained-bed r e a c t o r ,  ope ra t ing  i n  two s t a g e s  a t  around 

l U U U  pSig pressure f o r  I.~rq~:r.crvetl eE:F:i.ciency. Te~yeraturcs  

i n  t h e  s l agg ing  zone reach 2500' t o  3000' F and feed  t o  

t h e  r e a c t o r  i s  v i a  a  water  s l u r r y .  I n i t i a l  opera t ion  is  

underway wi th  subbituminous coa l .  

B. Low-Btu G a s i f i c a t i o n  

The d i f f e r e n c e  between low- and high-Btu ope ra t ion  is t h a t  forming 

methane i s  unimportant i n  producing f u e l  (low-Btu) gas. Because f u e l  

gases  a r e  used l o c a l l y  o r  d i s t r i b u t e d  w i t h i n , a  r e l a t i v e l y  s h o r t  r a d i u s ,  

t h e  low-Btu gas p roces ses  t r y  t o  produce CO-H mixtures  r a t h e r  than 
2 

l a r g e  q u a n t i t i e s  of  methane. This  makes high press.ures unnecessary f o r  

methane formation. The only reason t o  opera te  i n  t h e  350 t o  400 p s i g  

range i s  t o  produce a  f u e l  gas f o r  combined cyc le  power genera t ion .  

For i n d u s t r i a l  use ,  p re s su re s  o f  100 t o  150 p s i g  a r e  s u f f i c i e n t .  

With a i r  a s  t h e  g a s i f y i n g  medium, t h e  product  gas t y p i c a l l y  has  a  

h e a t i n g  value of  around 150 Btu/SCF. However, i f  h igh-pur i ty  oxygerl i s  

used ,  t h e  hea t ing  va lue  o f  t he  f u e l  gas i s  about 300 Btu/SCF. For combined 

cyc le  ope ra t ion ,  a i r  i s  t y p i c a l l y  used, a s  t h e  mass flow through the  gas 

t u r b i n e  i s  t h e  key design cons ide ra t ion .  For low-Btu f u e l  gas ,  oxygen i s  

used t o  genera te  a  higher-heat ing-value gas t h a t  i s  more e a s i l y  adapted 

t o  e x i s t i n g  burners .  

On the  commercial s c a l e ,  va r ious  processes  f o r  low-Btu gas genera t ion  

.. a l s o  inc lude  moving bed r e a c t o r s  of  t h e  Lurgi type ,  s l agg ing '  g a s i f i e r s  

o f  t h e  Koppers-Totzek type ,  and f lu id ized-bed  r e a c t o r s  of t h e  Winkler type.  



Among second-generation processes  i n  t h e  f luidized-bed ca tegory ,  

t h e  IGT U-Gas process  i s , a  s ing le - s t age  g a s i f i e r  ope ra t ing  a t  temperatures  

up t o  1 9 0 0 ~ ~  i n  a  non-slagging mode. This system i s  t h e  s u b j e c t  of  a  

demonstration p l a n t  p r o j e c t  under n e g o t i a t i o n  between t h e  c i t y  o f  Memphis 

and ERDA. In t h e  e n t r a i n e d  bed category,  t h e  Texaco s lagging  g a s i f i e r ,  

(with peak temperatures  o f  3 0 0 0 ° ~ ) ,  i s  under n e g o t i a t i o n  between W. R. Grace 

and ERDA a s  another  candida te  f o r  a  demonstration p l a n t  design.  

Overa l l ,  from an ins t rumenta t ion  and con t ro l  s t andpo in t ,  t h e  condi t ions  

encountered i n  low-Btu gas ope ra t ion  a r e  no more severe  than  those  

encountered i n  high-Btu opera t ion .  The temperature l e v e l s  a r e  comparable, 

depending on the  process  types ,  bu t  i n  genera l  t h e  p re s su res  a r e  lower 

i n  low-Btu gas product ion.  I f  t h e  ins t rumenta t ion  and con t ro l  problems 

.can be so lved  f o r  high-Btu ope ra t ions ,  then  they  c e r t a i n l y  can be so lved  

f o r  t h e  low-Btu gas systems. 

C. Coal Liquefact ion 

One way t o  produce l i q u i d s  from coa l  i s  t o  f i r s t  make syn thes i s  

gas ,  us ing  coa l  g a s i f i c a t i o n ,  and then  b u i l d  up t h e  l i q u i d  molecules by 

r e a c t i n g  CO-H mixtures  over  Fischer-Tropsch c a t a l y s t s .  The Germans 
2 

demonstrated such systems during World War 11. The ins t rumenta t ion  and 

c o n t r o l  requirements ,  however, f a l l  b a s i c a l l y  w i th in  the  ranges o f  t h e  

g a s i f i c a t i o n  systems. In t h e  l i q u i d  s y n t h e s i s  s t e p ,  t h e  temperature i s  

kept  below 1 0 0 0 ~ ~ .  

There a r e  two ways t o  d i r e c t l y  produce l i q u i d s  from coal .  One i s  

t o  use p y r o l y s i s ,  whereby t h e  coa l  is  heated t o  r e l e a s e  a  f r a c t i o n  o f  it 

a s  l i q u i d  products .  The FMC COED p roces s ,  which ope ra t e s  v i a  a mul t i -  

s t a g e  f lu id ized-bed  system, i s  one example. The p re s su re  is  l e s s  than  
0 100- p s i g ,  wi th  a peak tcmpcrature o f  1600 F. 

The o t h e r  approach i s  by hydrogenation. The more hydrogen t h a t  i s  

added t o  t h e  coa l  dur ing  t h e  s o l v a t i o n  process ,  t h e  l i g h t e r  t h e  c u t s  o f  

syncrude produced. The Solvent Refined Coal (SRC) process,which involves  

adding j u s t  enough hydrogen f o r  some d e s u l f u r i z a t i o n ,  i s  being developed 

by Gulf a t  t h e  Fort  Lewis, Washington p i l o t  p l a n t .  The purpose is  t o  

produce a  de-ashed and desu l fu r i zed  coa l  f o r  b o i l e r  f u e l .  The s o l v a t i o n  

t akes  p l a c e  a t  p re s su re s  of  around 1500 p s i g  wi th  a peak temperature of 



b 

850'~. On t h e  o t h e r  hand, adding more hydrogen t o  t he  p roces s ,  u s ing  a 
. . 

c a t a l y s t ,  produces a l i g h t e r  syncrude. This  is  t h e  case with t h e  H-Coal . 

process  being developed by H R I  and Ashland O i l  a t  Ca t l e t t sbu rg ,  Kentucky. 
0 P res su res  i n  t h e  range o f  3000 p s i g  and peak temperatures  o f  850 F a r e  

employed. 

In coa l  l i q u e f a c t i o n ,  it i s  d i f f i c u l t  t o  compare t h e  value o f  t h e  

syncrude with n a t u r a l  crude. Syncrude from coa l  t y p i c a l l y  conta ins  a 

l o t  o f  ni t rogen,making it undes i rab le  f o r  f u r t h e r  r e f i n i n g  by convent ional  

technology. Unlike high-Btu o r  low-Btu gases ,  which can be used d i r e c t l y  

i n  i n d u s t r i a l  a p p l i c a t i o n ,  syncrude from coa l  r e q u i r e s  ca re fu l  considerat. i  on 

and modi f ica t ions  i n  r e f i n e r y  ope ra t ions  before  it can be accepted a s  

fccds tock  f o r  f u r t h e r  process ing .  For t h i s  reason,  t h e  syncrude should 

n o t  be compared i n  va lue  t o  n a t u r a l  crude, and i t s  cos t  should no t  be 

c a l c u l a t e d  on a d o l l a r  p e r  mi l l i on  Btu b a s i s  and compared with t h e  c o s t  

o f  n a t u r a l  crude. 

4. SUMMARY 

From an in s t rumen ta t ion  and con t ro l  s t andpo in t ,  I s ee  no requirements  

f o r  measuring tempera tures ,  p r e s s u r e s ,  o r  flow q u a n t i t i e s  t h a t  exceed t h e  

bounds o f  p r e s e n t  knowledge. The problem i s  applying t h e s e  primary 

p roces s  parameter  measurements t o  environments o f  reasonably high temperature 

and p re s su re ,  combined wi th  a p o t e n t i a l l y  co r ros ive  gaseous atmosphere. 

Adapting s u i t a b l e  m a t e r i a l s  t o  s e rve  a s  con ta ine r s  f o r  t h e  measuring 

elements  would al low t h e s e  measurements t o  be taken s a t i s f a c t o r i l y .  The 

measurement o f  de r ived  process  parameters ,  such a s  bed l e v e l s ,  bed 

d e n s i t i e s ,  o r  s o l i d s  c i r c u l a t i o n  r a t e s ,  can be adapted from p res su re  

d i f f e r e n t i a l  measurements o r  o t h e r  pr imary process  parameters ,  a l though 

improvements a r e  always d e s i r a b l e .  From a s e v e r i t y  s t andpo in t ,  ins t rumenta t ion  

developed f o r  high-Btu gas ope ra t ion ,  should be operable  f o r  a l l  coa l  

conversion processes .  

Although advances i n  ins t rumenta t ion  and con t ro l  technology a r e  always 

d e s i r a b l e  and a n t i c i p a t e d ,  un l ike  n u c l e a r  energy development ('with t he  

demands posed by r a d i o a c t i v i t y ) ,  o r  t he  space program (with demands o f  

" ' ex t reme r e l i a b i l i t y  under remote c o n t r o l )  coa l  conversion does n o t  



present,any new dimensions for instrumentation and control. It is a 

"do-able" technology today. With these observations, 1 believe you are 

ready to get into the details of the instrumentation needs of each 

category of coal conversion processes. 
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INTRODUCTION AND SUMMARY 

A- . 
.., Under the sponsorship o f  the Energy Research and Development Admin- 

i s t r a t i o n ,  Westinghouse E l e c t r i c  Corporation i s  developing a low Btu coal 

g a s i f i c a t i o n  process f o r  use i n  combined cycle power generation. The process 

can u t i l i z e  a va r i e t y  o f  h igh su l fu r ,  caking coals o r  non-caking coals t o  

produce a clean, combustSble gas which has a heating value on the order of 

IZU B ~ U / S C P .  

The g a s i f i c a t i o n  o f  the coal takes place i n  two f lu id ized  bed reac- 

tors .  I n  the f i r s t ,  the devo la t i l i ze r ,  coal f e d  from lock  hoppers enters the 

reactor  through a d r a f t  tube i n t o  a f l u i d i z e d  bed which operates a t  230 ps ig  

and 1 600° F. Devolat i  1 i zed char r e c i  r c u l  ates around the d r a f t  tube and d i  1 utes 

the incoming coal, thus preventing the formation o f  agglomerates as the coal 

passes through i t s  p l a s t i c  stage during heating. Dolomite i s  a lso c i r cu la ted  

i n  the f l u i d i z e d  bed t o  remove the s u l f u r  present as H2S. Three product 

streams from the d e v o l a t i l i z e r  are char, su l f i ded  dolomite, 'and low-Btu prod- 

u c l  gas. 

The char from the devolat i  l i z e r  i s  f ed  t o  the second reactor,  the 

gas i f ie r ,  where i t  i s  reacted w i t h  steam and a i r .  The combustion react ion 

provides the heat f o r  the e n t i r e  process and a lso causes the ash present i n  

the char t o  agglomerate a t  about 2000°F. These heavier, l a rger  ash pa r t i c l es  

become de f lu id ized  and are drawn from the  bed. The steam-carbon react ion i s  

used t o  gas i f y  the remainder o f  the carbon not cmbusted by a i r .  It moderates 

the react ion temperature and provides the low-Btu gas which i s  introduced i n t o  

the d e v o l a t i l i z e r  as the f l u i d i z i n g  medium, 

Since August 1972, a three-phased e f f o r t  has been i n  progress : 

bench scale and ana l y t i ca l  work, p i l o t  scale development on a 1200 Ib /h r  

Process Development U n i t  (PDU), and scale-up studies f o r  a commercial scale 

p lant .  The PDU has been used since January 1975 t o  conduct process develop- 

ment studies on the coal gas i f i ca t i on  po r t i on  o f  the system. F i r s t ,  the  de- 
v o l a t i  li zer reactor  was evaluated using a va r i e t y  o f  coal feedstocks a t  a 



number of process conditions. These t e s t s  were useful i n  demonstrating the 
f eas ib i l i t y  of th i s  portion of the process. Following the devolati l i z e r  eval- 
uations during 1975 and 1976, the gas i f i e r  reactor evaluation began i n  October 

1976 to study char combustion, ash agglomeration, and char gasification. 
The tes t s  being performed w i t h  the PDU have three primary goals: 

@ To develop an e f f i c i en t ,  operable process. 

@ To produce process design and operating data f o r  use i n  scaling 

u p  t o  commercial plants. 

@ To develop and evaluate hardware and subsystem designs which may 
be used in  scaled-up plants. 

Part of the third goal i s  the evaluation of instrumentation and con- 
t rol  systems to  permit a selection of acceptable components f o r  larger scale 

gasification plants. This evaluation consists,  i n  the main, of u t i l iz ing  off- 
8 

the-shelf components and adapting them t o  the special application and host i le  
environments found i n  a typical coal conversion plant. This adaptation some- 
times requires e i ther  a redesign of the basic instrument o r  the design of a 
suitable interface to  the process. 

In addition to  the adaptation and evaluation of state-of-the-art  
instrumentation, i t  has often been necessary to develop special purpose i n -  

struments. This has been required in s i tuat ions f o r  which no instruments are 
commercially available to  adequately perform the measurement o r  control task 
o r  i n those f o r  which existing instruments do not perform as planned because 
of the conditions actually encountered i n  the plant. 

This paper presents the resul ts  of both evaluative and adaptive 
functions w i t h  respect to  the data acquisition and process control instrumen- 
tation used in the 15 t / d  PDU. 

The problems encountered i n  the use of standard electronic and 
pneumatic sensors, transmitters , recorders, and control l e r s  have general ly 
been related to the interfacing of these components to the process and not 
in  the operation of the uni ts themselves which, in  the case of the electronic 
instruments, have had excel len t  performance. High temperature thermocouples 
i n i t i a l l y  fa i led  frequently b u t  these problems were solved by a careful selec- 
t ion of sheath, well, and insulator materials t o  optimize t h e i r  performance 
1 h both oxidi t i  ng and reduci ng atmospheres. In adJ*i t Eon, an arrangement was 
designed to  permi t safe replacement of thermocouples i n the reactors whi 1 e 



the process was a t  high pressure and 'temperature. Likewise, bed density and 
pressure drop measurements were essent ial ly  trouble f r ee  when a purged "rod- 

out" arrangement was s a t i  sfactor i  ly imp1 emented. 
Solids flow measurement by three methods - starwheel feeders speed 

monitoring , be1 t weighers, and 1 ock hopper 1 oad ce l l  s - has been sat isfactory . 
A1 though the load c e l l s  did not give reproducible resul ts  i n i t i a l l y ,  these 
units are  now re l iab le  sol ids  flow measurement devices as a resu l t  of changes 
in the pi ping and supports on the lock hoppers themselves t o  eliminate f a l s e  
loads on the sensors. Fluidized bed level measurement using. a nuclear densi- 
tometer has had excellent resul ts  and the levels indicated by th i s  device 
compare favorably w i t h  levels measured by d i f fe rent ia l  pressure devices. The 
densi tometer i s  a lso  used t n  meaqlrrP ash-to-char i nterfaccs in the ges i f ie r .  

On-1 i ne gas composi t i  on moni tor i  ng by gas chromatograph conti nues 
to  present operating problems. These problems r e l a t e  primarily to  gas condi- 

kqh tioning prior to analysis =in the unit .  The cleaning. devices i n ,  the commercial- 
ly available units a re  inadequate. f o r  the product gas produced i n ,  most plants 
without additional cleaning by f i  1 t r a t ion ,  cyclonic particulate.  removal , or  

t 

scrubbing . In addi t i  on, the whole problem of 'obtai n i  ng a representative sample 
from a hot gas stream i s  under development by a number of investigators and 
remains unsolved i n  a practical sense. We are .  developing a system 
that  can i n-si t u  separate par t iculates ,  t a r s ,  wat.er, and clean product gas for: 

. , individual analyses. 
Other instrument development e f fo r t s  were completed o r  are on-going 

in addition to  th i s  product gas characterization. One involves the solution 
of a d i f f i c u l t  flame detection and management problem associated w i t h  propane 
combustion a t  200 psig. Ultraviolet detection devices were found to be in- 
adequate and were replaced by infrared sensors and a parallel  thermocouple 
system. Combustion zone temperature measurement i n  the' gas i f ie r  has been un-  
successful with pyrometric devices b u t  has had some success with thenno- 

couples. Internal sol i ds ci rcul a t i  on ra te  measurements by a Doppler radar 

, technique has met w i t h  some success which has encouraged fur ther  work i n  t h i s  
area. 

HIGH TEMPERATURE MEASUREMENT 

The p i lo t  plant u t i l i zes  two types of thermocouples - type K (chrom- 
el  alumel ) and W-5%/W-26% (tungsten 5% rhenim and 'tungsten 26% rhenium). No 



major problems were encountered w i t h  th'e type K s ince  these were used i n  lower 

' temperature and l ess  r e a c t i v e  areas. Problems were experienced w i t h  t h e  h igh 

temperature W-5%/W-26% thermocouples. The p l  an t  was designed u t i  1 i z i  ng a 

Hastal loy-X thermowell w i t h  a type E i n d u s t r i a l  head. The thermocouple i n s i d e  

t h i s  w e l l  cons is ted  of a moly-sheathed, d i s i l i c i d e  coated, tungsten-rhenium 

t h e r m o ~ o ~ ~ l e  w i t h  a grounded j u n c t i o n  and a non-compacted MgO i n s u l a t o r .  These 

u n i t s  were made i n  a v a r i e t y  o f  d i f f e r e n t  lengths t o  match s p e c i f i c  immersion 

depth and pene t ra t i on  depth requirements. This  resu l  t ed  i n  severe i nven to ry  

problems f o r  spare assemblies s ince  they were non-standard d imensional ly .  

Problems arose w i t h  t h e  "as bu i  1 t" c o n f i g u r a t i o n  when devol a t i  1 i za- 

t i o n  t e s t s  began e a r l y  i n  1975. During t e s t i n g  o f  the  two synthesis  gas 

generators, shown i n  F igure  1, temperatures a t  t he  e x i t  o f  t he  burners exceeded 

2200°F i n  both o x i d i z i n g  and reducing atmospheres a t  a pressure o f  approximate- 

l y  230 p s i .  Frequent f lame f a i l u r e s  were experienced due t o  inadequate flame 

management design, and the  thewnocouples and w e l l s  were subjected t o  many ,i , 
cycles o f  f lame exposure and c o l d  purge gas exposure. F a i l u r e s  r e s u l t e d  from: . ,;. , .  

.*,: ,, .;,; A;. 
O Thermowell degradat ion and w e l l  f a i l u r e  due t o  n i t r i d a t i o n  and . .';: 

p .'::< 
ox ida t i on .  

@ Open thermocouple j unc t i ons  due t o  severe temperature cyc l i ng .  
, . , A %  t c  . .. ;,j 

As t h e  t e s t s  progressed i n t o  t h e  d e v o l a t i l i z a t i o n  of var ious  coals . , c ..,: ., 

i n  con junc t ion  w i t h  opera t ion  o f  t he  synthesis  gas generators, thermocouple : ., ! 

and w e l l  f a i l u r e s  continued. The Hastal loy-X w e l l s  and thermocouples i n  t he  

bottom o f  t h e  r e a c t o r  were exposed t o  hydrogen s u l f i d e  which added another 

f a i l u r e  mode f rom s u l f i d a t i o n  a t tack .  The temperature i n  t h i s  reg ion  was 

approximately 1800" F. 

To a l l e v i a t e  the  var ious  f a i l u r e  mode problems, a new thermocouple 

and we1 1 assembly was designed u t i l i z i n g  o f f - t h e - s h e l f  components. A diagram 

of a t y p i c a l  assembly i d e n t i f y i n g  t h e  major  components i s  shown i n  F igure 2. 

This u n i t  was designed t o  i nco rpo ra te  "change-on-l ine" f e a t u r e  and i s  ab le  t o  

accommodate' a thermocouple longer  than . is requ i red  f o r  t h c  u n i t .  This  means 

t h a t  a spares i nven to ry  o f  on l y  one o r  two s izes  has t o  be mainta ined r a t h e r  

than an exact  rep1acemen.t s i z e  s t o c k '  f o r  each p a r t i c u l a r  l o c a t i o n .  The major  

h i g h l i g h t s  o f  t h i s  design are: 

@ Use o f  an ungrounded W-5%/W-26% thermocouple w l  t h  a d i  s i 1 i c i  de 

2 1 
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coated molybdenum sheath and a non-compacted magnesium ox ide  i nsu- 
1 a to r .  The ungrounded j u n c t i o n  e l  i m i  nates f a i  1 u r e  due t o  d i f f e r e n t i a l  

thermal expansion between t h e  thermocouple and sheath. 

0 A s i l i c o n  carb ide  and s t a i n l e s s  s t e e l  tube w e l l  t o  rep lace t h e  

Hastal loy-X. S i l i c o n  carb ide r e s i s t s  o x i d a t i o n  up t o  2500°F and 

i s  n o t  sub jec t  t o  s u l f i d a t i o n  a t tack .  

0 I n c l u s i o n  o f  a "b lock and b leed" assembly t o  b lock  o f f  t h e  w e l l  

assembly when removing the  thermocouple w i t h  the  r e a c t o r  a t  h igh  

pressure and temperature. The assembly cons i s t s  o f  two s t a i n l e s s  

s t e e l  valves, one a b lock  and one a vent,  and a h igh  pressure 

sea l i ng  gland. The s t a i n l e s s  s t e e l  vent  va l ve  i s  used t o  check 

t h e  i n t e g r i t y  o f  t he  we1 1 be fore  the  thermocouple i s  removed. 

S a t i s f a c t o r y  performance was ob ta i  ned from t h e  new design. Records were main- 

'., t a i  ned o f  the themocoupl  e/wel 1 performance du r ing  h o t  t e s t i n g  o f  t h e  reac tor .  
,; Some ac tua l  opera t ing  t imes o f  a few o f  t h e  w e l l s  and thermocouples are tabu- 

l a t e d  i n  Table I .  

TABLE I - PERFORMANCE CHARACTERISTICS OF 
NEW THERMOCOUPLE/WELL DESIGN - 

Max.  
Temp. 

Thermocouple Locat ion  Hot Test Runninq Time (Hours) Exposure 

TJR-502-1 (above g r i d  p l a t e )  550 ( s t i  11 ope ra t i ve )  1800" F 

TJR-502-2 (F111 o u t l e t )  675 ( s t 1  11 opera t ive)  2400" F 

TJR-502-6 ( f l u i d  bed reg ion)  675 ( s t i  11 o p e r a t i  v'e) 1 500" F 

-It may be noted a t  t h i s  p o i n t  t h a t  a few o f  t he  Hastal loy-X w e l l s  were 

l e f t  i n  t he  lower temperature zones o f  t h e  r e a c t o r  vessels for. furl,ther study. 

The change-on-1 i ne f e a t u r e  was added t o  these thermocouples which i nc lude  TJ.R- 

502-6, above. 

Since the  above m o d i f i  ca t ions  were incorporated,  o n l y  one major  problem 

remained. The problem was mechanical breakage of t h e  thermocouples due t o  rough 

handl ing.  Mechanical supports were designed t o  p rov ide  e x t r a  support  on t h e  can- 

t i l e v e r  sec t i on  o f  t h e  thermocouple' p ro t rud ing  f rom the  pressure sea l ,  and break- 

age has been substant i  a1 l y  reduced. 



FLAME MANAGEMENT AND DETECTION 

Operat ion o f ,  t he  'devol a t i  li zer  w i thou t  t h e  use o f  t h e  g a s i f i e r  r e -  

qu i  r e d  t h e  use o f  two synthesis  gas generators. These u n i  t s  a re  designated 

by F l l O  and F l l l  on Figure 3. The F l l O  generator  prov ides heat  and f l u i d i  za- 

t i o n  gas t o  the  downcomer. F l l  1  prov ides heat and f l u i d i z i n g  gas t o  the  d r a f t  

tube. Both generators a re  designed t o  produce o x i d i z i n g  gases (carbon d iox ide ,  

water, oxygen, and n i t rogen)  o r  reducing gases (carbon monoxide, hydrogen, 

n i t r o g e n )  a t  back pressures o f  0  p s i  t o  275 p s i  and w i t h  e x i t  f lame tempera- 

tu res  i n  excess o f  2200°F. 

Many problems were encountered w i t h  t h e  "as-bui 1  t" burners and con- 

t r o l s ,  b u t  on l y  t he  problems associated w i t h  f lame management w i l l  be d iscuss-  

ed. C i r c u i t  de ta i  1s w i l l  be kept  t o  a  minimum and o n l y  t h e  problems and 

s o l u t i o n s  encountered i 'n  making the  system operable w i  11 be h igh l i gh ted .  

As w i t h  any f u e l / a i  r f i r e d  burner  system, a  method of s a f e l y  de tec t i ng  "' 

, r .  

a l o s s  o f  flame and t h e  fo l low- th rough o f  f u e l  and a i r  . sa fe t y  va l ve  s h u t o f f .  

was requ i red  along w i t h  a  burner  repurge p r i o r  t o  a  safe i g n i t i o n .  The h e a r t  

of t he  "as-bui 1  t" f lame management system contained an u l t r a v i o l e t  1  i g h t  (UV) 

de tec to r  mounted on the  top  v iewpor t  w i t h  t h e  f lame c o n t r o l  r e l a y  box i n  t he  

c o n t r o l  room 300 fee t  away. Table I1 l i s t s  t h e  problems encountered w i t h  t h i s  

c o n f i g u r a t i o n  along w i t h  var ious  system and component changes made i n  o rde r  t o  

so lve  them. 

Th i s  combination o f  changes o r  problem s o l u t i o n s  f i n a l l y  r e s u l t e d  i n  

t he  most successful  r e s u l t s  f o r  t he  f lame management system. The burners were 

successfu l ly  operated w i thou t  nuisance f lame f a i l u r e s  f o r  many hundreds of 

hours o f  d e v o l a t i l i z e r  t e s t i n g .  F igure  4 shows a  s i m p l i f i e d  b lock  diagram o f  

t he  f i n a l i z e d  design. I t  was noted t h a t  upon a  f lame f a i l u r e ,  t h e  worst  case 

temperature decay on the  e x i t  gas thermocouple was approximately 5OF/second 

from an i n i  ti a1 temperature o f  approximately 2000°F. The 1  ow temperature 

sw i t ch  was s e t  a t  a  locked s e t  p o i n t  o f  50°F t o  ,lOO°F below t h e  steady-state 

flame temperature and requ i red  a  manual r e s e t  t o  a c t i v a t e  t h e  c o n t r o l  when the  

temperature was above the  s e t  po in t .  Prov is ions  were made t o  be ab le  t o  re -  

s e t  t h e  I R  programmer o r  t h e  1  ow temperature swi tch  (TSL) i f  e i  t h e r  un i  L drop- 

ped o u t  and no f lame loss  was v i s u a l l y  observed. During s ta r t -up ,  t he  f lame 

management operated on t h e  T R  zyqtem on ly .  
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TABLE I 1  - FLAME MANAGEMENT PROBLEMS AND SOLUTIONS 

Weak UV f lame s i g n a l  below 50 p s i g  system 0 Located f lame programmer c l o s e r  

pressure a t  o x i  d i  z ing  condi t ions.  t o  de tec to r  i n  a  purged enclo- 

sure. 

0 Added a  p a r a l l e l  UV de tec to r  on 

s ide  v iewport  f o r  s igna l  enhance- 

ment. 

Inadequate UV s igna l  a t  more than 100 p s l g  0 

system pressure. Strong i n f  rared (IR) 

s igna l  ind ica ted.  
.A 

Nuisance shutdowns f rom " d i r t y "  f lame 

(carbonaceous) obscuring top  v iewport  

du r ing  s tar tup .  No UV present  a t  

system pressures over 100 ps ig .  

Continued miscel laneous nuisance shut- 

downs f rom d i r t y  flames and poss ib le  

s a t u r a t i o n  of I R  de tec to r  due t o  ho t  

r e f r a c t o r y  viewed f rom a x i a l  v iewport.  

Changed Pyrex v iewports t o  o p t i -  

c a l  grade quartz.  

Added an a x i a l  v iewport  f o r  UV 

detector .  

Added an I R  de tec to r  on top view- 

p o r t  w i t h  i t s  f lame programming 

l o g i c  i n  p a r a l l e l  w i t h  the  UV 

programmer t o  prov ide  an e i t h e r -  

o r  c a p a b i l i t y .  Loss o f  both I R  

and UV were requ i red  f o r  burner 

shutdown . 
Removed UV de tec to r  and program- 

mer and added I R  de tec to r  a t  

a x i a l  v iewport  f o r  s t a r t u p  w i t h  

r e l a y  t o  swi tch  t o  top d c t c c t o r  

a f t e r  burner operated a t  steady- 

s t a t e  condi t ions.  

Operated from a x i a l  I R  de tec to r  

on ly .  

Added a  low temperature swi tch 

u t i l i z i n g  burner o u t l e t  thermo- 

couple i n  p a r a l l e l  w i t h  the  I d  
flame programmer. Flame f a i l u r e  

shutdown requ i red  both l oss  of 

temperature and loss  o f  I R .  



I n  operat ion,  t h e  burners were i g n i t e d  and brought  t o  temperature 

s o l e l y  on t h e  I R  f lame de tec to r  and programmer. When steady s t a t e  tempera- 

tu res  were reached above t h e  TSL s e t  p o i n t ,  the TSL was reset .  Now t h e  f lame 

management operated w i t h  " e i t h e r - o r "  l o g i c  f o r  which a l oss  of both I R  and a 

drop i n  temperature were requ i red  f o r  shutdown. Independent alarms were add- 

ed i n  the  event t h a t  t he  temperature dropped below t h e  TSL' s e t t i n g  and the  

I R  remained a c t i v e  o r  i f  a l oss  o f  I R  occurred w i t h  no temperature drop. The 

TSL e s s e n t i a l l y  was used t o  " f i n e  tune" t h e  f lame management c o n t r o l  a t  t he  

opera t ing  po in t .  

SOLIDS FLOW MEASUREMENT AND CONTROL 

Three types o f  s o l i d s  f l o w  measuri ng systems are  used a t  t h e  PDU. 

B e l t  weighers, the  most accurate, are used t o  weigh batches of coal ,  char, o r  

dolomi te from storage b ins  f o r  t r a n s f e r  t o  feed hoppers. Speed c o n t r o l  l e d  

starwheel feeders, t he  l e a s t  accurate, a re  used f o r  feeding s o l i d s  f rom l o c k  

ho.ppers t o  pneumatic conveying l'i nes. Lock hoppers w i t h  s t ra in-gage l oad  c e l l s  , 

are used f o r  continuous mon i to r ing  o f  feed r a t e  t o  t h e  reac to rs  o r  p roduct  . , 

co l  1 e c t i o n  ra tes  from cyclones and reac tors .  No i n-1 i ne devices are c u r r e n t l y  

used. 

The major  problem w i t h  the  starwheel feeders i s  the  u n c e r t a i n t y  i n  

the  amount o f  m a t e r i a l  t h a t  t he  feeder handles. Although t h e  feeder revo lu-  

t i o n  r a t e  i s  known and the  feeder pocket volume i s  known, t h e  pockets a re  n o t  

un i fo rm ly  f i  1 led. P a r t i c l e  s ize ,  moisture content,  and o t h e r  va r i ab les  a f f e c t  

the  feeder mass t r a n s f e r  r a t e  f o r  a g iven r e v o l u t i o n  r a t e .  On t h e  o the r  hand, 

once a constant  speed i s  es tab l ished f o r  a g iven m a t e r i a l ,  t h e  feed r a t e  can 

r e a d i l y  be c o n t r o l l e d  a t  a constant  ra te .  The starwheel feeders are, therefore, 

used f o r  s o l i d s  f l o w  r a t e  c o n t r o l  b u t  the  s e t  p o i n t  i s  es tab l ished on  the  bas is  

o f  1 ock hopper 1 oad c e l l  measurements r a t h e r  than on s tarwheel feeder c a l  i bra- 

ti ons . 
A t y p i c a l  l ock  hopper arrangement i s  shown i n  F igure  5. I n  t h i s  

se r i es  arrangement, the  l ock  hopper c loses t  t o  t h e  r e a c t o r  i s  operated con t i n -  

uously a t  system pressure. It e i t h e r  feeds o r  accepts a continuous f low of 

so l i ds .  The hopper f u r t h e s t  from t h e  r e a c t o r  cyc les from atmospheric t o  sys- 

tem pressure as each batch i s  rece ived and discharged. The inboard hopper i s  

n~our~ ted on th ree  s t r a i  n-gage load c e l l s  which a re  e l e c t r o n i c a l  l y  summed and 

moni tored i n  t h e  c o n t r o l  room. 



Figure 5 A Typical Lock Hopper System Showing Load Cell Instrumentation 



During p l a n t  s ta r tup ,  problems were noted w i t h  t h e  l o c k  hopper l oad  

c e l l  arrangement. The we igh t  c e l l  ins t rumenta t ion  was c a l i b r a t e d  and t a r e  

adjusted w i t h  the  vessels empty a t  atmospheric pressure. When the  hoppers were 

pressurized, mechanical r e s t r a i n t s  e x i s t e d  between the  two se r ies  l o c k  hoppers 

due t o  r i g i d  p ip ing .  I n  add i t i on ,  p r e s s u r i z a t i o n  and vent  p i p i n g  t o  t h e  l o c k  

hoppers prov ided f u r t h e r  res i s tance  t o  movement. As t h e  vessels were pressur-  

ized,  bo th  a x i a l  and t ransverse st resses were imposed on t h e  load c e l l s .  Th i s  

added a  fa l se  weight  t o  t h e  load c e l l s  and, i n  some cases, over-ranged the  

inst rumentat ion.  

Most of t h e  problems were co r rec ted  by e l i m i n a t i n g  t h e  mechanical 

r e s t r a i n t s  i n  an attempt t o  make the  hoppers f r e e  f l o a t i n g  regardless of forces 

generated by i n t e r n a l  pressure o r  ex te rna l  fo rces .  Expansion j o i n t s  were i n -  

s t a l  l e d  i n  c r i  t i c a l  areas above and beneath each 1  ock hopper and i n  connect ing 

p ip ing .  A m o d i f i c a t i o n  was a l s o  made i n  the  t a r e  adjustment c o n t r o l s  t o  per -  

m i t  a  wider  range o f  t a r e  adjustment du r ing  t h e  s t a r t - u p  phase. I n  p r a c t i c e ,  

the load c e l l s  a re  c a l i b r a t e d  a t  atmospheric pressure w i t h  no m a t e r i a l  i n  t h e  

hoppers. When t h e  system i s  p ressur ized t o  a  system pressure o f  230 ps ig,  the  

t a r e  c o n t r o l  i s  ad jus ted  t o  show an i n d i c a t e d  weight  o f  zero i n  the  c o n t r o l  

room. F i  1  l i n g  o f  t he  l ock  hopper and continuous so l  i d s  weight  mon i to r i ng  i s  

then accomplished us ing  t h e  new zero o f f s e t .  

The opera t ion  of t h e  l o c k  hopper load c e l l  systems have proven t o  

be q u i t e  re1 i able us ing  t h e  approach described. Only one a d d i t i o n a l  operat ion-  

a l ~  m o d i f i c a t i o n  has been requ i  red. Add i t i ona l  s t resses were imposed on t h e  

c e l l s  as a  r e s u l t  o f  thermal expansion o f  p i p i n g  and vessels dur ing  the  t rans-  

f e r  o f  h o t  s o l i d s  from t h e  cyclones and reactors.  This  problem was overcome 

by c o n t r o l l i n g  the  t ranspor t  gas f l o w  and temperature used f o r  conveying the  

so l i ds .  With a  constant  temperature on the  l o c k  hopper, t he  thermal s t ress  

loads can easi l y  be tared. 

INTERNAL SOLIDS FLOW RATE MEASUREMENT 

I n  t h e  Westinghouse d e v o l a t i l i z e r ,  char  r e c i r c u l a t e s  a t  0 t o  2  f p s  

a t  230 p s i g  and 1800°F. No known ins t rumen ta t i on  i s  a v a i l a b l e  t h a t  i s  capable 

o f  measuring t h e  i n t e r n a l  r e c i  r c u l a t i n g  s o l i d  f l o w  r a t e  i n  f l u i d i z e d  bed reac- 

t o rs .  A Doppler radar  system was developed by Westinghouse f o r  t h i s  purpose 



and was t r i ed  with 1 imi ted success. This device was designed to  measure the 
average veloci ty  of the char i n the downcomer section of the devol a t i  1 i zer 

under actual hot operating conditions with a velocity detection range of from 

.08 to  2.0 fps. 

The theory of operation i s  as follows: a 10.5 G H z  signal i s  trans- 

mi t ted  and the back scat tered radiation from the moving part ic les  i s  .compared 

t o  the transmitted signal yielding a frequency s h i f t  related to  the velocity 

by the basic equation:. 

fK v = -  
Cor 0 

i n  which v = velocity of par t ic les  ( in lsec)  , 

f = beat frequency output of transci ever (CPS) , 
0 = angle between the moving part ic les  and transmitter,  

and 

K = calibration factor .  

A laboratory set-up of the system was t r i ed  w i t h  successful resul ts  
on a Plexiglas mockup containing sand o r  char moving a t  a controllable velo- 

c i ty .  The transceiver consisted of a lOhw, 10.5 GHz Doppler radar uni t ,  

along with an isolat ion amp1 i f i e r ,  pre-amplifier, f i  1 t e r ,  and a counter pre- 

s e t  t o  read d i rec t ly  in in'lsec. Eleven inches of refractory along with a 

quartz.viewport were inserted between the Plexiglas and the transceiver was 

aligned a t  a 4 5 O  angle with respect to the flow of material in the simulated 

downcomer. The small 3 h v  e lec t r ica l  signal containing f was fed into a 

unity gain isolation amplifier t o  minimize noise. This signal was then ampli- 

f i ed  by the pre-amp to a usable level and f i l t e red .  Scale factors  were pro- 

grammed into the preset counter and the readout obtained in  inlsec.  Results 

of the t e s t s  indicated tha t  the uni t  could be successfully calibrated 'by ad- 

justing gain and counter tr igger level t o  yield a readout within +20% of ac- 

tual velocity near the inner wall of Plexiglas. Attempts to  cal ibrate  by 

adjusting gain and trigger level and looking f o r  an inf lect ion point of f 

yielded a - +40% accuracy. 

Based on these laboratory resu l t s ,  the uni t  was instal led '  on the 

devol a t i  1 i zer reactor usi ng a special purged housing t o  meet e lec t r ica l  re- 

quirements of a Class I ,  Division 2 ,  Group D hazardous area classif icat ion.  



Figure 6 i s  a photograph o f  the u n i t  i n  place. Figure 7 shows the physical  

arrangement as we1 1 as the block e l e c t r i c a l  diagram. 

Poor r esu l t s  were obtained i n  the f i r s t  tes ts  o f  the u n i t  i n  the 

f i e l  d. Two problems were encountered: 

0 Addi t ional  reac to r  r e f r ac to r y  previously not  included i n  the  l ab  

c a l i b r a t i o n  had t o  be removed and replaced w i t h  i nsu la t i ng  blan- 

ke t  t o  a l l e v i a t e  the s ignal  attenuation. 

@ Moisture condensed on the ins ide  o f  the viewport f lange had t o  

be el iminated by purging the f lange t o  assure good s igna l  t rans- 

mission. 

Fol lowing these changes (shown i n  Figure 7), the u n i t  was t r i e d  

'during an actual  hot t e s t  program o f  coal devo la t i l  i z a t i o n  w i t h  l i m i t e d  re-  

sul  ts .  Test data ind ica ted  t h a t  the v e l o c i t y  i n  the downcomer was lower than 

the an t i c ipa ted  v e l o c i t y  o f  1 inchlsec t o  24 incheslsec. This f e l l  below the 

reso lv ing capab i l i t y  o f  the t ransceiver (1 HZ t o  1000 HZ) and steady-state 
v e l o c i t i e s  were no t  detected. The system d i d  detect  t rans ien t  v e l o c i t i e s  o f  

char f i 1 1 i ng up the reactor  du r i  ng star tup.  These ve loc i  t i e s  were essenti  a1 l y  

the terminal v e l o c i t i e s  o f  the  char p a r t i c l e s  and were an order o f  magnitude 

higher than the steady-state condit ions. Ve loc i t i es  were i n  the neighborhood 

of- 16 incheslsec. 

Figure 8A shows the  ambient noise l eve l  i n  the empty reac to r  detected 

by an osci l loscope a t  the output o f  the f i l t e r .  Figure 8B ind icates hot  char 

p a r t i c l e s  f a l l i n g  i n t o  the reactor  dur ing bed f i l l i n g  operations. The funda- 

mental frequency i s  approximately 20 l l z  and r e l d l e s  t o  a v e l o c i t y  of 16 inches/ 

sec from equation (1  ). The ragged components o f  the waveform are  caused by 

the inherent  background noise and by r e f l e c t i o n s  from p a r t i c l e s  deeper i n  the 

reactor. 

Fur ther  development i s  required t o  make the system a v i ab le  and re -  

l i a b l e  piece o f  instrumentation. Some design c r i t e r i a  f o r  these developmental 

e f f o r t s  include: 

0 The s igna l  should be able t o  penetrate the stagnant o r  slow mov- 

ing  p a r t i c l e s  a t  the wa l l  and measure the more ac t i ve  region o f  

the downcomer. 



Figure 6 Doppler Radar Unit Installed on the Devolatilizer 
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8 Ca l i  b r a t i o n  o f  t h e  system should be i n s e n s i t i v e  t o  s igna l  s t reng th  

changes due t o  ag i  ng o f  t he  t ransmi t te rs ,  changes of a t tenua t i ng  

va r iab les ,  r e f l e c t i v i t y  changes f rom d i f f e r e n t  char/dolomi t e  mix-  

tu res  and d e n s i t i e s  o f  ma te r i a l s .  

8 A h i g h  s igna l - to -no ise  r a t i o  must be achieved. 

FLUIDIZED BED LEVEL AND DENSITY MEASUREMENTS 

Both t h e  d e v o l a t i l i z e r  and g a s i f i e r  a re  h e a v i l y  instrumented w i t h  

e l e c t r o n i c  d i f f e r e n t i a l  pressure t r a n s m i t t e r s  as t h e  prime ins t rumenta t ion  f o r  

determin ing vess.el bed he igh ts  and bed dens i t i es .  The w a l l  s t a t i c  pressure 

probes shown i n  F igure 9 a re  used t o  measure t h e  bed pressures. These probes 

are genera l l y  connected t o  a d i f f e r e n t i a l  pressure t r a n s m i t t e r  to,measure the  

pressure drop across a g iven r e a c t o r  length.  These d i f f e r e n t i a l  pressure 

measurements together  w i t h  the  l e n g t h  a re  used t o  c a l c u l a t e  t h e  f l u i d  bed 

d e n s i t i e s  and bed height .  F l u i d  bed d e n s i t i e s  are  c a l c u l a t e d  by the  equat ion: 

where p B  = f l u i d  bed  dens i ty ,  1b / f t 3 ,  

AP = measured d i f f e r e n t i a l  pressure, ps i ,  

AL = l e n g t h  o f  bed between probe l oca t i ons ,  

feed . 
The bed h e i g h t  i s  determined by t h e  model shown i n  F igure  10. 

The design o f  t h i s  p i p e  pressure probe fea tu res  t h e  use o f  clean, 

d ry  carbon d iox ide  purge gas i n j e c t e d  upstream o f  t he  pressure t r a n s m i t t e r  

impulse l i n e .  Th i s  purge gas i s  used t o  keep the  p ipe  c l e a r  o f  m i g r a t i n g  par -  

t i c u l a t e s  t h a t  cou ld  l o c a l l y  accumulate and c rea te  p lugs.  The v e l o c i t y  range 

f o r  these purges i s  mainta ined between 0.5 and 1.0 f p s  which i s  w e l l  below 

s a l t a t i o n  v e l o c i t y  f o r  most o f  t he  p a r t i c l e s  w i t h i n  t h e  f l u i d  bed. The i n t e n t  

of t he  purge f l o w  i s  n o t  t o  t r a n s p o r t  p a r t i c l e s  o u t  o f  t h e  pressure probe b u t  

t o  p rov ide  a s l i g h t l y  h igher  pressure reg ion  a t  t he  e x i t  o f  the  pipe. The gas 

e x i t i n g  t h e  probe probably appears as a bubble extending i n t o  t h e  bed. C a l i -  

b r a t i  ons i ndi  ca te  t h a t  no appreciable e r r o r  i n  pressure measurement i s  exper- 

ienced a t  these purge ve l  o c i  t i e s .  

Pluyy i l l y  pr.oble~ns were experienced e a r l y  i n  t he  ope ra t i ona l  phase. 

These p lugs were a t t r i b u t e d  t o  improper purge i n i t i a t i o n  procedures and l a c k  
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of i so la t ion  from the vessel while blowing down pressure transmitters to pneu- 
matically clear plugs. In cases where plugs could not be pneumatically clear- 
ed, they were cleared u t i l i z ing  the rod-out tool shown in Figure 11. This 

tool i s  attached t o  the outboard valve and tightened to  provide the pressure 
containment seal between the reactor pressure and atmosphere. Once the tool 

i s  attached, the outboard ball valve can be opened and the shaft  rod inserted 
t o  clear  the plug. A d r i l l  a t  the end of the shaft  rod i s  provided i n  cases 

where a d r i  11 ing action may be required. 
Along w i t h  the different ial  pressure instrumentation, a nuclear 

densitometer system was instal led fo r  evaluation as a possible bed level in- 

dicator.  This system worked sat isfactor i  ly and a good correlation of gamma 
radiation penetration was made with respect to  the bed helghts ob la iuad IVom 

di f ferent i  a1 pressure probes. 
The system consisted of two Cs-137 gamma radiation sources of 1 

Curie strength each, a 4-foot long radiation detector,  and a signal process 
amplifier and recorder. One source was mounted a t  an elevation of 18 f e e t  

w i t h  respect t o  the bottom of the devol a t i  l i  zer with the other a t  a 14 foot 
elevation. The detector was mounted 180" from the sources around the perimet- 

e r  of the vessel w i t h  i t s  longitudinal center a t  16 fee t .  

I n i t i a l  calibration of the system t o  obtain the 0% and 100% end 

points was done as follows: With the reactor empty and the sources open, the 
amplifier was adjusted to zero percent output to  simulate f u l l  gamma penetra- 
t i  on. L i  kewi s e  with the reactor empty and sources closed, the amp1 iQi  e r  was . . . . 

adjusted fo r  100 percent output to  simulate f u l l  gamma absorption. This 
i n i t i a l  calibration was done fo r  purposes. of repeatabili ty i n  that  the mat- 

e r i a l  did not have to  be handled in  the reactor during subsequent periodic 
calibrations.  

During actual hot coal tes t inq of the devolat i l izer ,  bed heights 
were obtained and plotted against the output of the amplifier f o r  different  

materials. ' Figure 12 shows the actual data obtained f o r  Indiana and Pittsburgh 
seam coals as compared with bed heights calculated from di f ferent ia l  pressures. 

The data obtained proved tha t  the system can be used as a viable method of de- 

termining bed height externally by using gamma radiation equipment. This system 
can be incorporated in to  a working closed loop control to  control the reactor 
bed level .  
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COMBUSTOR TEMPERATURE MEASUREMENT 

I n  the e a r l y  t e s t s  o f  t he  PDU Gas i f ie r ,  an attempt was made t o  t ry  t o  

measure the  combus ti on zone reac t ion  temperature w i t h  an i nf ra red  r a d i a t i o n  

sensing o p t i c a l  pyrometer. Since no entrance p o r t  i n t o  t h e  r e a c t o r  was a v a i l -  

able d i r e c t l y  above t h e  a i r  tube (expected combusti on zone), i t  was thought t h a t  

the zone could be viewed by l ook ing  d i r e c t l y  up the  2-1/2-inch diameter, 15 f o o t  

long a i r  tube. An o p t i c a l  grade quar tz  pressure seal v iewport  w i t h  an i n t e r n a l  

purge t o  keep the  i n s i d e  sur face o f  t h e  window c lean was used. I n  theory, i t  

was f e l t  t h a t  t he  ac tua l  char combustion would take p lace a t  t he  i n te r face  of 

the a i r  stream and char. Since the  a i r  tube contained on ly  gas and was f ree  of 

p a r t i c u l a t e s ,  the  combustion zone would be i n  p l a i n  view. 

This scheme was t r i e d  and abandoned because condensed moisture and 

d i r t  f e l l  i n t o  the  v iewport  area dur ing  t h e  system p ressu r i za t i on  and h o t  a i r  

dryout  p o r t i o n  o f  t he  t e s t  i n  s p i t e  o f  t h e  C02 purge f l o w  on the  v iewport .  The 

v iewport  became t o t a l l y  blocked before  t h e  combustion of char took place. 

Another at tempt was made t o  measure t h e  combustion zone temperature 

v i a  two ad jus tab le  length  type K thermocouples routed up t h e  a i r  tube i n s i d e  

p r o t e c t i v e  3/8- inch O.D. 310 s t a i n l e s s  s t e e l  tub ing we l ls .  To date, t he  lengths 

of these , u n i t s  have been adjusted i n  an attempt t o  f i n d  and measure the  combus- 

ti on zone temperature. With the  thermocouples extendi ng 18 inches above t h e  a i  r - 
tube, the  measured temperature appears t o  be near combustion temperature. How- 

ever, more work w i  l l have t o  be done. t o  v e r i f y  t h a t  t he  t r u e  combustion zone 

temperature i s  being measured. 

SAMPLING & ANALYSIS OF PRODUCT GAS STREAMS 

On- l ine moni to r ing  o f  gas composition has served the  two major ob- 

j e c t i v e s  of cha rac te r i  z ing  t h e  p r o d u c t  gas i n  terms of i t s  c a l o r i f i c  value and 

generat ing a n a l y t i c a l  data f o r  computing p l a n t  heat and mate r ia l  balance. Gas 
charac te r i za t i on  hardware used a t  t h e  PDU can bi d i v ided  i n t o  two subsystems; 

namely, sample prepara t ion  and d e l i v e r y  t r a i n s ,  and gas ana lys is .  Several 
opera t iona l  problems i n these subsystems were encountered dur ing  t h e  i n i  t i a l  

PDU devo la t i  l i z e r  tes ts .  A cont inua l  development e f f o r t  has been pursued t o  
,- 

modify i ndivi,hual components i n  these subsystems so as t o  meet the  severe re-  

qu i  rements associated w i  t h  h o t  gas sampling and ana lys is .  



F igu re  13 i s  a  schematic o f  the  sampling t r a i n  o r i g i n a l l y  used dur ing  

the t e s t i n g  o f  t he  d e v o l a t i  l i z e r .  Hot gas a t  1600-2000°F was sampled o f f  a  

r e f r a c t o r y - l i n e d  nozzle and conveyed over a  d is tance o f  80 f e e t  t o  a  f i e l d -  

l oca ted  process analyzer. Here a  s l i p  stream was cleaned i n  a  cyclone demister 

and a  s i n t e r e d  metal f i l t e r  before being in t roduced i n t o  a  gas chromatograph. 

Three i d e n t i c a l  t r a i n s  were employed f o r  sampling product  gas from t h e  devola- 

t i 1  i z e r  and synthesis gas f rom two propane f i r e d  burners. A  number o f  operat-  

i n g  problems were experienced w i t h  these sampling t r a i n s  a r i s i n g  from depos i t ion  

o f  en t ra ined  s o l  i d s  f rom t h e  devo la t i  l i z e r  and soot  produced i n  t h e  burners. 

This i n v a r i a b l y  l e d  t o  plugged d e l i v e r y  l i n e s  and loss  o f  t he  analyzer. Fur ther-  

more, t he  heat t r a c i n g  and i n s u l a t i o n  on these ' l ines were incapable o f  mainta in-  

i n g  the gas above i t s  dew p o i n t ,  Consequently, p lugging was f u r t h e r  i n t e n s i f i e d  

by t h e  condensation o f  moisture,  o i l s ,  and polynuclear  aromatics present  i n  the  

sampled gas. 

To a1 l e v i  a t e  these problems, t h e  sampl i ng t r a i  n  was redesigned as 

shown i n  Figure 14. The present  system incorporates a  coo l i ng  c o i  1  which c h i l l s  

the  gas from 1600°F a t  t he  sampling p o r t  t o  about 150°F. A rack  o f  gas f i l t e r s  

then separates condensed mat te r  and ent ra ined s o l i d s  thereby ensuring a f l o w  o f  . 
d r i e d  and f i l t e r e d  gas t o  t h e  chromatograph. Several types o f  f i l t e r s  have 

s ince been tes ted  on each f i  1  t e r  rack f o r  pore s ize ,  e f f i c i e n c y  o f  f i l t r a t i o n ,  

and se rv i ce  l i f e .  A1 though t h e  gas holdup i n  these f i l t e r s  c o n s t i t u t e s  a  s l i g h t  

increase i n  the  sample t ranspor t  l ag ,  rh?  s IS more than o f f s e t ,  by Ltie 1111pr-uved 

on-1 i ne r e l i a b i  li t y  o f  t he  e n t i  r e  system. 

The ana lys i s  o f  h o t  gases i s  f u r t h e r  complicated by the  tendency o f  

the  gas m ix tu re  t o  undergo e q u i l i b r i u m  s h i f t s  dur ing  i t s  s:low coo l i ng  t o  temper- 

atures where these sh i  f t  reac t ions  are  arrested.  There I s 'a1 so the  quest i o r ~  o f  

t he  c a t a l y t i c  r o l e  of h o t  metal w a l l s  i n  promoting any s ide  reac t ions  which 

would a l t e r  t he  t r u e  gas composition. Although these problems cannot be addres- 

sed i n  a  fundamental sense, i t  would be f a i r  t o  assume t h a t  a  r a p i d  quenching o f  

the  ho t  gas would g r e a t l y  reduce t h e  a l t e r a t i o n  i n  the  gas compositjon. The 

coo l i ng  c o i l  i n  the  mod i f i ed  t r a i n  c h i l l s  t he  gas from 1600°F t o  150°F i n  a  

t r a n s i t  t ime of 15 seconds and therefore reduces t h e  p o s s i b i l i t y  o f  s h i f t  o r  

c a t a l y t i c  reac t ions  i n  the  gas mixture.  

The PDU analyzer  i s  a  gas chromatograph u t i l i z i n g  a  thermal conduct iv- 

i ty de tec to r  and spiked hel ium i s  t h e  s i n g l e  c a r r i e r  gas. Separat ion o f  f i x e d  

gases (Hz, 02, N2, CO, CHq) i s  accomplished on a  molecular  s ieve 5 ~ ~ ~ c o l ' u m n  
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whereas t h e  p o l a r  gases (C02 and H2S) e l u t e  o u t  of a Porapak N column. The ana- 

l o g  s i g n a l  from t h e  d e t e c t o r  b r i dge  i s  i n p u t  t o  an i n t e g r a t o r  which d i g i t i z e s  

peak areas. This  s i g n a l  i s  then f e d  t o  a PDP-11 computer which i d e n t i f i e s  gas- 

eous species o f  i n t e r e s t  and computes the  percentage composit ion. The t o t a l  

c y c l e  t ime i s  8 minutes pe r  stream. 

Operat ing experience w i t h  t h i s  chromatograph has shown t h a t ,  i n  most 

cases, i nstrument downtime can be ascr ibed t o  t h e  presence o f  m i s t  and entra ined.  

s o l  i d s  i n  the  sample gas. These i m p u r i t i e s  depos i t  i n  t he  sampling loop and 

cause pe r tu rba t i ons  i n  the  f l o w  o f  c a r r i e r  gas through t h e  columns. Moreover, 

t h e  presence o f  l i q u i d  s lugs has, on occasion, l e d  t o  column d e t e r i o r a t i o n  and 

hence l o s s  o f  chromatograph1 e separat, lor~. These pi-oble~~ls have been cor rec ted  

by t h e  expedient  of quenching the  gas and removing condensables and p a r t i c u l a t e s  

i n  gas f i l t e r  racks. 

C a l i b r a t i o n  d r i f t  and p r e c i s i o n  e r r o r s  a re  est imated by a s t a t i s t i c a l  

method employing data f rom c a l i b r a t i o n s  performed p r i o r  t o  and f o l l o w i n g  a p l a n t  

t e s t  run. These e r r o r s  are w i t h i n  1-2% o f  ac tua l  gas composit ions f o r  a l l  gases 

except  hydrogen which experiences a c a l i b r a t i o n  d r i f t  o f  up t o  10%. Th is  i s  due 

t o  the  lower s e n s i t i v i t y  f o r  hydrogen es t ima t ion  when us ing  a spiked he1 ium 

c a r r i e r  gas. Plans are  underway t o  i nco rpo ra te  a dual c a r r i e r  gas arrangement 

which w i l l  enable an independent es t ima t ion  of hydrogen on an argon c a r r f e r .  

The charac terPzat ion  o f  p roduct  gas i s  no t  complete w i t h o u t  an est ima- 

t i o n  o f  i t s  water,  o i  1, and t a r  contents. As descr ibed e a r l i e r ,  t he  sample 

p repa ra t i on  system separates these cons t i  tuents  from 'the gas de l  ivermed t o  the 

chromatograph. Hence t o  f i  11 i n  t h i s  a n a l y t i c a l  need, a spec ia l  technique was 

developed t o  cha rac te r i ze  h o t  product  gas as t o  i t s  condensables content .  

The apparatus used f o r  t h i s  technique i s  c a l l e d  a t o t a l  condensables 

t r a i n .  Hot gas i s  p e r i o d i c a l l y  sampled o f f  a nozzle and c h i l l e d  i n  a g l y c o l -  

cooled jacketed condenser. The condensate i s  c o l l e c t e d  i n  a catch p o t  equipped 
w i t h  a b a f f l e  p l a t e  and a coalesc ing type ceramic f i l t e r .  Add i t iona l  moisture 

i s  adsorbed i n  a desiccant  po t  before the  gas i s  metered f o r  t o t a l  throughput 

and f low ra te .  The condensate can then be analyzed f o r  determinat ion o f  per-  

centage y i e l d s  of water,  p a r a f f i  ns, and aromatics. 

The PDU program w i l l  s h o r t l y  e n t e r  an operat ions phase whebe the de- 

v o l a t i  l i z e r  and g a s i f i e r  a re  run  as an i n t e g r a t e d  u n i t .  This  w i T i 2  c a l l  f o r  ad- 

d i t i o n a l  demands on the  present  sampling and ana lys i s  hardware. Future p lans 

i nc lude  the a c q u i s i t i o n  o f  a d d i t i o n a l  gas chromatographs t o  enable a r a p i d  



turnaround of gas composition data. 

Gas moni tors w i t h  qu ick  response fea tures  w i l l  be acquired t o  c a r r y  

o u t  spec ia l  tasks p e r t a i n i n g  t o  feedback process c o n t r o l  and op t im iza t i on .  

These inc lude  an on - l i ne  i n f r a r e d  analyzer  t o  study t h e  e f f e c t  o f  s teamla i r  

feed r a t i o s  on CO and C02 content  o f  t h e  g a s i f i e r  product  and an H2S analyzer  

t o  study the  f e a s i b i l i t y  of i n - s i t u  desu l fu r i za t i on .  
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QUESTIONS AND ANSWERS 

J. E. Macko 

Westinghouse E l e c t r i c  Corporat ion 

W. H. Marlow, Brookhaven Nat iona l  Laboratory 

Q. Because of d i f f e r e n t i a l  p a r t i c l e  v e l o c i t i e s  i n  t he  t u r b u l e n t  flow, how 
can your r a d a r  Doppler ve loc i t rome t ry  be  very u s e f u l  f o r  measuring flows 
of " p a r t i c u l a t e  matter?"  I f  you knew aerodynamic diameter  and d e n s i t y  
d is r r ib t ie lo i i s  of p a r t i c l e s  and had gas flow w e i i ' , c h a r a c t e r i z e d  beforehand, 
f t  might b e  poss ib l e .  

A. You have t o  t ake  these  i n t o  cons ide ra t ion ,  and what we're lonki-ng f o r  
is an  average v e l o c i t y .  When we had t h e  mockup a t  t h e  l a b s  we a c t u a l l y  
c a l i b r a t e d  the  u n i t  w i th  some doping of t h e  m a t e r i a l ,  and clocked it. 
I f  you want t o  t a l k  more about i t  l a t e r ,  I ' d  be glad t o  s e e  you i n  t h e  
c o f f e e  a rea .  

W. S. Su, Stearns-Roger 

Q. Reason f o r  r a d a r  probe wi th  ang le s  - downward or 'upward. How? Why? 

A. I d e a l l y ,  you'd want t o  look d i r e c t l y  ahead a t  your moving p a r t i c l e s ,  bu t  
s i n c e  we cou ldn ' t  we had t h e  t r a n s m i t t e r  mounted on t h e  45' f l a n g e  and 
at tempted t o  measure t h e  v e l o c i t y  of t h e  m a t e r i a l  moving downward. There 
was no way we could p u t  t he  u n i t  on t h e  bottom o r  t h e  top of t h e  reactor 
t o  measure the  a c t u a l  head-on v e l o c i t y ,  W e  had two 45" fl.an8ct.s on t h e  
d e v o f a t i i i z e r .  It d idn i  t ma t t e r  which one was used. 

I f  you looked a t  something moving, s a y  on a v e r t i c a l  p lane ,  and your 
Doppler r a d a r  is mounted a t  a 90' angle ,  y o u ' l l  g e t  zero, cos ine  of 90' 
is  zero, s o  you have t o  monitor a t  an angle.  Therefore,  the flanges 
w e r e  i n s t a l l e d  on t h e  r e a c t o r  a t - a  45O angle.  

A. Chaudhuri, Dorr-Olive, Inc. 

Q. During a p roces s  run  do you t a k e  a thermocouple o u t  f o r  replacement? 
WllaL  precaut ions  are necessary? 

A. Yes - The v e n t  va lve  i s  p a r t i a l l y  opened t o  check t h e  w e l l  f o r  leaks .  
The packing gland nu t  is  loosened and t h e  u n i t  i s  withdrawn slowly p a s t  
t h e  block va lve .  The block va lve  is  then  closed and the. n n i t  removed. 
The r e v e r s e  i s  used t o  r e p l a c e  t h e  u n i t .  

9 

A. Chaudhuri, Dorr-Olive, Inc.  

Q. Do you do any rod o u t  f o r  debugging p r e s s u r e  tap  dur ing  a process  run? 
Any p recau t ion  necessary?  



A. Occasionally, it  is done under d i r ec t  supervision,of a s h i f t  supervisor 
and a procedure is  followed out l in ing the  method. I w i l l  gladly discuss 
the  procedure with you l a t e r .  

.-.* 
N. I,. Kautsky, Stearns-Roger, Inc, 

Q. A gas chromatograph readout may require  30 minutes to  obtain resu l t s .  
Do you f ind a need f o r  quicker analysis ,  and i f  so, what a r e  your plans 
t o  obtain them? 

A. With our system, there  is about an 8 minute lag t o  obtain an analysis.  
A t  present, we have no plans to  improve the time. 

B, G. L i p t a ,  Liptfik Associates 

Q. Could you elaborate  on start-up problems? Purging to  p ro tec t  against  
unsafe conditions. etc.  

A. I do not have enough time to discuss p lan t  start-up problems. A s  f a r  
a s  the synthesis gas generators, a purge of the C02 occurs auto- 
matically p r io r  to  a t r i a l  f o r  ign i t ion  and following a flame fa i lu re .  
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ABSTRACT 

Exxon Research and Engineering Company, under con t rac t  t o  t h e  EPA, has b u i l t  
and i s  operat ing a pressurized f lu id ized  bed combustion u n i t  which is capable 
of burning up t o  218 kg/hr of coa l  (480 l b s l h r ) .  This u n i t  is re fe r red  t o  
a s  t h e  Exxon f lu id ized  bed combustion miniplant.  

One of the  major systems on the  miniplant is the  con t ro l  system used t o  
mainLain a uniform f lu id ized  bed temperature. The method of bed temperature 
control ,  which is appl icable  t o  many coa l  cdnversion processes, i s  based on 
adjus t ing t h e  rate of coal  in jec ted  i n t o  the  combustor. 

This presenta t ion descr ibes  the  temperature con t ro l  system and t h e  coa l  feed 
system. The performance of temperature con t ro l  system and t h e  associa ted  
coa l  feed system is a l s o  discussed. 
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1. INTRODUCTION 

The pressur ized f l u i d i z e d  bed combustion of coal  is a new combustion tech- 
nique, which can reduce t h e  emission of SO2 and NOx from the  burning of 
sulfur-containing c o a l s  t o  l e v e l s  meeting EPA emission standards. This is 
done by using a s u i t a b l e  SO2 sorbent  such a s  limestone o r  dolomite a s  t h e  
f l u i d i z e d  bed material. I n  add i t ion  t o  emissions control ,  t h i s  technique has 
o t h c r  potential advantages over conventional coa l  combustion systems which 
could r e s u l t  i n  a more e f f i c i e n t  and less c o s t l y  nethod ul: electric power 
generat ion.  By immersing steam generat ing surfaces  i n  the  f l u i d i z e d  bed, the  
bed temperature can be  maintai11ed a L  low and uniform temperatures i n  t h e  
v i c i n i t y  of 800 t o  950°C. The lower temperatures allow the use of lower 
grade coa l s  (s ince  these  temperatures a r e  lower than ash  slagging tempera- 
t u r e s ) ,  and a l s o  decrease NO, emissions. Operation a t  e levated  pressures,  i n  
t h e  range of 600 t o  1000 kPa, o f f e r s  f u r t h e r  advantages. The hot  f l u e  gas 
from a pressur ized system can be  expanded through a gas turbine,  thereby 
increas ing the  power generat ing e f f i c iency  even fu r the r .  

, I n  t h e  f l u i d i z e d  bed b o i l e r ,  l imestone o r  dolomite is  calcined and r e a c t s  
wi th  SO2 and oxygen i n  t h e  f l u e  gas t o  form CaS04 a s  shown i n  t h e  following 
react ion.  

CaO + SO2 + 1/202 + CaS04 

Fresh limestone o r  dolomite sorbent  feed r a t e s  t o  the b o i l e r  can bc reduced 
by regenerat ion of t h e  s u l f a t e d  sorbent  t o  CaO and recycle  of t h e  regenerated 
sorbent  back t o  the  combustor. 

A diagram of the  pressurized f l u i d i z e d  bed combustion and regenerat ion pro- 
c e s s  Is shown i n  Figure 1. 

2. EXXON MINIPLANT 

Exxon Research and Engineering Company, under con t rac t  t o  t h e  EPA, has b u i l t  
two pressurized f l u i d i z e d  bed combustion u n i t s  t o  study the combustion and 
regenerat ion processes. The l a r g e r  of these u n i t s ,  t h e  Exxon f lu id ized  bed 
combustion miniplant  is shown i n  Figure 2. T11e l n i ~ ~ i p l a n t  c o n s i s t s  of a 
r e f r a c t o r y  l i n e d  combustor v e s s e l  with provisions f o r  continuous feeding of 
coal and f r e s h  sorbent  and continuous withdrawal of spent sorbent. A 
re f rac to ry  l i n e d  regenerator  v e s s e l  was b u i l t  adjacent  t o  t h e  combustor with 
provisions f o r  t h e  continuous t r a n s f e r  of spent  sorbent  from t h e  combustor t o  
t h e  regenerator  and the  continuous r e t u r n  of regenerated sorbent to  the  com- 
bustor .  The combustor vessel is  9.75 metres high (32 f t )  l i n e d  t o  an in te r -  
n a l  diameter of 31.8 cm (12.5 i n )  and is  capable of burning up t o  218 kg/hr 
of c o a l  (480 l b s / h r ) .  Coaling c o i l s  i n  the  combustor remove the  hea t  of com- 
bus t ion  and maintain t h e  bed temperature i n  t h e  operat ing range of 815 t o  



9 5 5 ' ~  (1500 to  1750°F). The maximum operatin pressure is 1010 kPa (10 
atm) ; the maximum super f ic ia l  veloci ty  is  3 m y s  (10 f t / sec)  . 
The following discussions w i l l  focus on one of the major control  systems on 
the miniplant, e.g., the control  system used t o  maintain a uniform f luidized 
bed temperature. This method of bed temperature control ,  which is  applicable 
t o  many coal conversion processes, is based on adjusting the  r a t e  of coal  
injected i n t o  the combustor. A s  the temperature control  is  based on adjust-  
ment of the coal  feed r a t e ,  the discussion w i l l  begin with a description of 
the coal  feed system. 

Information on the other control  systems used on the  miniplant can be found 
i n  EPA Report No. EPA-600/7-76-011, September, 1976. 

3. COAL FEED SYSTEM 

The coal in jec t ion  system, or ig ina l ly  designed by Petrocarb, Inc. and sub- 
sequently modified by Exxon Research is i l l u s t r a t e d  i n  Figure 3. The system 
provides f o r  uninterrupted so l ids  feed (a controlled mixture t o  coal  and 
limestone) from the primary in jec tor  t o  the combustor while allowing in te r -  
mit tent  r e f i l l i n g  of the prim'ary in jec tor  (193 kg operating capacity) when 
i ts  charge is  reduced below 102 kg. 

Solids i n  the primary in jec tor  a r e  continuously aerated a t  a controlled pres- 
sure  above tha t  i n  the  combustor. They e x i t  the primary in jec tor  through a 
1.3 cm diameter o r i f i c e  and a r e  pneumatically conveyed by a controlled stream 
of dry transport  air through an s-shaped 1.3 cm I.D. s t a i n l e s s  steel pipe 
leading in to  the combustor. Load c e l l s ,  located under the  in jec tor ,  a r e  used 
t o  monitor so l i d s  feed rate. Rate of so l i d s  feed is automatically controlled 
i n  order t o  maintain a flow r a t e  of coal  su f f i c i en t  t o  achieve a spec i f ic  
operating temperature within the combustor. This is accomplished through a 
series of controls  involving the pressure d i f f e r e n t i a l  between the  primary 
in jec tor  and combustor, the in jec tor  pressure, and the  transport  a i r  flow 
rate .  Final  en t ry  of so l i d s  i n to  the combustor is  through a 1.3 cm I.D. 
probe located 28 cm above the f lu id iz ing  gr id  and hor izontal ly  extending 
about 2.5 cm beyond the reactor  wall.  The t i p  of the  probe includes ten 0.79 
mm diameter holee which su~round the so l id s  feed opening. They a r e  used t o  
continuously i n j e c t  an annular stream of sonic-velocity a i r  t o  a s s i s t  pene- 
t r a t i on  of the  so l i d s  feed i n t o  the f luidized bed and a l l e v i a t e  any tendency 
of the probe t i p  t o  become blocked with bed sol ids .  

Pr ior  t o  the i n i t i a t i o n  of a r e f i l l i n g  operation, the  primary in jec tor ,  the  
feed in jec tor ,  and a pa i r  of so l ids  storage b ins  remain isola ted from each 
other. When the  load c e l l e  under the  primary in jec tor  detect  a so l i d s  load- 
ing of less than 102 kg, 91 kg of so l ids  a r e  automatically transferred from 
the pressurized feed in jec tor  without in terrupt ing feed t o  the  combustor. 
Ref i l l ing  i s  usually completed i n  about 5 minutes. After r e f i l l i n g ,  t he  feed 
in jec tor  is again isola ted from the primary in jec tor ,  vented, and f i l l e d  with 
so l ids  from the storage bins. The feed in jec tor  is  again isola ted and 
repressurized t o  await repe t i t ion  of another cycle. 



Process a i r  f o r  the  s o l i d s  feeding system is provided by an a u x i l i a r y  air 
compressor wi th  a r a t e d  capaci ty  of 200 SCFM at  200 ps ig  (5.6 standard m3/min 
a t  1380 kPa gauge). 

4. TEMPERATURE CONTROL SYSTEM 

The miniplant combustor is operated a t  bed temperatures from 815 t o  955OC 
(1500 t o  1750°F), with temperatures monitored a t  many e leva t ions  wi th in  the  
combustor. The combustor temperature is  primari ly control led  by adjustment 
of the  r a t e  of coal  i n j e c t e d  i n t o  the  f l u i d i z e d  bed. 

A thermocouple i n  the  lower zone of the  combustor 47 cm (18 inches) above t h e  
f l u i d i z i n g  g r i d  is  used as the  sensor t o  con t ro l  temperature of the  combustor, 
and t - h ~  set p i n t  temperature a t  t h i s  loca t ion  regu la tes  t h e  coal  feed r a t e  
t o  the  combustor. 

A s  explained above, t h e  c o a l  feed rate LU Ll~e cu~utus tor  i o  regulated by the  
pressure  d i f f e r e n t i a l  between the  primary c o a l  v e s s e l  and the combustor - the  
g r e a t e r  the pressure  d i f ference ,  the  g rea te r  the  feed r a t e .  A sketch of t h e  
arrangement is  presented i n  Figure 4. 

Temperature con t ro l  is accomplished by a cascade type control  loop using two 
, c o n t r o l l e r s ,  one f o r  temperature set point  and another f o r  AP set point .  A 

dev ia t ion  of t h e  des i red  ( s e t  point )  temperature from the  a c t u a l  combustor 
., temperature causes a s i g n a l  t o  be transmitted by t h e  temperature c o n t r o l l e r  

t o  t h e  AP con t ro l l e r .  This e r r o r  s i g n a l  a c t u a l l y  resets t h e  set point  of the  
AP c o n t r o l l e r  so  t h a t  a d i f f e r e n t  AP w i l l  be es tabl ished between the  primary 
i n j e c t o r  and t h e  combustor. 

This  change i n  the  pressure  d i f fe rence  between the  coa l  v e s s e l  and combustor 
causes a change i n  t h e  s o l i d  feed r a t e  which w i l l  tend t o  r e t u r n  the  bed 
temperature t o  the  des i red  ( s e t  point )  value. 

5. PERFORMANCE OF THE TEMPERATUKE CONTROL SYSTEM 

The f l u i d i z e d  bed combustion miniplant ,  a s  explained above, uses a common 
s o l i d s  feed containing a s p e c i f i c  r a t i o  of coal  and the  lImc?.stone ~ltreded f o r  
desu l fu r iza t ion .  Although both the  coal  and limestone a r e  individual ly  
screw-fed a t  a prese lec ted  r a t i o  through a blender i n t o  t h e  feed i n j e c t o r ,  
s m a l l  v a r i a t i o n s  i n  the  s p e c i f i c  coa l  t o  limestone r a t i o  a t  any given time 
can be expected a s  a r e s u l t  of blending inhomogeneities. These v a r i a t i o n s  i n  
the  s p e c i f i c  r a t i o  and inhomogeneities i n  t h e  coal  i.e., a loca l i zed  concen- 
t r a t i o n  of ash,  r e s u l t  i n  a v a r i a t i o n  i n  t h e  measured s o l f d s  feed raLe t o  
t h e  combustor needed t o  maintain the  set temperature. Measurements of t h e  
s o l i d s  feed rate and the  combustor bed temperature a r e  recorded once a 
minute by the  miniplant  da ta  a c q u i s i t i o n  system. During t h i s  i n t e r v a l  of 
time about 3 kg of s o l i d s  containing approximately 70 t o  85% by weight of 
c o a l  is being fed t o  the  combustor. 

J 

Proper tuning of the  c o n t r o l l e r s  was necessary t o  achieve optimum reac t ion  t o  
system per turbat ions  and t o  a n t i c i p a t e  changes i n  bed conditions. This con- 
t r o l  system has  performed very s a t i s f a c t o r i l y  and provides exce l l en t  tem- 
pe ra tu re  con t ro l  and response. 



The (J/Z values (standard deviation divided by the  mean) f o r  the combustor 
temperature a t  the  s e t  point  and f o r  the  so l i d s  feed r a t e  measured during two 
separate periods of a recent miniplant run a r e  shown i n  Figure 5. The ac tua l  
data  points shown represent the average values and the associated standard 
deviation f o r  a twenty minute sampling in t e rva l  during which the  values were 
measured once a minute by the  miniplant da ta  acquis i t ion system. 

The range i n  the f luidized bed temperature measured a t  t he  s e t  point (47 cm 
above the gr id)  normally is  +3O Celcius a t  an average temperature of 900°C. 
This corresponds t o  a a/z vayiation of 0.3%. The observed var ia t ion  i n  the  
so l i d s  feed r a t e  necessary t o  achieve t h i s  s e t  temperature is  considerably 
larger ,  5 t o  10% expressed a s  a/z. This corresponds t o  a range of 10 t o  20 
kg/hr a t  an average so l id s  feed r a t e  of 195 kg/hr. 

6. PERFORMANCE OF THE ASSOCTATED COAL FEED SYSTEM 

When the  primary coal  in jec tor  is  nearly empty, a new charge of coal  and lime- 
stone must be t ransferred t o  it from the feed in jec tor .  Since coal  feed r a t e  
t o  the combustor was very sens i t ive  t o  changes i n  AP between the primary 
i n j ec to r  and combustor, AP had to  be  care fu l ly  controlled and monitored d u r 3 . n ~ -  
t ransfers .  AP is normally controlled by venting a i r  from the primary in jec tor  
a t  a constant r a t e  and adding a i r  through a control  valve. However, coal  
cntering the  primary in jec tor  during t ransfe rs  c a r r i e s  with it transport  a i r ,  
so t h a t  there was a tendency f o r  overpressuring the injector .  Therefore, i n  
order t o  re l ieve  some of t h i s  pressure, addi t ional  air was vented during 
t ransfe rs  through a second valve. Considerable tuning of the  system was 
necessary t o  make sure  tha t  the AP stayed within the  desired range, and t o  
avoid plugging of the valve by f i n e  coal  par t i cu la tes  i n  the vent stream. 

The development of the temperature control  system described i n  t h i s  repor t  
was done under EPA Contracts No. 68-02-0617 and 68-02-1312. The miniplant 
was designed under EPA Contract No. CPA 70-19 and constructed under Contract 
NO. 68-02-0617. 



FIGURE 1 

PRESSURIZED FLUIDIZED 5ED COAL COMBUSTION SYSTEM 
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FIGURE 2 

EXXON FLUIDIZED BED COMBUSTION MINIPLANT 



FIGURE 3 

COAL A,W LIMESTONE FEED SYSTEM 



FIGGRE 4 
COMBUSTOR TEMPERATURE CONTROL SCHEMATIC 
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FIGURE 5 

20 MINUTE STANDARD DEVIATIONS - Run No. 52 
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QUESTIONS AND ANSWERS 

Re R. Bertrand 

Exxon Research and Engineering Company 

W. J. Haas, Ames Laboratory, ERDA 

Q. What is the t i t l e  and number of the EPA report  you mentioned? 

A. The EPA report  tha t  I mentioned is called "Studies of the Pressurized 
Fluidized Bed Coal Combustion Process , I t  and has the number EPA-600/7-76-011, 
September, 1976. 

Bela G. L i p t a ,  Liptak Assoc. 

Q. Do you d i f f e r en t i a t e  the load cell s igna ls  by t i m e  t o  a r r i v e  a t  coal 
flow? 

A. The data acquisit ion s igna l  measures the t o t a l  amount of so l ids  i n  the 
feed hopper each minute based on the weight on the load ce l l s .  By 
di f fe ren t ia t ing  the weight during our computer work-up of the data, we 
obtain the coal flow r a t e  i n t o  the system. 

R. We P fe i f fe r ,  Procon, Inc. 

Q. What is the normal range of super f ic ia l  gas ve loc i t i e s  i n  the combustor? 

A. Normally, we run between s i x  and seven f e e t  per second super f ic ia l  velo- 
c i ty .  We have run the system a t  supe r f i c i a l  ve loc i t i e s  between four and 
eleven f e e t  per second. 

Q. What is the normal range of operating pressures i n  the  combustor? 

A. That range is nine to  ten atmospheres absolute. 

Donald L. Bonk, Babcock and Wilcox Research 

Q. When attempting e l e c t r i c a l  load following via. temperature control  based 
on changes i n  coal feedrate,  what a r e  the values of excess oxygen i n  the 
f l u e  gas? 

A. Normally we have run a t  an exceRw a i r  l cvc l  between 20 and 60 percent. 
This value has been prese t  depending on the operating condition we were 
t rying to  achieve. We have not t r i ed  to  follow load i n  the system, but 
we have observed tha t  the  excess oxygen w i l l  increase i f  we cut  back on 
the coal feed rate.  

J. F. Schooley, National Bureau of Standards 

Q. What method of temperature measurement is used i n  the  30 foo t  high con- 
bus tor. 



A. W e  are using thermocouples i n s e r t e d  i n  a s i l i c o n  carbide  thermowell. I n  
order  t o  prevent  the  thermowell from occas ional ly  being snapped off  by 
t h e  motion of t h e  bed, a 114 inch diameter inconel  tube which has been 
bored t o  118 inch i n t e r n a l  diameter is i n s e r t e d  i n t o  the  w e l l  a s  a 
s t i f f e n e r .  A 118 inch diameter sheated thermocouple is i n s e r t e d  i n t o  
t h e  inconel  tube. 

J. P. Meyer, Oak Ridge National Laboratory 

Q. Do temperature f l u c t u a t i o n s  increase  a s  the  temperature i n  t h e  bed is 
decreased o r  a r e  they f a i r l y  constant  over t h e  e n t i r e  operat ing range? 

A. W e  haven't r e a l l y  not iced a decrease i n  the  absolute  magnitude of the  
f l u c t u a t i o n s  as we dropped t h e  bed temperature. The absolute  value  
seems to remain a b o u ~  cuilstant, oome~qher~ on the  order  of s i x  o r  seven 
degrees Farenheit .  

M. R. Cines, P h i l l i p s  Petroleum Company 

Q. Is t h e  feed c e l l  aera ted  t o  allow flow of coal  down through t h e  bottom? 
How do you prevent  bridging across  t h e  o r i f i c e ?  

A. W e  a e r a t e  through t h e  cove i n  t h e  primary feed i n j e c t o r ,  j u s t  above 
t h e  o r i f i c e ,  i n  order  to  keep t h e  s o l i d s  moving somewhat t o  reduce t h e  
p o s s i b i l i t y  of bridging. 

R. M. Hurd, Materials Consulting Engineer 

Q. Why is i t  necessary t o  very t h e  temperature i n  the  combustar Lu ~ontrol 
steam r a t e ?  Can't you opera te  a t  constant  temperature and con t ro l  
feed r a t e s  t o  g e t  differe11L des i red  hea t  r a t e s ?  

A. Varying the  temperature i n  t h e  cuu~busLor is  but  one way t o  f~llow load. 
By passing a i r  around the  combustor s o  i t  goes d i r e c t l y  t o  the  tu rb ine  
and dropping the  bed l e v e l  to  decrease the  steam make a r e  o ther  ways t o  
follow load demands. 

D. D. Bruns, Univers i ty  of Tennessee 

Q. One funct ion s t a t e d  f o r  the  limestone is t o  se rve  a s  a hea t  t r a n s f e r  
medium, how c r i t i c a l  is t h i s  function? W i l l  t h i s  cause s t a b i l i t y  problems 
a s  d i f f e r e n t  S-composition coals  are run through the  combustor? 

A. None t h a t  w e  have noticed. 

Q. Has O2 been used i n  p lace  of the a i r?  How does t h i s  e f f e c t  t h e  NOx 
problem. 

A. We have not  run with enriched a i r  o r  pure oxygen. 

C. K. Sanathanan, Univers i ty  of I l l i n o i s  

Q. What obs tac les  do you see i n  s c a l i n g  up your system? 



A. Demonstrating t h a t  hea t  exchanger and turbine  mate r i a l s  w i l l  have econo- 
m i c  l i f e t i m e s  i n  the  FBC environment is the  main obs tac le  t o  scale-up. 

Go N. Reddy, Argonne National Laboratory 

Q. Could you descr ibe  t h e  sequence of con t ro l l ing  (i.e., feed forward o r  

t. otherwise)  f o r  load following c a p a b i l i t y  wi th in  the  range when the  gas 
tu rb ine  is operat ing a t  capacity? 

(No answer given.) 

Q. What kind of gas cleaning system is used p r i o r  to  the  gas turbine  and 
what is the  gas turbine  i n l e t  temperature? 

A. Two s tages  of i n e r t i a l  cyclones are cur ren t  used on the  miniplant.  A 
granular  bed f i l t e r  w i l l  be i n v e s t i g a k d  a s  a p o t e n t i a l  t h i r d  s t age  of 
gas clean-up . 

W. M. Miller, S tearns-Roger 

Q. What is the  method of measuring t h e  s o l i d  feed t o  the  blender? 

A. By pre-cal ibra t ing the  coal  de l ivered f o r  a given feed screw s e t t i n g .  

A. C. Tulumello, Delta S c i e n t i f i c  

Q. I would look f o r  valve f a i l u r e s  t o  be a problem on your del ivery  system. 
What i s  your experience? 

A. W e  have had valve  f a i l u r e s  which r e s u l t e d  from coal  dus t  blocking t h e  
o r i f i c e s  o r  eroding t h e  valve  sea t s .  

E. S. Giordano, Badger Plants ,  Inc. 

9.  Do you see the  need f o r  a b e t t e r  method of measurement of coal  and 
limestone feed to the  combustor f o r  commercial-sized p l a n t s  and, i f  so, 
what methods w i l l  you cuuulrl~r? (i.e., W i l l  weight cells be appl icable  
t o  commercial s ized plants?)  

A. W e  see the need f o r  a b e t t e r  measurement system, but  have not  y e t  evalu- 
a ted  a l t e r n a t e  methods. 
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INSTRUMENTATION AND DATA ACQUISITION 
TECHNIQUES I N  THE HYGAS PILOT PLANT 

by 
W.' G. Bair  

I n s t i t u t e  o f  Cas Technology 

1. INTRODUCTION 

The H Y G A S @ ~ ~ ~ O ~  p l a n t  perhaps has t h e  longes t  h i s t o r y  o f  extended 

ope ra t ion  of  any of  t h e  second genera t ion  c o a l  g a s i f i c a t i o n  p i l o t  p l a n t s  

sponsored by t h e  ERDA/A.G.A. j o i n t  program. The p l a n t ,  l oca t ed  jn  Chicago, 

I l l i n o i s ,  has  processed almost 10,000 tons  of coa l  inc luding  a l l  major U. S. 

coa l s  from l i g n i t e  and subbituminous through I l l i n o i s  bas in  bituminous 

coa l s .  

Today, I would l i k e  t o  b r i e f l y  review t h e  p roces s ,  desc r ib ing  p r i n c i p a l  - 

f e a t u r e s ,  and t o  d i scuss  t h e  ins t rumenta t ion  and d a t a  a c q u i s i t i o n  techniques 

r o u t i n e l y  used and desc r ibe  how they  func t ion  i n  ou r  program. I  would l i k e  . .  

t o  desc r ibe  some of  t h e  a p p l i c a t i o n s  of  new ins t ruments ,  and t o  summarize 

development needs. 

2 .  I-lYGAS PROCESS DESCRIPTION 

Figure 1 shows a flow s h e e t  f o r  t h e  HYGAS process .  This process  

u t i l i z e s  a f lu id ized-bed  r e a c t o r ,  ope ra t ing  a t  p re s su re s  o f  1000 t o  1500 . . .. 
p s i g  and temperatures  i n  t h e  range of  1300' t o  1 8 0 0 ~ ~ ~  t o  convert  t h e  major 

p a r t  o f  t h e  carbon i n  coa l  t o  gases .  Between 5 and 10 weight pe rcen t  of  

t h e  coa l  feed  i s  produced a s  a l i g h t  aromatic  o i l ,  p r i n c i p a l l y  to luene .  

Tho HYCAS p r o c e s s ' e ~ a x i ~ ~ ~ i z e s  merhaiie product ion i n  t h e  r e a c t o r  by us ing  
' 

d i r e c t  hydrogenation of coa l .  About two- th i rds  of  t h e  methane i n  t h e  f i n a l  

product  gas i s  produced h e r e ,  and only one - th i rd  i n  a clean-up methanation 

process .  

The e s s e n t i a l  featlires nf the HYGAS p i l o t  p l a n t  a r c :  

1. A c o a l  p repa ra t ion  a r e a  where as-recei-ved coa l  can be ground t o  10 t o  

100 U.S. s i e v e  s i z e  and d r i e d  t o  remove s u r f a c e  mois ture .  

2.  A p r e t r e a t e r  which i s  a low-pressure,  a i r - o x i d a t i o n  system u t i l i z i n g  

f lu id ized-bed  con tac t ing  and w h i c h , i s  used on agglomerating bituminous 

coa l  t o  p rcpa rc  a non-agg10me~aLil1 e ~ x t e r i a l  f o r  feed  t o  t h e  r e a c t o r .  



3 .  S l u r r y  mixing and 'pumping. The HYGAS process  u t i l i z e s  a  wet-feed 

c o a l - o i l  s l u r r y  which i s  pumped t o  h igh  p re s su re  and introduced t o  

t h e  r e a c t o r  system. The l i g h t  o i l  t h a t  is  produced i n  t h e  r e a c t o r ,  a s  

a  p a r t  o f  t h e  p roces s  product  s t ream, i s  recyc led  and used a s  t h e  

s l u r r y  veh ic l e .  

4. The r e a c t o r  i s  a  s e r i e s  of f l u i d i z e d  beds and s t a r t s  with a  s l u r r y -  

dry ing  zone i n  t h e  top .  The dry  s o l i d s  a r e  then  t r a n s f e r r e d  through 

dense-phase t r a n s f e r  p ipes  t o  two hydrogas i f i ca t ion  s t a g e s  and f i n a l l y  

t o  t h e  steam-oxygen zone where t h e  hydrogen needed f o r  d i r e c t  hydrogenation 

o f  t h c  c o a l  is produced by t h c  steam-oxygen ga.s i . f icat ion of  t h e  r e s idua l  

cha r .  

5 .  Tlle gas quench systcm, c o n s i s t i n g  of  two d i r ec t -wa te r - con tac t  towers 

i n  s e r i e s ,  which coo l s  t h e  product gases  from about 650' down t o  

1 0 0 ~ ~ .  The condens ib les ,  unreacted steam, and t h e  s l u r r y  l i g h t  o i l  

a r e  condensed and taken  t o  a  phase s e p a r a t o r  where t h e  l i g h t  o i l  and 

water  a r e  allowed t o  s epa ra t e .  The l i g h t  o i l  i s  drawn o f f  and t h e  

water  is  r e c i r c u l a t e d  t o  t h e  quench s e c t i o n .  The n e t  water  and n e t  

product  o i l  a r e  recovered and measured. 

6.  Gas p u r i f i c a t i o n .  The p i l o t  p l a n t  u t i l i z e s  a  r e c i r c u l a t i n g  diglycolamine 

s o l u t i o n  t o  remove acid-gases ( p r i n c i p a l l y  carbon d ioxide ,  hydrogen 

s u l f i d e ,  and sma l l e r  amounts of  o t h e r  organic  s u l f u r  compounds) by 

absorp t ion  i n  a  packed column. The r i c h  m i n e  s o l u t i o n  i s  regenera ted  

i n  a  low-pressure steam s t r i p p e r  and pumped back t o  t h e  absorber  

v e s s e l .  l h i s  gas p u r i f i c a t i o n  system, probably not  t h e  one t h a t  w i l l  

be used i n  commercial HYGAS p l a n t s ,  i s  used i n  t h e  p i l o t  p l a n t  because 

o f  convenience. 

7. Clean-up methanation. Following gas p u r i f i c a t i o n ,  t h e  remaining one- 

t h i r d  o f  t h e  methane i n  t h e  f i n a l  product  gas i s  produced by c a t a l y t i c  

mcthanation o f  t h e  hydrogen and carhon monoxide mixtures  l e f t  i n  t h e  

p u r i f i e d  product  gases .  This  i s  done over a  fixed-bed n i c k e l  c a t a l y s t  

which r e q u i r e s  extremely good s u l f u r  removal t o  maintain high c a t a l y s t  

a c t i v i t y .  Therefore ,  we u t i l i z e  a  z inc  oxide s u l f u r  guard chamber 



upstream of  the  c a t a l y s t  r eac to r  t o  remove t r a c e s  of  s u l f u r  compounds 
, 

t h a t  have escaped removal i n  the  gas p u r i f i c a t i o n  system. 

These a r e  the  e s s e n t i a l  process sections of t h e  HYGAS p i l o t  p l a n t .  

3 .  INSTRUMENTATION 

Essen t i a l ly  a l l  t he  HYGAS instrumentat ion i s  conventional,  . o f f - the -  

she l f  hardware s p e c i a l l y  applied t o  work properly i n  the  required environment. 

The p r e t r e a t e r  and the  main HYGAS reac to r  a r e  f luidized-bed reac t ion  systems 

f o r  ga.s-solids contact ing.  The most important c r i t e r i a  f o r  proper cont ro l  

of  f luidized-bed r e a c t o r  systems a r e  accura te ly  knowing t h e  bed dens i ty  and 

t h e  t o t a l  bed volume o r  bed height .  Conventional d i f f e r e n t i a l  pressure  

techniques a r e  used f o r  b6th measurements. This i s  much l i k e  using a 

simple manometer t o  measure the  d i f fe rence  i n  pressure  between t h e  top and 

bottom of a  l i q u i d - f i l l e d  tank t o  determine the  t o t a l  inventory o r  t o t a i  

volume i n  the  tank. In t h e  case of low-pressure l i q u i d  systems, t h e  dens i ty  

o r  s p e c i f i c  g rav i ty  i s  usual ly  a  known constant  f o r  a  given system. In our 

f luidized-bed app l i ca t ion ,  t h i s  i s  not  so .  The dens i ty  of  the  bed va r i e s  

a s  gas throughput and bed expansion vary f o r  d i f f e r e n t  processing condit ions.  

We the re fo re  measure the  bed dens i ty  using the  pressure  d i f fe rence  between 

two f ixed po in t s  of  known e levat ion .  Overall  bed height  i s  then measured 

using the  t o t a l  pressure  drop over the  e n t i r e  f luidized-bed system and t h e  

bed dknsi ty  whidh was determined by the  f ixed-distance t aps .  

These techniques a r e  applied t o  the  p r e t r e a t e r  r eac to r ,  which opera tes  

a t  atmospheric pressure  and about 700' t o  000'~. This  instrumentat ion is  

conventional and, because gases a r e  used, t h e  hydros ta t i c  head ( the  inaccuracy 

caused by d i f fe rences  i n  e l eva t ion  between t h e  two t aps )  can be neglected.  

However, when t h i s  same d i f f e r e n t i a l  pressure  measurement technique i s  

appl ied  t o  the  HYGAS r e a c t o r ,  the  inaccuracy caused by neglec t ing  :he 

hydros ta t i c  head between two taps  a t  1000 t o  1500 ps ig  can be considerable.  

For example, a t  1000 ps ig  t h e  dens i ty  of the  gas i n  thc  transmission legs 

of  t h e  AP instrument i s  approximately 5 pounds per  cubic foot .  A t  t h i s  

dens i ty ,  a  foot  of  v e r t i c a l  height  d i f ference  between pressure  sensing t a p s  

is  equivalent  t o  one inch of  water pressure  d i f f e r e n t i a l .  This d i f f e rence  

i n  hydr.ostatic hcad must bc takcn i n t o  cons idera t ion  f o r  gas-phase 

measurements a t  high pressure .  



The HYGAS reactor, shown in Figure 2, is 132 feet high and several 

areas require very large vertical distances between AP tap locations. To 

normalize all readings in our plant, the hydrostatic head differential is 

calculated based on actual height and a zero supression kit is used to bias 

the individual AP transmitters with the correct hydrostatic head difference. 

This way, the the true differential can be measured within the reactor. 

The reactor is the main area of experimental study in our process and 

development efforts and our instrumentation have been concentrated there. 

We measure bed levels and bed heights in each zone of the reactor. We 

measure standpipe densities and overall pressure drops for all solids 

transfer lines and we measure the differential pr,essure across all of the 

fluidized-bed gas distribution decks. 

All systems using pressure sensing taps, where solids and/or condensible 
I'. gases such as steam could be present, require purging the pressure tap legs 

with clean, dry, inert gas. This prevents solids or condensible liquids 

from accumulating in the sensing lines and either plugging the taps or 
I 

causing instrument error. In the HYGAS pilot plant, we use dry, high- 
' pressure nitrogen gas to purge taps on all AP transmitters and to keep the 

lines clear. These purges must be carefully regulated and frequently 

checked. Too low a flow will permit dust and condensible gases to accumulate 

in the pressure taps, while too large a flow will create a higher AP and 

bias the readings. 'I'he HYGAS reactor now has 34 individual differential 

pressure measurement instruments and requires 54 separate high-pressure 

nitrogen purge meters to control purge gas flows to these instruments. 

Some of the AP instruments share a common line and these require only one 

purge for two instrument taps. Also, some nitrogen purges are used for 

aeration of solids transfer lines. 

Solids feed rates and total solids weights into both the pretreater 

reactor and the HYGAS reactor are measured by continuous weigh belt systems 

that are calibrated before and after each test to detect any drifting. 

All liquid flows and gas flows are measured by 'conventional sharp-edge 

orifices installed according to recognized standards. Only the inlet coal 

oil feed slurries and the ash discharge slurry are'excluded. The conventional 

sharp-edged orifices would erode rapidly with slurry mixtures, so we have 



successfully used venturi-type flow meters for these streams. The venturi- 

type meter provides a streamlined flow pattern and has successfully eliminated 

erosion and consequent loss of accuracy in these meters over long time 

perinds. With venturi-type flow meters, a clean liquid must be provided to 

flush the pressure sensing lines just as gas-phase differential pressure 

instrumentation requires a clean gas to flush these lines. We use a special., 

filtered, recycle-oil stream to flush the lines for the venturi meters; it 

prevents plugging and loss of sensitivity in measurcment. 

A magnetic flow meter is used on the low-pressure ash-water slurry 

streams. However, the magnetic flow meter cannot be applied to the oil 

slurry used in our feed streams. ' 

Both the venturi meters and the magnetic flow meters need accurate 

flowing-density information for calculating mass flow rates. In the HYGAS 

plant, we use a nuclear densitometer to measure the flowing density of the. 

oil-coal slurry streams for the plant input and the ash-water slurry streams 

for the.solids exit stream. The instrument utilizes a cesium 137, 100 

millicurie source of gamma radiation and is attached directly to the slurry 

pipeline. The absorption of gamma radiation depends on the amount and 

density of the process material in the pipeline, and variations in flowing 

densities can be detected from the differences in gamma radiation absorbed 
. ' 

by the flowing medium. These instruments give reliable and repeatable 

results when a continuous liquid phase is present in the pipeline. Our 

sporadic readings have been traced to the presence of trapped gas bubbles 

resulting in two-phase flnw in the pipe. 

Temperature measurement in the HYGAS pilot plant is accomplished by 

conventional thermometry. We use chromel-alumel (type K) thermocouple 

junctions for temperatures between ,1000~ and 2000'~ and iron-constantan 

(type J) thermocouple junctions for temperatures below 1000~~. This has 

given reliable service. The only problems are finding a suitable sealing 

mechanism to introduce the thermocouples to the high-pressure, high-temperature 

environment. Conax sealing glands have been successfully used on the HYGAS 

reactor area for this purpose. 

For liquid level detection and control, we have used both differential 

pressure equipment and conventional float-type, cage-mounted equipment. 

Both have been satisfactory. However, both instrument types require purging 



t h e  attachments t o  the  process vesse l  t o  prevent coal  s o l i d s  from i n t e r f e r i n g  

with t h e i r  opera t ion ,  a s  do the  AP instruments used i n  t h e  r e a c t o r  gas 

phase and s l u r r y  ven tu r i  metering app l i ca t ions  mentioned before.  The 

s o l i d s  a r e  purged from t h e  sensing t a p s  and kept out of  t h e  f l o a t  chambers 

o r  t h e  chamber around t h e  d i f f e r e n t i a l  pressure  c e l l ,  by using a c l e a r  

water o r  c l e a r  o i l  purge stream. 

Flow con t ro l  of  e ros ive  s l u r r y  streams was a p a r t i c u l a r  problem i n  

i n i t i a l  HYGAS p i l o t  p l a n t  opera t ions ,  e spec ia l ly  where t h e  pressure  was 

reduced from the  opera t ing  l eve l  of 1000 p s i  t o  atmospheric. The e x i t  

s l u r r y  streams were o r i g i n a l l y  equipped with globe p a t t e r n  flow valves.  

These gave a very s h o r t  se rv ice  l i f e  due t o  the  very high pressure  drop and 

t h e  e ros ive  na tu re  of t h e  ma te r i a l  being handled. Wc have s ince  successful ly  

appl ied  a r o t a r y  choke, s i n g l e  o r  mul t ip le  o r i f i c e  valve with a diaphragm 

ac tua to r .  This was o r i g i n a l l y  developed f o r  t h r o t t l i n g  crude o i l  and raw 

n a t u r a l  gas a t  producing wells .  The t h r o t t l i n g  mechanism cons i s t s  of two 

tungsten-carbide c i r c u l a r  d isks  with diamond-lapped mating se rv ices  and a 

s i n g l e  o r  mul t ip le  o r i f i c e .  With one d i sk  f ixed i n  t h e  valve body, the  

o the r  may be r o t a t e d  90' t o  open o r  block the  flow a rea .  When t h r o t t l i n g  

and c los ing,  t h i s  mechanism provides a shearing fo rce  t o  cut  any trapped 

s o l i d s  p a r t i c l e s  i n  the  s l u r r y .  Less force  i s  requi red ,  minimizing t h e  

s e a t i n g  surface  damage cor~u~iv~l i n  t h e  globe valve. 'I'he tungsten-carbide 

d i sk  reduces eros ion of t h e  o r i f i c e s .  Several  modificat ions of the  o r i g i n a l  

equipment have been requi red  t o  apply t h i s  device t o  flow contro l  of 

e ros ive  slurries. We now get  a very s a t i s f a c t o r y  l i f e ,  and t h e  problem of 

p ressu re  letdown of e ros ive  s l u r r i e s  has been solved i n  our HYLAS p i l o t  

p l a n t  operat ions.  

Gas compositions i n  the  p i l o t  p l a n t  a r e  monitored by on-l ine gas 

chromatographs. Two chromatographs now operate;  urlt: monitors hydrocarbons 

and t h e  o ther  monitors t r a c e  s u l f u r  compounds i n  t h e  p u r i f i e d  gas stream 

before  i t  e n t e r s  t h e  methanation system. An in-p lant  computer system 

c o n t r o l s  the  operatio11 of  the  cl~romatographs, converts the  readings t o  mole 

pe rcen t s ,  and gives us a  t e l e t y p e  p r i n t o u t  of t h e  composition of the  major 

process streams i n  t h e  gas phase f o r  monitoring p l a n t  operat ions.  



We a l s o  monitor 148 da ta  po in t s  of temperature, pressure ,  flow, and 

d i f f e r e n t i a l  pressure  throughout the  process system using a Scanivalve 

system f o r  converting t h e  pneumatic s i g n a l s  t o  EMF. These da ta  po in t s  a r e  

recorded on magtape, and the  on- l ine  computer then uses t h e  information t o  

compute the  average mate r i a l  balance of the  p l a n t  on an instantaneous o r  a  

2 hour average bas i s .  The individual  da ta  po in t s  a r e  monitored a t  a  r a t e  

of  150 po in t s  per  rl~iriute, s o  t h a t  a l l  da ta  po in t s  i n  the  p l a n t  a r e  recorded 

approximately once a minute. 

The computer program i s  a l s o  used t o  c a l c u l a t e  bed d e n s i t i e s  and bed 

heights  i n  the  various p a r t s  of  the  r e a c t o r  system where t h i s  information 

i s  needed. This allows us t o  check c lose ly  on the  condit ions during t h e  

run ,  and it i s  invaluable i n  determining when opera t ional  changes a r e  

needed t o  achieve the  goals  of t e s t  operat ions.  

Basic information on t h e  composition of  s o l i d s  streams i n  t h e  HYGAS 

p l a n t  i s  s t i l l  a t t a i n e d  by conventional methods. This r equ i res  a  r e l a t i v e l y  

long time lag  before information on t h e  composition of  the  various s o l i d s  

streams can be determined. For the  on-l ine computer ma te r i a l  balance 

ca lcu la t ions ,  we es t imate  t h e  s o l i d s  input streams composition based on 

p a s t  experience. However, we would l i k e  t o  have a f a s t e r  method t o  determine 

on-l ine analyses f o r  the  s o l i d s  i n  t h e  various s tages  of the  process.  

5. EXPERIMENTAL INSTRUblENTATION 

In severa l  a reas  o f  the  HYGAS p i l o t  p lant .  opera . t jnns ,  w e  are not 

s a t i s f i e d  with the  information t h a t  i s  obtainable from conventional instrumentat ion 

systems. One important a r e a  f o r  s a f e t y  assurance would be t o  d e t e c t  any 

high-temperature a rea  of the  metal wall  of the  g a s i f i e r  r e a c t o r  o r  associa ted  

piping t h a t  would ind ica te  d e t e r i o r a t i o n  of  the  r e f r a c t o r y  l in ing .  Several 

approaches t o  the  problem have been suggested, including mul t ip le  thermocouple 

b lankets  over the  a rea  i n  quest ion o r  temperature s e n s i t i v e  p a i n t s .  These 

methods, while p a r t i a l l y  e f f e c t i v e ,  do not  allow e a r l y  de tec t ion  o r  a r e  

sub jec t  t o  o the r  problems such as weather in te r fe rences .  

One approach i s  t o  use a continuous in f ra red  monitor t o  read out 

temperatures of  the  a rea  i n  quest ion.  Inf rared  de tec to r s  a r e  widely used 

f o r  temperature sensing,  but  a  system s p e c i f i c a l l y  designed f o r  t h e  condit ions 



i n  ou r  experimental  program could not  be r e a d i l y  purchased. IGT adapted a 

commercially a v a i l a b l e  instrument  t o  ou r  s p e c i f i c  requirements ,  t o  determine 

how app l i cab le  t h i s  type  o f  ins t rumenta t ion  i s .  S p e c i f i c a l l y ,  we wanted t o  

scan  a 2-foot s e c t i o n  of  t h e  metal  wal l  o f  our  s t a r t - u p  burner  p ip ing ,  

which is  used f o r  i n i t i a t i n g  p l a n t  opera t ion .  A model 6000 IRCON u n i t ,  
0 

wi th  a temperature range o f  150' t o . 4 0 0  F,  a one second response t ime,  and 

a wave length  o f  2 t o  2-1/2 microns, has  been thus  adapted. The u n i t  was 

s e l e c t e d  f o r  i t s  s u i t a b i l i t y  f o r  subincandescent temperature measurements 

and f o r  a f e a t u r e  t h a t  minimizes t h e  atmospheric absorp t ion  of  i n f r a r e d  

energy by water  vapor (humidity) and carbon d ioxide  a t  t h e  ope ra t ing  wave 

l eng ths .  The t a r g e t  s i z e  on t h e  3-inch p ipe  is  2.5 inches .  We had t o  

fabricate a s p e c i a l  b racke t  t o  make t h e  bcginning p o i n t  of  t h e  scan as 

c l o s e  a s  p o s s i b l e  t o  t h e  24-inch p ipe  s e c t i o n  i n  qucs t ion .  We used a 24- 

i nch  pneumatic ram t o  t r a v e r s e  t h e  s e c t i o n  of p ipe  with a s t r o k e  speed of 

, approximately 2 minutes t o  t r a v e r s e  up and back. 

The u n i t  has  been i n  s e r v i c e  f o r  over  a year  and, s o  f a r ,  has been 

e n t i r e l y  s a t i s f a c t o r y .  To d a t e ,  t h e  only unsolved problem has been a high- 

temperature reading  when t h e  e a r l y  morning and l a t e  evening sun r ays  s t r i k e  

t h e  p i p e  su r f ace  and t h e  scanner  s ees  a b r i g h t  spo t  and reads  it a s  a. 

h ighe r  temperature.  We p l a n  t o  modify t h i s  system t o  adequately s h i e l d  t h e  

a r e a  from d i r e c t  sun r a d i a t i o n  t o  so lve  t h i s  problem. 

Working with t h e  manufacturer of  a magnetic resonance flow meter t h a t  

could poss ib ly 'me te r  t h e  flow o f  t h e  o i l  coa l  s l u r r y  on our  input  s t r e a ~ a ,  

we have developed a h igh-pressure  housing f o r  t h e i r  convent ional  appara tus  

which could only  ope ra t e  a t  p re s su re s  o f  about 50 p s i g .  We a r e  now awai t ing  

d e l i v e r y  of ,  t h e  ,equipment from t h e  manufacturer ,  a.nd w i l l  hopefu l ly  put  

t h i s  equipment i n  s e r v i c e  soon t o  s e e  i f  t h i s  system can be appl ied  a t  t h e  

h igh  p re s su res  needed f o r  in t roducing  t h e  o i l - c o a l  s l u r r y  i n t o  t h e  HYGAS 

r e a c t o r .  

We a r e  a l s o  working with Argonne National  Laborator ies  t o  develop 

a c o u s t i c a l  meters  f o r  s l u r r y  flow r a t e  measurements. We a r e  working t o  

develop a ho t  gas sampling system f o r  i n t e r s t a g e  sampling between t h e  

va r ious  r e a c t i o n  zones of  t h e  HYGAS r e a c t o r .  This  would allow us t o  monitor 

gas  compositions between zones and e s t ima te  conversion l e v e l s  f o r  t h e  

.various s t ages  of t h c  HYGAS process .  This  i s  an  extremely d i f f i c u l t  t a s k ,  



involving sampling gas streams containing condensibles and particulate . 

matter at temperatures of u p  to 1850'~ and pressures ,of 1000 psig and 

higher. We have made some progress, but have not yet developed a system 

that will give us reliable, continuous service. ' We intend to continue 

development work in this area. 

6 .  SUMMARY 

Process control and meaningful, accurate process data have been 

achieved in the operation of the HYGAS pilot plant. But, as process 

operators, we are never satisfied. The ideal i~~strulnent, from the process 

operatoi's puirit of view, is one that would require no sensing elements to 

interfere' with the process stream, would have absolutely no drift and never, 

go out of calibration, and would be able to give us instantaneous on-line 

information. The instrument would not be affected by high or low temperatures, 

by high or low humidity, by corrosive liquids, or particulate matter. We 

are always looking for the development of the ultimate instrument. Although 

existing technology is satisfactory in many ways, it is through the use of 

instrumentation specialists and meetings such as this that ideas can be 

developed and implemented which will lead to improved instrumentation for 

the emerging coal conversion technologies. 
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QUESTIONS AND ANSWERS 

W. G. Bair  

I n s t i t u t e  of Gas Technology 

B. G. Liptbk,  L ip tbk  Assoc ia t e s  

Q. I n  a d d i t i o n  to  .Scani  Valves do you a l s o  use  o t h e r  types of va lves?  

A. No w e  do. not .  W e  have used t h e  Scani  va lve  brandname hardware exclusive-  
l y  and I don ' t  know anyth ing  about  any o t h e r  type of equipment. 

Q. Is t h e  magnetic resonance f low meter by Badgei? 

A. Yes. 

N. M. O'Fallon, Argonne Nat iona l  Laboratory 

Q. How w e l l  d id  t h e  e lec t romagnet ic  flowmeter work on t h e  a s h s s l u r r y  stream? 

A. F a i r l y  w e l l .  It  is no t  completely i d e a l  and I don ' t  t h ink  t h a t  we 
implied t h a t  they  a r e  completely i d e a l  systems, b u t  they did g ive  us  
some response which we f e e l  could be developed i n t o  a  u se fu l  instrument .  

Q. What time l a g  e x i s t s  between gas s t ream sampling and completion of 
a n a l y s i s  by the  chromatograph? 

A. Our sample l i n e s  obviously are s e v e r a l  hundred f e e t  i n  l eng th  i n  c e r t a i n  
p laces .  The t i m e  l a g  involved i n  g e t t i n g  t h e  sample to  t h e  ins t rument  
is about two minutes.  The sample cyc l e  f o r  t h e  ins t rument  i s  about  
e i g h t  minutes. So t h a t  is a  t o t a l  t i m e  l a g  of about  ten  minutes,  however, 
t h a t  chromatograph a l s o  1.ook.s a t  t h r e e  consecut ive  hydro-carbon streams. 
The raw gas,  t h e  p u r i f i e d  product gas ,  and t h e  gas a f t e r  methanation, so 
t h a t  I have about  a  30 minute cyc l e  be fo re  I r e p e a t  my a n a l y s i s  on the  
hydrocarbon s t ream on any one loca t ion .  The s u l f u r  chromatograph only  
looks  a t  t he  p u r i f i e d  product gas  a f t e r  s u l f u r  removal so i ts cyc le  time 
is  on the  o rde r  of t e n  minutes. 

R. W. Doering, Argonne National  Laboratory 

Q. You mentioned your gas  chromatograph composition a n a l y s i s  system having 
computer p r i n t o u t  and con t ro l .  What is the  time de l ay  between system 
change and p r i n t o u t  i n  your p re sen t  system. What is  t h e  needed time 
de lay  maximum i n  'your p l a n t ?  

A. There is v i r t u a l l y  no time de lay  i n  t h e  computation of the  a n a l y s i s ,  so 
t h e  time de l ays  mentioned above would apply. I ' l l  f i n d  t h a t  ou t  f o r  you. 
What i s  t h e  needed time de lay  i n  your p l a n t ?  We normally t r y  to run f o r  

' per iods  of 24 o r  48 hours  a t  a  given s teady  s t a t e  condi t ion .  What I ' m  



mainly i n t e r e s t e d  i n  i n  time, is how r a p i d l y  we can come to  a s t eady  
s t a t e  cond i t i on  and what i s  happening when we a r e  changing condi t ions .  
The. t ime d e 1 a y : t h a t  we a r e  c u r r e n t l y  experiencing i s  e n t i r e l y  s a t i s f a c t o r y  
f o r  our  ope ra t ions  al though i f  we could make i t  f a s t e r  I wou.ld. l i k e  to.  

E. S. Giordano, Badger P l a n t s  Inc. 

Q. Who is the  vendor of t he  magnetic flowmeter mentioned? P lease  expand on 
IGT's eva lua t ion  of t h e  W i l l i s  choke va lves ,  i .e.  is i t  a p p l i c a b l e  t o  
commercial s i z e d  p l a n t s ?  

A, I would th ink  i t  would be completely app l i cab le .  We a r e  using the  s m a l l e s t  
s i z e  they make wi.th a 114 in .  o r i f i c e ,  which we need f o r  our  flow r a t e s  
and our p re s su re  drops. The W i l l i s  O i l  Tool Company of Long Beach, CA, 
is the s u p p l i e r  and I d e f i n i t e l y  remember t h a t  name because we c a l l e d  
f r e q u e n t l y  about  t h r e e  yea r s  ago. I ' m  no t  t r y i n g  t o  plug anybody's pro- 
duc t s ,  b e l i e v e  me, W i l l i s  normally makes these  devices  f o r  crude petro-  
leum we l l  heads, chr i s tmas  t r e e s ,  and raw n a t u r a l  gas w e l l  flow c o n t r o l ,  
and they make them i n  very  l a r g e  s i z e s .  

M. P. Cines,  P h i l l i p s  Petroleum Company 

Q. With 55 N2 purge p o i n t s  on t h e  r e a c t o r ,  what is  the  N2 concen t r a t ion  5 \I 

i n  the  f i n a l  methane? 
1' . "  

A. I n  our  f i n a l  p l a n t  ope ra t ions ,  t he  percent  n i t rogen  i n  t h e  f i n a l  product i 

gas is  a func t ion ,  of course,  of throughput. The purge r a t e s  a r e  f i x e d  
and they have a cons t an t  volume of n i t rogen  flowing per  hour. The more 
c o a l  we feed,  and the  more gas  we make, then the  lower t h e  concen t r a t ion  S t  A, 

i n  the  f i n a l  product gas.  Normally t h a t  concen t r a t ion  runs  about  e i g h t  , , 
o r  n ine  percent .  

R. Chandrasekhar, Fos te r -Mi l le r  Assoc ia t e s  

Q. Re: Ventur i  flowmeters f o r  s l u r r y  flow measurement. A r e  t he se  l i n e d  
f o r  ab ra s ion  r e s i s t a n c e ?  I f  so  wi th  what? L i f e  expectancy. 

A. The s l u r r y  flowmeters a r e  made.out of type 316 s t a i n l e s s  s t e e l  machined 
t o  our dimensions, t h e r e  is no s e c r e t  t o  t h e  dimensions o r  anything,  I 
th ink  we used a formula o u t  of Pe r ry ' s  (which is a chemical engineer ing '  
handbook f o r  you people who a r e  i n  t he  instrument  s o c i e t y ) .  We have 
had these  devices  i n s t a l l e d  f o r  a t  l e a s t  two yea r s ,  and we have had a 
minimum of e r ros ion .  

John J. Eichholz,  Argonne National  Laboratory 

Q. Manufacturer of I R  temperature scanner? . Is i t  a s i n g l e  d e t e c t o r  
ins t rument?  

A. The manufacturer of t h e  I R  temperature scanner  is IRCON Model 6000, 
working on a wave l e n g t h  of 2 t o  2-112 microns, I th ink .  



H. Kaplan, Barnes Engineering 

Q. Suggestion: i f  what you s e e  i n  t he  morning i s  r e f l e c t e d  s u n l i g h t ,  
s p e c t r a l  f i l t e r i n g  would probably be a b e t t e r  f i x  than enc los ing  
your I R  sensor .  

A. Thank you very much. I ' m  no t  s u r e  what you ' re  t a l k i n g  about ,  bu t  I ' d  
l i k e  to l ea rn .  

G. N. Stenbakken, Nat iona l  Bureau of Standards 

Q. What type of dP c e l l s  a r e  you using: e.g., s t r a i n  gauges, e tc .?  

A. No; they a r e  a diaphram type of dP c e l l ,  they a r e  no t  s t r a i n  gauges. 
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G. A. RIAL 
DIVISION OF MAJOR FACILITY PROJECT MANAGEMENT 
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

I once heard someone say that one reason we are a great Nation is that 

despite our best efforts, we have been unable to exhaust our natural 

resources. While we are faced with diminishing supplies of oil and gas, we 

as a Nation, are still blessed with resources of coal and shale. To best use 

these resources, ERDA is sponsoring a joint industry/government program to 

build and operate plants to demonstrate promising coal and oil shale pro- 

cesses at near commercial scale. 

For those first plants to come on line we will need your skills and creative 

energies. I am talking about the need for greatly improved controls and 
1 

fnstrumentation which meet the needs of the new industry. Without them, a' 

plant would be merely an inanimate collection of vessels, materials handling 

equipment, pipes and compressors, but controls and instrumentation can hold 

them together and bring the end plant into being. And they can enhance the 

commercial appeal of a process by improving the economics -- using fewer peo- 
ple and resources and producing a better final product. We are concerned 

about control requirements, i.e., mass flow measurements in various phases -- 
solids or gas handling or mixed phase handling including coal or char at cri- 

tical temperatures and pressures under hostile conditions, especially for on- 

line measurement. Thcoc measurements axe needed for mass balance and heat 

balance on the technical side; and safety, reliability and problem diagnosis 

on the operating side. 

Moreover, improved controls and instrumentation may help overcome environmen- 

tal barriers to such new technology. I can't emphasize the environmental 

equation too strongly, since the envjranmental rules of the game are getting 

tougher all the time. While many of us from the process industry feel such 

standards are too strict or perhaps unwarranted, nevertheless we must deal 

with them. We must identify and record the major emissions surrounding new 

teclmnologies so that the necessary work in emissions characterization, con- 

trols development and effects analysis can go on parallel to other R,D&D. We 



must do that because technologies which cannot be made operable in an 

environmental sense won't be commercialized. Moreover, we can only resolve 

the debate concerning whether current environmental standards are too strin- 

gent, if we have an accurate way to define and record emissions. This is a 

fertile field for instrument development. 

A second concern relates to the fact that coal and shale utilization programs 

now combine problems of both the mining and process industries. With the 

great expansion of the mining industry associated with coal and shale iittliza- 

tioa, there will be greatly increased handling 01 materials in the processing. 

Ihre crgaln, identification and control of environmentally hazardous corlditions 

become very important. 

Now, before I fill you in on the Fossil Energy Demonstration Plant activities, 

which are my responsibility, I would like to give you some overview. As you 

know, the Fossil Energy Program is critical to providing alternatives to do- 

: ' mestic supplies of oil and natural gas. Our program can help meet the Nation's 

near term needs -- that is, it can produce significant quantities of energy- 
bearing products before year 2000. 

We concentrate on alternatives to petroleum and natural gas. Our resources 

are coal and oil shale which cannot be utilized economically or ;m an environ- 

mentally acceptable manner in the present price structure. These resources 

are abundant. In total, they can supply all.of the Nation's additional energy 

needs for over a century -- more than enough time, one woiild hope, to dcvclop 
technologies that economically exploit the "inexhaustible" resources of the 

sun. 

We need that fossil "bridge" to the next century because the decline in 

worldwide oil and gas production coupled with a 2-3 percent annual demand 

growth, spell out the possibility of a physical inability to meet fuel 

requirements at any price. That is the real energy problem confronting 11s. 

In solving this problem, we must realize that conservation, though important, 

is not the whole answer. We also need new supplies. We must utilize our 

coal and shale reserves promptly, economically and in an environmentally 

acceptable way. 



That means we are developing our domestic energy alternatives and adapting 

to a new resource base more quickly than ever before. In the past, it took 

60 years to move from reliance on one major energy resource to reliance on 

another. But because oil and gas production has peaked, we don't have 60 

years to make the transition -- only about 15 years remain for us to accom- 
plish that monumental task. The Fossil Energy Demonstration Plant Program 

will be one of many avenues to achieving that. 

That program has several goals. The first is to demonstrate at near commer- 

cial scale promising second generation coal and shale processes developed by 

both industry and government. At this time, no second generation processes 

have been built or operating, although there are first generation processes 

in commercial operation (but none of any significant size in the U.S.). I 

am referring to the conventional Lurgi, Koppers-Tozek and Winkler gasifica- 

tion processes and the Fischer-Tropsch process. 

How big should a second generation demonstration process be? We think the 

right size would be one module, whereas a commercial plant might have three 

or four. 

Alternatively, the demonstration plant size for a single train commercial 

unit should have a scaleup factor of no more than three or four to one. A 

commercial plant could be 20,000 t/d of coal. Accordingly, demonstration 

plants will probably range from 2,000 to 7,000 t/d. The cost of these plants 

will be in the order of $200-500 million each. These projects should be 

designed in a way that will permit expansion for a commercial operation if 

the demonstration proves successful. In all cases, the instrumentation for 

those projects should be commercial. 

Yor the process under consideration, we expect that the technical problems 

identified in the pilot plant stage will have already been resolved. Sub- 

sequently, design and economic evaluations will have been carried out to 

establish a commercial project cost and the economic value of the process. 

It will take a significant amount of money to arrive at this point; but 

without such expenditure, the process is not ready to demonstrate. 



Our second objective is to encourage industry participation. ERDA will do 

that by reducing the risk of the development through cost-sharing. Cost- 

sharing is desirable because it insures that projects have merit by private 

standards, thus encouraging high caliber, well thoughtout projects. Moreover, 

it insures that industry will make a later commitment of other resources to 

protect its investment. 

In talking about the status of the Demonstration Plant Program, I am assuming 

that all of you know something about the processes selected and many of the 

technical features of the program. From my uw11 background, I know that 

instrument designers and engineers must know as much about the process as 

the process design engineers. Now let us look at specific programs and their 

status. 

High Btu Pipeline Gas 

ERDA has completed negotiations with Conoco Coal Development Corporation for 

the conceptual design of a $370 million demonstration plant using the 

slagging Lurgi process, and with the Illinois Coal Gasification Group for 

the conceptual design of a $334 million demonstration plant using the COED/ 

COGAS process to produce pipeline quality gas and low-sulfur synthetic crude 

from coal. 

Industrial Fuel Gas 

Negotiations with Memphis Light, Gas and Water Division of the City of 

Memphis andwith W.R. Grace/Elzasco Services are almost completed. As you 

know, Memphis plans to use the U-Gas process to make medium btu gas to dis- 

tribute in a city-sponsored gas system. Grace will use the Texaco gasifica- 

tion process to make syngas, which will be used in ammonia manufacture. 

Small Industrial Fuel Gas 

ERDA hopes to complete its negotiations with both Erie Mining and New Jersey 

Zinc by fbe middle of August. Erie Mining plans to utilize the low btu gas 

for taconite processing and New Jersey Zinc will utilize the low btu gas for 

indirect process heating for the smelting operation. 



U t i l i t y  Fuel Gas 

We have not yet  picked a contractor. 

Clearly, the  gas i f ica t ion  portion of the  Demonstration Plant Program is well  

developed. The contract  negotiat ions have not been carr ied out a s  quickly 

a s  we or ig ina l ly  planned, because there have been s ign i f ican t  business prob- 

lems t o  resolve. But by the  end of t h i s  summer, w e  hope t ha t  conceptual 

design a c t i v i t i e s  f o r  a l l  of these programs w i l l  be underway. 

In  looking t o  the  future ,  the  1978 budget requests have l i s t e d  two demonstra- 

t i on  plants;  one f o r  an Atmospheric Fluidized Bed Direct  Combustion (AFB) pro- 

j e c t  and the second fo r  a Solvent Refined Coal (SRC) project. Planning i s  

presently underway t o  help i n i t i a t e  both the  Atmospheric Fluidized Bed Direct 

Combustion project  and the  SRC project .  The AFB project  was authorized i n  

N 1976 and w e  expect appropriation i n  FY 1978. The SRC project  has no bud- 

get  s t a t u s  at the  present time. However, i t  was included i n  the  President ' s  

energy message. 

The Atmospheric Fluidized Bed Direct  Combustion process i s  the combustion of 

coal  i n  a f lu idized bed containing dolomite o r  limestone. Boiler tubes a r e  

i n  d i r e c t  contact  with the  f luidized bed. There is every indicat ion t ha t  the  

Atmospheric Fluidized Bed Direct Combustion technique i s  a standoff with con- 

ventional bo i l e r s  and s tack gas scrubbing. With the  d i f f i c u l t i e s  which have 

been experienced with scrubbing, the Atmospheric Fluidized Bed System may be 

morc a t t r a c t j v e  from an operational and f l e x i b i l i t y  standpoint. The e l e c t r i c  

u t i l i t y  industry i s  extremely interes ted i n  t h i s  development because it has 

an urgent need t o  make investment i n  a new capacity i n  the  mid-1980's. There 

is a 30 megawatt thermal f lu idized bed bo i l e r  p i l o t  p lant  i n s t a l l a t i o n  

s t a r t i n g  up a t  Rivesvil le,  West Virginia. Assuming successful  operation of 

t h i s  un i t ,  i t  is planned Lo move ahead quickly t o  design and construct  a 

demonstration plant  which w i l l  be acceptable t o  the  u t i l i t y  industry. 

The SRC project  is l e s s  well  defined. Congress is asking ERDA t o  evaluate 

the  SRC I and SRC I1 processes and t h e i r  r e l a t i v e  markets before proceeding 

with a project .  The e l e c t r i c  u t i l i t y  industry is a l so  interes ted i n  the  SRC 

product because t h i s  process el iminates a l a rge  amount ul: the  ash and s r ~ l f u r  



from the coal feed. About 240 tons per day of SRC coal were burned over the 

last several weeks at Plant Mitchell, Putney, Georgia. Sulfur and nitrogen 

oxide emissions were well below EPA state standards. Particulate emission 

data are still being evaluated. 

Shale oil products are atractive because they have the potential of costing 

$6/barrel less than products from coal conversion and utilization. For this 

reason, ERDA plans to address the shale oil program very vigorously in the 

coming year. On an optimum basis, products fromshale oil processing won't 

be available until 1981. *q Y J r -  
Besides my own program, ERDA Fossil. Energy hao a eompd~~ion. program -- a 
comercia1 demonstration program which will utilize first generation tech- 

nologies. After the defeat of the Synfuels Bill, this program was trans- 

ferred to the ERDA Fossil Energy Assistant Administrator. 

At this time, we are working with Congress and with OMB to develop this 

program. Why do we need it? We need it because an immediate commercial 

demonstration program would reduce a number of uncertainties r~lated to ceo- 

l ~ v ~ u l c  and environmental feasibility, socioeconomic impacts, resource require- 

ments, capital cost, financing, and regulations, We must resulve them in 

order to undertake hroad-oeale plc~~~L investments in the middle 191201c for t l~e  

ai lvd~~crd technologies mentioned earlier which are essential to achieving 

significant production in the 1990's. 

By starting immediately, there can be several first generation synfuels 

plants built and operating by the time second generation technology is ready 

to come to our aid. 

For the success of both the Demonstration and Commercial Demonstration pro- 

grams, your contributions will be essential. By 1979, we will need ncw instru- 

ments for the first demonstration plants because in that year field con- 

struction of those early plants will start. There is a time urgency asso- 

ciated with these activities and I know you are equal to the challenge. In 

the words of Dr. Samuel Johnson, "Few things are impossible to diligence and 

skill". Those in this room have those qualities in abundance as well as the 



intelligence to find creative solutions to problems. After all, a computer 

with as many vacuum tubes as a man has neurons in his head would need the 

Pentagon to house it, Niagara's power to run it, and Niagara's water to 

cool it. 

'Now I will end by prepared remarks. While I would lzke to speak for 

posterity, I would like to stop before my constituency arrives! 
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In this talk, I will review the current state-of-the-art of instruments 

for process control, with emphasis on primary sensors, which measure mass 

flow rates and perform on-line analyses of process streams unique to coal 

conversion and combustion systems. ' These streams are made up of crushed 

solids -- usually coal, char, or ash; sometimes limestone, dolomite, pow- 
dered iron, or alumina pellets -- moving with liquids and/or gases. They 

range in makeup from streams containing 50% or more by volume of crushed 

solids to supposedly clean gas streams containihg a few ppm by volume of 

micrometer size particles. In the demonstration and commercial scale plants, 

pipe sizes will probably be as large as 10 to 15 inches diameter for solids 

feed streams and 3 or 4 feet diameter for gas streams. These streams are 

abrasive and corrosive with pressures as high as 4500 psi and temperatures 

to 2000°F or even higher. One could hardly imagine a more hostile set of 

operating conditions. 

Most flow sensors do not respond directly to mass flow, which is the 

quantity of interest for materials balance. The relationship between mass 

flow and flow speed is shown in Fig. I. The mass flow rate in units such 

as pounds/sec is equal to the product of the density, the flow speed, and 

the pipe cross sectional area. A separate measurement of density is usually 

needed in order to compute a value for the mass flow rate. In a multiphase 

stream, the different phases may be, moving with different average flow , 

speeds, which must be used with the effective density for each phase to give 

the computed mass flow rates of, say, the solid portion and the liquid por- 

tion of the stream. If the mass flow rates of different constituents in 

the stream are needed, an on-line analysis must be performed to obtain the 

effective density of each constituent. An example would be monitoring the 

carbon content of the coal feed to a gasifier in order to control the carbon, 

oxygen, and steam ratios in the gasifier. 

Let us consider a number of types of flow sensors and briefly review 

experience with or expected feasibility of these flow devices for the mixed- 

phase process streams of coal plants. 



M = MASS FLOW (LBS. /SEC.) 

P = DENSITY ('LBS. / F T . ~ )  . 

V = FLOW SPEED (FT. /SEC. )  * '  

Fig. 1. Mass Flow Equation 



One very common flowmeter is the head type flowmeter. An example of 

this type, the Orifice Meter, is shown in Fig. 2. Head type meters are 

characterized by a constriction of some kind in the stream and the measure- 

ment of differential pressure between the upstream and downstream sides of 

this constriction. In the Orifice Meter, the constriction is a plate with 

an opening -- often of careful design -- cut into it. In the Venturi Meter, 

the constriction is smoothly tapered to follow the flow contour of the 

emerging stream. Since the Orifice Meter depends critically on the shape 

of the orifice, the abrasion and corrosion in a solids-containing stream is 

intolerable. The main-problem with head type flowmeters, however, is plug- 

ging of the pressure taps with solids. 

Drag type flowmeters, such as the Drag Body Flow Meter show11 in Fig. 3 

or the similar Target Meter, transmit the force on an obstruction in the 

stream to an external force transducer. These are not suitable for mixed- 

phase streams because of the erosion problem. Rotameters emp1oy.a vertical 

tube with a tapered bore in which a "float" assumes a different vertical 

position for different flow rates. Again, these are not suitable for the 

streams we are considering because of the erosion and buildup on and around 

the "float". Turbine meters are essentially rotors placed in the stream so 

that they rotate as the stream passes it with a speed proportional to the 

flow speed. The same erosion problems and fouling of the bearings cause 

this device to be unsuitable for our needs. 

In general, it can be said that any device which intrudes into the 

solids-fluid process stream does not operate satisfactorily because of some 

combination of the erosion, corrosion, and plugging problems. 

There are some commercially available fl.owmeters which do not have 

obstructions in the stream. One of these is the Electromagnetic Flowmeter 

illustrated in Fig. 4. It operates by measuring the electromotive force 

induced according to Faraday's Law in a conductirig medium passing through a 

magnetic field. The induced emf is proportional to the strength of the mag- 

netic field and the flow speed. The stream must have a conductivity of a 

few micromhos/cm or more which, for coal plants, limits the Electromagnetic 

Meter to water-based slurries. It should work well in the few streams of 

a this type in the coal plants, although I am not aware of any case where it 

has been used in this application. 



HEAD TYPE METER 
Fig. 2. The Orifice Flowmeter, an Example of a Head Type Meter 
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'!he thermal flowmeter is also connnerclally available arid does clot 

introduce obstructions into the stream. It is shown schematically in Fig. 5. 

Typically a heater coil introduces heat into the stream and two thermocouples 

or resistance thermometers measure the upstream and downstream temperatures. 

If the heater power is adjusted to maintain a constant. temperature difference 

T2 - TI, the heater power is very nearly linearly proportional to the mass 
flow. This instrument is advertised to have an accuracy of 1%, range of 

10:1, temperature limit of 1500°F, and pressure limit of 60,000 psi. It .is 

said to be able to measure slurry flow, non-airborne solids flow, and dirty 

gas flow (solids not measured). A device of this kind is being tested at the 

.BI-GAS Pilot Plant and will be reported on by John Miles in the next paper. 

One type of flow instrument which is commercially available, non- 

intrusive, but limited as presently ava i lab le  co slurries u1 less L1la11 87: 

solids by volume is the soni.c/ultrasonic type. These may take several dif- 

ferent forms. One of the simplest is the passive sonic/ultrasonic device, 

shown in Fig. 6, in which a microphone simply listens to the sonic signals 

generated by che flow and seeks to relate the intensity in one or several 

frequency windows to the flow conditions. A device of this type to monitor 

entrained sand from gas and oil wells was developed in an industrial lab- 

oratory2 and is commercially available. The operating temperature is 

limited to under 180°F. Further work is needed to increase the operating 

temperature and to test for the ability to distinguish size distribution and 

density of particles entrained in gas streams. Passive acoustic devices have 

been operated in the coal feed lines of the Synthane high Btu gasificatiun 

plant and in the Exxon fluidized-bed combustion unit. 

One form of active Sonic Flowmeter, shown in Fig. 7., measures the 

dtfference in transmission time upstream and downstream, from which the flow 

speed can be calculated. A second possibility is shown in Pig. 8., in which 

a sonic wave beamed upstream is reflected at a higher (Doppler shifted) fre- 

quency from the moving particles to a microphone. In any of these schemes, 

the success of an instrument depends on the ability to measure the time or 

frequency differences involved, the ability,of the transducers to withstand 

the temperature conditions, and the ability to get sufficient signal through. 

Application of sonic/ultrasonic techniques to flow measurement in coal 

streams is included in the coal instrumentation effort at ANL, where A .  C. 

Raptis and co-workers have developed a feasibility criterion by which the 
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Fig. 5. The Thermal Flowmeter 
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frequency range useful for a given system may be determined. The elements 

of the feasibility analysis are indicated in Fig. 9. The processed signal 

level (PSL) is required to be equal to or greater than the noise level (NL). 

The PSL is equal to the source level (SL) less the transmission loss between 

source and receiver (TL) plus the directional gain of the receiver trans- 

ducer against background noise (DG) plus the processing gain (PG), the in- 

crease in signal relative to the noise due to processing. 

The initial study was done for a solids-liquid non-interacting system.4 

Data for the transmission loss was taken from published measurements of at- 

.tenuation versus concentration of solid particles in water at room tempera- 

ture,, s shown in Fig. 10. It is seen that below 10 to 15% volume concentra- 

tion, the attenuation increases in proportion to the number of particles. 

Above this concentration, the particles begin to interact significantly and 

the attenuation actually begins to decrease as volume concentration of par- 

ticles increases. Since a 10% concentration represents nearly the worst 

case, the transmission loss was calculated for this concentration. The 

other terms were estimated very conservatively based on available data. 

Figure 11 shows the calculated PSL versus frequency for 1 m and 10 cm diam- 

eter pipes and the estimated NL versus frequency. The lower frequency limit 

is determined by demanding reasonable resolution for the measurements. The 

flow noise curve is taken from published measurements of wall, flow noise 

background in a circulating water t~nnel.~ For the 1 m pipe, the study 

indicates that the ultrasonic flowmeter is feasible for frequencies between 

roughly 30 and 400 kHz; for the 10 cm pipe, the corresponding frequency 

limits are 300 kHz and 1 MHz. Since the 10% case is chosen because of its 

high attenuation compared with the total range of concentrations up to 30 

or 40% by volume, it is believed that these ranges of frequencies will also 

be feasible up to these volume concentrations of solids. Further calcula- 

tions are underway to extend the study to the highest possible solids con- 

centrations and to study gas-solids systems. 

Since the values for NL have the greatest uncertainty of any of the 

numbers used in the calculation, preparations are underway to conduct meas- 

urements of noise background levels in the slurry feed line of the HYGAS 

Pilot Plant within the next few months. At the same time, data will be 

recorded at upstream and downstream points to be processed by correlation 

techniques. Laboratory tests are being conducted on representative coal 



PSL - NL 

SL = SOURCE LEVEL 

TL = TRANSMISSION LOSS 

DG = DIRECTIONAL GAIN 

NL  = NOISE LEVEL 

PG = PROCESSING GAIN 

PSL = PROCESSED SIGNAL LEVEL 

Fig. 9. Elements Used in the Feasibility Study of Sonic/Ultrasonic 
Techniques for Ffeasuremellt u1 Fluw u1 a M u l t l p h a s e  Stream 
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process samples to determine parameters for the actual sys'tem of interest 

and to verify results of the feasibility calculations. 

The correlation technique for flow determination is illustrated in, 

Fig. 12. The basic idea is applicable to almost any pair of identical sen- 

sors and as.sumes that the system variable .being measured will have local 

variations-within the stream which will persist within the flowing medium 

long enough to be seen by detector A and later by detector B when the 

material has traveled from A to B. Mathematical comparison or correlation 

of the twn signals as a function of the time delay of signal A will exhibit 

a maximum when the time delay corresponds to the transit time of the stream . . 
from A to B. Dividing the known distance between the two detectors by the 

transit rime yields the flow speed. This technique has been used for many 

years as a calibration method, but only recently have electronic devices 

become available which can perform the necessary calculations fast enough to 

make such a device an "on-line" type of instrument. A device has recently 

been developed by industry in'canada based on ultrasonic cross correlation 

to measure heavy water flow.7 Preliminary work at ANL by K. G. Porges in- 

dicates that a correlation device based to two gamma ray density gauges can 

be developed, using state-of-the-art electronic components, to give a calcu- 

lated mass flow value, using the measured density, with an accuracy of %2% 

in about 2 or 3 seconds. An early prototype is being built for testing on 

the HYGAS Pilot Plant cyclone dipleg within the next few months. 

Another technique being investigated at ANL by W. W. Managan, both as a 

means of density or solids-fluid ratio measurement and, via correlation, for 

flow measurement, ,is capacitive density. . In .. this device, capacitor plates 
. . 

are embedded in 4 ceramic liner of 'the pipe so that the material within the 
1 

pipe will cause the measbred capacitance to. increase in proportion to the 
1 

amount of material present and its dielectric constant. Fig. 13 shows the 

general arrangement of capacitor plates. The central plates are the sensi.ng 

elements whilc the surrounding guard plates are designed to eliminate fring- 

ing effects on the central plates. A bench system for testing this concept 

and designing optimal plate con£ igurations is shown disassembled in Fi>g. 14. 

In the rear is a lucite cylinder around which the plates, shown in the front, 

are arranged. The split outside lucite cylinder is shown with the elec'trical 

cables. In Fig. 15, the assembled system is shown. The material to be 
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measured is  p laced  i n  t h e  i n s i d e .  Recent s t u d i e s  w i th  t h e  system surrounded 

by a me ta l  p ipe ,  as would be  t h e  case  i n  a  c o a l  p l a n t ,  have l e d  t o  a design 

w i t h  t h e  c e n t r a l  p l a t e s  surrounded by a  s e r i e s  of narrow p l a t e s  a t  succes- 

s i v e l y  lower p o t e n t i a l s ,  which se rve  t o  s h i e l d  t h e  measured volume from t h e  

e f f e c t s  of t h e  p ipe .  A system is be ing  f a b r i c a t e d  f o r  i n s t a l l a t i o n  and 

t e s t i n g  i n  t he  HYGAS s l u r r y  l i n e  i n  tandem wi th  t h e  u l t r a s o n i c  ins t rument .  

The c a p a c i t i v e  t i v e  spoo lp i ece  w i l l  con ta in  e l e c t r o d e s  designed t o  produce a 

r e l a t i v e l y  uniform f i e l d  a c r o s s  t h e  p ipe  f o r  a l e n g t h  of s e v e r a l  p ipe  d ia -  

me te r s  t o  measure average s o l i d s - l i q u i d  r a t i o ,  a s  w e l l  as sepa ra t ed  sma l l e r  

e l e c t r o d e s  designed t o  respond t o  l o c a l  f l u c t u a t i o n s  t o  measure f low speed 

by c o r r e l a t i o n  methods. P l ans  a r e  a l s o  underway t o  t e s t  a system of t h i s  

t ype  i n  t h e  char  r e t u r n  l i n e  of t h e  BI-GAS p l a n t .  

One of  t h e  d i f f i c u l t i e s  t h a t  w e  and o t h e r s  have found i n  adapt ing ,  

t e s t i n g ,  and c a l i b r a t i n g  ins t ruments  f o r  measuring f low i n  s o l i d s - f l u i d  

systems i s  the  l a c k  of a  f a c i l i t y  i n  which such f low can be maintained and 

c o n t r o l l e d .  Therefore ,  we a r e  c o n s t r u c t i n g  a  loop which we c a l l  t h e  i n t e r -  

mediate  Sol ids/Gas Flow Tes t  F a c i l i t y  (SIGFTF), a room temperature non- 

p r e s s u r i z e d  system t o  c i r c u l a t e  crushed c o a l ,  cha r ,  o r  o t h e r  s o l i d s  wi th  a i r  

o r  o t h e r  gas  t o  provide  cond i t i ons  s imu la t ing  those  i n  c o a l  p l a n t s  -- a t  

l e a s t  as f a r  a s  f low r a t e s  and s o l i d s  concen t r a t ions  a r e  concerned. It i s  

shown i n  Fin.  16. It c o n s i s t s  of two s t o r a g e  hoppers mounted on e l e c t r o n i c  

s c a l e s  f o r  d i r e c t  mass readout  and a c c u r a t e  measurement of mass flow. A 

c a l i b r a t e d  o r i f i c e  pe rmi t s  v a r i a t i o n  i n  t e s t  r eg ion  1 up t o  approximately 

1 l b / s e c  i n  t h e  v e r t i c a l  down l e g  test reg ion  from hopper 1. The known 

s o l i d s  f low is  pneumat ica l ly  conveyed through test r eg ion  2. Switching of 

t h i s  f low t o  t h e  cyclone e n t r y  of hopper 1 g ives  a  sLeady s t a t e  mass f low 

over  extended pe r iods  wi th  low accuracy f o r  a s e t u p  mode of ope ra t ion .  I n  

t h i s  mode, t h e  gas e x i t i n g  cyclone 1 flows through t e s t  r eg ion  3. I f  t h e  

r o t a r y  f eede r  a t  t h e  bottom of hopper 2 is  c losed ,  t h e  s c a l e s  on hopper 2 

w i l l  measure t h e  p a r t i c u l a t e  mass flow through reg ion  3  f o r  c a l i b r a t i o n  of 

p a r t i c u l a t e  monitors .  Otherwise t h e  r o t a r y  Feeder w i l l  r e t u r n  t h e  f i n c s  t o  

t h e  c i r c u l a t i n g  flow. Switching t h e  f low t o  t h e  cyclone of hopper 2 provides  

s h o r t  term (300 - 500 s e c )  mass f low out  of hopper 1 of 300 - 500 l b s  w i th  

a n  accuracy of 1 l b  o r  l e s s .  The system is b u i l t  w i t h  3 i n .  p ipes ,  bu t  

f i t t i n g s  permit  i n s t a l l a t i o n  of p ipes  up t o  6  i n .  diameter .  The f a c i l i t y  
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is scheduled for completion within three months. Other loops for circula- 

tion of solids-liquid slurries and for operation at temperature and pressure 

are being designed. 

The hopper weighing technique is expected to work well here because it 

is possible to have comparable weight between the hopper and its contents, 

and, because of the low temperature low pressure operation, it is possible 

to minimize forces between the hopper and connecting pipes. In a large coal 

conversion plant, where heavy walls, would be required to withstand the pres- 

sure, and temperature variations will affect the weight on the load cells, 

such a system will lose a great deal in accuracy. It should be noted also 

that the process is inherently discontinuous as the hopper has to be filled 

perindicaily. 

Several devices are commercially available or under development for 

monitoring particulate loading of gas streams by optical scattering  method^.^ 
Two of these will be discussed tomorrow by E. S. VanValkenberg and J. D. 

Trolinger. 

Consideration of available techniques for on-line analysis will take 

much less time, partly because there seem to be so few possibilities. A 

number of processes depend on gas chromatography for an almost on-line anal- 

ysis of gas streams. A gas chromatograph, indicated schematically in Fig. 

17, uses a carrier gas to transp6Yt a gas sample, wl~lcll  n ~ y  ~oaic'fram a 

switched-in side stream from the process, to a column. This column is chosen 

for the specific compounds of interest to absorb or adsorb them and then 

release each Component at a differerit time. Knowledge of thc properties of 

the column for time of release of different compounds allows the deLecLioa 

and quantification of these compounds. A typical chromatogram is shown in 

Fig. 18. The detector response peaks as each compound of interest is 

released by the column. 

This device is sometimes used in conjunction with a mass spectrometer, 

which further aids identification of the compounds. A major problem with 

the chromatograph is that it cannot be used as an element in a control loop 

because it tells what happened five to fifteen minutes,ago. In addition, 

it does involve sampling and conditioning of the sample so that the material 

analyzed may differ from the material in the process stream. Experience in 
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coal plants shows that. the device can be made to give useful results, but 

only when a good deal of time is devoted to taking care of it. 

A number of devices based on emission or absorption of electromagnetic 

radiation are able to, or show promise of being able to, perform on-line 

analysis of molecular or elemental composition. The part of the'electromag- 

netic spectrum with which we are most familiar is indicated in Fig. 19. The 

energy of the electromagnetic radiation is proportional to the frequency, 

and the energy of the radiation a system will emit or absorb is determined 

by the possible energy 1,evels in which the system can exist. Figure 20 

indicates a generalized energy level diagram. The system has a lowest 

energy state, called the ground state, whose energy is represented by E . 
0 

If it is given energy by some means, it will move to a higher energy level, 

say the second excited state at energy E2. It is then able to radiate this 

energy by falling back to a lower state, say, the ground state and the 

energy of the radiation will be equal to E2 - E . Such a system is able to 
0 

absorb electromagnetic radiation of the appropriate energy as illustrated. 

For gamma ray emission and absorption, the energy levels would be those with- 

in the atomic nucleus; for X-rays, atomic inner electron levels; for ultra- 

violet, ionization of atoms and molecules; ultraviolet to visible, outer 

electron levels; and infrared, molecular vibration. These regions overlap a 

great deal. In each system, the particular set of energy levels is unique 

to that system, and observation of corresponding emission or absorption is 

proof of the presence of that system. We can thus expect to be able to 

learn something about the different nuclei present by gamma ray methods; 

~omething a f r n ~ ~ t  atnms present by the X-ray, ultraviolet, visible portion of 

the spectrum; and something about molecules present from the ultraviolet, 

visible, to infrared spectrum. Only electromagnetic radiation of gamma ray 

energies or greater is sufficiently penetrating to go through any signifi- 

cant amount of solid or liquid matter. Therefore, the X-ray, ultraviolet, 

visible, and infrared techniques will be limited to on-line analyses of 

gases and laboratory analysis of solids or liquids. John Walsh will be 

speaking tomorrow on optical analyses of gas streams, so I will leave it 

for him to go into detail on this. 

Now in order to do on-ldne analyses of solids or liquid streams, a way 

musC be found to make the nuclei in the stream emit gamma rays. A'very 

attractive method of doing this is to bombard the stream with neutrons, 
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e i t h e r  from a  r a d i o a c t i v e  neut ron  source o r  from a neutron genera tor  of t h e  

k ind  used i n  w e l l  logging.  The neut rons ,  being uncharged, a r e  a b l e  t o  pen- 

e t r a t e  s e v e r a l  i nches  o r  more i n t o  t h e  sample. They can then i n t e r a c t  wi th  

t h e  n u c l e i  p re sen t  i n  s e v e r a l  ways. I n  F ig .  21, two k inds  of r e a c t i o n s  

which produce gamma rays  promptly a r e  shown. The f i r s t  is neut ron  c a p t u r e  

where, i n  the  example, a  s u l f u r  32  nucleus cap tu re s  a  neut ron  and becomes 

a  s u l f u r  33  nucleus i n  an e x c i t e d  s t a t e . .  When i t  promptly decays t o  t h e  

ground s t a t e ,  i t  emi ts  an e n e r g e t i c  gamma ray  which i s  a s i g n a t u r e  t h a t  su l -  

f u r  32 was p re sen t .  Normally t h i s  neutron cap tu re  process  i s  most l i k e l y  

f a r  very low energy neut rons .  The second example i l l u s t r a t e s  i n e l a s t i c  ' scat-  

t e r i n g  of a  neutron from carbon 12. The neut ron  bounces o f f  having l e f t  

some of i t s c e n e r g y  behind t o  r a i s e  t h e  carbon 12 t o  an exc i t ed  s t a t e .  For 

t h i s  k ind  of p roces s  t o  occur ,  t h e  neut ron  must have a t  l e a s t  enough energy 

t o  g ive  t h e  nuc leus ,  t o  r a i s e  i t  t o  i t s  f i r s t  e x c i t e d  s t a t e .  

I n  some c a s e s  of neut ron  cap tu re ,  t h e  product  nucleus may be r a d i o a c t i v e  

and decay by p a r t i c l e  emission t o  an exc i t ed  s t a t e  of another  nucleus.  When 

t h i s  f i n a l  nucleus emi ts  a  gamma ray i n  f a l l i n g  t o  i t s  ground.s ta . te ,  we have 

delayed gamma emission. The aluminum 27 cap tu re s  t h e  neut ron  to-become 

+ aluminum 28 i n  an  e x c i t e d  s t a t e .  Afrer  d r u p p l ~ ~ g  L u  Llle ground itate, t h o  

aluminum 28 b e t a  decays (emits  an  e l e c t r o n )  wi th  a  h a l f  l i f e  of 2.3 minutes 

t o  become s i l i c o n  28 i n  i ts  f i r s t  exc i t ed  s t a t e .  Yet anothef  type of reac= 

t i o n  i s  shown i n  which a  neut ron  h i r s  an uxygel~ 16 ~ ~ u c l t u s  and lcnoclco out  a 

pro ton  l eav ing  n i t r o g e n  16,  which b e t a  decays wi th  a  7 s e c  ha l f  l i f e  t o  an 

e x c i t e d  s t a t e  of oxygen 16. The oxygen 16 drops t o  i t s  ground s t a t e  wi th  

t h e  emission of a  very  h igh  energy. ( e a s i l y  d e t e c t a b l e )  gamma ray.  This  

r e a c t i o n  r e q u i r e s  a  neut ron  of about 10 MeV. Since a  neutron gene ra to r  can 

d e l i v e r  neut rons  of 14  MeV, i t  is  e a s i l y  p o s s i b l e  t o  make use of t h i s  

r e a c t  i on .  

Now some very  i n t e r e s t i n g  th ings  can be done us ing  r e a c t i o n s  of t h e  

k ind  j u s t  d i scussed .  The prompt gamma rays  can be used f o r  on-l ine e lementa l  

composi t ion de termina t ion .  Severa l  groups have shown t h i s  p o s s i b i l i t y .  

R.  F. Stewart  has  developed an on-l ine s u l f u r  meter f o r  coa l  which he w i l l  

g ive  a  p r e s e n t a t i o n  on a t  t h e  Thursday evening Show and T e l l  Hardware Display.  

He has  a l s o  shown f e a s i b i l i t y  of an on-l ine moisture meter f o r  c o a l .  T. Gozani 

w i l l  p r e sen t  a  paper  i n  t h i s  s e s s i o n  on h i s  work f o r  EPRI developing an on- l ine  
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Fig, 21. Examples of Reactions in Which Gamma Rays are Emitted 

Following Neutron Irradiation 



composition a n a l y s i s  f o r  c o a l  i npu t  t o  a  power gene ra t i on  p l a n t .  A t  ANL, 

C. Herzenberg, D. Duffey, and I have been working on adapt ing  t h e  technique  

f o r  on- l ine  a n a l y s i s  through p ipe  w a l l s  s o  t h a t  i t  could be used f o r  t h e  

h i g h  tempera ture  high p r e s s u r e  process  s t reams i n  a coa l  conversion o r  ad- 

vanced combustion p l a n t .  Our work us ing  ca l i fo rn ium 252 sou rces  of neu t rons  

i s  encouraging.  F igu re  22 shows some pre l iminary  r e s u l t s  fox  i r o n ,  s i l i c o n ,  

and s u l f u r  i n  s y n t h e t i c  c o a l  samples. Ul t imate ly  w e  hope t o  be a b l e  t o  meas- 

u r e  carbon t o  ash  r a t i o ,  s u l f u r ,  hydrogen, mois ture ,  and such t h i n g s  a s  

c a t a l y s t  poisons on- l ine .  

Another i n t e r e s t i n g  p o s s i b i l i t y  which w e  a r e  pursu ing  p re san to  i t s e l f  

wi rh  t h e  delayed gammas. I f  t h e  r a d i o a c t i v i t y  is  induced a t  one p o i n t  i n  

t h e  s t r eam by, say  a p i i l s e d  noutron g e u r . r ~ ; r ~ ~ r ,  i t  can serve as a  t r a c e r  t o  

be  used f o r  f low speed de te rmina t ion .  I n  a d d i t i o n ,  i t  can s e r v e  a s  a  sen- 

s i t i v e  on- l ine  means of oxygen de te rmina t ion  i n  t h e s e  process  s t reams.  

F i n a l l y  I want t o  mention on-l ine Btu monitors  f o r  gases  which have 

begun t o  be  marketed i n  t h i s  country.  They a r e  e s s e n t i a l l y  c a l o r i m e t e r s  

which burn gas from a  sma l l  s i d e  s t ream. They a r e  a d v e r t i s e d  t o  have 1.5% f . s .  

accuracy  and would appear  t o  be  u s e f u l  f o r  monitor ing Btu con ten t  of s y n t h e t i c  

f u e l  gas ,  but  I am n o t  aware of any experience wfth t h i s  dev ice  i n  t h e s e  

systems.  

There i s  c l e a r . 1 ~  a SrGat; d c a l  of wurk, rn be done i n  t h e  aLeas nf i n s t r u -  

mcntat iul l  [UP mixed-phase mass f low measurement and on- l ine  a n a l y s i s .  Coop- 

e r a t i o n  among t h e  many types  of o r g a n i z a t i o n s  and people  r ep re sen t ed  a t  t h i s  

Symposium w i l l  be  r equ i r ed  to f i n i s h  t h e  work i n s t i m e  f o r  t h e  large  o c a l c  

cual convers ion  and rnnbuseion sysLeu~s our country needs t o  he lp  meet i t s  

energy sho r t age .  

Thank you. 

The au tho r s  wish t o  thank Bela G. L ip t ak  f o r  t h e  use  of s e v e r a l  

i l l u s t r a t i o n s  from Ins t rumen t  Engineers '  Handbook, Ch i l t on ,  P h i l a d e l p h i a  

(1969).  
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QUESTIONS AND ANSWERS 

N. M. O'Fallon 

Argonne Nat iona l  Laboratory 

J. H. Vignos, The Foxboro Company 

Q. What coherence l e n g t h s  a r e  being observed i n  t he  v a r i o u s  c o r r e l a t i o n  
techniques  you have mentioned? 

A. We haven' t  taken any a c t u a l  d a t a  y e t ,  so I c a n ' t  answer t h a t  ques t ion ,  
b u t  I hope to  be a b l e  t o  a f t e r  we do the  t e s t s  a t  t he  HYGAS p i l o t  p l an t .  
We hope t h a t  f l u c t u a t i o n s  w i l l  be maintained f o r  something l i k e  a few 
pj-pe dfameters.  

R. Chandrasekhar,  Fos te r -Mi l le r  Assoc ia t e s  

. Q. Is ANL aware of a  c a p a c i t y  type c o r r e l a t i o n  meter developed a t  t he  
Bradford Un ive r s i t y  by D r .  M. S. Beck. We understand he is  ready t o  
commercialize t h i s  ins t rument  f o r  l i m i t e d  a p p l i c a t i o n .  

A. I have r e c e n t l y  become aware of it, and, of course,  w i l l  look i n t o  i t  
f u r t h e r  . 

Lee G. Dodge, United Technologies Research Center 

, I f  f a s t  t ime response ins t ruments  were a v a i l a b l e  f o r  gas a n a l y s i s ,  
how would t h i s  in format ion  be used i n  c o n t r o l  of t h e  process? What 
gases  a r e  most important  f o r  on-l ine a n a l y s i s ?  

A. This  ques t ions  is  probably b e t t e r  r e f e r r e d  t o  our process  c o n t r o l  . 
panel  on Fr iday ,  bu t  i n  gene ra l  t h e  gases  t h a t  a r e  of most i n t e r e s t  
a r e  the methane, carbon monoxide, hydrogen, C O ~ ,  H2U, H2S, and' SO2. 

D. D. Bruns, Un ive r s i t y  of Tennessee 

Q. ' Kecognition t h a t  t h e  two phases can have d i f f e r e n t  v e l o c i t i e s  was 
c l e a r l y  poin ted  out .  I n  some measurements won' t i t  be c r i t i c a l  t o  
account  f o r  t h e  f a c t  t h a t  each phase can have a  v e l o c i t y  d i s t r i b u t i o n  
a c r o s s  t he  flow f i e l d ?  

A. ' Yes, t h a t  w i l l  c e r t a i n l y  be important ,  and t h i s  is one of t he  th ings  
t h a t  we ' l l  have to  i n v e s t i g a t e  i n  t h i s  program. 

Q. For example the  v e l o c i t y  of p a r t i c l e s  would be s t r o n g l y  dependent 
on the  p a r t i c l e  s i z e ,  p o s i t i o n  i n  t h e  fl.ow f i e l d ,  e t c .  . 

A. Yes, i t ' s  a  very  complicated process ,  and we've r e a l l y  j u s t  begun t o  
s c r a t c h  the  su r f ace .  A l l  of t h i s  w i l l  have t o  be considered.  



Frank L. Cleary, Bituminous Coal Research 

Q. What w i l l  be the  temperature and pressure  ranges of your c a l i b r a t i o n  
loop ? 

A. The one t h a t  we're bui ld ing r i g h t  now is  j u s t  room temperature, 
atmospheric pressure.  Eventually w e  would l i k e  to  go up t o  1700 o r  
1800°F f o r  a char system. Pressure ,  we don' t  know yet .  We'd r a t h e r  
not  have to  go to  high pressure.  Unless we can show t h a t  the  p ressure  
is going to  make a d i f fe rence  i n  the  measurement, we  won' t go t o  pressure ,  
bu t  i f  w e  have to, we w i l l .  
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BI-GAS PILOT PLANT EXPERIENCE I N  MASS FLOW MEASUREMENT 

John M. M i l es  
P h i l l i p s  Petroleum Company 

INTRODUCTION 

The BI-GAS P i l o t  P l a n t  i s  a "g rass- roo ts "  f a c i l i t y  designed t o  s tudy a new 
process f o r  t he  conversion o f  coal  i n t o  p i p e l i n e  q u a l i t y  gas. A p r i n c i p l e  
f e a t u r e  o f  t h e  p l a n t  i s  a 2-stage e.ntrained bed, h igh  pressure (1500 p s i g  
max.) , ash s lagg ing  and oxygen blown g a s i f i e r  u n i t .  The p l a n t  i s  l oca ted  i n  
Homer C i t y ,  Pennsylvania and has been i n  opera t ion  f o r  about one year .  The 
BI-GAS program i s  funded by the  U.S. Energy Research and Development Adminis- 
t r a t i o n  p lus  the  American Gas Assoc ia t ion  under ERDA c o n t r a c t  EF-77-C-01-1207. 

The purpose of t h i s  paper i s  t o  descr ibe  the  BI-GAS coal  and char feed 
meter ing systems p lus  present  a summary o f  our  ope ra t i ng  experience w i t h  
these sys tems . 

BI-GAS COAL + CHAR GASIFIER FEED SYSTEMS 

F igure  1 i l l u s t r a t e s  the  BI-GAS g a s i f i e r  coal and char feed systems. Dr ied  
coal p lus  vapor ized water  and d r y i n g  gas a r e  f e d  t o  t he  coal  cyclone vessel .  
A s i n g l e  cyc lone i s  used t o  separate d r i e d  coal from the  gaseous mix tu re .  
The gas i s  recyc led  t o  t he  coal d r y i n g  area f o r  reuse i n  t he  d r y i n g  system. 
The coal  cyc lone vessel i s  operated a t  approx imate ly  500 F and s l i g h t l y  
g rea te r  than g a s i f i e r  pressure. Coal i s  f e d  t o  t he  g a s i f i e r  through two 
i d e n t i c a l  l i n e s .  Flow i n  each o f  t he  l i n e s  i s  metered as i t  leaves the  
coal cyclone vessel.  Product gas and char from t h e  g a s i f i e r  a re  cooled from 
1500-1700 F t o  600-800 F by a d d i t i o n  o f  l i q u i d  quench water.  The quenched 
product  stream i s  f e d  t o  t h e  char cyc lone system f o r  separa t ion  of t he  char 
from produc t  gas. Product gas goes t o  carbon monoxide s h i f t i n g ,  Selexol  gas 
t r e a t i n g  and methanat ion processing. Char i s  accumulated i n  t h e  char feed 
vessel a t  s l i g h t l y  l e s s  than g a s i f i e r  pressure. Char f l o w  i s  metered through 
th ree  i d e n t i c a l  systems i n t o  t he  char  r e a c t i o n  zone of t he  g a s i f i e r .  

A more d e t a i l e d  p o r t r a y a l  o f  t he  coal  feed  system i s  shown i n  F igu re  2. A 
nuc lear  l e v e l  i n d i c a t o r  on the  coal  feed  vessel ad jus t s  t he  f l o w  c o n t r o l  
va lve  t o  o b t a i n  the  des i red  f low.  I n  a d d i t i o n ,  a  " k i c k e r "  i s  used on the  
c o n t r o l  va l ve  t o  i nsu re  t h e  movement o f  t he  V-por t  b a l l  i s  cont inuous. Char 
flows through a f o u r  i n c h  l i n e  c o n t a i n i n g  an expansion j o i n t ,  c u t - o f f  va lve  
and f l o w  meter be fo re  reaching the  c o n t r o l  valve. The f l o w  meter i s  a t he r -  
mal dev ice descr ibed i n  t h e  nex t  s e c t i o n  of t h i s  paper. A nuc lea r  type  den- 
s i t y  meter i s  a l s o  l oca ted  on the coal  feed l i n e  t o  i n d i c a t e  l i n e  pluggage 
o r  no- f low cond i t i ons  i n  the  lower s e c t i o n  o f  t h e  l i n e .  

D e t a i l s  o f  t h e  char  feed system are i l l u s t r a t e d  i n  F igure  3. This  system i s  
very s i m i l a r  t o  the  coal  feed system w i t h  t he  except ion o f  t h ree  feed 1 ines  
i ns tead  o f  two be ing  used. When supplemental f u e l  i s  needed, f u e l  gas i s  
added t o  t h e  char feed as i n d i c a t e d  i n  F igu re  3. 
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Fig .  1. B1-GAS ~ a s i f i e r  Coal and Char Feed Systems 
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F i g .  2. Coal Feed System 



THERMAL FLOW METER PRINCIPLE OF OPERATION 

The Model 60 Thermal Flow Meter as supplied by Thermal Instrument Company i s  
the flow measuring device used in each of the coal and char feed l ines .  
Figure 4 presented a simplified sketch to  i l l u s t r a t e  the thermal flow meter 
operation. The flow meter i s  the same internal diameter as the feed l ine  and 
presents an unobstructed flow area. Extremely accurate temperature sensors 
are  located in the wall of the meter before and a f t e r  an e lec t r ica l  heating 
device. The temperature sensors never direct ly  contact the flowing material. 

An upstream sensor measures temperature of the process stream. The down- 
stream temperature sensor i s  maintained a t  a fixed temperature inc'rement 
above the upstream temperature with an e lec t r ica l  power i n p u t .  The voltage 
or power required to  maintain the fixed temperature increment i s  proportional 
to  mass flow ra te .  

Flow measurement with the thermal flow meter will be dependent on ambient 
temperature, process temperature and transport properties u T  t h e  coal or char. 
The instrument contains automatic temperature compensation c i r cu i t s  b u t  ca l i -  
bration a t  or near process conditions i s  required. There i s  no compensation 
f o r  variations i n  transport  properties of coal or char. 

CALIBRATION OF COAL & CHAR FLOW METERS 

Calibration t e s t s  of the coal and char meters were made with pulverized coal 
a t  ambient conditions. To obtain these cal ibrat ions,  coal was charged to  the 
coal and char feed tanks, dropped through the feed l ines  and collected in 
drums a t  the coal or char feed eductors. 

Significant observations made during these i n i t i a l  calibration t e s t s  are 
1 is ted in Table 1. We are  severly 1 111i~ l  ted ill our. abi 1 i t y  to  propcrly cal i -  
brate the meters since we have no means o f  accurldle cdl ibration a t  process 
operating conditions. An indirect  reading on coal flow can be obtained from 
a material balance around the coal drying system b u t  we must depend on gasi- 
f i e r  heat and material balance calculations to  "back-into" char flow rates .  
This approach i s  currently being used to  evaluate the effectiveness of the 
thermal flow meters a t  process condl t lons . 

SUMMARY AND RECOMMENDATIONS 

Ihe BI-GAS thermal flow 11ieter.s do show a response to  sol ids  flow t h r o u g h  the 
coal and char feed l ines .  Additional tes t ing a t  process conditions i s  needed 
to  determine i f  the meters w i  11 provide re1 iabl e quanti t a t i  ve measurements. 

An "off-l ine" system designed t o  circulate  accurately measured quantit ies of 
sol ids  a t  process conditions could greatly accelerate the development of 
meters to  measure flows of high pressure, h i g h  temperature coal and char. 
The p i lo t  plants are  generally not "set-up" to  provide th is  service. Several 
types of meters in addition to  the thermal flow meter, have been suggested 
for  accurate measurement of BI-GAS sol ids  flow and the recommended solids c i r -  
culation loop could he used to "screen" the suggested meter types plus pro- 
vide calibration services for  the p i lo t  plants.  



Fig.  3 .  Char Feed System 
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F i g .  4. Coal and Char Flow Meter O p e r a t i o n  



TABLE I 

OBSERVATIONS DURING INITIAL CALIBRATION STUDIES 
OF'BI-GAS THERMAL FLOW METERS 

1. Temperature compensation f o r  coal  temperature was very 
s e n s i t i v e  over  t h e  smal l  range o f  coa l  temperatures 
tes ted .  

2. Approximately 30 minutes were requ i red  f o r  t he  f l o w  
meter ou tpu t  t o  s t a b i l i z e  when changing from zero t o  a 
p o s i t i v e  f l ow .  A f t e r  t he  f i r s t  readings s t a b i l i z e d ,  

. subsequent changes i n  coal  f l o w  r e q u i r e d  10 t o  15 
minutes f o r  a  s t a b i l i z e d  reading.  

3.  S i g n i f i c a n t  changes i n  ambient cond i t i ons  (20 F O . i n  2 
hours)  appeared t o  e f f e c t  t he  meter ou tpu t .  

4. C a l i b r a t i o n  curves f o r  each meter a re  s i m i l a r l y  shaped, 
b u t  t h e  magnitude o f  t he  ou tpu ts  can vary  s i g n i f i c a n t l y .  

5. The meters responded t o  changes i n  f l o w  r a t e .  However, 
a t  f lows g r e a t e r  than 1000 l b s l h r ,  t he  meters were l e s s  
s e n s i t i v e  t o  changes i n  f low.  

I 



QUESTIONS AND ANSWERS 

J. M. Mi les  

P h i l l i p s  Petroleum Company 

J. H. Vignos, The Foxboro Co. 

Q. Have you looked to  s e e  what t h e  temperature  p r o f i l e  a c r o s s  t h e  flow- 
l i n e  is a t  t h e  downstream temperature  probe l o c a t i o n ?  

A. NO,  we have I ~ U L  looked d@ rhar .  On@ of  t l r r  thingn t h a t  has c o n c ~ r n ~ r l  
us  about  t h i s  meter, and you ' re  ~ o u c h i n g  on i t  he re ,  is t h e  f a c t  t h a t  you 
do n o t  g e t  an i n t e g r a t e d  r ead ing  a c r o s s  t h e  p r o f i l e .  That may have been 
what you were crying tu p u i l i t  ou t ,  and t h a t  i c  s f  some rnnrrrn 1.0 us .  It 
seems t h a t  t h i s  would be  a  r e a l  weakness i n  t h i s  approach t o  making t h e  
measurement. 

, E. W. Lazor,  Babcock & Wilcox Research Center  

Q. Can you t e l l  m e  what type  of e l e c t r i c  h e a t e r  is used on t h e  c o a l  and 
c h a r  flow meter? . . 

' . 
- A. I am not  r e a l l y  q u a l i f i e d  t o  do t h a t .  Thermal Ins t ruments  l i t e r a t u r e  
2 does desc r ibe  t h e  e l e c t r i c a l  c i r c u i t s  i n  g r e a t  d e t a i l .  I have t h e  

l i t e r a t u r e  a v a i l a b l e  f o r  your s tudy  a f t e r  today 's  meeting. 

, S, H. ' ~ e e ,  Argonne Na t iona l  Laboratory 
"1 '* 

I I 

? *  
Q. What's t h e  range of d i s t a n c e  between two tempcrarure  sellsur s i l i  Plie 

thermal  f low meter?  

A. I can g ive  you 'approximate range. The t o t a l  meter l e n g t h  is about  10 to  
12 in .  The d i s t a n c e  between t h e  s e n s o r s  has  t o  be  something less than 
t h i s .  

A. T. Abromait is ,  Ba i ley  Meter Company 

Q, How is  t h e  thermal f low meter  a f f e c t e d  by changes i n  rhe ~ o l i d s / ~ a s  
r a t i o ?  

A. We have asked Thermal Ins t ruments  r e p r e s e n t a t i v e s  t h i s  ques t i on  and they 
say  the read ing  w i l l  be  a f f e c t e d  very  l i t t l e .  However, w e  do n o t  have 
d a t a  t o  confirm t h i s .  
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INTRODUCTION 

The development o f  the  i n d u s t r i a l  gas producer began i n  the e a r l y  
1800's and continued a c t i v e l y  f o r  near ly  40 years under the d i r e c t i o n  o f  the  
Siemens Brothers i n  England. By t he  t u r n  o f  the century, through the  e f f o r t s  
o f  R i t t e r  Von Kerpely o f  Aus t r i a  ( inventor  o f  the f i r s t  successful mechanical 
producer i n  turape) dr~d W. C.  liughcs ( inventor  nf the  f i r s t  successful 
mechanical producer i n  lhe Uni ted States), the gas producer was establ ished 
as a r e l i a b l e  mechanical device. I t s  r e l i a b i l i t y ,  i n  f ac t ,  compared 
favorab ly  w i th  other mechanical eguipnler~t i n  the p lan ts  where It was used. 

The conversion e f f i c i e n c y  o f  these ea r l y  u n i t s  was nominal ly 90 
percent  when the sensib le heat o f  the gas was u t i l i z e d .  When the sensib le 
heat was l o s t  (due t o  t ranspor ta t ion  heat losses o r  gas scrubbing) the  
conversion e f f i c i e n c y  dropped t o  about 80 percent and when the losses o f  
operat ing the scrubbing equipment were considered, the  net  e f f i c i e n c y  o f  
scrubbed gas was genera l ly  c loser  t o  70 percent. For t h a t  reason about 95 
percent o f  a l l  producer-gas i n s t a l l a t i o n s  i n  t he  20's through 40 's  used 
ho t  raw gas t o  take advantage o f  the higher e f f i c iency .  

During t h i s  era, i ndus t r i  a1 gas producers -- I l k c  We11111ar1-Galusha, 
Chapman, Morgan, and Wood -- f lour ished.  I n  the f i f t i e s ,  however, the 
p i p e l i n e  system was developed t o  supply re1  a t i v e l y  inexpensive and clean 
na tu ra l  qas, and the gas pr.ullucet-s were displaced as an i n d u s t r i a l  f u e l  
supply. Today there  are less  thdr~ r i v e  aet ivc  usera o f  prndlrcer gas i n  t he  
Uni ted States. 

As suppl ies o f  na tu ra l  gas dwindle, however, the  i n d u s t r i a l  gas i f i e r  
i s  being recognized as a v iab le  means of supplying a l te rna te  i n d u s t r i a l  f u e l .  
Yet, i n  s p i t e  o f  the f a c t  t h a t  ltlese gas i f i e rs  have been used i n  indus t ry  f o r  
many years, few quant i t a t i  ve data re)  a t i  ng t o  t h e i r  operat ion and performance 
are avai lable.  Par t  o f  the  reason o f  t h i s  i s  the  cur rent  method o f  assessing 
g a s i f i e r  performance by probing the bed manually w i t h  metal rods through 
poke holes i n  the  top of the reactor .  This procedure i s  not only dangerous, 
bu t  provides urrly qua1 i t a t i  ve r e s u l t s  . 

As pa r t  o f  i t s  e f f e c t  t o  demonstrate the use o f  a1 ternate i n d u s t r i a l  
fuels, the United States Energy Research and Development Administ rat ion i s  
funding a research program t o  assess gas i f i e r  performance, and i n t eg ra t i on  
w i t h  i n d u s t r i a l  processes. The program i s  being conducted on a cost-shared 
bas is  by Aerotherm D i v i s i on  o f  Acurex Corporat ion and Glen-Gery Corporation, 
one of the few remaining users o f  producer gas i n  the United States. Since 
t he  e a r l y  f i f t i e s ,  Glen-Gery has used producer gas t o  supplement the  natura l  



gas and f u e l  o i l  burned i n  t h e i r  tunne l  k i l n s .  The low B tu  gas i s  produced 
i n  We1 lman-Galusha g a s i f i e r s  from 1  ocal l y  mined an th rac i t e .  The 
AcurexIGlen-Gery program w i l l  i n s t a l  1, instrument,  monitor,  con t ro l ,  and 
assess the  ope ra t i ona l  performance o f  a  We1 lman-Galusha g a s i f i e r  a t  ~ l e n - G e r y ' s  
York, PA p l a n t .  

Th is  paper (1) reviews the  opera t ion  o f  a  Wellman-Galusha g a s i f i e r ,  
( 2 )  es tab l ishes  the  ob jec t i ves  o f  the  ERDA program t o  instrument and moni to r  
a  g a s i f i e r  f o r  12 months, ( 3 )  i d e n t i f i e s  the  measurement requirements, range 
o f  var iab les ,  and measurement loca t ions ,  and ( 4 )  describes the  
ins t rumenta t ion  techniques se lec ted  o r  t o  be developed t o  acqui re t h e  des i red  . 
ope ra t i ona l  data. 

Wellman-Galusha G a s i f i e r  Operat ion 

A schematic o f  the Wellman-Galusha gas producer i s  shown i n  F igu re  1. 
The he igh t  o f  the  u n i t  f rom the  f l o o r  t o  t he  top o f  t h e  coal  e leva to r  i s  
nomina l ly  70 f e e t .  Coal i s  t ranspor ted  from the  storage p i l e  ( a t  ground 
l e v e l )  t o  the  upper storage b i n  v i a  a  coal  e leva to r .  Approximately 25 tons 
o f  coal  can be s to red i n  a  10-foot diameter g a s i f i e r .  Under peak opera t ing  
condi t ions,  an th rac i t e  i s  used a t  about 1  ton lhour .  Coal feeds i n t o  t h e  
reac to r  bed by g r a v i t y .  A lock  hopper, located between the  upper s torage b i n  ,, 

and the  coal feed pipes, assures un in te r rup ted  coal  f l o w  i n t o  t h e  r e a c t o r  
w i thou t  loss  o f  producer gas. 

Ash i s  cont inuously  removed from the  bottom o f  t h e  reac to r  vessel b y  
a  s lowly  r e v o l v i n g  gra te  which makes about one revo lu t i . on  per hour. The 
grate,  i s  constructed o f  c i r c u l a r  heavy s t e e l  p la tes ,  as shown i n  F igu re  2. 
Each p l a t e  i s  f l a t  and s o l i d ,  and i s  se t  one above the  o ther  w i t h  over lapp ing  
edges so t h a t  ash i s  removed by passing h o r i z o n t a l l y  through t h e  v e r t i c a l  
space between the  p la tes .  The ash drops onto the  e c c e n t r i c a l l y  stacked 
p l a t e s  and i s  pushed between them as the  g ra te  r o t a t e s .  

.The reac to r  vessel i s  completely water- jacketed, the  inner  w a l l  be ing 
constructed o f  1- inch t h i c k  s tee l  p l a t e .  .This main ta ins  an i nne r  s t e e l  
surface temperature below 3000F. Th is  design e l im ina tes  the  requi'rements f o r  
b r i c k  l i n i n g  and the  corresponding maintenance and opera t iona l  problems asso.ci- 
ated w i t h  b r i c k  l i n i n g s  (e -g .  c l i n k e r  bu i ldup on the  inner  sur face and l i n e r  
rep1 acement) . 

The hot  water i n  the  j acke t  (-1800F) generates the  steam requ i red  to. 
produce t h e  gas. A blower supp l ies  a i r  t o  t he  reac to r  bed, t h e  a i r  
passing over the  steaming water a t  the  top  o f  the  reac tor ,  p i c k i n g  up both 
heat and water vapor. The sa tura ted  a i r  then enters  the  reac to r  bed by  . 
passing from below the  g ra te  up through the  ash zone and pr imary  r e a c t i o n  
zone. A i r  s a t u r a t i o n  i s  au tomat ica l l y  c o n t r o l l e d  by t h e  water j a c k e t  
temperature (e.g., by  c o n t r o l l i n g  t h e  water f l o w  through the  j a c k e t ) .  Water 
f l o w  through the  j acke t  i s  c o n t r o l l e d  by a  thermostat which measures the  a i r  
wet bulb temperature as it enters  the  r e a c t o r  below t h e  gra te .  

Wellman-Galusha gas producers opera t ing  on a n t h r a c i t e  genera l l y  do not- 
need a g i t a t o r s  w i t h i n  the  bed. A g i t a t o r s  are requ i red  t o  main ta in  bed 
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Figure 1. Wellman-Galusha gasifier. 
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u n i f o r m i t y  when g a s i f y i n g  a  bi tuminous coal  which lrlay swe l l  and cake dur ing  
d e v o l i t i z a t i o n .  The ag i ta t .o r  i s  a s l o w l y  r e v o l v i n g  h o r i z o n t a l  arm which 
s p i r a l s  ' v e r t i c a l l y  w i t h i n  the  coa l  i n  t h e ' r e a c t o r .  Th,is s t i r r i n g  o f  the  bed 
r d t a r d s  channel ing by mai n t a i n i n g  bed un i fo rm i t y .  The main body and arms o f  
t h e .  a g i t a t o r  are water-cooled, and the  wearing sur faces are pro tec ted  by 
heat-  and wear - res is tan t  cas t ings .  The a g i t a t o r  i s  no t  shown i n  F igure  1, 
s ince  the  g a s i f i e r  being moni tored on t h i s  program.does no t  con ta in  an 
a g i t a t o r .  . 

The producer gas e x i t s  a t  the  top  of t he  reac to r  vessel and d i r e c t l y  
en te rs  a  cyclone f o r  removal o f  p a r t i c u l a t e .  When g a s i f y i n g  an thrac i te ,  t h e  
producer gas o f f  take  temperature i s  genera l l y  between 500 t o  6000F. The 
cyc lone i s  t he rma l l y  i n s u l a t e d  w i t h  an inner  l i n i n g  o f  f i r e  b r i c k .  
P a r t i c u l a t e  c o l l e c t e d  i n  t he  cyclone conta ins both ash and carbon. The 
cyc lone c o l l e c t s  about 200 t o  300 l bs  o f  p a r t i c u l a t e  d a i l y .  

The reac to r  bed i s  moni tored by poking s t e e l  rods i n t o  the  bed from 
t h e  t o p  o f  the vessel.  A t o t a l  o f  12 poke holes are a v a i l a b l e  ( 9  l oca ted  
c i r c u m f e r e n t i  a1 l y  around t h e  per imeter  o f  the  ,vessel w i t h  th ree  arranged 
near t h e  center  o f  t he  vesse l ) .  The rods are manuall l y  d r i ven  i n t o  the  bed by 
opera tors  once o r  tw i ce  dur ing  each 8-hour s h i f t .  The rods are l e f t  i n  t he  
bed f o r  about 5 minutes. When removed, t h e  operator  notes the  d i f f e r e n t  
thermal  zones on the  poke rod, and from t h i s  ,can determine (1)  t h e  he igh t  o f  
t h e  ash zone and ( 2 )  the  he igh t  o f  the  r e a c t i o n  zone. By prob ing  the  e n t i r e  
bed i n  t h i s  manner, the operator  evaluates bed u n i f o r m i t y  and ash zone 
he igh t ,  bo th  c r i t i c a l  parameters f o r  h i g h  q u a l i t y '  gas productSon. The 
ope ra to r  c o n t r o l s  the  g a s i f i e r  performance p r i n c i p a l  l y  by ( 1  ) g r a t e  
r o t a t i o n a l  speed (e.g. r a t e  .o f  ash removal) ( 2 )  a i r  wet bu lb  temperature 
e n t e r i n g  the  g a s i f i e r  and (3 )  s i z e  and q u a l i t y  o f  the coal.. 

Most problems i n  a  f i r e b e d  begin w i t h  the  development o f  chimneys o r  
h i g h  temperature stream l i n e s .  I f  al lowed t o  continue, they develop i n t o  
blowholes. Once blowholes ex is t , ,  the  gas q u a l i t y  i s  lowered and c l i n k e r s  are  
o f ten  formed. Hot spots i n  a  gas producer are genera l l y  caused by a lack o f  
u n i f o r m i t y  ,in one o r  more o f  t he  f o l l o w i n g  operat ions:  ( 1 )  feed ing  and 
spreadimg the  fue l ,  ( 2 )  ag i ta t ' i ng  the  e n t i r e  f i r e b e d  ( f o r  swe l l i ng  and caking 
coa ls ) ,  and ( 3 )  ash removal. For t he  We1 lman-Galusha g a s i f i e r  opera t ing  on 
a n t h r a c i t e  coal ash removal and t h e  corresponding u n i f o r m i t y  o f  the  ash zone 
i s  t h e  most c r i t i c a l  ope ra t i ona l  parameter f o r  cons. istent h igh  q u a l i t y  gas 
production. ThlS program w i l l  pursue developing a  more automated means o f  
m o n i t o r i n g  both the  ash and reac t ion 'zones w i t h  the  reac to r .  Several 
i ns t rumen ta t i on  concepts being s tud ied  are reviewed subsequently. 

Ash removal occurs au tomat i ca l l y  v i a  t h e  r e v o l v i n g  gra te .  Ash i s  
c o l l e c t e d  i n  t he  ash h o p p e r ' d i r e c t l y  below the reac to r .  The ash hopper i s  
g e n e r a l l y  emptied once a  day by dumping t h e  ash i n t o  a  t r u c k  d r i ven  under t h e  
g a s i f i e r .  Most a n t h r a c i t e  y i e l d s  about 3  tons o f  ash d a i l y  (e.g. 12- t o  
13-percent ash). 



ERDA Program Objectives 

The program objecti'ves are to evaluate the we1 lman-~alusha gasifier 
(1 ) technically, (2) economically, (3) environmentally and (4) operationally. 

Initially the technical evaluation will focus on measuring the 
gasifier's baseline operation. This will require computing detailed gasifier 
mass and energy balances. Once the baseline operation is measured and 
evaluated, operational studies wi 1 1  be performed to establ ish the system's 
peak thermal efficiency. After the system's peak operating conditions have 
been establ ished, the. economic evaluation wi 11  proceed. The economic 
consiaerations are (1) total gasifier system efficiency and (2) producer gas 
cost per Btu. 

Environmental measurements are required to establish the effects of 
the gasification process and producer gas on the external plant environment. 
This phase of the program will focus on evaluating the environmental impact 
of the ash and kiln stack effluents. 

Monitors for operational safety and control are required to enhance 
personnel safety and to ease the operation of the gasifier unit. Under 
current operating conditions the fugitive emissions (producer gas) from the 
Wellman-Galusha gasifier can be significant. The relatively high 
concentration of CO in the producer gas presents potential hazards. Thus, 
there is a strong desire on the part of Glen-Gery .personnel to enclose or ; 
seal the gasifiers as effectively as possible. This implies several 
requirements regarding additional monitoring instruments to acquire. 
opef ati onal data currently obtai ned manual ly. 

Further details regarding measurement requirements for the technical 
evaluation and the approximate locations of the, instrumentation are presented 
in the next section. 

Reauired Gasifier Measurements 

This section describes the measurements to be made directly on the 
gasifier required to establish the systems mass and energy balances. The 
inlet and outlet streams in a Wellman-Galusha gasifier are shown 
schematically in Figure 3. Inlet streams consist of (1) coal, (2) air, and 
(3) water into the gasifier water jacket. Outlet streams consist of (1) 
producer gas, (2) ash, and (3) water from the gasifier water jacket. The 
difference between the inlet and outlet water flowrates corresponds to the 
water uptake of the air. The air enters the gasifier at ambient conditions, 
wherein it flows over the hot water (-1800F) in the water jacket. The air is 
heated and humidified (i.e., to saturation) prior to entering the gasifier 
reaction bed. The air "wet bulb" temperature entering the gasifier bed under 
baseline conditions is in the range of 130 to 1450F. 

An approximate gasifier mass balance was made, based on the coal 
ul t imate analysis and the producer gas composition provided by Glen-Gery 
(Reference 1). Table 1 sumnarizes the coal ultimate analysis on a dry, ash 



f r e e  b a s i s  and an approximate producer gas composi t ion ( d r y  b a s i s ) .  
Assumptions made t o  complete t h e  mass ba lance i nc l ude :  

1. No carbon i s  con ta ined  i n  ash 

2. Producer gas con ta ins  no water  

3. Coal con ta ins  no water ( a l l  steam i n t o  t h e  g a s i f i e r  i s  de r i ved  
f rom t h e  water  j acket )  

4. Ash con ten t  o f  coa l  i s .  12.5 percen t  

5. The thermal  e f f i c i e n c y  o f  t h e  g a s i f i e r  i s  85 percen t  

TABLE 1. DATA USED FOR PRELIMINARY GASIFIER SYSTEM MASS RALANCEa 

Coal U l t i m a t e  Anal s i s  
(Dry, A s h  Free f Producer Gas Composit ion 

(Dry 

Element Mass F r a c t i o n  Species Mole F r a c t i o n  

i, . , B t u  cont.ent = 12,700 R ~ I J  - 
l b  

Btw con ten t  = 138 B tu  
s c f  

aPersonal communication w i t h  R .  W .  Dammann, G l  en-Gery Co rpo ra t i on  
November 22, 1976. 

F i g u r e  3 summarizes t h e  r e s u l t a n t  mass balance, based on an assumed i n p u t  
o f  2000 l b s  o f  coa l .  Th i s  mass ba lance i s  p r e l i m i n a r y ,  due t o  t h e  
approx imate producer gas ana l ys i s  and t he  l ack  o f  q u a n t i t a t i v e  measure- 
ment o f  i n l e t  and o u t l e t  f l  owrates. 

The energy balance i s  r e a d i l y  es tab l i shed  f rom t h e  mass balance 
by  measuring t h e  energy con ten t  o f  a l l  i n l e t  and o u t l e t  streams. T h i s  
i n v o l v e s  measuring t h e  temperature o f  i n l e t  o r  o u t l e t  streams such as 
coa l ,  a i r ,  water, and producer  gas. - The measurements r e q u i r e d  t o  per fo rm 
a complete g a s i f i e r  mass and energy balance are l i s t e d  i n  Tab le  2. 



gure 

260 l b  output  

3. Approximate mass balance o f  We1 lman-Galusha g a s i f  
0perat in.g on an th rac i t e .  

These measurements w i l l  be made f o r  several  months t o  e s t a b l i s h  
the  unce r ta in t y  i n  each measurement under base l ine  operat ion.  Once a  
s t a t i s t i c a l l y  s i g n i f i c a n t  data base i s  establ ished,  d e t a i l e d  mass and 
energy balances w i  11 be ca lcu la ted .  Once t h e  g a s i f i e r ' s  base l ine  thermal 
e f f i c i e n c y  has been es tab l ished and r a t i o n a l i z e d  w i t h  expected values 
a  m a t r i x  o f  opera t ing  va r iab les  w i l l  be es tab l ished.  The purpose o f  
t h i s  m a t r i x  o f  opera t iona l  va r i ab les  w i l l  be t o  e s t a b l i s h  the  g a s i f i e r ' s  peak 
thermal e f f i c i e n c y .  The ope ra t i ona l  va r i ab les  t o  be inc luded i n  t h e  
m a t r i x  inc lude:  

1. Water f lowra te  (steam i n p u t )  

2. l rate r o t a t i o n a l  speed (ash o u t l e t  f l o w )  

3. A i r  f l o w r a t e  

4. Coal s i z e  

5 .  Coal add i t i ves  ( t o  enhance carbon u t i  1  i z a t i o n )  

The water  f l o w r a t e  i n t o  the  water j acke t  c o n t r o l s  the  water j acke t  
temperature which i n  t u r n  c o n t r o l s  t he  a i r  s a t u r a t i o n  temperature e n t e r i n g  
the  g a s i f i e r .  A reduced water f l o w r a t e  r e s u l t s  i n  a  h igher  water j acke t  
temperature and a  h igher  a i r  s a t u r a t i o n  temperature ( i .e . ,  a  h igher  steam 
content ) .  A h igher  i n l e t  a i r  "wet bulb"  temperature w i l l  reduce the  
g a s i f i e r  r e a c t i o n  bed temperature and the  g a s i f i c a t i o n  r e a c t i o n  r a t e s  
due t o  the  increased steam content  o f  the a i r .  



The g r a t e  r o t a t i o n a l  speed c o n t r o l s  the r a t e  o f  ash removal from 
t h e  g a s i f i e r .  The p r i n c i p a l  purpose o f  t he  ash i s  i n s u l a t i o n  o f . t h e  

TABLE 2. MEASUREMENT REQUIREMENTS FOR GASIFIER MASS AND ENERGY BALANCE 

I n p u t  Streams Measurement Frequency 

Coal 
Mass Usage: Rate -1 T/Hr 
Elemental Composition (U l t ima te  Ana lys is )  
B tu  Content (U l t ima te  Ana lys is )  

A i r  
I n l e t  F lowra te  -9240 I h / h r  (dry) 
Temperature, Ambient 
R e l a t i v e  Humidi ty  
Wet &ul b Te~nper-ature Upon En te r i ng  

G a s i f i e r  1400F 
Pressure Upon En te r i ng  G a s i f i e r  Bed 

1 Water 

. \ 
F 1 owrate 
Temperature - 7 0 ' ~  

1 6  

Dai l y  averagea 
Once a Week 
Once a Week 

Coi-I 1 i IIUUUS 

Cont i nuous 

Continuous 
Continuous 

Continuous 
Continuous 

I 

,.q Output Streams Measurement Frequency 
e r  - .' --. _-._ -I- 1 - 

Producer Gas 
F lowra te  -12460 I b / h r  ( d r y )  Continuous 

, . Temperat u r e  -550'~ Continuous 
Pressure -15.5 p s i a  Continuous 
Composit ion Cont i nuous 
B tu  Content Continuous 

Ash 
Mass F lowra te  ( G a s i f i e r  and cyclone) Once a Day 
Carbon Content Once a Week 

Water 
F 1 owrate 
Temperature - 180'~ 

Continuous 
Continuous 

a ~ y  c a l i b r a t i o n  o f  coal  'e leva tor .  



m i l d  s t e e l  g ra te  and a  f i l t r a t i o n l d i s t r i b u t i o n  e f f e c t  o f  p rov id ing  an even 
a i r f l o w  through the  bed. An optimum balance i s  requ i red  between the  ash 
depth and g ra te  r o t a t i o n a l  speed t o  i nsu re  proper ' i nsu la t i on .  The ash depth 
i s  c u r r e n t l y  monitored by "poking" t h e  g a s i f i e r .  bed w i t h  s t e e l  rods. Th is  i s  
a  manual process which i s  d i f f i c u l t ,  hazardous, and o n l y  q u a l i t a t i v e .  To 
improve t h e  thermal mon i to r i ng  o f  t h e  bed, severa l  f i xed ,  water cooled probes 
w i t h  thermocouples a t  var ious  depths may be loca ted  w i t h i n  t h e  bed t o  p rov ide  
a cont inuous moni tor  o f  t he  ash depth and pr imary  r e a c t i o n  zone. 

The a i r  f l o w r a t e  d i r e c t l y  c o n t r o l s  t he  r a t e  o f  g a s i f i c a t i o n  and s i z e  
of t h e  r e a c t i o n  zone. E m p i r i c a l l y  es tab l i shed  l i m i t s  on t h e  a i r  f l o w r a t e  
have been es tab l i shed  through years o f  opera t ing  t h e  g a s i f i e r s  a t  Glen-Gery 
Corporat ion.  The purpose o f  vary ing  the  a i r f l o w  on t h i s  program i s  t o  
q u a n t i f y  t he  dependence o f  producer gas q u a l i t y  (B tu  con ten t )  and produc t ion  
r a t e  w i t h  a i r f l o w .  

Coal s i z e  i s  an important  ope ra t i ona l  v a r i a b l e .  Cu.rrent ly,  t h e  
g a s i f i e r s  are operated w i t h  a n t h r a c i t e  i n  t h e  s i z e  range o f  Buckweat #2  and 
Pea ( i  .e., 5/16 i nch  t o  13/16 inch  c o a l ) .  As the  coa l  s i z e  increases the  
throughput increases, . i n  f a c t  t h e  bed i s  r o u t i n e l y  "cleaned" by us ing  t h e  
l a r g e r  Pea s ized  coa l .  A i r f l o w  i s  increased (pressure drop decreased) as 
t h e  coal s i z e  increases, thus '  t he  l a r g e r  coa l  burns h o t t e r  and f a s t e r .  It 
w i l l  .be des i rab le  t o  evaluate t he  process e f f i c i e n c y  and throughput 
v a r i a t i o n s  w i th .  a n t h r a c i t e  s ize .  

Ihe  ash carbon content  i s  impor tant  f rom the  s tandpo in t  o f  t he  systems 
thermal e f f i c i e n c y .  The ash carbon content  has never been r o u t i n e l y  measured 
a t  Glen-Gery, thus no use fu l  data are c u r r e n t l y  ava i l ab le .  I f  the  ash carbon 
content  i s  found t o  be excess ive ly  h i g h  ( i  .e., g rea te r  than 10 percent )  t h e r e  
are coal  a d d i t i v e s  a v a i l a b l e  which enable t he  g a s i f i c a t i o n  reac t i ons  t o  
proceed t o  complet ion. Such add i t i ves  w i l l  be evaluated i f  t h e  need e x i s t s  
t o  reduce the  ash carbon content .  

The g a s i f i e r ' s  peak thermal e f f i c i e n c y  and the  corresponding ope ra t i ng  
c o n d i t i o n s  w i l l  be es tab l i shed  by vary ing  the  above independent va r i ab les .  
The measurements p r e v i o u s l y ' s p e c i f i e d  i n  t h i s  sec t i on  w i l l  enable t h e  system 
operator  t o  moni tor  and ma in ta in  t he  g a s i f i e r  a t  i t s  peak thermal e f f i c i e n c y .  

The measurement and mon i to r i ng  requirements i d e n t i f i e d  f o r  t h e  
t e c h n i c a l  eva lua t i on  are de l i nea ted  i n  Tab le  3 and shown on the  schematic 
i n  F igu re  4. I ns t rumen ta t i on  s e l e c t i o n s  and r e a c t o r  bed probe designs 
are discussed i n  the  nex t  sec t ion .  



TAEL: 3. TABULATION OF G A S I F I E R  PROCESS ME.SUREI4ENTS 

Locat i o n  

8 =:le col l .ected a t  e l e v a t o r  

Q ~ o a l  e l e v a t o r  

E Above upper. c3al  b i n  8 .  
@ A i r  i n l e t  dgc t  

Q A i r  i n l e t  duc: 

Q ~ i r  i n l e t  duc t  

Water l i n e  downstream f r a n  
so f tener  

Q ~ n l e t  water 1-ne 

Q ~ n ~ e t  water l i n e  

I n  v i c i n i t y  o f  a i r  e n t r y  t o  

I n  v i c i n i t y  ~f a i r  e n t r y  t o  

Q u a n t i t y  

Weekly Measure coal  composit ion o f  s n t h t x i  t e  
( u l t i m a t e  a n a l y s i s  and Btu content: 

Range 

NA 

Jmbient temperature ( f i r e  r t f e t y )  1 20 t o  500°F I Continuous 

Frequency 

Heasure coal  mass i n t o  g a s i f i e r  ( v i a  
=a1 i b r a t i o n  o f  coal  e levator ;  

ideasure r e l a t i v e  humid i ty  of a i r  : 
z n t e r i n g  g a s i f i e r  

-1 T/hr  D a i l y  

ambient 
(0  - 1.00%). 

Continuous 

1 b . a i r  Measure i n l e t  f l o w r a t e  i n t o  g s i f i c r  
1b.coal.. 

Aeasure Ca content  i n  water 

Continuous 

Measure a i , r  e n t e r i n g  g a s i f i e r  

D a i l y  

0" t o  120°F I 
fleasure water f l o w  i n t o  wa te r  j a c k e t  t o  be speci -  Continuous I f l e d  I 
!leasure water  temperature e n t z r i n g  I 'Continuous 
the  water j a c k e t  

Eeasure r e l a t i v e  humid i t y  o f  a i r  
e n t e r i n g  g a s i f i e r  r e a c t i o n  zoae 

Eeasure a i r  pressure j u s t  be?ew. 
r e a c t i o n  zone 

Measure a i r  temperature e n t e r l n g  
g a s i f i e r  

15 - 30 p s i a  Continuous 1. 
- 100% 
(wet bu lb )  

Continuous 

(110 - 180°F) 
(wet bu lb )  

Continuous 



TABLE 3 .  Continued 

Locat ion I ~ u a n . t i  ty 

Producer gas e x i t  duc t  I Measure producer gas pressure 
(upstream o f  cyclone) 

E Producer gas e x i t  duc t  
11 ,(upstream of cyclone) I Q 

Out le t :  

G a s i f i e r  ash b i n  

Measure producer gas temperature 

Ba With in  t h e  g a s i f i e r  bed 
(down t o  t h e  g r a t e )  

Measure ash mass from g a s i f i e r  hopper 

Measure t h e  bed temperature d i s t r l -  
b u t i o n  i n  pr imary r e a c t i o n  zone 

@ G a s i f i e r  ash b i g ,  I Measure ash carbon content  

Ash (cyc lone)  1 a Cyclone ash b i n  

A Cyclone ash b i n  lo 
I: Measure ash mass from cyc lone 

Measure ash c a r b ~ n  content  

Producer Gas I I Measure pressure drop across cyclone 

Producer gas 1 i n e  I Measure producer gas H20 content  
(downstream o f  cyclone) 

producer gas l i n e  
.(downstream o f  3yclone) 

AE Producer.gas l i n e  I ' 

Measure producer gas CO content  
3 (downstream o f  cyclone) I Q 

Measure producgr gas CH4 content  

Producer gas l i a e  
(downstream o f  p;yclone) 

Measure producer gas C02 content  

Range Frequency 

Continuous 

. . 

(600 - l O 0 O 0 ~ )  

. . .  

i ~ a s i f  i e r  temperature probes - probe design c u r r e n t l y  under development 

AE Producer gas l i n e  
11 (downstream o f  cyclone) 0 

Continuous 

up t o .  3000°F 

-3T/day 

NA 

Measure producer gas O2 content  

Continuous 

D a i l y  

Monthly 

-200 l b l d a y  

NA 

-1 -. 10" wg 

-10% 

Dpi 1 y 

Monthly 

Continuous 

Continuous 

-0.5% . 

-6% 

-26% 

(4% 

Continuous 

Continuous 

Continuous 

Continuous 



TABLE 3 .  Concluded. 

I 

b~easurement f o r  opera t iona l  s a f e t y  

Measure producer gas B tu  a n t e n t  

Measure producer gas f l o w n  h Producer gas l i n e  

Measure o u t l e t  temperature 

Measure water o u t l e t  f l o w r a t *  

F u g i t i v e  cob 
Emissions 

I n  v i c i n i t j  c f  upper coal  
@ b i n  

E I n  v i c i n i t y  a f  operators 
2 s t a t i o n  8 

In  v i c i n i t y  cf b r i c k  k i l n  

Measure ambient CO concentra;ion 

Measure ambient CO c o n c e n t r a ~ i o n  

Measure ambient CO concentraz ion 

N A 

NA 

NA 

C o n t i n u w s  

Continuous 

Continuous 



Figure 4. Schematic of measurement locations on the Wellman-Galusha 
gasifier. 
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I n s t r u m e n t a t i o n  S e l e c t i o n  and Development 

Th i s  s e c t i o n  descr ibes  severa l  o f  t h e  ma jo r  i n s t r u m e n t a t i o n  systems t o  
be a p p l i e d  t o  t h e  Wellman-Galusha g a s i s i f e r  a t  Glen-Gery's York, PA p l a n t .  
Tab le  5 l i s t s  a l l  o f  t h e  i n s t r u m e n t a t i o n  systems. The measurement I.D. 
numbers correspond t o  t h e  l i s t  o f  measurements i n  Tab le  4  and t h e  g a s i f i e r  
schematic i n  F i g u r e  4. The f o l l o w i n g  d i scuss ion  i s  keyed t o  t h a t  l i s t  and 
b r i e f l y  descr ibes  t h e  i ns t rumen ta t i on  systems se lec ted  f o r  a p p l i c a t i o n .  

F low measurement FE-131 and 170 a re  o f  wa te r  f l o w  i n  and o u t  of t h e  
producer  water j a c k e t .  The most commonly used i n d u s t r i a l  f lowmeter  i n  t h e  5 
t o  10 gpm range i s  t h e  N iagra  Doppler model DTS-2 f lowmeter .  Equipped w i t h  
p u l s e  t o t a l i z i n g  and convers ion c i r c u i t r y  i t  w i l l  produce instantaneous 
f l owra tes  and t o t a l  i n t e g r a t e d  f l o w  i n f o r m a t i o n .  

Gas f l o w  measurements i n  genera l  are handled by a  combinat ion of an 
E l  l i s o n - d e t r i c h  Co. Annubar mu1 t i p o r t e d  p i t o t  tube  and a  Va l idyne  P207-1 
d i f  f e r e n t i  a l  p ressure  t ransducer .  The c l ose  coup1 i ng between t h e  gas 
producers,  and t h e  d i s t r i b u t i o n  v a l v i n g  and p i p i n g  makes it imposs ib l e  t o  
o b t a i n  t h e  r e q u i r e d  8 t o  10 duc t  d iameters  r e q u i r e d  up .and downstream o f  
c l a s s i c  s u r f a c e  o r  v e n t u r i  f lowmeters .  Thus, u s i n g  these techniques cou ld  
l ead  t o  a  10- t o  30-percent  e r r o r  i n  f l o w  measurement. The Annubar sensor i s  

, designed s p e c i f i c a l l y  t o  opera te  bes t  i n  skewed f l o w  environments were 
o r d i n a r y  techniques a re  inadequate. 

The Va l i dyne  P207-1 d i f f e r e n t i a l  p ressure  t ransducer  i s  used f o r . f l o w  
measurements and normal d i f f e r e n t i a l  p ressure  measurements. Since t h e  
p ressures  w i h i n  t h e  producer  system a re  below 1 ps ig ,  a l l  p ressu re  
measurements w i l l  be made as d i f f e r e n t i a l  measurements f rom atmospheric f o r  
inc reased  accuracy. There are many d i  F f  e ren t  i a1 p ressure  t ransml  t ters  
a v a i l a b l e  on t h e  i n d u s t r i a l  market.  The Va l idyne  P207-1 i s  a  r e l a t i v e l y  new 
ve rs i on  o f  a  h i g h  accuracy v a r i a b l e  r e l u c t a n c e  t ransducer .  The Va l idyne  
U n i t s  are used f o r  FE-132, FE-133, FE-400, DPT-141, 142, 203. 204. 205, and 
4UZ. 

The mo i s tu re  con ten t  o f  severa l  o f  the  gas streams must be known f o r  
mass and energy balances. Dew p o i n t s  a re  measured us ing  t h e  General Eastern 
Model 1200 Condensation Dew P o i n t  Hygrometers. The technique i s  d i r e c t l y  
measuring t h e  temperature o f  a  m i r r o r  when a  f i l m  o f  water vapor begins tn 
condense and reduce i t s  r e f l e c t a n c e .  The dew p o i n t  i s  a  fundamental 
psychromet r i c  measurement which can be d i r e c t l y  conver ted t o  pe rczn t  water  
vapor.  T h i s  techn ique  i s  no t  a f fected by H2S, S, Hz, o r  CO as some o f  t h e  
o t h e r  chemical and phys i ca l  techniques such as s a l t  c o n d u c t i v i t y ,  e t c .  S ince 
i t  i s  a1 1  e l e c t r o n i c  and s o l i d - s t a t e ,  t h e  m i r r o r  condensat ion t e c h n i q ~ ~ e  
shou ld  be more t r o u b l e  t r e e  than  t h e  wet b u l b l d r y  b ~ i l b  w i t h  i t s  water sl.rpply. 
Dew p o i n t s  are measured a t  the  a i r  i n l e t  (AE-201), t h e  water j a c k e t  a i r  e x i t  
(AE-202), and t h e  producer  gas o u t l e t  (AE-203). The producer gas i s  f i l t e r e d  
p r i o r  t o  passage th rough t h e  hygrometer.  

The oxygen con ten t  o f  t h e  producer  gas i s  one o f  t h e  p r ima ry  o p e r a t i n g  
v a r i a b l e s  i n  terms o f  opera to r  safety .  The s a f e t y  o f  t he  o p e r a t i o n  depends 
on an even d i s t r i b u t i o n  o f  a i r l w a t e r  f l ow  w i t h i n  t h e  f i r e  zone and t h e  



complete combustion of all oxygen in the air. Too little oxygen supply will 
lower producer gas output while more than 3- to 4-percent oxygen in the 
producer gas may lead to after burning or even an explosion. An online 
oxygen analyzer will be used at the product gas outlet. 

A Teledyne 327 (semiexplosion proof) analyzer was selected for this 
measurement on the basis of wide operating usage in various combustion 
environments. Other 02 monitors operating on a similar fuel cell principal 
or the paramagnetic or thermomagnetic principal would be equally suitable. 
The only common type of 02 analyzer which is not felt to be suitable is 
the heated zinconium oxide cell which could act as an ignition source 
above 12000F. 

The Btu content of the producer gas is a major operating parameter. 
Sigma Instruments and Cutter-Hammer are the primary producers of gas 
calorimeters .in the U.S. The COSA unit by Sigma (AD1-203) is designed for 
low-pressure sources, and thus is more suitable for the We1 lman-Galusha 
producer. 

In order to warn the operator of potentially hazardous ambient carbon . . 
monoxide bui 1 dups, we are 1 ocating three Min,i Safety Appl i ance Model 701 
monitors in the vicinity of the various operating stations (AE-221 to 223). 
One monitor will be above the coal hopper, one at the producer operation 
level and one near the ki ln area. Since Gl en-Gery already uses MSA 701' s,.,, we 
have selected this model for CO safety monitoring. 

Part of the chemical composition of the producer gas is measured by 
three nondispersive infrared analyzers measuring carbon monoxide, carbon 
dioxide and methane. With these three measurements, the Btu content and the 
total producer gas and airflows, it is possible to calculate the hydrogen 
and nitrogen contents. Nondispersive infrared analysis was selected over gas 
chromatography or mass spectroscopy as providing better online reliability 
and reduced operator requirements. 

The remaining measurements within the producer are temperatures at 
many locations. Temperatures in various locations in the facility will be 
measured with platinum resistance thermometers (RTD's) in the temperature 
range below lOOOoF type K thermocouples from lOOOoF to 22000F, and types R 
platinum thermocouple to 27000F. The location and type of thermocouple or 
RTD is indicated in Table 4. 

In addition, laboratory measurements will be made on samples of coal, 
water, and ash takes at various times. These analyses will be made by a 
commercial laboratory. For example, coal and ash will be analyzed for carbon 
content to close a carbon mass balance to determine efficiency. The ash will 
be analyzed for trace metals, plus soluble and insoluble compounds for 
environmental information. Water wi 1 1  be analyzed for hardness, etc. to 
check the efficiency of.the water treatment units. 

Instrumented Reactor Bed Probe Development 

Instrumentation concepts to continuously monitor the gasifier reactor 
bed will be researched on this program. Two conceptual designs of 



TABLE 4. INSTRUMENT L I S T  FOR MONITORING A WELLMAN-GALUSHA G A S I F I E R  

On l ine  Suggested Supp l ie r  Measurement 
I .D. Number 

Range D e s c r i p t i o n  

Yes 
Yes 

Bar ton 
Bar ton 

2-5 gpm Water f l o w r a t e  i n t o / o u t  
o f  c o o l i n g  j a c k e t  

Yes Annubar A i r  f l o w  i n t o  g a s i f i e r  

Producer gas f low Yes Annubar 

Yes 
Yes 
Yes 
Yes 
Yes 

Val idyne P132 
Val idyne P132 
Vdlidyne P132 
Val idyne PI32 
V a l i  dyne P132 

A i r  i n t o  r e a c t i o n  zone 

B P across producer o u t l e t  
IJ across cyclone 

Producer gas i n t o  blower 
Producer gas i n t o  blower 

Yes General Eastern 
1211 BP/1201 

A i r  4 n l t e  (dew p o i n t )  

Yes 

Yes 

Teledyne 326A 02 producer gas 

General Eastern 
1211 BP 
1201 

Humid i f i ed  a i r  i n t o  run  zone 

Dew p o i n t  o f  producer gas 

Yes MSA 701 
MSA 701 
MSA 701 

500 ppm 
500 ppm 
500 ppm 

CO moni tor  
CO mon i to r  
CO moni tor  

CO mon i to r  (NDIR) Yes 

Yes 

Yes 

Bcckman 
864-13-2-3-10 
Beckman 
864-23-2-3-10 
Beckman 
864-31-2-3-10 

C02 analyzer  (NDIR) 

CHq a n a l y z i e r  (NDIR) 

Mass o f  coa l  i n t o  g a s i f i e r  
Mass o f  ash from g a s i f i e r  
Mass o f  ash from cyc lone 

Lab a n a ! v s i s  o f  coa l  
Lab ana lys is  o f  ash frnm g a q i f i ~ r  
Lab ana lys is  of ash from cyclone 
Lab ana lys is  o f  water 

RTO 
RTD 
RTD 
K T/C 
RTD 
K T/C 

I n l e t  water temperature 
O u t l e t  water temperature 
I n l e t  a i r  temperature 
Producer gas temperature 
Water j a c k e t  temperature 
Coal b i n  temperatures 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 



TABLE . 4  .' Conc 1 uded 

Measurement Onl ine Suggested Supp l ie r  Range 
I .O. Number 

D e s c r i p t i o n  

TE-121 t h r u  Yes by  Acurex 32-27000Fa Bed temperature d i s t r i b u t i o n  
TE-127 

TE-131 t h r u  
TE-137 

Yes by Acurex 32-27000Fa Bed temperature d i s t r i b u t i o n  

TE-141 t h r u  Yes by  Acurex 32-27000Fa Bed temperature d i s t r i b u t i o n  
TE-147 

TE-151 t h r u  Yes by  Acurex ' 3 2 - 2 7 0 0 , ~ ~  Bed temperciturc d i s t r i b u t i o n  
TE-157 

TE-161 t h r u  
TE-167 

Yes by Acurex Bed temperature d i s t r i b u t i o n  

TE-171 t h r u  Yes by  Acurex 32-27000Fa Bed temperature d i s t r i b u t i o n  
.TE-177 

. , '  

TE-181 t h r u  Yes by  Acurex 32-27000Fa Bed temperature d i s t r i b u t i o n  ." 



con t i nuous l y  reco rd ing  r e a c t o r  bed probes are shown i n  F igures  5 and 6. 
The inst rumented v e r t i c a l  probes shown i n  F igu re  5 i s  an extension o f  
t h e  poke rods c u r r e n t l y  used. The probes would be permanently attached 
t o  t h e  upper sur face o f  t he  g a s i f i e r  and extend through t h e  bed i n t o  t h e  
ash zone. The type o f  bed temperature data desi red w i l l  d i c t a t e  whether 
t h e  probes are water cooled. 

Water cooled probes would prov ide  on l y  q u a l i t a t i v e  temperature 
da ta  because t h e  f i n g e r s  p r o t r u d i n g  i n t o  the  bed would be requ i red  t o  
remain below 16000F. The probe would be constructed o f  h igh  temperature 
s t a i n l e s s  s tee l  o r  a  supe ra l l oy  (e.g. 310 s t a i n l e s s  o r  I n c o l  800). A c t i v e l y  
coo led  bed probes such as these would prov ide  thermal data which would 
i n d i c a t e  ash zone l reac t i on  zone i n t e r f a c e  and the  ex ten t  o f  t he  r e a c t i o n  
zone, b u t  would not  p rov ide  q u a n t i t a t i v e  bed temperatures. This  would prov ide  
an automated and cont inuous reac to r  bed moni to r ing  extension o f  t h e  cu r ren t  
hand poking technique. 

Uncooled probes would necessari  l y  be constructed o f  a  r e f r a c t o r y  
ceramic (e -g .  h igh  dens i t y  alumina -- C a s t o l a ~ t  "6"). These f i x t ~ r r ~ z  
would be custom molded t o  the  requ i red  length  and geometry. The f i n g e r s  
on t h e  uncooled probes would be pos i t i oned  a t  2- t o  4- inch i n t e r v a l s  around 
the  c i rcumference o f  t he  shaf t  t o  p rov ide  the  i -2- inch r e s o l u t i o n  des i red  

- i n  c o n t r o l 1  i n g  the  ash zone l e v e l .  The nominal ash zone depth i n  a  Wellman- 
Galusha g a s i f i e r  i s  10 t o  12 inches under opera t ion  w i t h  an th rac i t e .  

An a l t e r n a t i v e  bed probe design i s  i l l u s t r a t e d  i n  F igures  6 and 
7. Wi th t h i s  design t h e  instrumented f i n g e r s  pro t rude f rom the  i nne r  
sur face o f  the reac to r  vessel.  .The f i n g e r  p ro t rud ing  i n t o  the  bed wouldn ' t  
be a c t i v e l y  cooled because the  attachment housing i s  i n t e g r a l  t o  t he  coo l  
water j acke t .  The ex te rna l  p o r t i o n  o f  the ,  housing would he at.t.ached t n  
t h e  ou te r  s h e l l  o f  t h e  water j acke t  v i a  bel lows t o  a f f o r d  any d i f f e r e n t i a l  
expansion between the  inner  and outer  s h e l l s .  A r e a c t o r  bed thermocouple 
probe o f  t h i s  design i s  des i rab le  because o f  i t s  s i m p l i c i t y  ( i  .e. no a c t i v e  
c o o l i n g  requ i red )  p l u s  i t  enables var ious ma te r ia l s  and probe geometries 
t o  be evaluated. Sidewal l  probes such as these could be removed and replaced 
w i t h  o ther  probe hardware w h i l e  the  g a s i f i e r  i s  on l ine .  

The response o f  probe m a t e r i a l s  and the  e f f e c t  o f  permanent probes 
on the  performance o f  the  g a s i f i e r  can on l y  be achieved by o n l i n e  evaluat ions.  
Such s tud ies  w i l l  be i n i t i a t e d  on t h i s  program. 

Data A c q u i s i t i o n  and Recording 

A schematic desc r ib ing  the  data a c q u i s i t i o n  system i s  shown i n  
F i g u r e  8. The data channels from both the  g a s i f i e r  and k i l n  ins t rumcnta t ion  
modules i n i t i a l l y  i n t e r f a c e  w i t h  an Autodata Nine which prov ides A I D  conversion 
and s imple data s o r t i n g  and eva lua t ion .  The data then enter  a  Modcomp 
P I  computer which has the  f o l l o w i n g  c a p a b i l i t i e s :  

(1 )  Data storage on tapes ( f o r  subsequent analyses) 

( 2 )  Data storage on d i scs  



( 3 )  Summary r e p o r t  generat ion 

( 4 )  CRT d i s p l a y  f o r  operator  i n t e r r a g a t i o n  

Subsequent analyses can be performed a t  any s i t e  through use o f  
t h e  data tapes. complete data analyses are c u r r e n t l y  planned t o  be performed 
a t  Acurex's home o f f i c e  i n  Mountain View, C a l i f o r n i a .  

Summary 

Th is  ERDA program w i l l  e s t a b l i s h  on a  t i m e l y  basis  the  opera t iona l  
d e t a i l s  o f  a  10- foot  diameter Wellman-Galusha g a s i f i e r  supply ing f u e l  

, f o r  an i ndus t r  i a1 b r i c k  k i  l n .  Ins t rumenta t ion  techniques w i  11 be devel'oped, 
tri ed, and evaluated. The measurement techniques and ope ra t i ona l  da ta  
w i l l  enable both ERDA and Glen-Gery Corporat ion t o  accura te ly  evaluate 
the  e f f i c i e n c y  o f  an th rac i t e  g a s i f i c a t i o n .  Data from t h i s  program w i l l  
enable the government ( v i a  ERDA) t o  evaluate and promote low-Btu producer 
gas f rom an th rac i t e  as an a l te rmate  f u e l  f o r  o ther  i n d u s t r i a l  processes 
throughout  t he  nor theastern p a r t  o f  the Un i ted  States.  
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Figure 5. Vertical probe ccncept for continuous bed injtru~entation. . . 



Coal i n l e t  Coal i n l e t  

Sa tu ra t i on  j acke t  

oo l  i n g  water 

sh zone 

. . . .  . ... . 
.. . .. . . .. .. 

Ash b i n  

- .. , 

F igure  6. S i  dewall probe concept f o r  continuous bed inst rumentat ion.  



r G a s i f i e r  jack,z t '  

Thermocouple 
w i r e s  t o  da ta  
a c q u i s i t i o n  
system 

F igu re  7. Deta i  1 of s i  dewal l  thermocouple probe designs. 
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QUESTION AND ANSWER 

Aero therm Division/Acurex Corporat ion 

R. F. Stewart ,  Morgantown Energy Research Center  

Q. Have you considered l e v e l  and d e n s i t y  guages such a s  used on s t i r r e d  
bed producer a t  Morgantown? 

A. No, we haven't., I presume you're  r e f e r r i n g  t o  d e n s i t y  being a 
d i s t i n c t i o n  between the  ash and the  unreacted coal .  I ' d  be i n t e r e s t e d  
i.n ta.I.k-l.ng tn ynu ~hout. t h a t ,  We. havs not as f a r  ao reactor bed 
monitoring. 



COAL STREAM COMPOSITION ANALYSIS FOR PROCESS CONTROL USING 
PROMPT NEUTRON ACTIVATION ANALYSIS 
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S c i e n c e  A p p l i c a t i o n s ,  I n c o r p o r a t e d  

P a l o  A 1  to, C a l i f o r n i a  



COAL STREAM COMPOSITION ANALYSIS FOR ~ E S S  CONTROL 
USING PROMPT NEUTRON ACTIVATION ANALYSIS 

T. Gozani,  G. Reynolds, E. E l i a s ,  T. Maung, 
H.  Bozorgmanesh, and V .  Orphan 

Sc i ence  A p p l i c a t i o n s ,  Incorpora ted  

ABSTRACT 

In  t h i s  paper  w e  d e s c r i b e  e a r l y  r e s u l t s  of a series of 

l a b o r a t o r y  exper iments  and computer modeling s t u d i e s  des igned  

t o  p rov ide  real is t ic  accuracy  l i m i t s  f o r  t h e  determif ia t ion 

of  t h e  e lementa l  c o n c e n t r a t i o n  I n  Coal u s i n g  @run~yL 11eutron 

activation a n a l y s i s  (PNAA). The r e s u l t s  p rov ide  guidance f o r  

op t imiz ing  t h e  t echn ique  f o r  moni tor ing  t h e  q u a l i t y  of c o a l  

which is be ing  i n p u t  t o  an electric power g e n e r a t i n g  p l a n t .  

The r e p o r t e d  work w a s  performed as  t h e  i n i t i a l  phase  of an 

ongoing program t o  develop a p ro to type  on - l i ne  c o a l  ana lyze r  

based on t h e  PNAA techn ique  f o r  power p l a n t  a p p l i c a t i o n .  



1. IN,TRODUCTION AND BACKGROUND 

. . 

' The expanded  r o l e  o f  c o a l  i n  h e l p i n g  t o  m e e t  U .  S .  

e n e r g y  n e e d s  h a s  i nc sea . s ed  t h e  demand f o r  rn0r.e r a p i d ,  a c c u r a t e  

and  r e l i a b l e  measurement  o f  c o a l  q u a l i t y  t h r o u g h o u t  t h e  f u e l  

c y c l e .  I m p o r t a n t  o p e r a t i o n a l  a n d  c o s t  b e n e f i t s  c a n  r e s u l t  

i f  c o a l  q u a l i t y ,  namely c a l o r i f i c  v a l u e  and  s u l f u r  and  a s h  

c o n t e n t s ,  c a n  b e  d e t e r m i n e d  i n  a t i m e l y  f a s h i o n  a t  v a r ' i o u s  

l o c a t i o n s :  a t  t h e  m i n e ,  when c o a l  is f e d  i n t o  s t o r a g e  b u n k e r s ,  

a t  t h e  c o a l  p r e p a r a t i o n  a n d  c l e a n i n g  p l a n t  and  when f e e d i n g  t h e  

b o i l e r s  a t  t h e  e l ec t r i c  pobe r  s t a t i o n .  

The t r ' a d i t i o n a l  ASTM w e t  c h e m i c a l  a n a l y s e s  are  t o o  ,??A 

s l o w  t o  m e e t  t h e  p r e s e n t  n e e d s  f o r  q u a l i t y  c o n t r o l  a t  a t i m e  +. 

when c o a l  q u a l i t y  is g e n e r a l l y  d e t e r i o r a t i n g  - a s h  c o n t e n t  is 

i n c r e a s i n g  wh ' i l e  c a l o r i f i c  c o n t e n t  is d e c r e a s i n g .  . ,* 

The a v a i l a b i l i t y  o f  a c c u r a t e  measurement  t e c h n i q u e s  

which  c a n  d e t e r m i n e  t h e  c o n s t i t u e n t s  o f  c o a l  i n  n e a r  r ea l  t i m e  

on  a l a r g e  f r a c t i o n  o f  t h e  c o a l  t h r o u g h p u t  may p r o v i d e  t h e  

u s e r  w i t h  i n f o r m a t i o n  wh ich  c a n  b r i n g  more e f f i c i e n t  u t i l i z a -  

t i o n  o f  t h e  f u e l ,  namely :  

p r o v i d e  f o r  t o t a l  h e a t  management a t .  a u t i l i t y  

power s t a t i o n  

p r e d i c t  and  a v o i d  b o i l e r  s l a g g i n g  o r  f o u l i n g  e p i s o d e s  

i n  u t i l i t y  b o i l e r s  

. meet SO2 a n d  p a r t i c u l a t e  e m i s s i o n  r e g u l a t i o n s  more 

e f f e c t i v e l y  

. p r o v i d e  t h e  means o f  s c h e d u l e  and  o p t i m i z e  power 

s y s t e m  l o a d  f l o w  more e f f i c i e n t l y  



N u c l e a r  t e c h n i q u e s  a r e  w e l l  s u i t e d  f o r  p r o v i d i n g  t h e s e  

n e e d e d  measu remen t s .  One n u c l e a r  t e c h n i q u e  i n  p a r t i c u l a r ,  

Prompt  Nue t ron  A c t i v a t i o n  Ana1 ,ys i s  (PNAA) h o l d s  p r o m i s e  a s  a 

means f o r  p r o v i d i n g  r a p i d ,  r e p r e s e n t a t i v e  and  a c c u r a t e  composi-  

t i o n a l  a n a l y s e s  o f  b u l k  coal  which  c a n  be u s e d  t o  m o n i t o r  coal 

q u a l i t y .  I n  t h e  PNAA t e c h n i q u e ,  e l e m e n t a l  a n a l y s i s  o f  b u l k  

c o a l  is p e r f o r m e d  by bombarding t h e  c o a l  w i t h  n e u t r o n s ,  

o b s e r v i n g  t h e  r e s u l t a n t  t h e r m a l  n e u t r o n  c a p t u r e  gamma-rays 

a n d  q u a n t i f y i n g  t h e  amount o f  e a c h  e l e m e n t  by m e a s u r i n g  t h e  

i n t e n s i t y  of t h e  c h a r a c t e r i s t i c  gamma-rays f rom each e.l.emcnt. 

F i g u r e  1 i l l u s t r a l e s  t h e  p o s s i b l e  r o l e  o f  t h e  PNAA 

t e c h n i q u e  i n  t h e  c o a l  f u e l  c y c l e .  T h r e e  p o i n t s  a t  which  PNAA 

;, c a n  be p r o f i t a b l y  employed a r e  a s  f o l l o w s :  

P o w e r  . P l a n t  Feed C o n t r o l  PNAA c a n  a s s u r e  real-time 

c o n t r o l  on t h e  q u a l i t y  o f  c o a l  f e e d  t o  e l e c t r i c a l  

g e n e r a t i n g  p l a n t s .  

P r o c e s s  C o n t r o l  PNAA c a n  be u s e d  t o  m o n i t o r  o n - l i n e  

' t h e  e f f e c t i v e n e s s  o f  coal p r e p a r a t i o n  and  c l e a n i n g  

proaoooco. 

M i n i n g  Boreho ld  PNAA i n s t r u m e n t s  c a n  b e  u s e d  t o  

m e a s u r e  i n  s i t u  t h e  coal q u a l i t y  and ,  hence ,  1-ead 

t o  a more e f f e c t i v e  p l a n n i n g  of  m i n i n g  o p e r a t i o n s .  

Four  t y p i c a l  c o a l  c o m p o s i t i o n s ,  g i v e n  i n  T a b l e  1 ,  

I l l u s t r a t e  t h e  g r e a t  v a r i a b i l i t y  i n  t h e  c o m p o s i t i o n  o f  c o a l .  

T h i s  v a r i a b i l i t y  a l o n g  w i t h  t h e  inhomogeneous n a t u r e  of c o a l  

makes i t  d e s i r a b l e  t o  m o n i t o r  c o a l  stream c o m p o s i t i o n s  i n  a 

n e a r  c o n t i n u o u s  manner and o v e r  a s  l a r g e  a sample  volume as  

p o s s i b l e .  The v a r i o u s  c o a l  c o n s t i t u e n t s  have  d i f f e r e n t  e f f e c t s  



Table 1. Four Typical  Coal C o m p o s i t i o n s  

PARAMETER 

M o i s t u r e  

~ o l ' a t ; i l e  Matter 

F i x , e d  C a r b o n  

S u l f u r  

As 11 

o S i 0 2  , 

o A 1 2 0 3  

o Ti02 

o F e 2 0 3  

o CaO 

o MgO 

o Nn20 

o K 2 0  

n t u / l b  
L 

I 1.1. j. n o j. s 

B i t u m i n o u s  
(%) 

6  

36 

46 

2 . 7  

12 

4 8  

18 

0 . 8  

20 .1  

6 . 0  

1 . 0  

0 .6  

2 . U  

13,500 

West 
V i r g i n i a  

B i t u m i n o u s  
( % I  

1 

17 

77 

0.74 

5  

6 0 . 0  

30.0 

l . G  

4 . 0  

0 .6  

0 . 6  

0 . 5  

1 . 5  

15,500 

Wyoming 

S u b -  
B i t u m i n o u s  

(%) 

25 

30 

41 

0 . 3  

4 

2 4 . 0  

20.0 

' 0 ; 7  

1 1 . 0  

26 .0  

4 . 0  

0 . 2  

0 . 5  

9 ,750 ' 

N o r t h  
D a k o t a  

L i g n i t e  
(%) 

37 

27 4 

32 

0 .4 .  

4- 

4 1 . 8  

1 3 . 6  

1 . 5  

6 . 6  

17.6 

2 . 5  

0 . 6  

0 . 1  

7 ,600 

I 

t 



o n  t h e  c o a l  b e h a v i o r .  Hence,  it is h i g h l y  d e s i r a b l e  t o  d e t e r -  

m i n e  a s  many o f  t h e s e  e l e m e n t s  a s  p o s s i b l e .  The PNAA t e c h -  

n i q u e  i s  v e r y  s u i t a b l e  f o r  s u c h  measu remen t s .  

The f e a s i b i l i t y  o f  u s i n g  PNAA t o  p e r f o r m  e l e m e n t a l  

a n a , l y s e s  o n  b u l k  c o a l  s a m p l e s  h a s  b e e n  i n v e s t i g a t e d  i n  a 

number of  l a b o r a t o r y  s t u d i e s  ('-") and  a p r o t o t y p e  i n s t r u m e n t  

f o r  s u l f u r  a n a l y s i s ( ' ' )  h a s  b e e n  d e v e l o p e d .  A l though  t h e s e  

s t u d i e s  d e m o n s t r a t e d  t h e  a p p l i c a b i l i t y  o f  t h e  PNAA t e c h n i q u e  

t o  c o a l ,  a q u a n t i t a t i v e  a s s e s s m e n t  o f  t h e  o c n s i t i v i t i e s  and 

a c c u r a c i e s  a c h i e v a b l e  f o r  a r a n g e  o f  i m p o r t a n t  c o a l  elements 
u n d e r  real i sl. if.: p r a c t i c a l  c o n d i t i o i ~ s  is c u r r e n t l y  r e q u i r e d .  

F u r t h e r m o r e ,  s t u d i e s  a imed a t  o p t i m i z i n g  t h e  t e c h n i q u e  ( f o r  

e x a m p l e ,  by  c h o i c e  o f  gamma-ray d e t e c t o r s ,  s o u r c e  a n d  s o u r c e -  

d e t e c t o r  g e o m e t r y )  f o r  s p e c i f i c  a p p l i c a t i o n s  w i l l  p r o v i d e  t h e  

t y p e  o f  i n f o r m a t i o n  r e q u i r e d  t o  u l t i m a t e l y  implement  PNAA 

i n  a c o a l  p r o c e s s  c o n t r o l  a p p l i c a t i o n .  

I n  this paper w c  d e s c r i b e  i e s u l ' t s  of a  series of  

l a b o r a t o r y  e x p e r i m e n t ' s  and  compu te r  m o d e l i n g  s t u d i e s  d e s i g n e d  

t o  p r o v i d e  r e a l i s t i c  a c c u r a c y  l i m i t s  f o r  e l e m e n t a l  c o n c e n t r a -  

t i o n  d e t e r m i n a t i o n s  i n  coal  u s i n g  t h e  PNAA t e c h n i q u e  and  t o  

i d e n t i f y  means o f  o p t i m i z i n g  t h e  t e c h n i q u e  f o r  m o n i t o r i n g  t h e  

q u a l i t y  of c o a l  b e i n g  i n p u t  t o  a n  e l e c t r i c  g e n e r a t i n g  p l a n t .  

The r e p o r t e d . w o r k  was p e r f o r m e d  a.s a.n i n i t i a l  phaoc  o f  a n  

o n g o i n g  program t o  d e v e l o p  a p r o t o t y p e  o n - l i n e  c o a l  a n a l y z e r  

f o r  power p l a n t  a p p l i c a t i o n .  

A summary o f  t h e  m a j o r  d e v e l o p m e n t a l  c h a l l e n g e s  which  

mus t  be a d d r e s s e d  i n  t h e  d e s i g n  o f  a p r o t o t y p e  c o n t i n u o u s  
' * '  

n u l c e a r  a n a l y z e r  of c o a l  , w i l l  h e l p  u n d e r s t a n d  t h e  r a t i o n a l e  

 h he acronym,  CONAC f o r  .Cant i n u o u s  N u c l e a r  A n a l y z e r  o f  C o a l ,  - - 
w i l l  b e  u s e d  i n  t h e  res t  o f  t h i s  p a p e r .  



f o r  t h e  mode l ing  and  e x p e r i m e n t a l  s t u d i e s  d e s c r i b e d ,  i n  t h e  

f o l l o w i n g  s e c t i o n s .  ~ a j o r  d e v e l o p m e n t a l  p r o b l e m s  are  a s  

f o l l o w s  : 

* D e s i g n  m e c h a n i c a l  c o n f i g u r a t i o n  c o m p a t i b l e  w i t h  

coal h a n d l i n g  f a c i l i t i e s  

* S i g n a l - t o - b a c k g r o u n d  may l i m i t  a c c u r a c y  a c h i e v a b l e  

f o r  some e l e m e n t s  

m~arnma-r'ay peak  i n t e r f e r e n c e s  may l i m i t  a c c u r a c y  

* D e t e c t o r  c o u n t  r a te  l i m i t a t i o n  

r l. 

* N e u t r o n  a c t i v a t i o n  and  r a d i a t i o n  damage o f  d e t e c t o r  C .  

 inaccuracies i n t r o d u c e d  by b u l k  d e n s i t y  v a r i a b i l i t y  

m I n a c c u r a c i e s  i n t r o d u c e d  by m o i s t u r e  and  hydrogen  

c o n t e n t  

The f o l l o w i n g  s e c t i o n s  describe i n i t i a l  e f f o r t s  aimed 

a t  s o l v i n g  some of  t h e s e  p r o b l e m s  and  p r e s e n t  r e s u l t s  o f  a n  

estimate o f  e l e m e n t a l .  s e n s i t i v i t i e s  a c h i e v a b l e  w i t h  CONAC. 



A s u c c e s s f u l  implementa t ion  of  a n  advanced t e c h n i q u e  

s u c h  a s  PNAA i n  t h e  c o a l  a r e a  r e q u i r e s  t h a t  c o n t r a i n t s  imposed 

by t h e  c o a l  h a n d l i n g  sys tem w i l l  b e  c o n s i d e r e d  from t h e  o u t s e t .  

Hence, t h e  p o s s i b l e  i n t e g r a t i o n  of any . c o n c e p t u a l  c o n f i g u r a t i o n  

i n t o  c o n v e n t i o n a l  c o a l  h a n d l i n g  sys tem h a s  been proposed 

e a r l y  i n  t h e  program and i s  i l l u s t r a t e d  i n  F i g u r e  2 .  

The a b i l i t y  o f  t h e  CONAC t o  a n a l y z e  l a r g e  samples  of  

t h e  t h r o u g h p u t  ( 1  t o  20 t o n s / h o u r )  e n a b l e s  i ts  i n t o r d u c t i o n  

a f t e r  t h e  p r i m a r y  sample r .  T h e r e f o r e ,  t h e  CONAC sample is  

much more r e p r e s e n t a t i v e  of  t h e  p r imary  c o a l  s t r e a m  t h a n  t h e  

s m a l l  s ample ,  o b t a i n e d  a f t e r  t e r t i a r y  sampl ing ,  f o r  conven- 

t i o n a l  l a b o r a t o r y  a n a l y s i s .  

P r i n c i p a l  a d v a n t a g e s  of  CONAC i n  g e n e r a l  and i n  t h e  

p roposed  c o n f i g u r a t i o n  i n  p a r t i c u l a r  a r e  a s  f o l l o w s :  

.Samples a  l a r g e ,  more r e p r e s e n t a t i v e  sample 

.Sample s i z e  can  r e a d i l y  b e  changed 

N o n d e s t r u c t i v e  

. P r o v i d e s  o n - l i n e  and n e a r  r e a l - t i m e  a n a l y s i s  

. S i n g l e  measurement p r o v i d e s  m u l t i p l e  c o a l  q u a l i t y  

d a t a  

p r o p e r  p r e s e n t a t i o n  of t h e  c o a l  t o  t h e  CONAC sys tem i s  

n e c e s s a r y  i n  o r d e r  t o  i n s u r e  t h e  m i n i m i z a t i o n  of  s p u r i o u s  



s i g n a l s .  However, a c h i e v i n g  a  n o n l s e g r e g a t e d  sample p r e s e n t a -  

t i o n  is d i f f i c u l t  i f  n o t  i m p o s s i b l e  t o  a t t a i n .  T h e r e f o r e ,  

c o n t r o l l e d  s e g r e g a t i o n  is  d e s i r a b l e .  T h i s  r e q u i r e s  c o n s i d -  

e r a t i o n  of t h e  b u l k  p r o p e r t i e s  o f  t h e  m a t e r i a l ,  i ts  r h e o l o g i c a l  

b e h a v i o r  and t h e  geometry of p r e s e n t a t i o n .  

A f l o w i n g  s t r e a m  of  p a r t i c l e s  i n c o r p o r a t e s  more * 
d i f f i c u l t i e s  than a moving bed of p a r t i c l e s  . A s  a  r e s u l t ,  

i n c o r p o r a t i n g  c o n c e p t s  s i m i l a r  t o  t h o s e  employed i n  b e l t  

f e e d e r  sys tems  may be  one way t o  a v o i d  b i n  f l o w  a n d ' c h u t e  

problems.  I n  a d d i t i o n ,  how t h e  material i s  p r e s e n t e d  t o  t h e  

sys tem conveying t h e  m a t e r i a l  t o  t h e  CONAC sys tem is q u i t e  

i m p o r t a n t .  S i n c e  c o n t r o l l e d  s e g r e g a t i o n  is' a l s o  a  f u n c t i o n  of 

p a r t i c l e  s i z e ,  f i n e r  m a t e r i a l  may be  needed ,  t h e r e b y  r e q u i r i n g  
. . 

s i z e  r e d u c t i o n  and hence sampl ing  of t h e  s t r e a m s  r a t h e r  t h a n  ,. 

f u l l  p r e s e n t a t i o n  of  t h e  e n t i r e  s t r e a m s .  

The s t a t i c  and dynamic p r o p e r t i e s  of c o a l  p a r t i c l e s  

o f  d i f f e r e n t  s i z e s  have d i r e c t  b e a r i n g  on t h e  a c c e p t a b i l i t y  

of t h e  v a r i o u s  mechan ica l  c o n f i g u r a t i o n  f o r  a  c o n t i n u o u s  

n u c l e a r  c o a l  a n a l y z e r .  A s  was i n d i c a t e d  above a  measurement 

of s t a t i c  c o a l  p a r t i c l e s ,  a s  r e p r e s e n t e d  by a  moving b e l t ,  may 

' b e  t h e  p r e f e r e d  c o n f i g u r a t i o n  a l s o  from t h e  c o a l - h a n d l i n g  

p o i n t  of  view. However, a  b i n  of  c o a l  w i t h  a  n e u t r o n  s o u r c e  

a t  i ts  c e n t e r  is  t h e  most f a v o r a b l e  c o n f i g u r a t i o n  from t h e  

n e u t r o n  p h y s i c s  p o i n t  o f  view. T h i s  is  indeed  t h e  ar rangement  

used i n  t h e  p r e v i o u s  e x p e r i m e n t s  ( 1 1 )  

* For  example,  t h e  a c c e l e r a t i n g  p a r t i c l e s  open up t h e  bed of  
m a t e r i a l  which c a u s e s  b u l k  d e n s i t y  v a r i a t i o n s  and may c a u s e  
p a r t i c l e  m i g r a t i o n  due t o  s i z e  and s p e c i f i c  g r a v i t y  d i f f e r -  
e n c e s .  



Based  on  t h e  p r e s e n t  knowledge and  t a k i n g  i n t o  a c c o u n t  

n u c l e a r  c o n s i d e r a t i o n s  two basic g e n e r i c  c o n f i g u r a t i o n s  are  

c o n s i d e r e d  i n  t h e  p r e s e n t  s t u d y  ( s e e  F i g u r e  3 ) :  

a )  I n n e r  s o u r c e  c o n f i g u r a t i o n  i n  "b in"  and  " b e l t "  

g e o m e t r i e s .  

b )  O u t e r  s o u r c e  c o n f i g u r a t i o n  i n  "b in"  a n d  "bel t"  

g e o m e t r i e s .  

T h e s e  s o u r c e  c o n f i g u r a t i o n s  are t r i e d  b o t h  i n  " b i n "  a n d  "be l t "  

t y p e  g e o m e t r i e s  - t h u s  c o v e r i n g  t h e  most  p r o m i s i n g  a p p r o a c h e s .  

T h e s e  g e o m e t r i e s  p r o v i d e  t h e  b a s i s  f o r  t h e  c a l c u l a t i o n  a.nd 

e x p e r i m e n t s  which  w i l l  f i n a l l y  lead t o  t h e  recommended 

c o n f i g u r a t i o n  f o r  CONAC. 



3.  ANALYTICAL CALCULATION 

A series of  n e u t r o n  and  gamma-ray t r a n s p o r t  c a l c u l a -  

t i o n s  are  b e i n g  c a r r i e d  o u t .  The p u r p o s e  o f  t h e s e  c a l c u l a -  

t i o n s  is  t o  u n d e r s t a n d  t h e  complex i n t e r p l a y  be tween  t h e  v a r -  

i o u s  f a c t o r s  t h a t  i n f l u e n c e  t h e  s i g n a l  f rom which  t h e  w e i g h t  

p e r c e n t  of e a c h  e l e m e n t a l  c o n s t i t u e n t  o f  c o a l  is  d e t e r m i n e d .  

The s i g n a l  i s  o b v i o u s l y  t h e  gamma-rays emi t ted  f o l l o w i n g  t h e  

c a p t u r e  of n e u t r o n  by t h e  n u c l e i  o f  t h e  s p e c i f i c  e l e m e n t s .  

The mos t  i m p o r t a n t  f a c t o r s  a r e :  

Hydrogen c o n t e n t  

@ C o a l  b u l k  d e n s i t y  and  i ts  v a r i a b i l i t y  

@ T h i c k n e s s  o r  diameter ( d e p e n d i n g  on t h e  g e o m e t r y ) ,  

o f  c o a l  sample ,  a n d  

@ V a r i a t i o n  o f  c o a l  c o m p o s i t i o n  

The a f f e c t  o f  t h e s e  f a c t o r s  h a s  been  s t u d i e s  w i t h  t h e  a i m  

t o . i d e n t i f y  i f  p o s s i b l e ,  c o n f i g u r a t i o n s  wh ich  w i l l  m in imize  

t h e  i n f l u e n c e  of  t h o s e  f a c t o r s  which  are d i f f i c u l t  t o  c o n t r o l .  

The measu red  gamma s i g n a l  d e p e n d s  on  t h e  s t r e n g t h  and  

d i s t r i b u t i o n  of t h e  n e u t r o n  f l u x  i n  t h e  c o a l .  S i n c e  a b s o r p t i o n  

and  l e a k a g e  p r o b a b i l i t i e s  depend  on sample  c o m p o s i t i o n  and  

hydrogen  c o n t e n t  n e u t r o n  f l u x  may v a r y  f rom c o a l  t o  c o a l .  

T y p i c a l  r e s u l t s  on t h e  e f f e c t  o f  coal c o m p o s i t i o n  on  t h e  

s p a t i a l  d i s t r i b u t i o n  o f  t h e  t h e r m a l  f l u x  a r e  shown i n  F i g u r e  4 

f o r  70 c m  d i a m e t e r  s p h e r e  w i t h  t w o  d i f f e r e n t  t y p e s ,  o f  c o a l :  , ' 

N o r t h  Dako ta  and  I l l i n o i s .  The f i r s t  o n e  h a s  a h i g h e r  

' m o i s t u r e  c o n t e n t  ( c f .  T a b l e  1 )  r e s u l t i n g  i n  a h i g h e r  t h e m a l i -  

z a t i o n  n e a r  t h e  s o u r c e  ( . a t  t h e  c e n t e r )  and  lower n e u t r o n  f l u x  



a t  t h e  o u t e r  s u r f a c e .  The c o n s t a n t  f l u x  r e g i o n  a t  t h e  c e n t e r  

is  due  t o  l a c k  of  t h e r m a l i z a t i o n  of  n e u t r o n s  i n  t h e  l e a d  

s u r r o u n d i n g  t h e  s o u r c e .  F i g u r e  5 . shows  t h e  c a l c u l a t e d  energy  

s p e c t r a  o f  t h e  gamma l e a k a g e  from t h e  two t y p e s  of c o a l .  

These  s p e c t r a  show t h e  combined e f f e c t  of changes  i n  composi- 

t i o n  and n e u t r o n  f l u x  d i s t r i b u t i o n .  I l l i n o i s  c o a l  h a s  a  

h i g h e r  s u l f u r  and i r o n . c o n t e n t  ( c f .  T a b l e  1 )  which a c c o u n t s  

f o r  t h e  h i g h e r  gamma i n t e n s i t y  a t  t h e  h i g h e r , e n e r g y  r a n g e .  

The h i g h e r  f l u x  i n t e n s i t y  a t  e n e r g i e s  below 2 . 2  MeV obse rved  

i n  t h e  Nor th  Dakota  c o a l  is  due  mainly  t o  (Compton) s c a t t e r i n g  

i n  t h e  sample o f  t h e  hydrogen c a p t u r e  gamma. 

The e f f e c t  o f  sample s i z e  and b u l k  d e n s i t y  was s t u d i e d  

f o r  v a r i o u s  t y p e s  :of c o a l .  I n c r e a s i n g  t h e  b u l k  d e n s i t y  h a s  

two o p p o s i t e  e f f e c t s .  On t h e  one  hand,  i t  enhances  t h e  . 

p r o d u c t i o n  of prompt gamma-rays. On t h e  o t h e r  hand,  i t  

i n c r e a s e s  t h e  s e l f  a t t e n u a t i o n  o f  gamma-rays i n  t h e  sample ,  

t h u s  r e d u c i n g  t h e  measured s i g n a l .  The r e l a t i v e  magnitude 

of t h e s e  two e f f ec t s  depends  on t h e  sample t h i c k n e s s ,  c o a l  

c o m p o s i t i o n ,  gamma energy  and n e u t r o n  s o u r c e  spec t rum.  T y p i c a l  

r e s u l t s  f o r  t h e  e f f e c t  of  s i z e  and d e n s i t y  on t h e  l e a k a g e  of 

gamma-rays f o r  f o u r  e n e r g y  r a n g e s  i s  shown i n  F i g u r e  6 .  The 

normal ized  gamma-ray l e a k a g e  f o r  one  energy  i n t e r v a l  (3-4 MeV) 

a s  a  f u n c t i o n  of b u l k  d e n s i t y  f o r  two g e o m e t r i e s :  s p h e r e  and 

s lab  is  shown i n  F i g u r e  7 .  Both f i g u r e s  i n d i c a t e  t h a t  t h e  

two oppos ing  phenomena, namely n e u t r o n  p r o d u c t i o n  and gamma 

s e l f  a t t e n u a t i o n ,  l e a d  t o  a  sys tem where t h e  gamma l e a k a g e  

i s  p r a c t i c a l l y  independen t  of  t h e  b u l k  d e n s i t y  o f  c o a l .  T h i s  

is  a  u s e f u l  f e a t u r e  s i n c e  i t  i s  n o t  e a s y  t o  c o n t r o l  t h e  b u l k  

d e n s i t y  of c o a l .  Other  c a l c u l a t i o n s  w e r e  made t o  d e t e r m i n e  

t h e  e f f e c t  of  v a r i a t i o n s  i n  t h e  d i s t r i b u t i o n  of t h e  b u l k  - 
d e n s i t y  w i t h i n  t h e  c o a l  sample and t h e  i n t e r a c t i o n  between 

v a r i o u s  e l e m e n t s  e s p e c i a l l y  between hydrogen and t h e  r e s t  of 

t h e  c o a l  c o n s t i t u e n t s .  



4 .  LABORATORY EXPERIMENTS 

P r e l i m i n a r y  Measurements - Bin Geometry 

P r i o r  t o  t h e .  c u r r e n t  e f f o r t  a  p r e l i m i n a r y  s t u d y  of  

c a p t u r e  gamma r a y s  from c o a l  was made a t  S c i e n c e  A p p l i c a t i o n s ,  

I n c .  A s k e t c h  of t h e  e x p e r i m e n t a l  s e t - u p  is  shown i n  F i g u r e  8 .  

The geometry ,  which s i m u l a t e s  t h e  b i n  c o n c e p t ,  c o n s i s t e d  of a  

200 l b .  ssmple  o f  c o a l  i n  a  p l a s t i c  c o n t a i n e r .  A 5pg 
n 

252cf 

n e u t r o n  s o u r c e  (10 '  n e u t r o n s L s e c )  was p o s i t i o n e d  a t  %he 

c e n t e r  of t h e  c o a l  i n  a  PVC t u b e .  Smal l  l e a d  shadow-shie lds  

were p l a c e d  i n  t h e  c o a l  between t h e  s o u r c e  and d e t e c t o r s .  

E x t e r n a l  n e u t r o n  s h i e l d i n g  was p rov ided  by l a y e r s  of b o r a t e d  

wax. 

C a p t u r e  gamma-ray s p e c t r a  were o b t a i n e d  w i t h  b o t h  a ., 

30 cm3 (-8% e f f i c i e n c y  a t  E  =l. 33 M e V )  G e  ( L i )  and a  5"x6" 
Y 

NaI d e t e c t o r .  The h i g h  energy  p o r t i o n  of  t h e  Ge(Li )  spect rum 

is  shown i n  F i g u r e  9 .  The i d e n t i f i e d  p e a k s  a r e  l a b e l e d  by 

t h e  energy  of t h e  gamma-ray of t h e  e l e m e n t  r e s p o n s i b l e ,  and 

whether  t h e  peak is a  s i n g l e  e s c a p e  (SE) o r  a  d o u b l e  e s c a p e  

(DE) peak.  P e a k s  were i d e n t i f i e d  c o r r e s p o n d i n g  t o  n e u t r o n  

c a p t u r e  i n  H ,  B, N ,  C. A l ,  S i ,  S ,  C1, K ,  T i ;  C r ,  F e , a n d  Pb.  

F i g u r e  10a  s,hows t h e  spec t rum o b t a i n e d  by t h e  5I1x6" 

N a I  d e t e c t o r .  The r e s o l u t i o n  o f  t h i s  d e t e c t o r ,  a t  E = 662 KeV, 
Y 

was 10.2%. Prominent  p e a k s  c o r r e s p o n d i n g  t o  c a p t u r e  i n  t h e  

boron s h i e l d i n g  (0 .477  MeV) and hydrogen ( 2 . 2 2 3  MeV) a r e  

c l e a r l y  v i s i b l e .  A d d i t i o n a l  p e a k s  a t  3 . 5 3  and 4 .92  MeV a r e  

less c l e a r l y  v i s i b l e .  F u r t h e r  peak i n f o r m a t i o n  would be  

d i f f i c u l t  t o  o b t a i n  from t h i s  raw d a t a .  A p r e l i m i n a r y  a n a l y s i s  

o f  t h e  h i g h  energy  p o r t i o n  of  t h e  NaI spec t rum h a s  been 

c a r r i e d  o u t  u s i n g  t h e  computer code  MAZE ( 1 2 ) .  F i g u r e  l o b  

shows t h e  p r e l i m i n a r y  u n f o l d e d  spect rum above 2 . 5  MeV. Also  



shown are t h e  p o s i t i o n s  and  a p p r o x i m a t e  pho to -peak  i n t e n s i t i e s  

o f  t h e  gamma-rays i d e n t i f i e d  i n  t h e  G e ( L i )  s p e c t r u m .  I t  i s  

s e e n  t h a t  t h e  c o d e  h a s  s e p a r a t e d  t h e  s t r o n g  l i n e s  c o r r e s p o n d -  

i n g  t o  S i ,  C1 and  F e .  The weaker  l i n e s  w i l l  n o t  a p p e a r  i n  

t h e  u n f o l d e d  s p e c t r u m  . u n t i l  b e t t e r  c o n v e r g e n c e  is  o b t a i n e d .  

I n  a d d i t i o n  t o  t h e  s t r o n g  l i n e s ,  there a r e  s e v e r a l  p e a k s  i n  

t h e  u n f o l d e d  N a I  s p e c t r u m  t h a t  d o  n o t  a p p e a r  i n  t h e  G e ( L i )  

s p e c t r u m .  The l i n e s  a t  4 . 3 2 5  and  7 . 8 3 1  MeV d o  n o t  c o r r e s p o n d  

t o  i n c i d e n t  gamma-rays. I t  is  s u s p e c t e d  t h a t  t h e s e  l i n e s  ( and  

t o  some . e x t e n t  t h e  p e a k  a t  6 . 4 7 7  MeV) are d u e  t o  n e u t r o n  

c a p t u r e  i n  t h e  NaI (T1)  d e t e c t o r .  

C u r r e n t  E x p e r i m e n t s  

* 
The c u r r e n t  e f f o r t  i n v o l v e s  w e l l  d e f i n e d  l a b o r a t o r y  

scale e x p e r i m e n t s  t o  s t u d y  t h e  e f f e c t  o f  v a r i o u s  o p e r a t i o n a l  

p a r a m e t e r s  f o r  o p t i m a l  s y s t e m  d e s i g n .  Analyzed  c o a l  s a m p l e s  

o f  known c o m p o s i t i o n  are  u s e d  t o  d e t e r m i n e  t h e  s y s t e m  p e r -  

~ur l r la I lce .  

A s c h e m a t i c  o f  t h e  e x p e r i m e n t a l  set-up i s  shown i n  

F i g u r e  11. I t  c o n s i s t s  b a s i c a l l y  o f  a  200 Kg s a m p l e  of  c o a l  

i n  two r e c t a n g u l a r  wooden c o n t a i n e r s  w i t h  a  s h i e l d e d  Cf-252 
7  n e u t r o n  s o u r c e  ( a b o u t  5pg ;  1 0  n e u t r o n s / s e c )  a t  a.n o f f - c e n t e r  

l o c a t i o n .  S p e c i a l  a t t e n t i o n  was g i v e n  t o  t h e  s t r u c t u r a l  

mater ia ls  u s e d  i n  t h e  s e t - u p  t o  p r e v e n t  i n t e r f e r e n c e  w i t h  

t h e  r e s p o n s e s  f rom t h e  c o a l  c o n s t i t u e n t s .  A 20% G e ( L i )  
3 d e t e c t o r  ( 8 5  c m  ) s h i e l d e d  w i t h  5  c m  o f  b o r a t e d  epoxy i s  

u s e d  t o  measu re  t h e  capture-gamma s p e c t r a .  

L a r g e  amoun t s  o f  s p e c t r a l  d a t a  have  been  o b t a i n e d  

p e r ' t a i n i n g  t o  t h e  e f f e c t s  o f  c h a n g e s  i n  t h e  f o l l o w i n g  * 
S u p p o r t e d  by  t h e  E l e c t r i c  Power R e s e a r c h  I n s t i t u t e ,  P a l o  
A l t o ,  C a l i f o r n i a .  



p a r a m e t e r s  on s y s t e m  p e r f o r m a n c e :  

Coa l  t h i c k n e s s  

Coa l  b u l k  d e n s i t y  

* N e u t r o n  s o u r c e  s h i e l d i n g  

 detector s h i e l d i n g  

S o u r c e - t o - d e t e c t o r  d i s t a n c e ,  an'd 

* P r e s e n c e  o f  a  gap  be tween  t h e .  two c o a l  b o x e s  

Measurements  w e r e  made u s i n g  h i g h - s u l p h u r  P i t t s b u r g h  #8 

and  low-su lphur  Wyoming.b i tuminous  c o a l s .  A p o r t i o n  o f  a 

gamma-ray s p e c t r u m  f rom t h e  two t y p e s  of  c o a l  i n  t h e  5  MeV 

r e g i o n  is  shown i n  F i g u r e s  1 2  a a n d  1 2 b .  P rominen t  p e a k s  f rom 

s u l p h u r  (5420  KeV), c a r b o n  ( 4 9 4 5  KeV) a n d  s i l i c o n  (4934  KeV) " 

f rom c h l o r i n e  and  o t h e r s  are  e v i d e n t  i n  t h e  f i g u r e .  More 

t h a n  a p p r o x i m a t e l y  1 0 0  gamma-ray l i n e s  have  been  i d e n t i f i e d  

f rom 1 4  e l e m e n t s ,  i n c l u d i n g  t h o s e  e l e m e n t s  i m p o r t a n t  t o  c o a l  

a n a l y s i s  ( h y d r o g e n ,  c .a rbon ,  s i l i c o n ,  aluminum; s u l p h u r , .  " 

i r o n ,  n i t r o g e n ,  sod ium,  p o t a s s i u m ,  t i t a n i u m ,  and  c h l o r i n e ) .  

The l a r g e  d i f f e r e n c e  i n  t h e  s u l f u r  a n d  i r o n  c o n t e n t  o f  t h e  

two t y p e s  o f  c o a l s  is  v e r y  o b v i o u s  even  f rom t h e  raw. d a t a  

shown i n  F i g u r e s  1 2 a  and  1 2 b .  Ano the r  m a j o r  d i f f e r e n c e  is i n  

t h e  amount o f  c h l o r i n e  which  i s  n o t  measured  r o u t i n e l y  i n  t h e  , 

c o n v e n t i o n a l  ASTM d e s t r u c t i v e  t e c h n i q u e s .  

Based on  gamma-rays t h a t  have  been  o b s e r v e d  f rom h igh -  

s u l p h u r  P i t t s b u r g h  #8 c o a l ,  a f i r s t  estimate c a n  be made 

o f  t h e  p r o j e c t e d  c o u n t  r a tes  and  measurement  p r e c i s i o n  of 

v a r i o u s  e l e m e n t s ,  a s  l i s t e d  i n  T a b l e . 2 . -  The numbers  w i l l ' v a r y  

somewhat f o r  coals o f  d i f f e r e n t  c o m p o s i t i o n .  



T a b l e  2 .  P r o j e c t e d  P r e c i s i o n  o f  Coal E lementa l  
A n a l y s i s  Using t h e  PNAA ~ e c h n i q u e *  

PRECIS ION 
** *** 

P.eak ' ~ o u n ' t  s R e  la't'i've Abso lu te  
Counts/Minute ( % I  (WT %) 

* 8 .  

100  micro-gram Cf-252 s o u r c e ,  20% Ge(Li )  d e t e c t o r ,  30cm 
coa3  t h i c k n e s s ,  1 0  minu te  c o u n t i n g  t i m e  and u s i n g  n e t  
c o u n t s  i n  a l l  major  peaks  f o r  eaoh e l e m e n t .  Based on 
measurements  w i t h  P i t t s b u r g h  #8 bi tuminous  c o a l .  ** 
Peak-to-background under  peak r a t i o  t a k e n  t o  b e  .1/4 f o r  
t h i s  e s t i m a t e .  

*** 
W i l l  depend on a c t u a l  c o a l  c o m p o s i t i o n ;  t h e s e  v a l u e s  a r e  
f o r  a " t y p i c a l "  b i l u ~ ~ ~ i r l v u s  coal. 



Gamma-ray d a t a  have  a l so  b e e n  o b t a i n e d  f o r  t h e  two c o a l  

s a m p l e s  u s i n g  3"x3" a n d  5"x6" N a 1 , d e t e c t o r s .  The a i m  is t o  

d e t e r m i n e  how much i n f o r m a t i o n  can  b e  ' o b t a i n e d  a b o u t  coal ele- . 

me.ntal  c o m p o s i t i o n  f rom MAZE-enhanced N a I '  d a t a  ( s e e  F i g u r e  1 0 ) .  

C o n t i n u i n g  e f f o r t s  i n  t h e  e x p e r i m e n t a l  a r e a  i n c l u d e  t h e  

f o l l o w i n g :  

l High c o u n t - r a t e  p e r f o r m a n c e .  

The s y s t e m  must  m a i n t a i n  good  e n e r g y  r e s o l u t i o n  

( n a r r o w  p e a k s )  a t  h i g h  data . r a t e s ;  t o  a v o i d  l o s s  

o f  i nbo rma t  i o n .  

l Lab P r o t o t v D e .  

Sys tem p e r f o r m a n c e  w i l l  be tested i n  g e o m e t r i e s  

c o m p a t i b l e  w i t h  r e z l i s t i c  c o a l  h a n d l i n g .  

U e t e r m i n a t i o n  o f  p r a c t i c a l  a c h i e v a b l e  a c c u r a c i e s  

o f  v a r i o u s  c o a l  c o n s t i t u e n t s .  
. .  . 

F e a s i b i l i t y  o f  t h e  d e t e r m i n a t i o n  o f  t o t a l  hydrogen  

c o n t e n t  and  t h e  m o i s t u r e  c o n t e n t  by  u s i n g  n u c l e a r  

a n d  n o n - n u c l e a r  t e c h n i q u e s .  
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F i g u r e  1. Schemat ic  o f  Coa l -F i red  E l e c t r i c  Energy 
System w i t h  I n d i c a t i o n s  where Nuc l ea r  
Assay d f  Coal  may b e  Use fu l  and P o s s i b l e  



THE 

Figure 2. Schematic Illustrating Integration of 
CONAC in Coal Sampling System 
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F i g u r e  3 .  Csnceptun l  Gener ic  Geomet r ica l  c o n f i g u r a t i o n s  f o r  CONAC 
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F i g u r e  4. Thermal Neutran  F lux  Distribution 
i n  Bulk Coal  c .  
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E = 3-4 MeV 
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Bulk Density (g/crn3) 

F i g u r e  7.a. N o r m a l i z e d  Gamma L e a k a g e s  vs.  D e n s i t y  f o r  
D i f f e r e n t  C o a l  T h i c k n e s s e s  
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CONCAFIE BLOCKS 

Figure 8. Prelimizarg Setup for Measuring 
Capture Gamma-gays from Coal 



F i g u r e  9 . -  Gamina-Ray S p e c t r u m  from Coal I r r a d i a t e 3  With 
N e u t r o n s  f rom a 2 5 2 ~ f  S o u r c e  Measured  Wi th  
G e ( L i )  Detector (High  Ene rgy  Range)  
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Figure 10. Capture Garml,a Ray Spectrum Frum 
Coal Measured With Fa1 Detec tor  
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2 5 2 ~ 1  NEUTRON 

COAL PNAA SCHEMATIC 

Figure  11. Schematic of Se tup  Used t o  
apt i m i z e  Prompt Neutron 
Aativsttion A n a , J , y s i s  gf Coal 



F i g u r e  12b.  A Segment of  High Reso lu t i on  Spectrum 
i n  t h e  Range of  4 t o  5.5 MeV o f  Gamma 
Bays from PNAA of  Bituminous Coa l s ;  

a )  P i t t s b u r g  #8 
b) Wyoming 



QUESTIONS AND ANSWERS 

Tsahi Gozani 

Sc ience  Appl ica t ions ,  Incorpora ted  
2680 Hanover S t r e e t  

Palo Al to ,  CA. 94304 

B.. G. L ip tbk ,  L ip tdk  Assoc ia t e s  

Q. How much of t h e  30 minutes measurement time is  taken up by t h e  computer 
f o r  d a t a  a n a l y s i s ?  

A. The answer depends on t h e  methods of d a t a  a n a l y s i s  and t h e  relatcd 
' hardware. It i s  q u i t e  conceivable  t h a t  t he  d a t a  r educ t ion  w i l l  no t  add 

t o  t h e  d a t a  acquisfe ion Liii~e. While t h e  d ~ i - a  .Lh being acquired the  
p rev ious ly  acqui red  da t a  w i l l  be  processed. The processed d a t a  nlay be 
a v a i l a b l e  i n  a  very  s h o r t  time i f  f a i r  s i z e  c 0 m p u t e r . i ~  performing the  
job o r  longer  i f  min i  o r  microprocessor  a r e  used. General ly  I don ' t  
b e l i e v e  t h a t  d a t a  a n a l y s i s  w i l l  be  a s e r i o u s  problem i n  l i m i t i n g  through- 
.put. 

Q. What a r e  t h e  o t h e r  f a c t o r s  i n  r e q u i r i n g  30 minutes f o r  a n a l y s i s ?  

A. The 30 minutes should provide enough time t o  accumulate s u f f i c i e n t  
s t a t i s t i c a l l y  s i g n i f i c a n t  d a t a  on important  elements,  t h a t  is the  time 
l i m i t a t i o n .  Longer time may be requi red  f o r  measurement of t he  minor 
elements e.g., K, Na. By t h e  way, NaI d e t e c t o r  g ives  s t a t i s t i c a l l y  
s i g n i f i c a n t  d a t a  w i t h i n  only  s e v e r a l  minutes,  however i t  is d i f f i c u l t  
as of y e t  t o  o b t a i n  from i t  a c c u r a t e  informat ion  on elements except  f o r  
hydrogea and s u l f u r .  

R. W. Doering, Argonne Nat iona l  Laboratory 

Q. Describe your unfoldfng process .  

A. The unfolding code MAZE is an  i t e r a t i v e  code designed t o  remove ehe 
degrading e f f e c t s  of t he  d e t e c t o r ,  t o  mi.nimize e f f e c t s  of s t a t i s t i c a l  
f l u c t u a t i o n s  and to  c o n s t r u c t  an enhanced image spectrum t h a t  corresponds 
a s  c l o s e l y  a s  p o s s i b l e  t o  t h e  spectrum of r a d i a t i o n  i n c i d e n t  on t h e  
de t ec to r .  The mathematical b a s i s  f o r  MAZE i s  we l l  documented ( see  
Ref. 1 2  of our  paper) .  

A. D. Young, The Foxboro Company 

Q. What elemental  a n a l y s i s .  d a t a  is  needed t o  be a b l e  t o  more e f f i c i e n t l y  
c o n t r o l  t h e  c o a l  g a s i f i c a t i o n  process? 

A. Most of t he  elements  t h a t  a r e  of i n t e r e s t  i n  t he  d i r e c t  combustion of 
c o a l  should, t o  d i f f e r e n t  degrees,  be of i n t e r e s t  i n  t he  coa l  g a s i f i -  
c a t i o n  process ;  no tab ly  p r o p e r t i e s  of a sh  which a r e  inf luenced  by the  
amount of K and N. 



Q. Has any at tempt been made t o  estimate the  q u a n t i t a t i v e  b e n e f i t s  of 
elemental ana lys i s  i n  p l a n t  control?  

A. A q u a l i t a t i v e  assessment of t h e  b e n e f i t s  of p r i o r  on-line knowledge of 
*elemental  composition of coal  i n  power p l a n t  were done a t  EPRI and some 
u t i l i t i e s .  A more q u a n t i t a t i v e  assessment is being conducted now. 

Q. What is your estimate of the  c o s t  of such an elemental ana lys i s  system? 

A. The CONAC system described i n  my paper is a very versatile one and 
could be t a i l o r e d  to  s p e c i f i c  requirements which may be less demanding 
than a f u l l  on-line elemental ana lys i s  of coal  on the  e n t i r e  throughput. 
It is envisaged t h a t  t h e  c o s t  of element ana lys i s  system w i l l  be i n  the  
range of one o t  severa l  hundred thousand do l l a r s .  
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THE FUTURE OF COAL' GASIFICATION I N  ILLINOIS - , . . ..,. ' . . .. , 

THE UTILITIES POINT OF VIEW 

Robert J. Eby 
The Illinois Coal Gasification Group 

1. PRESIDENT CARTER'S ENERGY MESSAGE 

President Carter, in. his April 2.0 energy'message to Congress 
summed up the nation's energy dilemma "We cannot continue to use 
our oil and gas for 75% of our energy consumption when they make 
up only 8% of our domestic supply. The principal oil exporting 
countries wouldnot be able to satisfy all the increases in 
demand expected ,to occur in the United States and other countries 
throughout the 1980's. In 1976, the thirteen OPEC countries 
exported 29 million barrels of oil per day. If world demand 
continues to grow at the rate of recent years, by 1985 it could 
reach or exceed 50 million barrels per day. However, many OPEC 
countries cannot significantly expand production; and in some, 
production will actually decline." 

"Natursl gas supplies are also limited. In the United 
States, natural gas constitutes only 4% of conventional energy 
reserves, but supplies 27% of energy consumption." 

The President's energy message continued "Conversion by 
industry and utilities to coal and other fuels would be en- 
couraged by taxes on the use of oil and natural gas." 

His plan also contains a strong regulatory program which 
would prohibit all new utility and industrial boilers from burn- 
ing oil or natural gas, except under extraordinary conditions. 

While promoting greater use of coal, the administration 
seeks to achieve continued improvement in environmental quality. 
A strong, but consistent and certain environmental policy can 
provide the confidence industry needs to make investments in 
energy facilities. The administration's policy would: require 
installation of the best available controlled technology in all 
new coal fired plants, including those that burn low sulfur coal; 
protect areas where the air is still clean from significant 
deteriorat.ion; encourage states to classify lands to protect 
against significant deterioration within three years after the 
Clean Air Act Amendments. 

Coal development and prudueLion is most economical when it 
is near major markets. Although coal production will expand in 
many areas, there should be large production increases in highly 
populated eastern and midwestern regions, .where use of coal by 
industry and utilities will grow considerably in the future. 
The required use of best available controlled technology for new 
power plants should stimulate even greater use of high sulfur 
.midwestern and eastern coals. 



Expansion of U.S. coal production and use is essential if L 

our nation is to maintain economic growth, reduce oil imports, 
and have adequate supplies of natural gas for residential and 
small commercial customers. Accordingly, to stimulate and in- 
crease in the demand for coal and other alternatives to gas and 
oil, the Pres.identPs plan proposes a coal conversion program 
consisting of tax and regulatory measures. 

The national energy plan calls for increases in coal pro- 
duction by 1985 to more than one billion tons per year. Some 
projections have estimated coal consumption by the end of the 
year 2000 will be two billion tons per year. 

The President's energy message has been received with mixed 
reaction by many Congressmen, as was to be expected. Represen- 
tative Jack Kemp, Republican of New York, emphasized that 
"raising,taxes on energy will not create one new barrel of oil." 
Representative Clarence Brown, Democrat of Ohio, complained that 
Carter's industrial users tax would greatly increase the price 
of fertilizer which would raise food prices. It will be many 
months yet before we know exactly+how Congress will implement.anq 
energy plan. 

2. HISTORY 

Coal gasification is indeed America's "Ace in the Hole." 
The National Coal Association, which came up with this sloqan 

I also reminds us that there is "no fuel like an old fuel." There 
can be no denying that good old coal looms large in our country's 
energy future, just as it did in our past. 

It is important for us -to remember that coal gasif'ication 
is not a new concept. The gas industry actually grew up using 
coal as its basic raw material. Gas was first derived from coal 
nearly 300 years ago. As recently as the 19501s, many American 
gas utilities, including many here in Illinois, still inanu- 
factured part' of their supply from coal. Today, the industry 
talks of first and second generation processes for coal conver- 
sion; "first" being commercially proven technology, with "second" 
referring to processes in the research and development stage with 
the potential for lower capital cost, higher thermal efficiency 
and ability to more effectively utilize high sulfur and caking 
coals such as those that are so abundant in Illinois. 

3. GAS SUPPLY 

Proven domestic natural gas reserves in 1976 again declined 
for the eighth time in nine years, from 228 trillion cubic feet 
at the end of 1975 to an estimated 216 trillion cubic feet at the 
end of last year, according to the American Gas Association's 
Committee on natural gas reserves. Proven reserves, as defined 
for the purpose of the AGA report, are those reserves of natural 
gas known to exist which can be produced economically using 
conventional methods. 

198 



The American Petroleum Institute reported last month that 
.the number of gas wells, drilled in 1976 increased, but since the 
price has been held so low, 90% of the activities were in low 
cost drilling areas where only 30% of the potential undiscovered 
gas resources are thought to be. 

Dr. William McCormick, Jr., AGA Vice President of Planning 
and Analysis, pointed out that today's residential user pays 
half as much for gas as he would for oil, and only one-fifth as 
much as he would need to pay for electricity. Little wonder, 
that at an average wellhead price of $O.GO/MCF or an equivalent 
of $3.60 a barrel of oil, U.S. gas production has declined. On 
conventional supplies, McCormick said that "Gas reserve additions 
have continued to decline largely because the drilling is in 
older, less risky, and in less costly areas -- generally onshore 
and at shallow to moderate well depths." With new gas deregula- 
tion, he predicted "that gas production in the lower 48 states 
can be leveled out at about 20 trillion cubic feet into the 
early 1990ts!' But as of today, gas deregulation has still not 
come about. 

The Federal Power Commission said just last week that ' 
natural gas shortages may be worse this coming winter than they 
were during the winter of 1976-1977. An FPC report based on gas 
companies projections estimated the interstate pipelines will have 
169.9 billion cubic feet less gas available for delivery during 
the 1377-1978 season than they did last year. The estimate means 
shortages could conceivably be worse in the coming winter than 
during the last one, even if the winter is normal. 

As any American who was not isolated on some desert island 
last winter knows, it was a record cold winter for the upper mid- 
west and east. This record weather, coupled with already cur- 
tailed supplies fromthepipeline companies put a severe strain on 
the gas distributors in Illinois. For many companies, high peak 
day sendouts quickly depleted qas held in storage and alternate 
sources of gas. 

Weather data indicates January 1977 was our coldest in two 
centuries. However, the utilities in Illinois, with many years of 
careful planning and substantial supply investments, vere able to 
handle last winter's gas shortage better than others. This suc- 
cess was due to investments in vast underground aquifer storage 
systems, investments in supplemental natural gas plants which con- 
verted liqi~bd hydrocarbons to distribution gas and investments in 
off-shore gas explorations. My own company, Northern ~llinois 
Gas Company, was able to divert emergency supplies to eleven 
other companies to satisfy priority needs. So all these invest- 
ments were important not only to gas customers in Illinois, but 
to residential consumers ranging from Omaha, Nebraska to Brooklyn 
and from Minneapolis, to Birmingham, Alabama. 



As gas utilities look ahead, it isobviousthat we must in- 
clude coal gasification to augument the supplies of traditional 
pipeline gas. Gas from coal can be a far more,attractive fuel 
than coal itself. It would be more expensive than regular 
natural gas - although $4.00 to $5.00 per thousand cubic feet 
is no more than new gas from Alaska or the outer continental 
shelf. Even at that price it can still heat homes for as little 
as half of the cost of electricityproducedby traditional means. 
Also, when synthetic gas is burned, it doesn't foul the air the 
way coal does. "It can meet any standard the Environmental 
Protection Agency might set," says ERDA's gasification expert, 
Ezekial Clark. "In the future, it may be the only way to use 
coal satisfactorily in our environment." 

4. DELAYS 

With all the points in mind that were just covered, nne 
wonders why.plants aren't being built i.n Illj-nois today for coal 
gasification. Simply stated there are still a number of uncer- 
tainties involved. 

Without getting into bureaucratic barriers, let me quickly 
. touch on the major challenges that face a new coal gasification 
. industry. Most of the problems will be resolved, or at least 

clarified if we can just get the "first plant" built. 

Any complex project brings with it concern for the environ- 
ment. A 1975 study conducted f o r  the FEA determined t h a t  t h ~  
environmental impact on air quality for a coal gasification plant 
could be significantly less than for an equivalent coal fired 
electric plant. But this actual impact would not be known until 
the first plant is built. 

Money is probably the most serious problem facing coal gas- 
ification. Money lenders are reluctant to finance a debt por- 
tion of the capital required unless'they can be assured the loans 
will be paid in full regardless of the outcome of the project. 
This is understandable when project costs equal or exceed the 
value of the sponsoring firms assets and provide only a fraction 
of its annual supply requirements. Government involvement is re- 
quired at least for the first plants, to share the financial 
risks with company shareholders and customers. This aid could 
take the form of favorable regulatory treatment, direct grants, 
or loan guarantees. 

Another problem area in coal gasification is socio-economic. 
Some sections of the nation, most notably in the west openly re- 
ject coal gasification because of real or imagined threats that 
it may have on established lifestyles. Since most coal gasifica- 
tion facilities are envisioned for rural areas, the spector of 
urbanization and its inherent problems is one of genuine concern. 



In a recent meeting in Chicago, Governor Thompson of 
Illinois said that until a national energy policy is firmly es- 
tablished, the states a're limited in actions they can take. 
Thompson said, "We need a national energy policy that will apply 
to all 50 states, taking into account the regional and demo- 
graphic differences."' Governor Thompson says he supports greater 
reliance on coal and nuclear energy, but noted that difficulties 
will arise in achieving both energy and environmental goals. For 
instance, strip mining laws that ignore differences between 
western and midwestern states will impair the nation's ability to 
use coal. 

5. . WATER 

A major challenge to coal gasification is water, because 
large quantities are required. Illinois is fortunate to have 
the Mississippi River, the Illinois River, and lakes from which 
to draw water. This difference sets Illinois apart from the 
western states where there are large reserves of coal but wat~r 
is not so abundant. Coal gas could be produced in the west and 
could be efficiently transported to midwestern markets. However, 
there is a reluctance to export water via coal gasification. 
This reluctance can only be overcome in the west, if local, domes- 
tic, municipal, industrial and irrigation demands could also be 
met. 

6. COAL 

Illinois has the largest reported resources of bituminous 
coal of any state. Of great concern for the remainder of this 
century are those resources classified as recoverable reserves 
calculated on the basis of their being technically, legally, and 
economically mineable under present conditions. Recoverable re- 
serves of bituminous coal in Illinois have been estimated to 
total nearly 33 billion tons. At the present rate, that amounts 
to over 600 years of mining. 

Ten to fifteen percent of recoverable reserves in Illinois 
may be technically recoverable by surface mining and the remain- 
der must be recovered by underground mining. 

A new report from the Illinois Stage Geological Survey in- 
dicates that the demand for ~llinois coal is finally increasing 
after a decade of stagnation and decline. The report predicts 
that in 1985, the State's coal industry may need to supply 
93 ~uillion tons annually, 55% more than the 60 million tons it 
produced in 1975. 

Consumption of Illinois coal by utilities will account for 
much of this increase. The utilities increase will be almost 50% 
over the next eight years according to a report released by the 
Environmental protection Agency, 



Even though new regulations and environmental difficulties 
have seriously delayed the construction of nuclear generating 
plants, and in spite of existance of coal practically under the 
plant, Illinois utilities are still building nuclear plants. 
Projections for addltions.and new .sites in 'Illinois represent a 
growth of about 60,000 megawatts between 1976 and 1990. The new 
capacity is roughly 50% nuclear and the remainder fossil fuel. 
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7. MINING PROBLEMS AND SOLUTIONS 

Mining regulations are at long last apparently reaching a 
point where all parties will know what is to be expected. The 
Federal Surface Mining Control and .Reclamation Act of 1977 is 
expected.to be passed into law reasonably soon. At the present 
time, it appears that there will be a five year moratorium on 
prime agricultural land as an amendment to the bill. In anti- 
cipation of the Strip Mine Bill's passage, the Interior Depart- 
ment has *begun work to establish new offices fnr ad.m.i.:nistration. 
However, no State reclamation funds will be granted until a 
state's full regulatory program is approved by the Department of 
Interior. The aim here is to encourage strong State regulatory 
proyrarns . 

t )  - Illinois has moved forward on mining regulations and 
1 Mr. Russell T. Dawe, Director of the Illinois Department of Mines 

and Minerals, announced recently that three mines covering 
160 acres in two Illinois counties will be the first sites for 

., reclamation under the State's new Abandoned Mine Land's Reclama- 
tion Act of 1975. The Abandoned Mine' Land Reclamation Council 
will contact municipal and county officials in the mine area to 
develop reclamation plans suited to community needs. Mr. Dawe 

t t !  stated that the selection o f  these t h r e e . m i n e ~  ic the f i r a t  s t e p  
in a major effort to reclaim aha-ndoned mines in Illinois by re- 
turning them to productive use while at the same time eliminating 
the environmental hazards. 

As another progressive measure, the R11rea1.1 o f  Min~s of the 
Illinois Geological Society, Illinois Department of Mines and 
the University of Illinois are working on a project to develop 
antisubsidences and mine backfilling techniques in long abandoned . 

coal mines in southern Illinois. 

8. COAL GASIFICATION PROJECTS 
IN ILLINOIS 

Here in Illinois a number of major steps have been taken in 
a forward direction toward coal gasification. These activities 
involve the Federal Government, the utilities within the State of 
Illinois, both gas and electric, and the Institute of Gas Tech- 
nology. 



The Institute of Gas Technology has been awarded by ERDA, 
two major contracts for coal gasification work. The larger con- 
tract for $9,282,000 covers the operation of a pilot plant to 
develop the steam iron process. This process reacts char with 
steam, air and a continuously regenerated stream of commercial 
iron ore to produce a high purity hydrogen as part of a process 
to convert coal into synthetic gas and oil. 

Under a second contract awarded by ERDA for $8,230,000, IGT 
will complete the operation of the HYGAS plant over a twelve 
month period. Theplant has experienced successful runs in con- 
verting lignite and bituminous coals to a high btu pipeline 
quality gas. Just last week, the HYGAS plant completed another 
long self-sustaining run using high sulfur Illinois agglomerating 
coals. 

In the utility area, ERDA and the Commonwealth Edison Com- 
pany have signed a letter contract for a coal to gas combined 
cycle system in Illinois. The first $1.8 million,has been com- 
mitted for the coal gasification facility to be built near Pekin, 
according to Thomas G. Ayers, Commonwealth Edison Chairman and 
President. Commonwealth Research Corporation, a wholly owned 
Edison subsidiary, has signed a letter contract with Energy 
Research and Development ~dministration to allow preliminary en- . , *  

gineering and equipment procurement while ,the two parties nego- .. .. . :.. .." ,. . 

tiate the final terms of the contract. . ,. - . ,  

The installation will combine a Lurgi gasification system 
with a purification process to remove 90% of the coalt.s su1,fur. i $ .  . ,  

The system will be designed to convert about 20 tons of coal per : 
,I' 'i 

. '  ,.t. 

hour to a clean, low btu gas suitable for use as a fuel in a gas :. W 

: . 3'i : h 

turbine driven generator capable of producing up to 25,000 kilo- .. " #.$, 

watts of electricity. Total project cost previously had been .. :*i.  

estimated at $167 million. 

The Illinois Coal Gasification Group has taken a tremendous 
stride forward in the coal gasification area with its ERDA pro- 
ject. The group consists of five utilit.ies within the State. 
Three are gas utilities and two are combination gas and electric 
distribution companies. The group has been awarded a $22.5 mil- 
lion contract for the initial design phase which could lead to 
construction of a coal gasif'ication demonstration plant in 
southern Illinois. The project will be funded in three stages 
as work progresses. The first phase, extending over 21 months, 
involves conceptual development and engineering design. with 
joint approval by ERDA and the ICGG, the project would proceed 
into construction and operation, The plant would be designed to 
process 2,200 tons'of high sulfur coal per day and would produce 
about 18 million cubic feet of gas and 2,4.00 barrels of synthetic 
crude oil daily. Byproducts from the plant are sulfur and 
ammonia which will be sold for commercial uses. 



If a site contract is successfully negotiated, the demon- 
stration plant would be situated on 350 acres in Perry County, 
west of Pinckneyville in southern Illinois. The proposed site is 
approximately 65 miles southeast of St. Louis, Missouri. The 
total cost of the project would be approximately $ 3 3 4  million. 
Those dollars are expressed in 1977 dollars. 

You can readily see from the foregoing that the-utility 
companies in Illinois, both gas and electric, are ready to make 
their move into coal gasification projects. These present dem- 
onstration efforts will provide the basis for commercial plants 
in the future. 

9. RELATIONSHIP OF ALL THIS TO 
SYMPOSIUM ON INSTRUMENTATION 
AND CONTROLS 

AE we havc movcd into the preliminary engineering work in 
our ICGG project, and I'm sure that Edison and IGT have found 
the same thing, there is a tremendous challenge for people who 
are involved with instrumentation and control. It is absolutely 
essential that we are able to measure all the variables in these 
new coal gasification processes. 

Control equipment and systems will be a major element in the 
design of commercial scale coal gasification plants. As we pro- 
ject into the future, process computer control will be as common 
in coal gasification plants as .pneumatic and electronic controls 
are in today's chemical plants.  heref fore, this general concept 
of process computer control must be integrated into the develop- 
ment of new systems designed for the use of coal conversion 
industry. 

Coal gasification plants, as it is with other process plants, 
are composed of a series of unique operations combined to form an 
overall process. One of the key areas in the success of any coal 
qasification proiect will be the ability to move, in a cont.ro21ed 
manner, run of mine coal through several operations and be pro- 
perly sized to enter a gasifier at elevated temperature and 
pressure. We feel that it is in this area of solids movement 
that the need for improved instrumentation is the greatest. This 
problem was highlighted during several discussions at the recent 
conference on coal feeding systems held at the California Insti- 
tute of Technology. 

The gas industry and the electric industry in Illinois have 
always relied heavily on automation in all their plants. These 
are plants for conversion of coal to electricity, nuclear sources 
to electricity, liquid hydrocarbons to gas, and gas storage and 
pumping operations. As a continuation of this capital intensive 
approach to business the industry will continue to look towardau- 
automationai~d computerized controls. The utility industry must 
serve its customers in rain, sleet, hail or snow. Whatever the con- 
ditions,the energy must continue to flow 'to the customers, and 
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this can only be done.through proper control systems. Therefore, 
there is a challenge to all of you in the industry of instrumen- 
tation and control to provide the expertise for those of us in 
the energy business in Illinois so that we may meet the demands 
of our customers. 

Thank you for inviting me here this evening. Its been a 
great pleasure to participate in the symposium. Thank you. 
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COAL FEEDING AND PNEUMATIC TRANSPORT 

D r .  R.D. Smith and K.E. P h i l l i p s  
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INTRODUCTION 

Since 1967 Combustion Power Company has been engaged i n  the development o f  
a So l i d  Fuel Gas Turbine energy conversion system using a pressurized f l u -  
i d i zed  bed-combustion process. The primary t e s t  f a c i l i t y ,  located a t  Menlo 
Park, Cal i fo rn ia ,  i s  a 1MW Process Development Un i t  (PDU) t h a t  was eon- 
s t ruc ted  f o r  EPA i n  1973 f o r  the conversion o f  municipal s o l i d  waste t o  
e l e c t r i c a l  power. From 1973 through 1975, the PDU ( o r i g i n a l l y  named the 
CPU-41)O P i l n t  P lant )  waq 1.1qed by the O f f i ce  o f  Coal Re~earchlERDA t o  cva lu  
a te  the energy conversion o f  h igh-sul fur  coal using CPU-400 technology. The 
PDU was operated under t e s t  condi t ions f o r  592 hours using I l l i n o i s  #6 coal 
(4% su l f u r )  as fuel and a western dolomite as sorbent. The uninterrupted 
t e s t  periods ranged from a few minutes t o  30 hours each. These shor t  t e s t  
periods were due p r i m a r i l y  t o  equipment malfunctions, 60% o f  which involved 
the coal-feed system. Follow-on sections o f  t h i s  paper describe the PDU 
coal-feed system and the types o f  problems experienced. 

PROCESS DEVELOPMENT UNIT 

The Process Development U n i t  (Figure 1 ) , cnnqi qtz of a coal -processing 
system, a hot-gas system, a t u rboe lec t r i c  generator system, a process-control 
system, and an instrumentat ion system. The primary f l ow paths f o r  the work- 
i ng  gas stream are shown i n  Figure 2. A i r  i s  drawn from atmosphere, pres- 
sur ized t o  4 ATM i n  the tu rb ine  compressor, and de l ivered t o  the o u t l e t  
p i p i ng  manifold; a i r - con t ro l  valves d i r e c t  the a i r  so t h a t  any p a r t  o f  i t  
can f low through the f lu id-bed combustor, whi le  the  r e s t  i s  bypassed through 
the Ruston combustor. This permits the system t o  be operated e i t h e r  on the 
o i  1 - f i r e d  Ruston combustor o r  on the coal - or o i l  - f i r e d  f l  uid-bed combustor, 
I n  the f luid-bed combustor, the primary a i r  stream f lows up through the sand 
bed. Fuel i s  i n j ec ted  i n t o  the bottom o f  the f l u i d i z e d  sand bed and i s  
l a r g e l y  consumed w i t h i n  the bed. The ho t  combustion products (1600 F) then 
f l ow  through three successive p a r t i c l  e-separation vessel s. The cleaned hot  
gas expands through the tu rb ine  t o  d r i ve  the compressor and /MW generator, 
and then exhausts t o  atmosphere. 

Coal -Processing Sys tern 

The coal-processing system, shown i n  Figure 3, contains t h a t  equipment neces- 
sary f o r  reducing the coal lump s ize  t o  less than 1/4 inch and moving i t  t o  
storage; f a r  movlng the SU2-suppressing add i t i ve  t o  storage; f o r  prov id ing 
dust  con t ro l  wh i le  processing; f o r  prov id ing an i n e r t  atmosphere whi le i n  
storage; and f o r  metering and pneumatically t ranspor t ing the coal and addi- 
t i v e  t o  the f lu id-bed combustor i n  the co r rec t  proport ions and a t  the co r rec t  
r a t e  . 



Fuel Preparat ion - I n i t i a l l y ,  coal and dolomi te a re  loaded i n t o  separate 
l oad ing  hoppers by a  f r o n t  loader. The dolomi te i s  then moved. and l i f t e d  
d i r e c t l y  i n t o  a  dolomi te storage . s i l o  by a  se r ies  o f  t h ree .6 - i nch  screw con- 
veyors t h a t  a re  enabled when the  a d d i t i v e  s i l o  i s  n o t  f u l l ;  the  coal  i s  fed 
t o  a  crusher  before being fed  t o  a  coal -s torage s i ' l o .  An 8- inch  t rough con- 
veyor t h a t  i s  c o n t r o l l e d  b ~ ' ~ h e  crusher-motor c u r r e n t  and i s  enabled when 
the  crusher  out feed conveyor i s  operating,, meters the  coal  f o r  the  crusher. 
The coal  crusher  reduces -7/8 i nch  coal  t o  -114 i n c h  a t  a  r a t e  o f  6  tph. 
From the  crusher, t he  coal  i s  moved and l i f t e d  t o  a  coal -s torage s i l o  by a  
se r ies  o f  th ree  6- inch screw conveyors t h a t  a re  enabled when the  coa l -  
storage s i l o  i s  n o t  f u l l .  

Coal and Add i t i ve  Storaqe - The'two storage s i l o s  prov ide  a  24-hour supply 
o f  coal and a d d i t i v e  and a re  each equipped w i t h  a  gyrated b i n  bottom t o  . . .  - - 
fac i  1  i t a t e  ou t f low.  

From the  storage s i l o s ,  a  se r ies  o f  th ree  6- inch screw out feed conveyors, 
move the  coal  and a d d i t i v e  t o  two 110-cu- f t  feed hoppers. These conveyors 
a re  enabled when the  feed hoppers a re  low and a re  d isab led  when the  hoppers 
are  f u l l .  Both the feed hoppers a re  a l s o  equipped w i t h  gyrated b i n  bottoms 
which are  a c t i v a t e d  o n l y  when the out feed surge box becomes empty. From the  

, , .  
feed-hopper surge boxes, t he  coal  and dolomi te are  metered onto two weigh 
feeders. 

Twelve l e v e l - i n d i c a t i n g  c o n t r o l s  a r e  employed i n  the  coal  and a d d i t i v e  con- 
t a i n e r s  t o  superv ise conveyor and b in-bot tom ac t i on .  These devices, Roto- 
Bin-Dicators,  a re  slow-speed synchronous motors which s t a l l  when i n  con- 
t a c t  w i t h  the  process media t o  complete the  c o n t r o l  c i r c u i t .  

Weigh Feeders - Two K-Tron Weigh Feeders, Model GF-1212, a re  employed t o  
meter and r a t i o  the  coal  and a d d i t i v e  as d i c t a t e d  by the  feed-contro l  system, 
F igure 4. The feeders rece i ve  a  feed- ra te  s e t p o i n t  from the  c o n t r o l  system 
and a d j u s t  t he  be1 t speed t o  s a t i s f y  the  requirement.  D i g i t a l  weigh c i r c u i t -  
r y  i s  employed i n  o rder  t o  improve accuracy and an e r r o r  memory accumulates 
any d i s p a r i t y  from the  s e t p o i n t  e r r o r .  A  1  i nea r -vo l  tage d i f f e r e n t i a l  - t rans-  
former. load c e l l  i s  used in t he  weigh system which, when combined w i t h  b e l t  
speed, prov ides a  d i g i t a l  readout o f  t he  feed r a t e ,  t he  t o t a l  weight  fed, 
and the  .feeder s e t p o i n t  on a  l o c a l  panel, p lus  an analog feed- ra te  s igna l  
back t o '  the  c o n t r o l  system. 

A i  r l  ock Feeder and Transport  - An a i  r l o c k  feeder va lve  receives ' the  coal  and 
a d d i t i v e  a t  ambient pressure from the  screw feeder and t r a n s f e r s  i t  i n t o  the  
pneumatic-transport l i n e .  The va lve  i s  an ESCO 12-inch Rotofeeder..  It i s  
o f  s t$ in less -s tee l  cons t ruc t ion ,  designed fo r  150-psi operat ion,  and d r i v e n  
a t  11.7 rpm by a  7.5-hp motor through a  150-to-.l gear reduc t ion .  From the 
a i r l nck - feeder  valve, approximately 50 1  b/min of coal  and a d d i t i v e  drop i n t o  
a  1 112-inch schedule 40 t r a n s p o r t  p ipe  where 21.3 lb /min  o f  compressed,air  
moves the  f u e l  300 f e e t  and i n t o  the  f l u i d - b e d  combustor, as shown i n  
F igure 5. The a i r  compressor which prov ides the  t r a n s p o r t  a i r  a l so  prov ides 
a i r  f o r . i n s t r u m e n t a t i o n ,  baghouse c lean ing  and shop serv ice .  For t h e  l a t t e r ,  
i t  works i n  p a r a l l e l  w i t h  another compressor. 

A  process-contro l  va lve regu la tes  the  v e l o c i t y  i n  t he  t r a n s p o r t  ' l i ne  t o  the  
50 fps requ i red  t o  t r a n s p q r t  the  114-inch coal  p a r t i c l e s  through 400 fee t  



o f  p ip ing ,  which inc ludes  f o u r  90-degree tu rns ,  t o  t he  f l u id -bed  combustor. 
A f e e d l i n e  i s o l a t i o n  va lve  i s  l oca ted  near the combustor and i s  programmed t o  
c lose  should an unsafe c o n d i t i o n  e x i s t .  

Dust Safety System - Since the  dus t  from coal processing creates a  p o t e n t i a l  
h e a l t h  and s a f e t y  hazard, a  d u s t - c o l l e c t i n g  u n i t  and an iner t -gas  purge 
system are inc luded i n  the  f a c i l i t y .  Dust c o l l e c t i o n  o f  coal and a d d i t i v e  
i s  made i n  the  area o f  the  crusher and t h e  a i r l o c k  feeder. The dus t  (about 
6% by weight  o f  t h e  t o t a l  feed)  i s  pneumat ica l ly  i n j e c t e d  i n t o  the  feed 
t r a n s p o r t  1  i n e  downstream o f  the  feeder va lve  through a double va lve  and 
timing-sequence system. The general arrangement i s  shown i n  F igure 5. 

FEED SYSTEM PERFORMANCE 

~ u r i ' n g  the 592 hours of  coal combustion t e s t s  i n  t he  PDU. there  were 141 
Leb L i r~ t e r r u p r l  O i i s  due t o  coal  - feed system problems broken down as f o l  1  ows : 

Feedl i ne C\.rrs-i 1 1 1 1  12 
Feed1 i ne P l  uggi ng 4 7 
Feeder Valve Ma1 func t i ons  78 
Feed Contro l  System Mal func t ion  4  

Feedl ine Erosion - The p o s s i b i l i t y  o f  an eros ion  problem i n  the  pneumatic- 
t r a n s p o r t  l i n e  c a r r y i n g  the  f u e l  t o  t he  combustor was recognized i n  t he  
o r i g i n a l  design o f  t he  feed system--but i t s  magnitude was not .  O r i g i n a l l y ,  
a l l  d i r e c t i o n a l  changes were accommodated w i t h  bends o f  48-inch rad ius .  
These f a i l e d  by eros ion  a f t e r  l i t t l e  more than f o u r  hours o f  opera t ion .  For 
t r a n s p o r t i n g  some s o l i d s ,  bends o f  re in fo rced  rubber hose have seen success- 
f u l  use; t h e i r  l i f e  span before f a i l u r e  I n  t ranspor t i ng  coal  and dolomi te,  
however, was on the  o rde r  o f  f i v e  minutes. 

A design of s p e c i a l l y  conf igured s t e e l  p i p i n g  had a l so  seen success i n  trans- 
p o r t i n g  e ros i ve  s o l i d s ,  and t h a t  was nex t  i n s t a l l e d  a t  c r i t i c a l  po in ts .  It 
incorpora ted  a  se r ies  o f  "dead boxes" designed t o  r e t a i n  some o f  t he  t rans -  
po r ted  ma te r ia l ,  thus serv ing  as an expendable impact ing sur face (F igure 6a). 
Th is  was somewhat more successful  than the  simple curved pipe, b u t  s t i l l  
wore through a t  the  j u n c t i o n  between adjacent  pockets. 

The design s o l u t i o n  f i n a l l y  adopted employed r i g h t  angle tu rns  us ing  dead- 
ended tees. One arm o f  t he  tee, being capped, prov ided a  r e s e r v o i r  o f  
m a t e r i a l  t o  absorb impact (F igure  6b).  T ranspor t - l i ne  f a i l u r e  ceased t o  be 
a  problem a f t e r  t h i s  f i n a l  mod i f i ca t i on .  

Feed1 i ne P l  uyg i ng 

Upon s a t i s f a c t o r y  r e s o l u t i o n  of  the  feed1 i n e  eros ion  problem, another feed- 
l i n e  problem appeared. Tramp mate r ia l ,  such as pieces o f  w i re  and wood 
which were l e s s  1/4" i n  one dimensinn, bu t  over 1 1/2" i n  l eng th  would en te r  
t h e  1 1/2" f eed l i ne  and.create a  plug. I n  one t e s t  sequence of 80 hours, 
t he re  were 10 i n t e r r u p t i o n s  f rom t h i s  cause. When a  p lug  occurs, i t  i s  
d i f f i c u l t  t o  f i n d  the  exact  l o c a t i o n .  Removing the  p lug  takes several  
minutes which usual l y  necess i ta tes  a  p l a n t  shutdown. 

A  s imple mechanical " f i x "  resolved t h i s  problem. The crusher  Output was 



screened, and o n l y  t h a t  m a t e r i a l  pass ing  a  5-mesh screen en te red  t h e  coa l  
s i l o .  That  which would n o t  pass a  1 /2 - inch  mesh was d iscarded  as t r ash ,  and 
i n te rmed ia te - s i ze  m a t e r i a l  was r e t u r n e d  t o  t h e  coa l  c rusher .  The arrangement 
i s  i l l u s t r a t e d  i n  F igu re  7. 

As a  f u r t h e r  t o  p reven t  feed1 i n e  ma l f unc t i ons  f rom caus ing t o t a l  
p l a n t  shutdown, a  p a r a l l e l  f e e d l i n e  was i n s t a l l e d  t h a t  c o u l d  be q u i c k l y  ' 

s u b s t i t u t e d  f o r  t h e  m a l f u n c t i o n i n g  l i n e .  

Feeder Va 1  ve . Pro b l  ems 

Dur ing  t h e  e a r l y  t e s t  phases, f eed l i ne  e ros ion .and  f e e d l i n e  p l ugg ing  were t he  
dominant problems. However, as t h e  number o f ,  hours under coa l  combustion 
increased,  t h e  feeder va l ve  became t h e  weakest l i n k  i n  t h e  system due t o  
e r o s i o n  o f  p ressure  s e a l i n g  p a r t s .  The r o t a r y  a i r l o c k  feeder  v a l v e  used f o r  
most o f  t h e  t e s t i n g  was of  t h e  t ype  shown as Model A i n  F igu re  8.  Leakage 
paths e x i s t  a t  t h e  r o t o r  end p l a t e s  and t h e  s h a f t  bea r i ng  sur faces .  F ine  
p a r t i c l e s  of  t h e  coa l  and do lom i te  m i x t u r e  caused e r o s i o n  a t  these surfaces 
which acce le ra ted  t he  leakage and e r o s i o n  t o  t h e  p o i n t  t h e  feeder  v a l v e  
cou ld  n o t  s u s t a i n  t h e  combustor requi rements.  On severa l  occas ions,  t h e  
h i g h  leakage over loaded t h e  coa l  d u s t  ven t  system. A  ma jo r  overhaul  o f  t h e  
v a l  ve. . was . r e q u i r e d  a f t e r  1  ess than 200 hours o f  t e s ' t i  ng . 
Severaal ve rs i vns  of  an expansion-chamber dev ice  above t h e  feeder  va l ve  were 
exper imented w i t h  t o  reduce t h e  apparent  a i r  v e l o c i t i e s  above t h e  feeder  
va lve,  b u t  leakage and dus t  problems p e r s i s t e d .  A t t e n t i o n  was then  focused 
on t h e  adapte r  beneath t h e  feeder  va lve,  and i t s  i n t e r f a c e  w i t h  t h e  
pneumat ic - t ranspor t  a i r .  A  s u b s t a n t i a l  p o r t i o n  o f  t h e  t r a n s p o r t  a i r  was 
be ing  d i v e r t e d  up through t h e  c learances,  t end ing  t o  f l u i d i z e  t h e  f i nes  i n '  
t h e  incoming s o l i d s ,  as dep i c ted  i n  F igu re  9. 

Eventual  l y  enough f i n e s  would be suspended t o  cause b r i d g i n g  and complete 
stoppage of fue l  feed. The t r a n s i t i o n  s e c t i o n  was, t h e r e f o r e ,  m o d i f i e d  as 
shown schema t i ca l l y  i n  F igu re  9b, t o  p rov ide  f o r  t h e  e n t r y  o f  most o f  t h e  
t r a n s p o r t  a i r  near  t h e  t o p  o f  t h e  adap te r  th rough  f o u r  la rge-d iameter  ( t hus  
l o w - v e l o c i t y )  p ipes .  The ma jo r  component o f  a i r f l o w  i s  thus  d . i rec ted  down- 
w a r d  toward t h e  ou tgo ing  t r a n s p o r t  l i n e .  Th i s  exped ien t  ended t h e  problem 
of ! 'dust plugging! ' .  The fina.1 system c o n f i g u r a t i o n  i s  shown i n  F igu re  5. 

A  r o t a r y  a i r l o c k  of  somewhat d i f f e r e n t  c o n s t r u c t i o n  (Model B i n  F igu re  8 )  was 
used p e r i o d i c a l l y .  I t  i s  r e a d i l y  seen t h a t  i m p l i c i t  i n  t h i s  des ign  i s  a 
requi rement  f o r  exceed ing ly  t i g h t  c learances between drum and housing. The 
r e s u l t  was t h a t  t h e  va l ve  had a  tendency t o  f r eeze  and thus  r e q u i r e d  g r e a t e r  
t o rque  than  was a v a i l a b l e  t o  r o t a t e  i t .  The c h a r a c t e r i s t i c s  was t h e  cause 
o f  22 i n t e r r u p t i o n s  o f  o p e r a t i o n  d u r i n g  one 95-hour t c s t  sequence. 

Feed Con t ro l  

A  r e l a t i v e l y  h i g h  bandwidth system f o r  c o n t r o l  o f  t u r b i n e  i n l e t  temperature 
uses bypass a i ' r  modu la t ion  whereas bed temperature c o n t r o l  i s  r e l a t i v e l y  low 
bandwidth as d i c t a t e d  by t he  h i g h  thermal capaci tance o f  t h e  f l u i d i z e d  bed. 

P l o t s  o f  s i g n i f i c a n t  parameters d u r i n g  a  30-hour p e r i o d  o f  o p e r a t i o n  a r e  



shown i n  Figures 10 and 11. T u r b i n e - i n l e t  temperature, computer c o n t r o l l e d  
by modulat ion o f  a b leed f low o f  cool  a i r  from t h e  compressor o u t l e t ,  i s  
seen i n  F igure 10 t o  have been he ld  w i t h i n  54 o f  the  1400 F s e t p o i n t  whereas 
bed temperature was h e l d  t o  + l o  of the 1600 F s e t p o i n t  except f o r  the  momen- 
t a r y  coa l  feed upset. The. p e r i o d i c  d ips  i n  SO2 concentrat ion,  seen i n  Fi,gure 
11, correspond w i t h  per iods  when t h e  coal  hopper a t  the  p o i n t .  o f . coa1  and 
do lomi te  mix ing  nears an empty cond i t i on .  During these per iods,  by v i r t u e  
o f  t h e  shape o f  t h e  hopper, t he  coal  being fed  i s  b r i e f l y  h igher  i n  f ines.  
Th i s  coal  re leases heat more r a p i d l y ,  and the computerized c o n t r o l  system 
s i g n a l s  a reduc t i on  i n  feed i n  o rder  t o  h o l d  bed temperature. Note t h a t  
t h e r e  a re  corresponding d ips  i n  feed r a t e  f o r  both coal  and dolomi te,  the 
l a t t e r  being s laved t o  t h e  former t o  main ta in  t h e  s p e c i f i e d  r a t i o .  

SUMMARY 

The energy convers ion process descr ibed i n  t h i s  paper, f rom coal  c rush ing  t o  
generator  output ,  i s  h i g h  amenable t o  computerized c o n t r o l  as demonstrated 
i n  t he  600 hours o f  coal-combustion t e s t s  i n  t he  1MW PDU. The instrumen- 
t a t i o n  and automat ic  c o n t r o l  equipment pe rm i t t ed  smooth t r a n s i t i o n  between 
opera t iona l  modes s t a r t i n g  w i t h  the  t u r b i n e  ope ra t i ng  on i t s  own o i l  com- 
bus tor  and ending w i t h  s teady-s ta te  opera t ion  on the  coai - f i r e d  f l  uid-bed 
combustor. I n  cont inuous operat ion,  bed temperature and t u r b i n e  i n l e t  gas 
temperature were mainta ined w i t h i n  210 F and 54 F, respec t i ve l y .  

Minor, s h o r t  dura t ion ,  feed supply upsets had v i r t u a l l y  no e f f e c t  on power 
ou tpu t  due t o  the  h igh  thermal capacitance o f  t he  hot-gas system. However, 
the  i n a b i l i t y  t o  feed s o l i d s  r e l i a b l y  f rom ambient cond i t i ons  i n t o  the  pres- 
su r i zed  combustor r e s u l t e d  i n  major feed supply upsets and caused frequent 
t e s t  d i s r u p t i o n s  and shutdowns due p r i m a r i l y  t o  feeder va lve  eros ion  from 
the  coa l  and dolomi te f i n e s .  

Even though the  problems o f  f e e d l i n e  eros ion  and p lugg ing  were solved du r ing  
t h e  PDU t e s t s ,  the  c o r r e c t i v e  ac t i ons  o f  s t r a i g h t  runs, dead ends, feed1 i n e  
redundancy, and screening o f  t h e  crushed coal were expedients f o r  a t e s t  
program. A commercial p l a n t  feeding a s i m i l a r  s o l i d s  m ix tu re  t h a t  i s  r e -  
qu i red  t o  operate 8000 hours a year  w i l l  r e q u i r e  abrasive r e s i s t a n t  t rans-  
p o r t  p ip ing ,  and expensive screening of t he  coal  t o  prevent  t he  e n t r y  of 
o u t s i z e  t o r e i g n  ob,lects. H ruqqed dr.y-coal teeder i s  a l s o  requ i red  such a S  
those under development f o r  ERDA by Lockheed Research Laboratory, I n g e r s o l l -  
Rand Research Inc.,  and F o s t e r - M i l l e r  Associates. 
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Figure 2 PDU F b w  Schematic 



Figure 3 Coal Processing System 



Figure 4 Feed Control System 
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Figure 6 Directional -Change Designs tor Pneumatic-Transport Line 
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4. INCOMING TRANSPORT A I R  

a )  O R I G I N A L  ARRANGEMENT 
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b )  REVISED ADAPTER 

Figure 9 Schematic of Revision to Feeder-Valve Adapter 
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QUESTIONS AND ANSWERS 

R. D. Smith 

Combus t i o n  Power Company 

B. G. Liptgk,  L ip tdk  Assoc ia tes  

Q. What is your r a n g e a b i l i t y  between minimum and maximum coa l  f eed  r a t e ?  
What is t h e  c o a l  r e s idence  time? 

A. We've opera ted  t h e  system w i t h  a  turndown of about  t h r e e  t o  one l i m i t e d  
a t  the Inw end by our  bed f l u i d i z a t i o n  c r i t e r i a ,  which e s s e n t i a l l y  would 
be the  : coa l  feed.  'The feed  eysrem can rallp,t+ t ~ v e r  a much l a r g c r  range 
than  t h a t ,  bu t  t h e  system is  l i m i t e d  by t h e  f l u i d i z e d  bed, What i s  the  
c o a l  r e s idence  time? We can s t o r e  coa l  i n  t h e  20 ton hopper f o r  days a t  
a  time, t h e  r e s i d e n c e  t i m e  i n  t he  "run1' hopper i s  probably one hour. 
Once it g e t s  through the  weighing s c a l e  and the  p re s su r i zed  f e e d e r  va lve ,  
t r a n s p o r t  i n t o  t h e  f l u i d  bed only  t akes  6 seconds. 

A.  Chaudhuri, Door-Oliver, Inc. 

Q. A t  what p r e s s u r e  do you o p e r a t e  t h e  r e a c t o r ?  

A. we're o p e r a t i n g  a t  60 p s i ,  and t h a t  is  determined by t h e  p r e s s u r e  
r a t i o  of t he  compressor of t h e  gas turb ine .  The excess  a i r  is  roughly 
250-300%. How s u c c e s s f u l  is  t h e  gas c leaning?  The answer t o  t h a t  is,  
poorly.  The s t a t u s  of t he  program is, I might add, t h a t  f o r  t h e  l a s t  
y e a r  and one-half and f o r  t h e  next  yea r  and one-half,  we w i l l  be  fncus ing  
e n t i r e l y  on t h e  gas  c leaning  problem. The schematics  t h a t  we showed you 
h e r e  showed t h r e e  s t a g e s  of i n e r t i a l  s e p a r a t o r s ,  which were t h e  f i r s t  
a t t empt  a t  gas cleaning.  That was n o t  s u c c e s s f u l  a t  a l l .  We were l ea rn ing .  
We concluded t h a t  we needed much b e t t e r  f i l t r a t i o n ,  and have been working 
on a  moving bed g ranu la r  f i l t e r  t o  ope ra t e  a t  1600°F supported by ERDA. 

D. F. C i l i b e r t i ,  Westinghouse Research and Development 

Q. What w a s  the  p a r t i c u l a t e  composition, loading  and s i z e  from t h e  c leaning  
sys tema? 

A. We opera ted  t h e  t u r b i n e  wi th  p a r t i c l e  loadings  i n t o  the  breaching from 
t h r e e  g r a i n s  pe r  dry  s tandard  cubic  f o o t  down t o  approximately 1110th 
of a  g r a i n  per  dry s tandard  cub ic  foot .  The ope ra t ion  of t h e  i n i t i a l  
s e p a r a t o r s  was no t  as ca l cu la tbd ;  w e  experienced many plugging problems, 
many upse t s ,  and th ings  of t h a t  na tu re .  It became q u i t e  c l e a r  a f t e r  t h e  
t e s t i n g  advanced, t h a t  we j u s t  d i d n ' t  have t h e  r i g h t  s o l u t i o n .  Never- 
t h e  l e s s ,  t h e  second p a r t  of t h e  ques t ion ,  "what about  e ros ion  i n  t he  
turb ine?"  The answer is  t h a t  under t hese  very h igh  loadings  we saw a 
l o t  of e ros ion ,  b u t  under t h e  lower loadings  (and t h e  ma jo r i t y  of t h e s e  
a r e  probably l e s s  than t e n  microns)  you would g e t  accumulations of t hese  



m a t e r i a l s  because they a r e  s t i c k y  a t  t hese  temperatures .  The accumulat ion 
would g e t  on t h e  w a l l s  of t h e  s c r o l l  and then a p i e c e  of about 114 in .  
diameter  would come off .  That p i ece  would go through the  tu rb ine ,  and 
cause cons ide rab le  erosion.  You no t  only g e t  e ros ion  however, you a l s o  
g e t  condensat ion of t h e  a l k a l i n e  vapors. They come through t h e  f i l t e r  
as a vapor, and then a s  you expand t h e  gas through the  turb ine ,  they 
condense on t h e  s u r f a c e  of t h e  blades.  So t h e  problem of gas c l ean ing  
is  n o t  only one of p a r t i c l e  removal, it 's a l s o  one of t h e  chemistry of 
t r y i n g  to  r e a c t  t hese  va r ious  sodium and potassium s u l f a t e s  i n  such a .. 

way t h a t  t h e .  vapor p re s su re  is  reduced and they can be  changed to  a . 

p a r t i c l e  and . t aken  o u t  a s  a p a r t i c l e .  It's very  complicated. 

F. Bondy, Fos t e r  Wheeler Energy Corporat ion 

Q. Were you a b l e  t o  measure the  amount of gas blowback from the  r e a c t o r  
through the r o t a r y  va lve?  , 

,. A. We.don1 t have a q u a n t i t a t i v e  number t h a t  I can quote t o  you, b u t  t h e  
va lve  was r e a l l y  n o t  very  succes s fu l .  We opera ted  i t  only  200 hours  
be fo re  i t  had t o  have an a b s o l u t e l y  major overhaul ,  and i t  was j u s t  s o r t  
of a ques t ion  of time be fo re  i t  degraded. The e l a b o r a t e  duct  sy,stem .. , & .  Q 

and a l l  of those  th ings  t h a t  w e  developed were an a t t empt  t o  o p e r a t e  .:., , .  

w i th  b a s i c a l l y  a degraded system. I th ink  w e  f e e l  t h a t  t h e  r o t a r y  va lve  I 

i s  no t  s u i t e d  t o  t h i s  app l i ca t ion .  We f e e l  t h a t  o t h e r  concepts  o r  
approaches such a s  t h e  ones t h a t  ERDA is  developing w i l l  be supe r io r .  

Q. Who manufactures t h e  ro t a ry '  va lve?  

A. The answer t o  t h a t  ESCO, loca t ed  i n  Por t land ,  Oregon, who makes these  . 
f o r  t he  paper i ndus t ry .  There a r e  s e v e r a l  o t h e r  manufacturers  a s  we l l ,  
be s ides  ESCO . 

M. K. Shieh, J e f f r e y  Manufacturing 

Q. What is t h e  r a t i o  between the  coa l  and t h e  (dolomite)?  

A. Tt ranges from maybe 3 : l  t o  4:1 by  w e g h t .  W e  have run s u l f u r  t o  
calcium r a t i o s  a s  low a s  1.5, we even had one t e s t  a s  low a s  1.1 when 
we used r e c i r c u l a t i o n .  

F. M. Shofner,  Shofner Engineering 

Q. What is the  mass concen t r a t ion  a t  t h e  i n l e t  t o  t h e  turb ine?  Mas medium 
diameter? 

A. I th ink  we t a lked  about  t h a t  before.  Most of t h e s e  p a r t i c l e s  a r e  very ,  
very  f i n e  because of t h e  i n i t i a l  s e p a r a t i o n  tending t o  break them up. 

Q. What is your exper ience  wi th  t u r b i n e  e ros ion  and f o u l i n g ?  

A. We t a lked  about t h a t  before.  We f e e l  t h a t  t o  s o l v e  t h e  problem of 
making a t u r b i n e  run s u c c e s s f u l l y , ' t h e  g r a i n  loading  should c e r t a i n l y  
be  below 0.01, i t  should c e r t a i n l y  be l e s s  than two microns t o  g e t  r i d  
of any phys i ca l  e ros ion  e f f e c t ,  and t h e  vapor p re s su res  of t h e s e  



a l k a l i  s u l f a t e s  is going t o  have t o  be below some th re sho ld ,  and I don't  
b e l i e v e  we know what t h a t  i s  a t  t h e  p r e s e n t  t i m e .  We a r e  q u i t e  hopefu l  
t h a t  t h e  g r a n u l a r  f i l t e r  t h a t  we're working i n  con junc t ion  wi th  t h e  
u s e  of a d d i t i v e s  i n t o  t h e  combusto,r would provide  t h a t  answer. 
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1. INTRODUCTION 

Particle diagnostic instruments fall into a wide variety of categories. 

Some require capture sampling while others do not. Some measure parameters 

related to individual particles while others measure mean properties of 

ensembles. Some are active while others are passive. Many applications 

place such a broad range of requlremento Qn the instrument that more than 

sl~c methnrl is needed. 

In a recent survey we compiled and studied over 5U0 publicat-ku~ra deal- 

ing with methods for particle field diagnostics, illustrating the intense 

interest in particle measurements, A wide variety of these methbds are used 

in commercially available instruments. At this stage we are convinced that 

no standard commercially available instrument (including those we produce) can 

meet all of the particle diagnostic requirements of fossil energy demonstration 

plants. Nevertheless, we believe that the existing methods can, with proper 

modification, refinement, and callbraition, Ls used to satisfy moat of these 

reqiliremnts . 
Particle diagnostic instrwnents of almost any variety have thc follow- 

ing elements: a probing element which compriscc a sensing element and a trans- 

mitter element (for active instruments), a storage element, a data processing 

element, and a display element. The concept chosen defines the probing element 

while the remal~lil~g elcments can he somewhat similar fur any of the techniques. 

In fact, the probing element is typically the simplest, least expensive, 

and is always the most questionable part of the instrument. It produces the 

measured parameters for the individual particle or collection of particles. 

The storage element must be capable of storing this information at a rapid 

rate in easily retrievable form. The data processing element must put the 

stored data into useful form and the display makes it accessible. These latter 

three functions in modern technology are cu~rrtucted with some form of micro- 

processor. They are a product of the more precise information sciences and 

are not directly related to particle diagnostics. They are defined by the 

ultimate use of the raw data produced by the probing element. 



The two problem a r e a s  represented  by t h e  probing element and i n  t he  

information handl ing p a r t  of t h e  instrument  a r e  b e s t  considered s e p a r a t e l y ,  

s i n c e  no amount of information process ing  can e f f e c t i v e l y  compensate f o r  a 

f a u l t y  concept a t  t h e  probing head. 

I n  t h i s  paper ,  w e  d i scuss  t he  f a c t o r s  which should be considered i n  

choosing a p a r t i c l e  d i a g n o s t i c  concept.  A stminary of e x i s t i n g  p a r t i c l e  diag- 

n o s t i c  methods i s  presented .  Spec ia l  emphasis i s  given t o  o p t i c a l  ' t echniques  

which can be considered a s  i n  s i t u  methods which do n o t  r e q u i r e  cap tu re  

sampling. F i n a l l y ,  an example a p p l i c a t i o n  of a p a r t i c l e  s i z i n g  l a s e r  i n t e r f e r -  

ometer i s  descr ibed  wherein an instrument  w a s  used i n  t h e  Argonne Nat iona l .  

Labora tor ies  (ANL) f l u i d i z e d  bed combustor system. This  a p p l i c a t i o n  essen- 

t i a l l y  proved t h e  t r a c t i b i l i t y  of such a system t o  a p r a c t i c l e  problem i n  

p a r t i c l e  d i agnos t i c s .  

2.  A SUMMARY OF PARTICLE DIAGNOSTIC METHODS 

The development of a p a r t i c l e  d i a g n o s t i c  instrument  e n t a i l s  fou r  major 
. . prublrm a reas :  (1) choice and development of t h e  probing 'head, (2) c a l i b r a t i o n  

and v e r i f i c a t i o n  of t h e  technique,  (3 )  in format ion  process ing ,  and (4) 

packaging. The development of an instrument  should be conducted i n  t h e  same 
. . 

order .  The problem under cons ide ra t ion  he re  (d i agnos t i c s  i n  f o s s i l  f u e l  p l a n t s ) .  

l i e s  i n  one of t h e  more d i f f i c u l t  c l a s s e s  of p a r t i c l e  d i a g n o s t i c s  problems. 

The s i z e  range inc ludes  t h e  smal l  p a r t i c l e s  which a r e  d i f f i c u l t  t o  c o n t r o l ,  t o  

observe,  and t o  reproduce f o r  c a l i b r a t i o n .  The upper end of t h e  s i z e  range i s  

s u f f i c i e n t l y  l a r g e  t h a t  s u r f a c e  and shape f a c t o r s  a r e  important  and t h e  lower 

end f a l l s  i n  t h e  range of t h e  wavelength of l i g h t  commonly used, s o  t h a t  s ca t - '  

r e r l n g  t h e o r i e s  cannot be  expected t o  a c c u r a t e l y  desc r ibe  t h e  whole range w i t h  

a s i n g l e  model. 

The number d e n s i t y  requirement is sometimes h igh  making i t  d i f f i c u l t  t o  

examine i n d i v i d u a l  p a r t i c l e s .  These are uoving a t  a r a t h e r  l a r g e  v e l o c i t y ,  
\ .  

meaning t h a t  p a r t i c l e  inc idence  r a t e  can be high.  

The environment can be extremely ha r sh ' and  p l aces  a ,number of d i f f i c u l t  

r e s t r i c t i o n s  on t h e  instrument .  

I n  s i t u  ins t ruments  are almost always more d i f f i c u l t  t o  produce, as a r e  

po r t ab l e ,  f i e l d  ready ins t ruments ;  however such devices  have been employed. 

under almost every conceivable  condi t ion :  i n  f r e e z i n g  cond i t i ons  a t  remote 

weather, o b s e r v a ~ o i i r s ,  I n  ho t  desere  e.nvironments, i n  a i rbo rne  t e s t s  a t  h igh  

a l t i t u d e ,  i n  Eurnaces, and even i n s i d e  exp los ive  clouds.  I 
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I n  t h i s  s e c t i o n  we summarize t h e  va r ious  methods c u r r e n t l y  i n  use.  
. , 

There a r e  many methods c u r r e n t l y  a v a i l a b l e  f o r  measuring s i z e . d i s t r i -  

b u t i o n s  of p a r t i c u l a t e s  i n  a gaseous stream. Although l a r g e  i n  number, t h e  

techniques  each have t h e i r  own. advantages and disadvantages f o r  a  given appl i -  

c a t i o n  and must be  c a r e f u l l y  s e l e c t e d .  ' Fo r  example, some techniques r e q u i r e  

withdrawing a  sample ou t  of t h e  s t ream and ana lyz ing  i t  i n  a  l a b o r a t o r y  whi le  

o t h e r s  a l low d i r e c t  i n  s i t u  measurement. I n  s i t u  devices  t y p i c a l l y  a l low f o r  

qu ick  turnaround t i m e ,  b u t  t h e  q u a l i t y  of d a t a  i n  many c a s e s  can come under 

ques t ion .  D i rec t  sampling e l i m i n a t e s  many ques t ions  as f a r  as d a t a  i n t e r -  

p r e t a t i o n  goes, bu t  i n t roduces  problems wi th  sample c o l l e c t i o n  and r e q u i r e s  

e x t e n s i v e  l a b  work t o  iuterprer:  the data. ', . j 

Most devices  -a re  b e s t  s u i t e d  f o r  a d e f i n i t e  range of p a r t i c l e  s i z e .  

For example, d i f f u s i o n  b a t t e r i e s  can lueasure p a r t i c l e  s i z e s  i n  t he  0.001-0.5 pm 

range whi le  mechanical s i e v i n g  is  appropr i a t e  f o r  p a r t i c l e s  l a r g e r  than an 

.,4 - .. i d e a l  minimum of about  2 pm. When an i n  s i t u  device  i s  requ i r ed ,  many methods 

can be  e l imina ted  a s  unsu i t ab l e .  Never the less ,  a  b r i e f  summary of a v a i l a b l e .  

dev ices  i s  informat ive  t o  ga in  an understanding of t h e  techniques a v a i l a b l e  t o  

q u a l i f y  t h e  u l t i m a t e  i n  s i t u  device.  

B a s i c a l l y ,  most p a r t i c l e  s i z i n g  techniques f a l l  i n t o  one of t h e  follow- 

i n g  c a t e g o r i e s :  

Op t i ca l  

.i Imaging 
Light  Saatterine 

Aerodynamic 

Impaction 
Cen t r i fuga l  . 

Scdimsntat ion (Gravi r a t i o n a l )  

F i l t r a t i o n  

B a r r i e r  
S iev ing  

Condensation 

Dif fus ion  

Acoust ic  

The fo l lowing  paragraphs d i s c u s s  each of t h e s e  techniques.  

O p t i c a l  

O p t i c a l  p a r t i c l e  d i agnos t i c  methods f a l l  i n t o  two c l a s s e s ,  one i n  which 

t h e  measurements a r e  made on imzigrs of p a r t i c l e s  and a second i n  which 



measurements are made on the field of scattered electromagnetic radiation pro- 

duced by the illuminated particles. 

Imaging methods include electrolvideo recording, microphotography, 

holography, and shadow spectrometry. Imaging devices must employ electro- 

magnetic radiation of wavelength consi-derably smaller than the smallest size 

of particle under study. To date, field portable instrumentation based on 

imaging methods have been limited to larger particle size ranges (above 10 

micrometers) . 
, Particles scatter light according to size, shape, refractive index, 

polarization properties and wavelength of light. The rather complicated 

scattering laws combined with the difficulty in measuring absolute intensity 

of light in the low intensity range causes most scattering instruments to 

require calibration with a known size distribution -- a task which is itself 

complicated and subject to criticism. To be sure, the source of calibrating 

particles for some instruments must comprise the same material and particle I' 

shape as that to be measured. If the material is not the same, refractive 1 ,  

index corrections must be made. 

A wide range of schemes is used. The light source is an incoherent 

source in some, a laser in others. Measurements at more than one wavelength 

or more than one angle are employed to factor out refractive index dependence. 

Measurements may be forward or backscatter, and pulsed or continuous light 

sources may be employed. Finally, the measurement may be based upon scatter- 

ing by a single particle or a collection of particles. These combinations 

lead to a near-endless array of scattering instruments. 

The measured quantity is either absolute intensity of scattered light 

into some collecting angle, or ratios of intensity. This, combined with the 

knowledge of incident wavelength and intensity, particle shape and material 

and a proper choice of scattering theory, provides, in the single scattering 

case, the necessary information to compute scattering cross-section. For 

sph~rical particles, thio io casy to relate cu parLlcle diameter. Phis 

method can be expected to be reliable in the study of aerosols. Measurement 

of the angular distribution of scattered light can also be used to determine 

the particle size for spheres. 

The measured quantity is the same in scattering from collections of 

particles, but one must know in addition what type of size distribution 

exists and how many particles are illuminated to compute mean particle 



cross-sec t ion  o r  t o  know t h e  mean cross-sec t ion  and type  of d i s t r i b u t i o n  t o  

determine number. 

Other measurements, such as s c a t t e r i n g  a t  d i f f e r e n t  wavelength, d i r ec -  

t i o n s  and p o l a r i z a t i o n ,  have been at tempted t o  reduce t h e  amount of a p r i o r i  

knowledge requi red .  

Measurement of p o l a r i z a t i o n  changes caused by s c a t t e r e d  l i g h t  provides 

l i m i t e d  informat ion  about  a p a r t i c l e  f i e l d .  

Measurement of t h e  amount of l i g h t  removed from a beam of l i g h t  pro- 

v i d e s  l i m i t e d  informat ion  about t h e  p a r t i c l e  f i e l d .  This  measurement i s  used 

p r i m a r i l y  t o  determine v i s i b i l i t y ;  however, when a p a r t i c l e  s i z e  d i s t r i b u t i o n  

i s  known, the  number d e n s i t y  i n  t he  f i e l d  can be computed i f  ex t inc t fo i l  

coeff icient  i s  menoured. 

Although s c a t t e r e d  l i g h t  ins t ruments  do r e q u i r e  c a r e f u l  understanding,  

u se ,  and c a l i b r a t i o n ,  we do b e l i e v e  t h a t  they  o f f e r  t he  most v i a b l e  techniques 

.! f o r  problems i n  f o s s i l  demonstration p l a n t s .  They do n o t  r e q u i r e  p a r t i c l e  

cap tu re  as many methods do; they a r e  i d e a l  f o r  i n  s i t u  measurement; they 

provide  d a t a  i n  a form which i s  e a s i l y  handled by f a s t  microprocessors;  and 

they  can be made extremely rugged. 

Aerodynamic .- ... . 

P a r t i c l e  impactors  a r e  c u r r e n t l y  t h e  s tandard  means of ob ta in ing  s i z e  

d i s t r i b u t i o n  measurements under f i e l d  condi t ions .  P a r t i c l e  laden a i r  i s  

e x t r a c t e d  by means of a sampling probe and passed Ll~ruugll s c ~ i c s  of o r i f i c c o  

o r  s l i ts  arranged i n  o r d e r  of decreas ing  s i z e  ( i nc reas ing  v e l o c i t y )  and 

d i r e c t e d  a g a i n s t  impaction p l a t e s .  P a r t i c l e s  a r e  t hus  c o l l e c t e d  on t h e  p l a t e s  

i n  propor t ion  t o  t h e i r  s i z e  and informat ion  can be gained by counting,  weigh- 

i n g  o r  o t h e r  a n a l y t i c a l  techniques.  u n f o r t u n a ~ e l y ,  s e v e r a l  drawL~cks  exist 

which have prompted t h e  need f o r  o t h e r  methods. sampling by means of a probe 

has  i nhe ren t  problems and inaccu rac i e s .  Great c a r e  must b e  taken t o  i n s u r e  

t h a t  t h e  sample i s  e x t r a c t e d  i s o k i n e t i c a l l y  and t h a t  t h e  diameter  of t h e  probe 

and e x t r a c t i o n  v e l o c i t i e s  a r e  chosen c o r r e c t l y  ( t o  avoid p a r t i c l e  depos i t i on ) . .  

Analyzing the  impactor s t a g e s  a f t e r  a sample has been , t aken  i s  a l s o  very  time 

consuming. Impactors must be disassembled and c a r e f u l  weighing of samples 

must occur  under l a b o r a t o r y  cond i t i ons .  Weight ga in  of o r  l o s s  from t h e  

c o l l e c t i o n  s u b s t r a t e s  i s  caused by t h e  presence of some gasses  and can be a 

s e r i o u s  problem i n  d a t a  a n a l y s i s .  



Cen t r i fuga l  devices  such a s  cy.clones are a l s o  used r o u t i n e l y  f o r  

p a r t i c l e  s i z e  determinat ion.  Cyclones ope ra t e  by i n j e c t i n g  a p a r t i c l e  lad'en 

s t ream t a n g e n t i a l l y  i n t o  a tapered  c o n i c a l  enc losure .  C e n t r i f u g a l  acce l e ra -  

t i o n  a f forded  by t h e  s p i r a l  motion determines whether t h e  p a r t i c l e  i s  c o l l e c t e d  

by the  cyclone o r  remains suspended and cont inues  o u t  t h e  exhaust .  

Cyclones can be cascaded l i k e  impactors  t o  provide a - r a n g e  of p a r t i c l e  

c u t  p o i n t s .  Their  advantages are t h a t  they adapt  e a s i l y  t o  sampling appara tus  

and they provide a l a r g e  c o l l e c t i o n  capac i ty .  Unfor tuna te ly ,  they  have t h e  

same disadvantages common t o  impactors.  

Cen t r i fuga l  e l u t r i a t i o n  devices  a r e  a l s o  a v a i l a b l e . a n d  t h i s  method i s  

t h e  accepted ASME means f o r  f l y a s h  c l a s s i f i c a t i o n .  Disadvantages of t h i s  

device ,  l i k e  impactors  and cyclones,  a r e  t h e  l a c k  of i n  s i t u  measuring and 

t h e  time r equ i r ed  f o r  s i z i n g  a n a l y s i s .  Other disadvantages a r e  t h a t  t h e  

sample must be c o l l e c t e d  and then  r ed i spe r sed  i n t o  t h e  ins t rument ,  c l a s s i f i c a -  

t i o n  i s  h igh ly  dependent on flow cond i t i ons  and i n l e t  geometry, and these  , 

devices  a r e  gene ra l ly  more expensive than impactors  and cyclones.  

G r a v i t a t i o n a l  devices  depend on p a r t i c l e  weight t o  determine a s e t t l i n g  

v e l o c i t y  and t r a j e c t o r y  causing a d i s t r i b u t i o n  by s i z e  on t h e  bottom of a 

s e t t l i n g  chamber. This  method r e q u i r e s  t h e  minimization of convect ive thermal 

c u r r e n t s  and very  long per iods  of t ime ( s e v e r a l  hours)  t o  r e so lve  f i n e  par- 

t i c l e s  which makes i t  an u n a t t r a c t i v e  means t o  s i z e  p a r t i c l e s .  
4' 

F i l t r a t i o n  

P a r t i c l e s  drawn i n t o  a sampling probe can be c o l l e c t e d  by b a r r i e r  

f i l t r a t i o n .  The b a r r i e r  f i l t e r  can be designed t o a  c o l l e c t  e s s e n t i a l l y  100 

percent  of t h e  p a r t i c l e s  p re sen t  i n  t h e  stream. Th i s  technique is  o f t e n  used 

as t h e  f i n a l  c o l l e c t i o n  s t a g e  of an i n e r t i a l  impactor t r a i n  o r  s e r i e s  of 

cyclones.  This  method can a l s o  be used as t h e  only  c o l l e c t i o n  device .  While 

i t  is  n o t  an i n  s i t u  method, i t  does have t h e  advantage t h a t  e s s e n t i a l l y  a l l  

t h e  p a r t i c u l a t e s  aye c o l l e c t e d  i n  one p lace .  A s  w i th  s e v e r a l  of t h e  o t h e r  

techniques ,  it has  t h e  disadvantage t h a t  s i z e  d i s t r i b u t i o n  i s  done by t i m e  

consuming l a b o r a t o r y  techniques such as Coul te r  counter  a n a l y s i s ,  o p t i c a l  

o r  SEM microscopy. Accuracy i s  dependent upon t h e  a b i l i t y  t o  r e d i s p e r s e  t h e  
. . 

p a r t i c l e s . .  A s  a r u l e ,  t h i s  i s  i n c r e a s i n g l y  d i f f i c u l t  a s  p a r t i c l e  s i z e  i s  

reduced. 

The s i z e  d i s t r i b u t i o n  of p a r t . i c l e s  i n  bulk  form can be obta ined  down 

t o  a b o i i ~  2 ym by s i ev ing .  S ieves  f o r  f i n e  p a r t i c l e  ana lys ' i s  are pans wi th  
. . 



bottoms of e lec t roformed g r i d s .  P a r t i c l e s  a r e  s epa ra t ed  i n t o  s i z e  f r a c t i o n s  

by means of a  s e r i e s  of s i e v e s  and t h e  p a r t i c l e  mass r e t a i n e d  on each s i e v e  i s  

u s u a l l y  determined by weighing. 

E l e c t r o s t a t i c  

When a i rbo rne  p a r t i c l e s  ' a r e  ve ry  , sma l l ,  less than 0 .1  ym i n  d iameter ,  

they  seldom c a r r y  more than  one u n i t  of e l e c t r o s t a t i c  charge i f  i n  equ i l i b r ium 

w i t h  t h e  ambient atmosphere. The mob i l i t y  of t h e s e  p a r t i c l e s ,  o r  r a t e  of 

movement i n  an imposed e l e c t r i c  f i e l d ,  then  a f f o r d s  a  measure of t h e i r  s i z e .  

An e l e c t r o s t a t i c  device  may inco rpora t e  e i t h e r  p a r a l l e l - p l a t e  o r  concen t r i c  

c y l i n d e r  e l e c t r o d e s  where one i s  grounded through a s e n s i t i v e  electrometer, 

and t h e  o t h e r - i s  r a i s e d  t o  a p o ~ r l l ~ i i d ,  usually 111 L!IP lfl t o  1000 v o l t  range.  , 

Thc a e r o s o l  is passed laminar ly  through t h e  space between t h e  e l e c t r o d e s  and 

t h e  charged p a r t i c l e s  migra te  t o  t h e  grounded side and aurronder  rhe:l.c charge. 

By va ry ing  the  app l i ed  vo l t age  and measuring t h e  r e s u l t a n t  c u r r e n t ,  a  s i z e  

- ,  d i s t r i b u t i o n  can be deduced. Unlike t h e  previous  mechanical devices ,  t h i s  

. method appears  t o  f u l f i l l  t h e  requirement of i n  s i t u  ope ra t ion .  The main 

drawback i s  t h e  s m a l l  p a r t i c l e  s i z e s  t h a t  a r e  measurable.  The operable  range 

of e l e c t r o s t a t i c  device  is  approximately 0.005 t o  0.6 ym making t h i s  method 

u n s u i t a b l e  f o r  t h e  l a r g e r  s i z e  range. 

Condensation 

When aesoso l  p a r t i c l e s  a r e  s o  sma l l  t h a t  they  can only be d i s t i ngu i shed  

. > 
w i t h  an e l e c t r o n  microscope, t h e i r  presence can be made v i s i b l e  by reducing 

t h e  p re s su re  i n  a  con f in ing  v e s s e l  so  t h a t  mois ture  i s  cuudensed on t h e  

p a r t i c l e s .  An e a r l y  d e t e c t i n g  instrument  f o r  such n u c l e i  u t i l i z e d  a v e s s e l  

w i t h  a  g l a s s  bottom i n t o  which an a e r o s o l  was drawn and then sub jec t ed  t o  

expansion. 'l'he r e s u l t i n g  d i ~ p l e t a  wcrs counted after the a e r o s o l  s e c ~ f r d .  

Modcrn instruments,  ope ra t e  on t h e  same b a s i c  p r i n c i p l e ,  and they  s t i l l  

g ive  only  number informat ion .  The pro to type  01 presen t  condensation n u c l e i  

r .ounters formed a water  fog by f i r s t  compressing t h e  a i r  and then  a d i a b a t i c a l l y  

expanding i t .  The amount of fog formed i s  measured by l i g h t  t ransmiss ion ,  and 

t h e  system i s  c a l i b r a t e d  by al lowing t h e  d r o p l e t s  t o  f a l l  on a microscope 

g r a t i c u l e  and counting them. La te r  models use photomicrography f o r  c a l i b r a t i o n .  

Again, both t h e  f a c t  t h a t  a  sample must be e x t r a c t e d  and much Lillie i s  nccded 

f o r  d a t a  reduct ion  make t h i s  technique u n s u i t a b l e  f o r  r e a l  time i n  s i t u  

ope ra t ion .  



Diffus ion  
' . .  

Diffus ion  is  a c l a s s i f i c a t i o n  method f o r  very  s m a l l  p a r t i c l e s ,  as sma l l  

a s  0.001 pm. An a e r o s o l  is  s e n t  through a  tube  and Brownian motion of t h e  

p a r t i c l e s  causes impingement and adherence t o  t h e  tube  wal l .  The depos i t i on  

r a t e  is  a func t ion  of p a r t i c l e  s i z e  i n  t h a t  t h e  concent ra t ion  of s m a l l  par- 

t i c l e s  decreases  more r a p i d l y  than t h a t  of l a r g e  p a r t i c l e s .  Disadvantages 

inc lude  t h e  f a c t  t h a t  t h e  a e r o s o l  s t ream and tube  must be  i n  thermal e q u i l i b -  

rium, p a r t i c l e s  l a r g e r  than approximately 1 .0  pm should be removed upstream 

of t h e  tube ,  and g r a v i t y  and turbulence  may confuse t h e  depos i t .  I n  gene ra l ,  

t he se  devices  have s i z i n g  c a p a b i l i t i e s  i n  a range much below t h a t  requi red  

here .  

Acoust ic  

A r e l a t i v e l y  l a r g e  a i rbo rne  p a r t i c l e ,  e .g . ,  15 pm, pass ing  r a p i d l y  

through a  g radua l ly  t ape r ing  tube  t h a t  expands r a p i d l y  a f t e r  a  smal l  t h r o a t ,  

produces an aud ib l e  c l i c k  t h a t  can be counted o r  recorded e l e c t r o n i c a l l y .  The 

c l i c k  o r i g i n a t e s  nea r  t h e  end of t h e  t h r o a t  a s  a  shock wave due t o  boundary- 

l a y e r  d i s tu rbance  i n  t h e  t h r o a t  c r ea t ed  by t h e  p a r t i c l e .  The device  i s  

simple,  b u t ' n o  embodiment y e t  designed responds t o  smal l  p a r t i c l e s ,  and t h e  

r e s p o n s e . t h a t  i s  given i s  only a  rough i n d i c a t i o n  of p a r t i c l e  s i z e .  

P a r t i c l e  s i z e  can be deduced from t h e  s i n u s o i d a l  pa ths  p a r t i c l e s  fo l low . 

i f  a  slowly r i s i n g  a e r o s o l  s t ream i s  dark- f ie ld  i l l umina ted  and exposed t o  E 

low-power sound waves. The method i s  obviously t ed ious  and i s  t o  be recom- 

mended only i f  s p e c i a l  c i rcumstances d i c t a t e ' i t s  use.  

A.measure of t h e  p a r t i c l e  s i z e  and concent ra t ion  of a e r o s o l  can a l s o  be 

dedur.erl f rnm t h e  e x t i n c t i o n  of u l t r a s o n i c  souid waves pass ing  ehrough an 

a e r o s o l  and through t h e  same gas wi thout  p a r t i c l e s .  Condit ions a r e  most favor- 

a b l e  f o r  t h e  a p p l i c a t i o n  of sound-at tenuat ion techniques wi th  a e r o s o l s  of h igh  

concent ra t ions .  This  makes such techniques  of dubious p r a c t i c a l  va lue  i n  most 

i n s t ances .  

V ib ra t ing  C r y s t a l s  

PJ.ezoe.lectric c r y s t a l  maco monitors  i n  couibination with an impactor 

train would appear  t o  hold some promise f o r  an i n  s i t u  p a r t i c l e  s i z e  d i s t r i -  

bu t ion  and concen t r a t ion  device.  The p i e z o e l e c t r i c  mass monitors  a r e  i n t r i g u -  

i n g  because of t h e i r  extreme s e n s i t i v i t y .  However, such a device  can be 

expected t o  be s u b j e c t  t o  s e v e r a l  sources  of e r r o r :  l i n e a r i t y  problems could 

r e q u i r e  s h o r t  sampling per iods  e s p e c i a l l y  i n  h igh  concen t r a t ions ,  e r r o r s  could 



r e s u l t  from temperature o r  humidity f l u c t u a t i o n s ,  non-uniform p a r t i c l e  den- 

s i t y  could be i n t e r p r e t e d  as changes i n  concent ra t ion  and t h e  devices  would 

r e q u i r e  a  c r y s t a l  c l ean ing  device  f o r  subsequent readings.  

F i l t e r  Tape With Beta Absorption Mass Monitor 

A device  of t h i s  type has been used t o  measure t h e  mass of atmospheric 

f i n e  p a r t i c l e  ae roso l .  Since i t  i s  b a s i c a l l y  a  mass measurement device ,  i t  

is  probably n o t  e a s i l y  adapted t o  i n  s i t u  measurements. P a r t i c l e  s i z i n g  

would depend upon impactors  and t h e  mechanism requ i r ed  f o r  moving t h e  f i l t e r  

t a p e  would be prone t o  problems i n  t h e  seve re  environment contemplated f o r  

t h e  i n  s i t u  f i n e  p a r t i c l e  ana lyzer .  

Contact E l e c t r i f i c a t i o n  Devices 

This  i s  a c l a s s  o f  i n s t r w e n t s  which provides  an e l e c t r i c a l  currenl: 

p r o p o r t i o n a l  t o  t h e  p a r t i c l e  mass concen t r a t ion  i n  a  gas  stream. They work by 

t r a n s f e r  of charge from t h e  p a r t i c u l a t e  t o  t h e  instrument  probe thruugh par- 

t i c u l a t e  probe c o l l i s i o n s .  The s e n s i t i v i L y  of t h e  deviccs  depend on t h e  

e l e c t r i c a l  r e s i s t i v i t y  of t h e  p a r t i c u l a t e  a s  w e l l  as upon t h e  cond i t i on  of 

t h e  s u r f a c e  of  t h e  probe. The theory  f o r  ope ra t ion  of t hese  devices  is  poorly 

understood. They can be expected t o  s u f f e r  from t h e  e f f e c t s  of s t i c k y  par- 

t i c l e s  and from p a r t i c u l a t e  s t reams of vary ing  composition. Furthermore, t h e  

device  does n o t  seem w e l l  s u i t e d  t o  measurement of p a r t i c l e  s i z e  d f ~ t r f b u L i u u .  

3. FURTHER DISCUSSION OF OPTICAL TECHNIQUES 

3.1 Imaging Methods 

There a r e  a  number of cons ide ra t ions  and d e f i n i t i o n s  t h a t  apply t o  a l l  

imaging techniques.  The most b a s i c  of t hese  is  r e s o l u t i o n .  For a p e r f e c t  

imaging system, a  po in t  source of l i g h t  w i l l  be  imaged cu a I l ~ l i L e - s i z e d  

image (impulse response,  po in t  spread func t ion ,  b l u r  c i r c l e )  because of t h e  

laws of  d i f f r a c t i o n .  Th i s  image s i z e  r e p r e s e n t s  t h e  sma l l e s t  o b j e c t  which can 

be reso lved  i n  t h e  image. Smaller o b j e c t s  can be de t ec t ed  i n  t he  image i f  t he  

s igna l - to-noise  r a t i o  i s  s u f f i c i e n t ,  b u t  t he  dimension u1 sulal ler  p a r t i c l c  

images can be no sma l l e r  than t h e  r e s o l u t i o n  l i m i t .  The d i f f r a c t i o n  l i m i t e d  

r e s o l u t i o n  i s  given approximately by 

Where S i s  t h e  l e n s  t o  o b j e c t  d i s t a n c e ,  D is  t h e  diameter of t he  c o l l e c t i n g  

system ( l e n s  o r  l i m i t i n g  ape r tu re )  and X i s  t h e  wavelength of t h e  l i g h t .  



I 

Except f o r  very  l i m i t e d  cases ,  r e s o l u t i o n  is worse than t h i s  because 

geometr ical  a b e r r a t i o n  terms must be added. , . 

A second and  j u s t  as important  cons ide ra t ion  is o p t i c a l  system n o i s e  

o r  s ignal- to-noise r a t i o .  Every o p t i c a l  system s c a t t e r s  u s e l e s s  l i g h t  i n t o  

. the  v i c i n i t y  of t h e  image being analyzed t o  t h e  e x t e n t  t h a t  t h i s  u s u a l l y  

l i m i t s  t h e  u t i l i t y  of an imaging technique.  I n  p a r t i c l e  f i e l d  d i a g n o s t i c s ,  

t h e  s i t u a t i o n  i s  ampl i f ied  by the  f a c t  t h a t  a l l  p a r t i c l e s  bes ides  t h e  one 

being looked a t  a t  a g iven - t ime  must be considered p o t e n t i a l  sources  of o p t i c a l  

*noise .  This  means t h a t  n o t  only t h e  o p t i c a l  system bu t  t h e  p a r t i c l e .  f i e l d  

i t s e l f  must be considered i n  eva lua t ing  u l t i m a t e  system c a p a b i l i t y .  Although 

ambient l i g h t  u s u a l l y  r ep re sen t s  a n o i s e  sou rce ,  methods a r e  now a v a i l a b l e  t o  

e f f e c t i v e l y  e l i m i n a t e  t h i s  as a problem. 

Photography and Electro-Video 'Recording 

Photography i s  widely used t o  record p a r t i c l e  images. To each o b j e c t  

a t  a d i s t a n c e  S, a corresponding. image p lane  S'  e x i s t s .  Over some f i n i t e  . .  

v a r i a t i o n  about S, c a l l e d - f i e l d  depth ,  an image i n  t h e  p lane  S' remains essen-  

t i a l iy  i n  focus.  Depth o f .  f i e l d  i s  given approximately by 

Therefore,  h ighe r  r e s o l u t i o n  s t u d i e s  r e q u i r e  a t h i n  sample volume. I f  t h e  

p a r t i c l e  number d e n s i t y  i s  low o r  t h e  r e s o l u t i o n  requirement h igh ,  t h i s  c r e a t e s  I.. 

d i f f i c u l t y  in t h a t  t h e  number of focused images can be i n s u f f i c i e n t ,  r e q u i r i n g  

many photographs. 

Holography 

Holography r e l a x e s  t h e  depth  of f i e l d  problem s u f f e r e d  by photography. 

Typ ica l ly ,  f o r  a given r e s o l u t i o n  holography expands t h e  image s t o r a g e  capa- 

b i l i t y  by t h r e e  o r  fou r  o r d e r s  of magnitude. S t i l l ,  t h e  process  involves  a 

process ing  t i m e  f o r  the  record ing  which r u l e s  ou t  r e a l  t i m e  d i agnos t i c s .  

Furthermore, d a t a  r educ t ion  methods c u r r e n t l y  are q u i t e  t ed ious  and n o t  accept-  

a b l e  f o r  t h i s  problem. Holography technology is  almost c e r t a i n  t o  produce 

real t i m e  record ing  and reduct ion  m a t e r i a l s  which when combined wi th  r a p i d  

e l e c t r o n i c  image a n a l y s i s  would q u a l i f y  t h i s  as a v a l i d  method. But t h e s e  

appear s e v e r a l  yea r s  away and cannot be  considered f o r  immediate use. 

Shadow Spectrometry 

One of t h e  most l i m i t i n g  problems i n  imaging ins t ruments  i s  t h e  ex t r ac -  

t i o n  of d a t a  from l a r g e  numbers of images. When one must move from image t o  



image making s e l e c t e d  measurements, t h e  d a t a  c o l l e c t i o n  time makes i t  d i f f i -  

c u l t  t o  cons ider  s t a t i s t i c a l l y  l a r g e  samples. Shadow spec t rometers  c o l l e c t  

d a t a  from the  image of a p a r t i c l e  e l e c t r o - o p t i c a l l y  a s  i t  passes  through t h e  

sample volume, u s ing  t h e  motion of t he  p a r t i c l e  t o  sweep i t  over t i n y  sens ing  

elements  which are arranged i n  a  l i n e a r  a r r a y .  The s i z e  of t he  p a r t i c l e  i s  

then  d i r e c t l y  r e l a t e d  t o  t h e  number of e lements  shadowed by t h e  p a r t i c l e  

dur ing  i t s  t r a n s i t .  

Numerous~such dev ices  have been b u i l t  t o  measure such th ings  a s  wi re  

d iameter  t o  spa rk  gap c l ea rance .  The most widely-developed ins t ruments  f o r  

p a r t i c l e  s i z i n g  us ing  t h i s  p r i n c i p l e  a r e  those  of P a r t i c l e  Measuring Systems, 

Inc . ,  Boulder,  Colorado. A l i n e a r  diode a r r a y ,  comprising from 1 7  t o  24 

d iodes  hav-fn.g i n d i v i d u a l  d iodes  of about  80 micrometers diameter  separa ted  by 

200 micrometers,  comprise t h e  sensor .  The s i z e  measurement range depends upon 

image magni f ica t ion .  The lower s i z e  l i m i t  a s  w e l l  a s  r e s o l u t i o n  is  t h e  diam- 

e t e r  of t h e  i n d i v i d u a l  sens ing  element d iv ided  by magni f ica t ion .  The luaximum 

s i z e  range,  t h e r e f o r e ,  i n  t h e  magnified image i s  from one diode diameter t o  

t h e  f u l l  a r r a y  l eng th .  

The ins t ruments  have l o g i c  t o  r e j e c t  images c ros s ing  t h e  end diodes t o  

prevent f r a c t i o n s  of images from being included.  This  does r e q u i r e  some 

s t a t i s t i c s  f o r  l a r g e r  p a r t i c l e s  because t h e  sample volume diameter  is  smal le r .  

A chief  p o i n t  of d i f f i c u l t y  i n  us ing  t h e  p r i n c i p l e  i n  t h e  smal l  s i z e  

range  i s  caused by d i f f r a c t i o n  problems. The devlce  is based upon gcomctr ical  

o p t i c s .  Only those  p a r t i c l e s  i n  p e r f e c t  focus on the  l i n e a r  a r r a y  can be 

s i z e d  p rope r ly  i n  t h e  s t r i c t e s t  sense.  P a r t i c l e s  which a r e  n o t  i n  focus 

p re sen t  t h e i r  d i f f r a c t i o n  p a t t e r n s  t o  t h e  a r r a y .  The PMS, Inc ,  instrument  

i nco rpora t e s  a type of focus ing  l o g i c  which cons ide r s  L l l aL  a diode  haa bccn 

shadowed only i f  t h e  i n t e n s i t y  on i t  has  been reduced by a t  l e a s t  50 percent  

( o r  some o t h e r  pre-se t  va lue ) .  This  a l s o  d e f i n e s  t h e  p a r t i c l e  edge. 

The i . n t e r p r e t a t i o n  o £  d a t a  from t h i s  device  becomes r a t h e r  complex i n  
i 

t h e  range where geometr ica l  o p t i c s  is  no t  a p p l i c a b l e  ( a c t u a l l y  s t a r t i n g  a t  

about 100 micrometers and below). The sample volume beco~nes a  func t ion  of 

p a r t i c l e  s i z e  and the  p a r t i c l e  s i z e  readout  becomes a func t ion  of p a r t i c l e  

p o s i t i o n  i n  t h e  sample volume. Never the less ,  when c a l i b r a t e d  and used prop- 

e r l y ,  t h e  PMS device  has proven t o  be a powerful instrument  i n  p a r t i c l e  

d i agnos t i c s .  Unfor tuna te ly ,  many u s e r s  of t h i s  instrument  a r e  u s ing  i t  i m -  

p rope r ly  and a r e  gene ra t ing  d a t a  which i s  i n c o r r e c t .  



These instruments can measure i n  s i t u  p a r t i c l e  f i e l d s  and a r e  non- 

per turbing t o  the  ex ten t  t h a t  the  p a r t i c l e  f i e l d  flows between two probes ' 

which.are  separated by d i s t h c e s  ranging from a few centimeters  up t o  about 

t h i r t y  centimeters .  

The power of these  instruments l ies  i n  t h e i r  a b i l i t y  t o  take ,  c l a s s i f y  

and s t o r e  information descr ib ing l a r g e  numbers of p a r t i c l e s  i n  a  s h o r t  t i m e .  

Also, information i n i t i a l l y  emerges i n  binary form which i s  i d e a l  . for  e lec-  

t r o n i c  processing. 

3 .2  Sca t t e r ing  Instruments 

When a p a r t i c l e  is  i l luminated ,  i t  s c a t t e r s  l i g h t  by an amount and i n  

a s p a t i a l  d i s t r i b u t i o n  which depends on many f a c t o r s .  Specia l  condi t ions  

reduce t h e  number of va r i ab les  o r  provide f o r  the  f ac to r ing  out  of such 

va r i ab les .  Commercially ava i l ab le  instruments r e l y  e i t h e r  upon these  pr inc i -  

p l e s  o r  upon c a l i b r a t i o n .  

Low Angle, Forward Sca t t e r ing  with D > X 
When the  p a r t i c l e  diameter i s  g r e a t e r  than the  l i g h t  wavelength and 

when folward s c a t t e r i n g  is  considered, t h e  Fresnel-Kirkhoff approximations t o  

d i f f r a c t i o n  a r e  appl icable .  The i n t e n s i t y  of forward s c a t t e r e d  l i g h t  i s  given 

f o r  a  c i r c u l a r  disk.  

where 

IO = t he  inc ident  f l u x  per u n i t  a r e a  

k = 2v/X 

' w = s i n  8 where 0 i s  the  angle r e l a t i v e  t o  t h e  inc ident  beam 

a = p a r t i c l e  radius .  

Consider an instrument t h a t  c o l l e c t s  the  s c a t t e r e d  l i g h t  making a 

s i n g l e  measurement per  p a r t i c l e .  The co l l ec ted  l i g h t  i s  an i n t e g r a l  of in ten-  

s i t y  over the  col1er.tin.g angle. When thc  collecting a r g l e  is s m a l l  enough 

such t h a t  J (kau) /kau is  constant ,  t h i s  i s  approximately 
1 

The above r e s u l t  provides d i r e c t i o n  f o r  a  p a r t i c l e  s i z i n g  instrument c o l l e c t -  

ing  a small amount of forward s c a t t e r e d  l i g h t  providjng a s i g n a l  propor t ional  



4 to a . Notice that since the,scattering is based upon diffraction theory, 
the scattered light is not dependent on refractive index. 

Examples of such instruments areaproduced by Royco Instruments, Inc., 

Particle Measuring Systems, Inc., Environmental Systems Corp., Climet 

Instruments, Inc., Spectron Development Laboratories, Inc., and others. 

Scattering at Wide Angles 

If calibration is to be considered acceptable, then the only reason to 

use forward scattered light is that there is more of it. In fact, 'some bene- 

f'its emerge when large angle scattering is used in sizing. The collected 

intensity is approximated by 

The result is that when all scattered light is collected, a signal proportional 
2 to a results. 

Scattering Ratio Measurement 

One method which reduces sensitivity of an instrument to reIractive 

index and incident intensity variation is the measurement of intensity ratio 

of,scattered light at two angles. 

This type of ucssurement does not require single particle scattering 

to provide useful information. When an ensemble of particles is illuminated, 

it can be shown that measurement of intensity ratio of light scattered at two 

angles can lead to mean dlaetri of the samplc. 

Particle Sizing Interferometry 

Particle sizing interferometry operates on a principle illustrated in 

Figure 1. By focusing and crossing ewo equal I~~LeusiCy laser bcarno, a small 

ellipsoid in space 'is filled with parallel, equally spaced fringes of light 

intensity (separated by 6). The ratio of the term designated AC to that des- 

ignated DC can be used to compuce par~lclr size. Furthcrmore, determinatinn 

of T provides velocity of the particle. 

This instrument has been used successfully in the diagnostics of par- 

ticle fields for submicrometer sizes and larger. The fringe spacing is 

chosen to equal the largest par~icle under examination. 

A particle traversing this sample volume scatters light with an ampli- 

tude modulation in time as it traverses the fringes. The smaller the particle, 

the more closely the scattered light modulation resembles the intensity 



T l M E 

V E L O C I T Y  = , _ 6 / r  
P A R T I C L E  S I Z E  - A C I D C  

F i g u r e  1. P a r t i c l e  S i z i n g  I n t e r f e r o m e t e r ,  P r i n c i p l e  o f  Opera t ion  
- .  *.- .,&a- - .* - 



d i s t r i b u t i o n  i n  t h e  sample volume, t h e  s c a t t e r e d  l i g h t  s i g n a l  be ing  a type  of 

convolu t ion  of t h e  p a r t i c l e  geometry w i t h  t h e  probe volume i n t e n s i t y .  A s  t h e  

p a r t i c l e  s i z e  i n c r e a s e s ,  t h e  s c a t t e r e d  l i g h t  s i g n a l  i n c r e a s e s  i n  s t r e n g t h ,  

b u t  decreases  i n  modulation percentage.  

The measured parameter has  been termed s i g n a l  v i s i b i l i t y ,  t h e  r a t i o  of 

t h e  minimum t o  maximum ampli tudes of t h e  s c a t t e r e d  s i g n a l .  

Th i s  technique  possesses  t h e  d e s i r e d  f e a t u r e s  of t h e  b e s t  s c a t t e r i n g  

methods, a w e l l  de f ined  and c o n t r o l l e d  sample volume, a measurement of r a t i o s  

of i n t e n s i t y  as opposed t o  abso lu t e  magnitude, and perhaps t h e  most important  

. f e a t u r e ,  an independence from r e f r a c t i v e  index of t h e  p a r t i c l e .  I n  p r i n c i p l e ,  

t h e  ins t rument  needs no c a l i b r a t i o n .  Furcliernure,  y a L i i c l e  v e l o c i t y  13 dcriv- 

3b14 from the s i  gna.1 . 
Unfor tuna te ly ,  l i k e  .every o t h e r  p a r t i c J e  d i a g n o s t i c  eechnlque, int~i- 

c a c i e s  of s c a t t e r i n g  phenomena produce d i sc repanc ie s  i n  t h e  technique a t  

small s i z e  ranges. Furthermore, a s  w i th  o t h e r  methods, t h e  ~ h a ~ a c t e r i z a t i o n  

of non-spherical  p a r t i c l e s  has  n o t  been c l e a r l y  e s t a b l i s h e d .  
' 

Recent t h e o r e t i c a l  work shows t h a t  t h e  measured parameter ( s i g n a l  

v i s i b i l i t y )  is  mult iple-valued i n  t h e  s i z e  range below 5 micrometers M d ,  

t h e r e f o r e ,  is  i n s u f f i c i e n t  by . i t s e l f  t o  s e r v e  r e l i a b l y  a s  a n , a c c u r a t e  s i z e  

parameter  throughout t h e  range. To remedy t h i s  problem we have incorpora ted  

a second measured parameter  t o  remove t h e  multi-valued n a t u r e  of t h e  s i g n a l .  

The second parameter i n  our  c u r r e n t  system is s c a t t e r .  c o e f f i c i e n t .  'l'he addi- 

t i o n  of t h i s  measured parameter w a s  n o t  d i f f i c u l t  s i n c e  a l l  of t h e  elements  

of such a scheme w e r e  a l r e a d y  p re sen t  i n  t h e  system. Our b e l i e f  i s  t h a t  t h i s  

scheme has t h e  p o t e n t i a l  f o r  provid ing  t h e  most r e l i a b l e ,  accu ra t e  system f o r  

d i a g n o s t i c s  of p a r t i c l e s  of any cur re l l l ly  a v a i l a b l e .  

Figure 2 i l l u s t r a t e s  a hybr id  system on which Spectron i s  c u r r e n t l y  

performing l a b o r a t o r y  tests. A small helium neon l a s e r  s e r v e s  as t h e  l i g h t  

source. The l a s e r  beam is passed through a sampling volume where p a r t i c l e s  

s c a t t e r  r a d i a t i o n  i n t o  t h e  r ece iv ing  system. The t r ansmi t t ed  beam is then  

s topped by a l i g h t  t r a p  a t  t h e  r ece iv ing  system. A photo d iode  s i t u a t e d  i n  

. t h i s  l i g h t  t r a p  monitors  t h e  b a s i c  l a s e r  output .  Forward s c a t t e r e d  l i g h t  is  

c o l l e c t e d  by a l e n s  system which conducts  t h e  l i g h t  t o  a beamsp l i t t e r  and then 

t o  a photosensor.  The c o l l e c t e d  l i g h t  provides  a measure of t h e  s c a t t e r  c r o s s  

s e c t i o n  of t h e  p a r t i c l e  i n t o  t h i s  s o l i d  angle .  



PHOTO SENSOR 

- BEAMSTOP I- 
DOUBLE ANNULAR STOP 

I ,-- FOCUSING LENS \ 

FOR LARGE 
'T- ANGLE SCATTER 
\ 

\ 

BEAM SPLITTER 

PHOTO SENSOR FOR 
SMALL ANGLE SCATTER 

PHOTO SENSOR FOR 
TOTAL FORWARD SCATTER 

USING LENS 

/ - INPUT LASER BEN1 
Fig. 2. Light Scattering System Concept 



It is  c r i t i c a l  t h a t  t h e  r e c e i v i n g  system be p rope r ly  ape r tu red  such 

t h a t  t h e  photosensor  "looks" only  a t  a  c e n t r a l  uniformly i l l umina ted  sample 

volume. Th i s  reduces t h e  e r r o r  caused by p a r t i c l e s  pas s ing  through reg ions  of 

h ighe r  o r  lower i n t e n s i t y .  

The purpose of t h e  beamsplit t /er i s  t o  a l low forward s c a t t e r e d  l i g h t  t o  

be analyzed a d d i t i o n a l l y  by the  i n t e n s i t y  r a t i o  method. Light  pass ing  beyond 

t h e  beamsp l i t t e r  i s  d iv ided  i n t o  two con ica l  s e c t i o n s  o r  s o l i d  angle  increments 

r e p r e s e n t i n g  two ang le s  of forward s c a t t e r .  L ight  s c a t t e r e d  i n t o  these  two 

ang le s  i s  s e p a r a t e l y  d e t e c t e d  by two d e t e c t o r s .  A t h i r d  d e t e c t o r  is  used t o  

ba l ance  t h e  f i r s t  two d e t e c t o r s  such t h a t  a  given i n c i d e n t  l i g h t  l e v e l  w i l l  

produce t h e  same reading  on e i t h e r  d e t e c t o r .  A simple system check procedure 

i n s u r e s  t h a t  t h i s  cond i t i on  is always m e t .  

When a s i n g l e  s p h e r i c a l  p a r t i c l e  passes  through t h e  sample volume, 

e i t h e r  method should provide  an acceptab le  measure of p a r t i c l e  s i z e .  When 

t h e  p a r t i c l e  i s  n o t  s p h e r i c a l  o r  when more than one p a r t i c l e  l ies  i n  t h e  sample 

volume, t h e  two readings  w i l l  n o t  agree .  A second check which can e a s i l y  be 

inco rpora t ed  in t h e  system i s  an  annu la r ly  a d j u s t a b l e  s t o p  which v a r i e s  t h e  

p o s i t i o n  on t h e  s o l i d  ang le  from which r a t i o s  a r e  measured ( see  Figure 2 ) .  It 

is  no t  c l e a r  a t  t h i s  time i f  t h i s  a d d i t i o n a l  check i s  needed. 

This  ins t rument  can be used i n  a  v a r i e t y  of modes, some of which a r e  

desc r ibed  here .  The most b a s i c  mode i s  t o  provide l o g i c  which accep t s  only 

those  s i g n a l s  which ag ree  on p a r t i c l e  s i z e  t o  w i th in  a  p r e s e t  e r r o r .  A record 

of percentage of r e j e c t e d  s i g n a l s  would be a v a i l a b l e .  This  method of providing 

double measurement f o r  s i g n a l  v a l i d a t i o n  is  a commonly accepted procedure f o r  

improving d a t a  q u a l i t y  i n  many types  of o p t i c a l  ins t rumenta t ion .  I n  f a c t ,  i t  

does n o t  g r e a t l y  i n c r e a s e  t h e  complexity o r  cos t  of t h e  instrument  s i n c e  only 

t h e  probing head ( t h e  s imp les t ,  l e a s t  expensive element) is involved.  The 

v a l i d a t i o n  l o g i c  is  r a t h e r  s imple,  having been developed a l r eady  f o r  our  l a s e r  

Doppler instruments .  

When p a r t i c l e s  a r e  n o t  s p h e r i c a l ,  t h e  two measurements can i n  p r i n c i p l e  

produce an  a s p h e r i t y  parameter which may be u s e f u l  i n  t h e  d i a g n o s t i c s  of such 

f i e l d s .  The s i g n i f i c a n c e  and u t i l i t y  of t h e  two measurements f o r  cha rac t e r i z -  

i n g  a s p h e r i c a l  p a r t i c l e s  has  n o t  been eva lua ted  a t  t h i s  time. 

A s  descr ibed  s o  f a r ,  t h e  instrument  func t ions  i n  an i n d i v i d u a l  p a r t i c l e  

s ens ing  mode. While t h i s  is  t h e  only v a l i d  way t o  i n s u r e  an accu ra t e  p a r t i c l e  

s i z e  d i s t r i b u t i o n  (without  ques t ionable  assumptions) ,  measurements on p a r t i c l e  



ensembles can provide useful diagnostic information such as total cross sec- 

tion and mean particle diameter. 

3.3 An Application in a Fluidized Bed Combustor 

Under ERDA Contract No. EX-76-C-01-2413, SDL demonstrated one parti- 

cular kind of laser system for particle measurements at the ANL FBC facility. 

The unit employed was the previously described laser interferometer system 

that simultaneously measures particle size and velocity. The instrument 

monitors continuously in time particles passing through a small spatial probe 

volume (Figure 1) . 
For a given fringe period 6, the laser interferometer system can size 

particles over about a decade of size range. Broader size ranges can be 

measured by several approaches, such as dual or multiplexed systems. The 

size of the probe volume is controlled optically and electronically so that 

usually only one particle is in the probe volume at a time. Reference 1 pre- 

sents a detailed formulation and description of the principles employed in the 

laser interferometer instrument. 

The system used at the ANL FBC installation was an existing SDL proto- 

type laser interferometer. The instrument was designed for general utility 

and demonstration. It has been used in a wide range of measurement platforms, 

including helicopters, environmental simulation chambers, and icing test 

facilities. Since it was not designed specifically for FBC measurements, it 

is not as compact or efficient as possible for this application. However, it 

served adequately to demonstrate the potential utility of laser techniques for 

coal processing facilities. 

Figure 3 shows the optical and electronic components that were used at 

the ANL FBC. The optical system, shown in the bottom picture of Figure 3, 

has four selectable channels or fringe periods that are used for measuring 

particles in different size ranges. The four channels cover the size range 

from about 0.2 microns to 500 microns. The electronic processor, called PMAC 

Model 554, is also shown in Figure 3. This unit calculates size apd velocity 

for each particle scattered light signal as discussed above. In addition, the 

unit has a built-in histogram generator which permits the generation of size 

. or velocity distributions. Normally, the histogram generator breaks the size 

or velocity range into 15 discreet bins. In developing the histogram, particle 

data is collected until a prescribed criteria is met. Primary criteria used 

are total number of counts (e.g., the number 1000 or 10,000 counts), or 
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Figure 3 .  Laser Interferometer Components 



particles are counted for a given period of time. These conditions are dialed 

in on the front control panel of the electronic processor. At the ANL instal- 

lation, the histogram data was printed out on a paper tape printer shown in 

the bottom picture of Figure 3. However, the histogram data can easily be fed 

to other systems, such as a minicomputer or control system. 

Figure 4 shows the optical system installed at the ANL FBC facility at 

one of three stations where measurements were made. The picture on the right 

in Figure 4 shows a closeup with the cover of the optical system off, and 

next to the optical windows that gave access to the flue gas. The system was 

used in the forward scatter mode only in this application. 

Very 1ittle.data analysis was performed by SDL on this program. The 

ANL collected most of the data, and performed most of the data analysis. An 

ANL report documenting the results of their data analysis will be available 

in the near future. Figure 5, however, illustrates typical size distribution 

data obtained with the unit at this installation. Coulter counter data from 

the same station is included in Figure 5. The data are in qualitative agree- 

ment. A detailed discussion about possible causes for data variance between 

laser interferometer and other measurements (Coulter counter, cascade impac- 

tors) is presented in SDL'S final report on this work (Reference 2). Figure 6 

shows typical histogram data for one of the observation locations. 

4. CONCLUSIONS 

Recent applications of optical instrumentation systems demonstrate 

their utility for critical measurements in coal processing systems. They have 

been successfully employed in a wide range of harsh conditions, including high 

temperature and pressure klows and severe mechanical environments. Both par- 

ticle field and,gas flow properties have been measured in these applications. 

Optical instruments offer a unique combination of advantages for coal 

facility measurements. These include high accuracy, I n  situ real time data 

acquisition with instrument hardware remote from the flow being monitored. 

Consequently, they are ideal candidates for use in executing critical control 

functions. 

Carefully selected optical techniques and optimally designed configura- 

tions can be employed for coal processing measurements. Candidate systems 

vary in level of complexity and data detail provided and can be matched up 

with specific measurement requiremenrs in demonstration plant operation. For 
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example, go-no-go data on particle environments requires a less sophisticated 

system than is needed for detailed size distribution measurements. A develop- 

ment and demonstration program will yield optical instrumentation systems 

needed to fill a vital role in coal processing demonstration plant operation. 
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QUESTIONS AND ANSWERS 

J. D. Trolinger 

Spectron Development Laboratories 

J. A. Consiglio, Solva-Tek Associates 

Q. Most o p t i c a l  instruments sample a s m a l l  volume. Usually, l a r g e  flow ducts  
are character ized by s p a t i a l  d i s t r i b u t i o n s  of p a r t i c u l a t e s .  Have you 
done any work toward g e t t i n g  in tegra ted  values f o r  the .  e n t i r e  duct? 

A. The types af instruments you ask  about must measure more than one p a r t i c l e  
i n  a sample volume ac a tLme. The most accura te  maasurprnerr Ls ai'e those 
cases  where you can examine one p a r t i c l e  a t  a time. Our approach a t  t h i s  
t i m e  is t o  scan t h e  s i n g l e  p a r t i c l e  .Instrument LU take samplco. Typically, 
the  instrument c o l l e c t s  a s t a t i s t i c a l  sample i n  a very s h o r t  period t i m e .  
W e  a r e  now developing an instrument which can be o p t i c a l l y  scanned, so  
our approach is t o  zoom t h e  sample volume from one s i z e  of the  duct  t o  
t h e  o ther ,  taking s t a t i s t i c a l  samples a t  a number of p o i n t s  across  the  
duct. 

A. P. Klotz, Fos te r  Wheeler Energy Corporation 

Q. What success, i f  any, have you had with coal  o i l  s l u r r f a s ?  A r e  you wvrk- 
ing  to develop instruments f o r  t h i s  area? 

A. Our cur ren t  development is a c t u a l l y  t o  take  our labora tory  type in t ru -  
menes and s p e c l a l l z e  Ll~ese f o r  operational and rnn trol measurements. W e  
need to minia tur ize  t h e  components and we need t o  make them more portable.  
We're a c t u a l l y  proceeding i n  a d i r e c t i o n  of producing instruments t h a t  
would be operable by not necessa r i ly  technical  people f o r  control led  
functions.  

J. P. Meyer Oak Ridge National Laboratory 

Q. Is i t  poss ib le  t o  quant i fy  t h e  e f f e c t s  of turbulence on d i s t r i b u t i o n a l  
measurements, s ince  densi ty  g rad ien t s  cause a l o s s  of coherent resoluLion 
i n  the o p t i c a l  beam? 

A. W e  have done a considerable amount of work on turbulence cases. I n  f a c t ,  
t h e  v e l o c i t y  measuring segment of t h e  instrument is used t o  study tur- 
bulence. What we f ind  is t h a t  when the  measurements can be made i n  
extremely short t i m e s  and i n  small  sample volumes, s t a t f s t i c a l  numbers 
of measurements reduce the  e f f e c t  of turbulence. Turbulence does, a s  you 
say, d i s t o r t  the  coherence of t h e  l i g h t  i n  the  sample volume. When t h i s  
happens, the  measurement may not  be good. Turbulent c e l l s  move through 
t h e  sampling region i n  a random fashion and sometimes the re  are per iods  
of t i m e  when we do g e t  no measurements. There a r e  t i m e s  when the  
instrument does funct ion properly. Elect ronic  l o g i c  r e j e c t s  t h a t  type 



of information which is d is tor ted  by turbulence. Turbulence reduces 
the operational t i m e  of the instrument by some percentage. 

Q. Although i t  is not possible to  rigorously apply spher ical  analysis to 
non-spherical geometries, is i t  still  possible t o  ex t r ac t  meaningful 
resu l t s ,  since s t a t i s t i c a l  considerations can average out  any uncertain- 
t i e s ?  

A. I believe t h i s  Is true. W: bel ieve i t  possible t o  average out properties 
s t a t i s t i c a l l y .  But we don t know exactly what the s t a t i s t i c  is  yet. W e  
have to take samples tha t  a r e  l i k e  the materials of i n t e r e s t  and use 
some of the other p a r t i c l e  diagnostic methods I mentioned to  determine 
what the s t a t i s t i c  is. We can calculate  the correct  re la t ionships  i f  
we know tha t  the p a r t i c l e  is cyl indr ical  or  cloisterous.  

W. O'Donnel, Monsanto Company 

Q. Does the holographic technique depend on a photographic f i lm which needs 
to  be developed? 

A. A t  the present time it does. That i s  the basic  reason why i t  is not 
applicable as a primary instrument f o r  control. There a r e  new materials;  
the most promising is thermo-plastic material, recently offered by a 
company i n  Germany cal led Rattenkolber. This is not a photographic film. 
The recording is made and immediately developed and data is accessible  
within seconds a f te r .  Such materials have become avai lable  i n  useable 
forms j u s t  i n  the  pas t  year. I consider tha t  these hold promise f o r  
some future  date. The method is s t i l l  very expensive, and I f e e l  tha t  
we are several  years away from replacing photographic films. 

J. Steiner,  Acurex 

Q. Have you compared your instrument readout t o  conventional measurements 
(e,g., impactors, cyclones) a t  Argonne? 

A. There was a comparison made a t  Argonne with capture sample measurements 
(an impactor and a Coulter counter). The bes t  thing I can say a t  t h i s  
t i m e  is tha t  the r e s u l t s  were not d ra s t i ca l ly  dif ferent .  W e  have explana- 
t ions  f o r  the differences i n  the two. A s  mentioned previously, the  two 
r ea l ly  measure d i f f e r en t  things. The Coulter counter measures an elec- 
t r i c a l  diameter, while op t i ca l  instruments measure op t i ca l  cross sections. 
The range of s i ze s  compared w e l l .  The d i s t r ibu t ions  did not compare so 
well. The data is s t i l l  being analyzed by the people a t  Argonne National 
Laboratory. 

E. E. Geraci, Leeds and NQrthrup Campany 

Q. What is the minimum p a r t i c l e  s i z e  tha t  can be resolved with your instru- 
ment? 

A. W e  have used the instrument down t o  2 microns. W e  have not r e a l l y  cal i -  
brated the instrument to  s i ze s  below about 5 microns. The ca l ib ra t ion  
of an instrument l i k e  t h i s  f o r  l a rge  samples below f i v e  microns is dif- 
f i cu l t .  W e  took readings l i k e  everyone e l s e  does below f i v e  microns, 



down to about 2/10ths of a micron. But there  a r e  indicat ions  t ha t  our 
instrument measures a nnrltiple valued function below about 5 microns, and 
i t  appears to make t h a t  measurement accurate, we must combine the measure 
of s ignal  v i s i b i l i t y  wi th  s c a t t e r  cross sections. So I can say t h a t  
although we have used the instrument down t o  sub-micron measurements, i ts  
usual appl icat ion s tops  a t  k t o  5 microns. 
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ON-LINE PART1 CULATE ANALYSIS FOR ADVANCED COMBUSTION SYSTEMS 

by E. S. Van Val kenburg 
Leeds & Northrup Company 

INTRODUCTION 

An on-l ine par t i cu la te  analysis instrument i s  being developed by 

Leeds & Northrup Company under ERDA sponsorship f o r  measuring the loading and 

s ize  d is t r ibu t ions  o f  par t i c les  entrained i n  the product gas streams o f  
advanced combustion systems. A prototype instrument has been designed and 

constructed. This instrument has now been delivered t o  the Argonne National 

l aborat0r.y (ANL) where i t  i s  being evaluated on a f luidized-bed combustion 

system. Follawing these tes ts  a t  ANL i t  w l l l  be delivered t o  the Curtiss 

Wright Carporation where i t  w i l l  be i n s t a l l e d  on the Small Gas Turbine 

F l  uidized-Bed Combustion System. 

This type o f  instrumentation w i  11 enabl e near real  -time monitoring 

and analysis o f  gas entrained par t i c les  by op t ica l  means. It w i l l  be used 

t o  evaluate performance o f  f i n e  p a r t i c l e  separators and t o  measure size 

d i s t r i b u t i o n  and concentration o f  par t i c les  a t  the i n l e t  t o  gas turbines i n  

d i r e c t  combustion coal - f i r e d  systems. The 1 a t t e r  appl i cation requires tha t  

the instrument be adaptable t o  medium size gas ducts which transport high 

temperature (1500" - 2000°F) high pressure (up t o  10 atm.) gas from the 

f i n a l  stage o f  f i l t r a t i o n  t o  the turbine. 

The instrument developed by Leeds & Northrup i s  based on the 

company's p r i o r  research i n  low-angle forward scatter ing o f  l i g h t  by sus- 

pended par t ic les.  I w i l l  f i r s t  describe the par t i cu la te  instrument designed 

f o r  advanced combustion systems appl i cations, l hen present thc basic con- 

cepts o f  t h i s  type o f  instrumentation and conclude w i th  a discussion on our 

1 aboratory t e s t  resul t s  and a summary o f  i t s  potent ia l  performance capabi 1 i - 
t ies .  

INSTRUMENT DESCRIPTION 

A schematic diagram o f  the opt ica l  t r a i n  o f  the ERDA instrument i s  

shown i n  Figure 1. This instrument consists of opt ica l  elements mounted t o  

an op t ica l  bench which extends under a horizontal run o f  the combustion 

system duct. (The duct i s  not shown i n  the schematic, only i t s  ve r t i ca l  

center 1 ine. ) The il lumrnation source i s  a he1 ium cadmium laser  mounted t o  
- 
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t he  underside o f  the op t i ca l  bench. Folding opt ics,  attached t o  the l e f t  

end of t he  op t i ca l  bench, d i r e c t  the laser  beam across the duct where 

p a r t i c l e s  i n  the  gas stream, which are i l l umina ted  by the beam, sca t te r  the 

l i g h t .  The scattered f l u x  i s  co l lec ted  by a lens and focused on a se t  o f  

funct ion masks. The por t ions o f  f l ux ,  which are t ransmit ted through the 

func t ion  masks, are focused by a second lens on t o  the photomul t ip l ie r  

detector. 

The output power o f  the  laser  i s  measured by a s i l i c o n  photodiode 

which detects rad ia t i on  from the rear  Brewster window o f  the laser.  This 

s iqna l  i s  displayed on a meter f o r  ease o f  ad just ing the laser  a1 ignment t o  

maintain peak power output. 

A photograph o f  the prototype instrument 1s shwwr~ i r~  Figure 2, This 

instrument consists o f  the op t i ca l  subsystem assembly, an e lect ron ics  

package, laser  power supply, and a d i g i t a l  l i n e  p r i n te r .  A1 1 un i ts ,  except 
I& 

4 the  p r i n te r ,  are  contained i n  NEMA 12 c lass enclosures t o  meet i n d u s t r i a l  

5' 1~ environmental requirements . The laser  and rece iv ing op t i cs  u n i t s  contain 

3 thermostat con t ro l led  heaters so t h a t  t he  op t i ca l  subsystem may be i n s t a l l e d  
$2, 

on a gas duct which i s  located outs ide o f  a bu i ld ing.  
1 

The e lect ron ics  package includes a microcomputer, v isudl  d isp lay and 

a l l  the operating controls.  This u n i t  can be located up t o  200 f e e t  from 

the op t i ca l  subsystem. The d i g i t a l  data p r i n t e r  i s  used t o  l o g  the  output 

measurements and can be located remotely trom the e lec t r -o r i i ~s  package, i f  
des i red. 

A p l a s t i c  mockup o f  a 4 inch I.D. duct i s  shown i n  the op t i ca l  

sampling zone o f  t he  instrument i n  Figure 3. The openiriy from the fo ld ing  

op t i cs  on the l e f t  t o  the co l l ec t i on  lens bezel i s  30 inches. The v e r t i c a l  

clearance above the op t i ca l  bench t o  the  laser  beam center l i n e  i s  9-1/2 

inches. These dimensions were chosen t o  accommodate a 10 inch I.D. duct 

w i t h  tee sect ion viewing por ts  extending on two sides o f  the duct. The tee 

sections contain quartz windows and means f o r  a i r  purging t o  keep the 

windows clean o f  deposits. 

Mechanical adjustments are provided on the  f o l d i ng  opt ics  f o r  a1 ign- 

ment o f  the op t i ca l  t r a i n  t o  the  duct windows a f t e r  the  instrument i s  

ins ta l led .  The instrument can be mechanically mounted t o  the duct through 



Fig. 2. Prototype Particulate Instrument 



Fig. 3. Optical  and Electronic Subsystems w i t h  4" Duct Model 



t he  load c a r r y i n g  base s t ruc tu re .  

Since many o f  you may no t  be f a m i l i a r  w i t h  t h e  basic measurement 

p r i n c i p l e s ,  I w i l l  review t h e  theory b r i e f l y  and discuss t h e  s i g n i f i c a n c e  

o f  t h e  measurements. 

OPTICAL SCATTERING MEASUREMENTS 

When small p a r t i c l e s  a re  i.1luminated by l i g h t ,  po r t i ons  o f  t h a t  

l i g h t  a re  scat te red a t  var ious angles depending on t h e  wavelength o f  t he  

l i g h t ,  s i z e  and shape o f  t h e  p a r t i c l e s  and index o f  r e f r a c t i o n .  The d i s t r i -  

bu t i on  o f  scat te red 1  i g h t  observed a t  g reat  distances from a small o b j e c t  i s  

r e f e r r e d  t o  as the  Fraunt~ofer  d i f f r a c t i o n  pat te rn ,  and f rom t h i s  pa t te rn ,  

the cross-sect ional  area o f  t he  o b j e c t  can be determined. I f  t h e  ob jec ts  

a re  spheres and the  i l l u m i n a t i o n  i s  monochromatic, t h e  angular  ex ten t  of t he  

d i f f r a c t i o n  p a t t e r n  i s  g iven by the  equation: s i n  0 = 1.22 x/d, where 

0 = h a l f  angle t o  the  f i r s t  minimum o f  t h e  pat te rn ,  A = wavelength of t he  

l i g h t  source and d  = p a r t i c l e  diameter. Thus, l a r g e  p a r t i c l e s  produce a  

narrowly def ined f l u x  pat te rn ,  w h i l e  smal ler  p a r t i c l e s  d i f f r a c t  f l u x  over 

wider angles b u t  w i t h  lower f l u x  i n t e n s i t y .  The t o t a l  i n t e n s i t y  ( I i )  o f  t he  

scat te red f l u x  i s  g iven by: Ii = Kndf, where K i s  a  c a l i b r a t i o n  constant  

and n  i s  the  number o f  p a r t i c l e s  o f  diameter die 

I f  a  s p e c i a l l y  designed t ransmission f i l t e r  i s  p laced i n  the  

Fraunhofer plane o f  t h e  c o l l e c t i o n  lens, t he  i n t e n s i t y  of t h e  t ransmi t ted  

scat te red f l u x  can be made p ropor t i ona l  t o  var ious powers o f  t h e  p a r t i c l e  

diameter (dn).  I n  p a r t i c u l a r ,  a  s e t  o f  masks has been designed t o  y i e l d  

s igna ls  propor t iona l  t o  t h e  second, t h i r d  and f o u r t h  powers o f ' t h e  p a r t i c l e  

diameters . 
The transmission c h a r a c t e r i s t i c s  o f  these. mask func t i ons  a re  

opt imized t o  y i e l d  a  un i fo rm response over the  t o t a l  range o f  p a r t i c l e  s izes  

t o  be measured. These masks a re  assembled on a  r o t a t i n g  d i sk  such t h a t  t he  

th ree  func t i ons  are  separated i n  angular  ex tent  and a l l o w  s e r i a l  e x t r a c t i o n  

of each o f  t h e  des i red  s igna ls .  Computations o f  t he  p a r t i c l e  s i z e  d i s t r i -  

bu t ions  and t o t a l  volume o f  t he  p a r t i c l e s  a r e  implemented as fo l lows.  

For a  c o l l e c t i o n  o f  p a r t i c l e s ,  t he  o p t i c a l  s igna l  from each p o r t i o n  

of the inask can be expressed as a summation o f  p a r t i c l e  r a d i i  r a i s e d  t o  the  

appropr ia te  power f o r  each mask segment. This summation can be w r i t t e n  i n  



an i n t e g r a l  f o r m  when t h e  p a r t i c l e  d i s t r i b u t i o n  i s  expressed as DN(a), the  

number dens i t y  d i s t r i b u t i o n  by p a r t i c l e  rad ius ,  so t h a t  DN(a)da i s  the  

f r a c t i o n  o f  p a r t i c l e s  w i t h  r a d i i  between a and a + da. For example, t he  

f l u x ,  S3, passing through the  3 r d  power mask i s  

w i t h  K3 an ins t rumenta l  constant, and E t h e  i n t e n s i t y  o f  thi probe beam. S 3  
i s  thus p ropor t i ona l  t o  t h e  volume o f  p a r t i c u l a t e  ma t te r  i n  t h e  beam. 

S i m i l a r l y ,  t h e  f l u x  passing through t h e  second power,and fou r th  

power masks may be w r i t t e n ,  respec t i ve l y ,  as 

S 2  - K2E a2DN(l)i la, ( 2 )  

where K2 and K4 a re  inst rumental  constants. 

Frequently,  f o r  p r a c t i c a l  purposes, i t  i s  convenient t o  descr ibe 

p a r t i c u l a t e  s i z e  d i s t r i b u t i o n s  i n  ways o the r  than the  number dens i ty .  Three 

d i f f e r e n t  ways o f  expressing the  same p a r t i c l e  d i s t r i b u t i o n  are  shown i n  

Fig. 4. One example [Fig. 4(C)] i s  t he  volume d i s t r i b u t i o n  Dv(a). This i s  

def ined such t h a t  Dv(a)da i s  the  f r a c t i o n  o f  t h e  t o t a l  volume contr ihut.ed by 

p a r t i c l e s  w i t h  r a d i  i between a and a t. da .I 

The f i r s t  moment o f  t he  volume d i s t r i b u t i o n  i n  F ig.  4(C), c a l l e d  the  

volume mean rad ius  a,,, i s  thus g i ven  by 

whence Prom Eqs. (1 ) and (3)  

Thus the  volume mean rad ius  o f  t h e  p a r t i c l e s  i s  g iven by . t he  . r a t i o . o f  the  

s igna ls  from the  f o u r t h  and t h i r d  power,apertures, apa r t  from an inst rumental  

constant.  . . 



F i g u r e  4 
/ Three Methods o f  D e f i n i n g  a P a r t i c l e  D i s t r i b u t i o n :  

( a )  by number, 
( b )  by area, and 
( c )  by volume 

Number 

D,,, (a Ida  

I 
Area 

Mean Radius 

P a r t i c l e  Radius, a 

I 
Vo 1 ume 

Mean Radius - 

Vo 1 ume 

Dv(a)da 

P a r t i c l e  Radius, a 



This constant  depends on t h e  mask design, b u t  i t  i s  independent o f  

t h e  i n t e n s i t y  o f  t h e  i n c i d e n t  beam. The concent ra t ion  o f  t h e  p a r t i c l e s  does 

n o t  a f f e c t  t h e   measurement,.^^ long as i t  i s  n o t  h i g h  enough t o  cause 

mu1 t i p l e  s c a t t e r i n g .  

Another way o f  desc r ib ing  a  p a r t i c l e  s i z e  d i s t r i b u t i o n  i s  the  area 

d i s t r i b u t i o n  DA(a) , where DA(a)da i s  t h e  f r a c t i o n  o f  the  t o t a l  surface area 

c o n t r i b u t e d  by p a r t i c l e s  i n  t h e  range a  t o  a  + da. This  i s  shown i n  

F ig .  4 (B ) .  From reasoning s i m i l a r  t o  t h a t  used above f o r  t he  volume d i s t r i -  

bu t ion ,  t he  area mean rad ius  iA i s  g iven by 

. la" whence from Eqs. ( 1  ) and (2)  

<. P Thus, t he  r a t i o  o f  t he  s igna ls  from the  t h i r d  and second power aper tures 

, .Y;, g i ves  the  area mean rad ius  w i thou t  the  need t o  mon i to r  t h e  i n c i d e n t  beam and 

* 7[6 i t  i s  independent o f  t h e  p a r t i c l e  concentrat ion.  

F i n a l l y ,  i t  i s  poss ib le  t o  o b t a i n  from the  th ree  output  s i g n a l s  t h e  

standard d e v i a t i o n  oA o f  t h e  area d i s t r i b u t i o n ,  which i s  de f i ned  by 

The mean square value of aA i s  g iven by 

whence, by Eqs. (21, (31 ,  ( 5 ) ,  and (71, 



T h u s ,  from E q .  ( 8 ) ,  

,rtrhi.ch i s  a measure of the width of the area dis t r ibut ion.  

TEST RESULTS 

The s i ze  range fo r  measurement of par t ic les  by the optical sca t te r -  
ing method just described is  determined primarily by the dynamic range of 
the instrument's 1 inear vol umetric response. Analysis of the mask designed 
fo r  the ERDA instrument gave a predicted performance as shown i n  Figure 5. 
With an u l t rav io le t  laser  of wavelength 325 nm, we would expect a uniform 
response from about 0.8 micrometer (micron) to  50 microns. 

The lower s ize  l imi t  i s  determined by the wavelength of the illumina- 
t ion. As the part ic le  s ize  approaches the wavelength of the l ight  source, 
the resultant scattering becomes a complex function and deviates rapidly from 
that  which can be interpreted by 'simple diffract ion theory. 

The upper s i ze  l imit  fo r  forward scattering measurements is  determin- 
ed by the r a t io  of sca t t e r  'signal t o  optical background tha t  can be achieved. 
The scattering angles fo r  larger and larger  par t ic les  approach the laser  beam 
axis and i t  becomes increasingly d i f f i c u l t  t o  detect ,the. s ca t t e r  flux 
signals.  

The observed response of the ERDA instrument, as compared t o  the 
theoretical response, i s  shown in Figure 6. The parameters MV, MA and WA 

a re  the mean volume diameter, mean area.diameter, and standard deviation of 
the area dis t r ibut ion,  respectively. Our i n i t i a l  measurements were made a t  
325 nm. We obtained measurements on par t ic les  as small as 0.8 micron. The 
deviation factor  i s  the log of the observed response re la t ive  t o  a l inear  
re..sponse. The MV and MA functions a re  well behaved over the range 1 t o  50 
microns. However, the WA function deviates rapidly above 20 microns. 

Unfortunately, the operation of the  u l t rav io le t  laser  became 
u,nstable during the course of our laboratory test ing.  I t s  power output vari- 
pt-ions exceeded the design tolerance of the  par t iculate  instrument and the 
laser  u n i t  was returned to  the vendor f o r  resolution of t h i s  problem. How- 

ever, acceptable performance could not be achieved i n  the time sca le  of our 
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program. The l a s e r  vendor, therefore, recommended t h a t  we modify t h e  u n i t  

'? t o  l ase  a t  442 nm wavelength. A f t e r  much d i f f i c u l t y  we now have a  s t a b l e  

l a s e r  b u t  opera t ing  a t  t h e ' b l u e  wavelength r a t h e r  than u l t r a v i o l e t .  The 

observed r e s u l t  f o r  t h e  MA func t ion  w i t h  t h i s  l a s e r  i s  a l s o  shown i n  

F igure  6. It y i e l d s  a  uniform response from 1.1 t o  20 microns. 

A volumetr ic  load ing response measured w i t h  t h e  inst rument  as 

de l i ve red  t o  Argonne i s  shown i n  F igure  7. A  suspension o f  diamond dust,  

of nominal 3 micron diameter p a r t i c l e s ,  was prepared i n  a  water-g lycer ine 

mixture.  The s t a r t i n g  m ix tu re  was ca lcu la ted  t o  be 10 ppm o f  diamond . . 

p a r t i c l e s  by volume t o  f l u i d  volume. Then t h e  m ix tu re  suspension was' 

d i l u t e d  by a d d i t i o n  o f  water and g l yce r ine  and t h e  volumetr ic  concent ra t ion  

was measured w i t h  t h e  ERDA inst rument  f o r  each d i l u t i o n .  The e r r o r  bars 

represent  t h e  standard dev ia t i on  f o r  t h ree  repeated measurements a t  each 

d i l u t i o n .  The inst rument  ou tput  dV i s  c a l i b r a t e d  i n  ppm f o r  a  one. inch path 

length.    or t h e  same equ iva lent  p a r t i c l e  loadings i n  a  duct  ' o f  10 inches 

1 . D . y  t h e  th resho ld  f o r  loading measurement,s would be about 0.02 ppm. 

An approximate l oad ing  sca le  i n  grains/SCF f o r  a  product  gas a t  

10 atmospheres and 800°C. i n  s i t u  cond i t ions  i s  shown on t h e  o rd ina te  o f  

t h e  graph i n  F igure 7. For  these cond i t i ons  on a  10 i n c h  duct,  t h e  equiva- 

l e n t  loading s e n s i t i v i t y  would be on t h e  order .  o f  0.005 grains/SCF. 

The standard dev ia t ions  shown f o r  t h e  p a r t i c l e  s i z e  measurements - 

M V y  MA and WA - a r e  ca l cu la ted  values f rom a l l  measurements obta ined w i t h  

t h i s  diamond dust  ma te r ia l .  These values agree very w e l l  w i t h  the  ma te r ia l  

s p e c i f i c a t i o n .  

SUMMARY 

An on - l i ne  p a r t i c u l a t e  analyzer  has been designed f o r  measurement of 

p a r t i c l e s  i n  h igh  ternperature, pressur ized gas' streams. A pro to type i nst ru-  

'ment has been constructed and ca l i b ra ted .  I t  i s  now scheduled f o r  operat ion-  

. a l  t e s t s  a t  Argonne Nat ional  Laborator ies and l a t e r  a t  Cur t i ss  Wright 

Corporation. 

A  summary o f  t h e  inst rument  s p e c i f i c a t i o n s  i s  presented i n  the  
. .  . 

fo l lowing tab le .  The " ~ c h i e v e d "  data i s  what has been observed under labora-  

t o r y  cond i t i ons  w i t h  t h e  pro to type u n i t .  The "Forecast" column represents 

whatwe b e l i e v e  t o  be achievable under opera t ing  cond i t i ons  f o r  an improved 
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inst rument  having an u l t r a v i o l e t  l ase r .  I 

PARTICLE ANALYSIS INSTRUMENT SPECIFICATIONS 

PARAMETER GOAL ACHIEVED 'FORECAST 

P a r t i c l e  S ize  Range 0.8 - 50p 1.1 - 25p 1.0 - 50p 

Maximum Loading* 100 ppm @ 5v 100 ppm @ l o v  100 ppm 8 5v 
Detect ion L imi  t* 0.1 ppm 0.2 ppm 0.2 ppm 

Sample Path Length 3 - 30 cm 3 - 30 cm 3 - 30 cm 

Data Outputs dV, MA; MV, WA Same Same + H is  togram 

*Data f o r  2.54 dm I .D.  duct  

Reference 

1. Wertheimer, A. L. and Wilcock, W. L., "Measurements o f  P a r t i c l e  
D i s t r i b u t i o n s  Using L i g h t  Scat te r ing" ,  Appl ied Optics, - 15, p. 1616,. 
1 976. 



QUESTIONS AND ANSWERS 

E. S. VanValkenburg 

Leeds & Northrup Company 

A. C. Tulumello, De l t a  S c i e n t i f i c  

Q. How do you main ta in  t h e  windows i n  such a system? 

A. W e  do t h i s  by a i r  purge. I n  t h e  system a t  Argonne, t h e  a i r  purge scheme 
w a s  used f i r s t  f o r  t h e  Spectron Development Lab ins t rument  and we're now 
l ining t h e  same scheme on our  tests. To da t e ,  we have had no d i f f i c u l t y  
maintain5.n.g c l e a n  windows with t h a t  purge s y s  tem. A ~ Y  IS direccecl 
a c r o s s  t he  q u a r t z  window and main ta ins  a p o s i t i v e  p r e s s u r e  i n  t h e  p o r t  
sectflons t o  keep t h e  p a r t i c u l a t e s  coliffiled ro the  maill Ilow streah uf 
t h e  duct.  

,>,  W. H. Marlow, Brookhaven Na t iona l  Laboratory 

Q. What do you expect  t h e  ins t rument  t o  do i n  mixed system of opaque and 
t r a n s l u c e n t  p a r t i c l e s ?  

A. I d i d  no t  b r i n g  up t h e  s u b j e c t  of index from r e f r a c t i o n .  One of t he  
reasons  we have s t r u c t u r e d  t h e  o p t i c a l  system a s  shown h e r e  is  t o  be a s  
independent  of index of r e f r a c t i o n  a s  poss ib l e .  However, we have had 
exper ience  i n  the l a b o r a t o r y  of measuring polyscyr.et~e t i p l ~ r r r s  w l l i ~ l l  arc 
q u i t e  t r a n s l u c e n t ,  even t r anspa ren t ,  and we have noted t h a t  we g e t  some 
d i f f e r e n t  da t a  i n  terms of s i z e  and concen t r a t ion  f o r  t h a t  type of 
m a t e r i a l  a s  c o n t r a s t e d  t o  diamond dus t .  We f i n a l l y  ended up us ing  t h e  
diamond d u s t  f o r  c a l i b r a t i o n  because we f e l t  i t  w a s  more t y p i c a l  of 
m a t e r i a l  i n  a g a s i f i c a t i o n  gas  stream. 

D. F. C i l i b e r t i ,  Westinghouse Research and Development 

Q. A s  bne who has f r e q u e n t l y  s u f f e r e d  through t h e  tedium and u n c e r t a i n t y  
t h a t  a r e  i n t r i n s i c  t o  t h e  u s e  of cascade impactors  f o r  p a r t i c l e  s i z e  
measurement, I would l i k e  t o  wish you and o t h e r s  i n  t h i s  e f f o r t  good 
l u c k ,  and as impor tan t ,  good funding.  

J 

W. J. Haas, A m e s  Laboratory 

Q. P l e a s e  d e s c r i b e  t h e  alignment and c a l i b r a t i o n  procedure. 

A. The alignment procedure is  one of a d j u s t i n g  t h e  f o l d i n g  o p t i c s  t o  image 
t h e  l a s e r  beam a t  an o p t i c a l  s t o p  on t h e  mask t h a t  I described.  We do 
n o t  want t o  measure any of t h e  main beam energy by . the photo-mul t ip l ie r ,  
s o  t he  al ignment  procedure is  one of d i r e c t i n g  t h a t  beam t o  t h a t  s p o t ,  
and we have had no d i f f i c u l t y  s o  f a r  i n  main ta in ing  t h a t  a l ignment  i n  
opera t ion .  However, I a l s o  emphasize t h a t  we want t o  t ie  t h e  o p t i c a l  



system to  t h e  duc t ,  recogniz ing  t h a t  t h e  duc t  is going t o  move due t o  
thermal e f f e c t s  and p r e s s u r i z a t i o n  e f f e c t s .  So we want t h e  windows .on 
t h e  duct  t o  t r a c k  w i t h  t h e  instrument ,  and t h e  accuracy on t h a t  s t i l l  
has  t o  be determined from more p r a c t i c a l  experience.  About t h e  c a l i b r a -  

, t i o n  procedure...The s i z e  o u t p u t s  a r e  determined i n h e r e n t l y  by t h e  des ign  
of t h e  mask and t h e r e  is no c a l i b r a t i o n ,  beyond t h a t  po in t ,  requi red .  
The only c a l i b r a t i o n  t h a t  i s  needed is  on t h e  volumetr ic  response,  and 
t h a t  r e q u i r e s  t h a t  t h e  d a t a  he  co r r ec t ed  i f  t h e  l a s e r  beam i n t e n s i t y  
v a r i e s .  So one of t h e  th ings  we do need t o  i n c o r p o r a t e  i n  f u t u r e  i n s t r u -  
ments is t o  make i t  s e l f - c a l i b r a t i n g  a g a i n s t  t h e  l a s e r  beam, provid ing  ' 

n o t  j u s t  a meter a t  t h e  back of t h e  ins t rument  a s  T've shown here ,  b u t  
feeding  t h a t  s i g n a l  i n t o  t h e  microprocessor  s o  t h a t  t h e  l a s e r  beam 
i n t e n s i t y  is au toma t i ca l ly  compensated i n  t h e  computation. The only  
o t h e r  v a r i a b l e  is t h e  duc t  diameter ,  t h a t  is f i x e d  f o r  any i n s t a l l a t i o n .  

John Modla, Buel l  Envirotech 

Q. Have you t r i e d  ana lyz ing  s c a t t e r e d  r a d i a t i o n  of d i f f e r e n t  wavelengths 
a t  va r ious  angles ,  e.g., 90' s c a t t e r i n g .  

A. We have another  c o n t r a c t  w i th  the  Environmental P r o t e c t i o n  Agency. W e  
use  90' s c a t t e r i n g  f o r  measuring r e s p i r a t o r y  s i z e  p a r t i c l e s ,  t h a t  is, 
sub-micron s i z e d  p a r t i c l e s ,  i n  s t a t i o n a r y  s t acks .  That work w i l l  be 
r epo r t ed  a t  a l a t e r  date .  

Q. Do you have problems wi th  m u l t i p l e  s c a t t e r i n g  f o r  p a r t i c l e s  less t h a n '  
1 micron? 

A. I ind ica t ed  h e r e  t h a t  we do need t o  main ta in  s i n g l e  event  s c a t t e r i n g  and 
t h a t  does provide  an upper hound t o  t h e  concen t r a t ion  which w e  can handle.  
I n  my l a s t  s l i d e  I showed t h a t  we had achieved measurements a t  100 p a r t s  ,. -'. 
p e r  m i l l i o n  wi th  10-micron p a r t i c l e s ,  and a s  t h e  p a r t i c l e s  g e t  sma l l e r  
t h a t  l i m i t  would have t o  come down i n  o r d e r  .to avoid m u l t i p l e  s c a t t e r i n g  
e f f e c t s .  

Q. What is the  power ou tpu t  of t h e  l a s e r ?  

A. The nominal ou tpu t  i s  of t h e  o r d e r  of 10 t o  20 m i l l i w a t t s .  

Q. Do you p l an  t o  extend t h e  c a p a b i l i t i e s  of t h i s  ins t rument  i n  t h e  range 
of less than 0.5 microns? 

A. That relates t o  t h e  f i r s t  ques t ions .  W e  a r e  doing t h a t  work under an EPA 
con t r ac t .  

J. Tro l inger ,  Spectron Development Lah. Tnc. 

Q. What c a l i b r a t i o n  tests have been performed f o r  non-spherical  p a r t i c l e s ?  

A. W e  have done no work s p e c i f i c a l l y  on non-spherical p a r t i c l e s  i n  t h e  
labora tory .  W e  have done p a r t i c l e  ana lyses  o,n e l i p s o i d s  of r evo lu t ion ,  
and a n t i c i p a t i n g  t h a t  i f  you have e longated  p a r t i c l e s ,  they w i l l  be  
mixed wi th  s p h e r i c a l  p a r t i c l e s  i n  a  random o r i e n t a t i o n .  We do n o t  
cons ide r  shape i n  t h i s  a p p l i c a t i o n  t o  be  any. problem. 



Q. How is  t h e  sample volume def ined?  

A. The sample volume is def ined  by t h a t  p o r t i o n  of t h e  l a s e r  beam t h a t  is  
r e s i d e n t  i n s i d e  the  duct .  We would l i k e  t o  measure a l l  of t h e  p a r t i c l e s  
i n  t h a t  volume. There i s  one c o n s t r a i n t  and t h a t  is t h e  c o l l e c t i o n  lens .  
A s  t h e  pa th  l eng th  g e t s  longer  and t h e  p a r t i c l e s  g e t  sma l l e r ,  t he  
s m a l l e r  p a r t i c l e s  s c a t t e r  i n  wider angles .  The l e n s ,  i n  t h a t  case  is 
n o t  going t o  ca t ch  a l l  of t h a t  energy. So what we've s e t  up i s  a  c r i t e r i a  
t h a t  is t o  measure t o  t h e  midpoint of t h e  duct ,  a s  a  minimum f o r  a l l  s i z e s  
of p a r t i c l e s ,  and then  we compensate t h e  mask s t r u c t u r e  f o r  those  smal l  
p a r t i c l e s  t h a t  a r e  beyond t h e  midpoint. This  a n t i c i p a t e s  t h a t  i f  t h e r e  
is  non-homogeneity of t h e  p a r t i c l e s ,  they should hopefu l ly  have some 
r a d i a l  d i s t r i b u t i o n  ac ros s  t h e  duct.  

Q. Is i t  s i z e  dependent? 

A. m e  samp3.e volume i s  no t  dependent on s i z e .  It 'is dependent s t r i c t l y  on 
t h e  l a s e r  beam dimensions. 

F. Rnndy, Fos t e r  Wheeler Energy co rpora t f an  

. Q. Is t h e  maximum a l lowable  d u s t  loading  f o r  gas  t u r b i n e s  0.01 grams pe r  
s t anda rd  cubic f o o t  o r  0.01 grams p e r  ACF? 

A. The d a t a  t h a t  I showed i n  my l a s t  s l i d e  was c a l c u l a t e d  f o r  s tandard  cubic  
f e e t  f o r  a f l u i d i z e d  bed system ope ra t ing  a t  10 atmospheres and 1500°F 
temperature.  The p r e s s u r e  temperature conversion f o r  s tandard  condi.t ions 

$ ,  t h a t  I showed on t h e  c h a r t  g ives  a  l i m i t  of 0.01 g ra in / sc f  f o r  a  ten-.. 
i nch  duc t  on a t y p i c a l  f l u i d i z e d  bed p re s su r i zed  system. 
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ABSTRACT Adaptation of instruments using radiation may 
answer the need for composition analyzers in coal gasification 
process streams. Such instruments would use radiation in the 
range of 200 NM in the ultraviolet to 157M in the infrared. 
The use of both emission and absorption principles has been 
widely Used in procesa applications and shnuld be adaptable to 
the analytical and environmental constraints of the coal- 
related processes. The principal components of interest are 
steam, carbonyl sulfide, and oxides of nitrogen, carbon and 
sulfur, hydrogen sulfide, oxygen, methane, hydrochloric acid, 
and total hydrocarbons. Requirements for these analyzers are 
reviewed in detail. .J*.?' 

9' 

INTRODUCTION 

For the purposes of this presentation, under the heading of 
optical methods are grouped instruments using invisible as 
well as visible radiation in the range of 2Q0 NM in the 
untraviolet to 15pM in the infrared. The principles involved 
and the techniques available for the transmission and collection 
of energy are essentially similar throughout the range. Figure 1 
shows the electromagnetic spectrum in broad terms and the 
relationship of the units used for wavelength. Traditionally, 
the regions under consideration are near ultraviolet (200 to 
400 NM) , the visible (380 to 750 NM) , and the infrared 
(1-15 9). 

When this radiant energy passes through gases or liquids, some 
of it is absorbed by the molecules. The energy absorption is 
a function of wavelength. A measurement of this absorption is 
referred to as a spectrum and can be determined for any gas or 
liquid. Molecular concentrations are determined by measuring 
the energy absorbed in a given path length. This absorption 
process approximately follows Beer's law. This expression is 
shown in Figure 2. This principle has been widely used in both 
laboratory and process applications for many years. 



Figure 3 is a list of some compounds analyzed by optical methods. 
Obviously it is a partial list, but it does contain most of~the 
substances relevant to this discussion. Another reason for 
showing the list is to point out the traditional separation of 
the IR AND UV/VIS. The availability of detector systems in the 
past has resulted in a natural division. The evolution of 
instrumentation and detector technology.in recent years has all 
but removed the need for the separate categories. This point 
will be addressed in .greater detail later. 

I1 INSTRUMENTATION REQUIREMENTS 

It would be impractical to set forth the detailed specifications 
for all of the optical analyzers that might be applied in coal 
gasification processes. As an alternative to this, generalized 
requirements will be presented. This applies to both analytical 
needs and analyzer performance. Figure 4 gives typical low-level 
ranges. It will be noted that carbon dioxide is shown at 0-15 
percent. While this may be typical, 0-40 percent would appear 
quite commonly as a stream concentration. Hydrogen, carbon 
monoxide, carbon dioxide, methane, nitrogen, and water vapor are 
components falling in the range of 10 to 90 percent. 

The analysis of these components may be required for control or 
material balance purpose,s. It is stated that these may be 
required because, obviously, a final analytical method his not 
been chosen. 

Typical analyzer performance is given in Figure 5. These 
requirements appear to be compatible with most instrumentation 
available in today's marketplace.  his figure does not take 
reliability into consideration. Historically,.process analyzers 
are not particularly reliable. This reputation may endure for 
decades after it is no longer true. There are indications that 
reliablility is becoming a reality and that ninety days of 
operation without component failure is becoming co~onplace. 
This is encouraging, since ninety days appear to be the goal 
that would satisfy most end users. 

I11 OPTICS ANALYZERS 

A textbook description of an analytical optical analyzer would 
probably be that of a prism or grating instrument. Figure 6 
shows the optical schematic of a commercially available device. 
Such instruments are expensive, complex, and fragile. 



They are inherently incapable of meeting the analyzer requirements 
that have previously been set forth. 

This type of instrument depends'on the dispersion of light from , 

the surface of a replicate grating or prism. The use of a 
narrow slit produces essentially monochromatic radiation which 
passes through a sample volume., After passing through the sample 
absorption cell, the radiation is focused on a detector and the 
electrical signal produced is amplified and displayed or recorded 
by conventional means. The resolution of these instruments is a 
function of the dispersion of energy. 

This point is made because the instruments of most probable 
interest operate in an opposite manner. Figure 7 shows a 
nondispersive infrared analyzer. There are many variations of 
this device, but they all act in essentially the same way. The 
availability of highly selective filters has made these devices 
possible. Their simplicity, low cost, and reliability has made 
them attractive for process applications. These filters are 
capable of passing extremely narrow portions of the energy 
radiated from a source such as a tungsten filament. Passbands 
of 0.05 micron or better in the infrared are readily achievable. 
Thus, the energy transmitted through the sample cell is equivalent 
to that achieved by a prism or grating instrument. 

It should be noted that numbers of such filters can be located 
on a rotating disc, and can thus provide greater analytical 
capability. The detectors used on such instruments come in many 
forms but always depend on the absorption of energy for their 
operation. Figure 8 shows a similar analyzer using a solid state 
detector. 'l'he essential difference 1s that the kiitering takes 
place after the radiation .has passed through the sample. 

To this point it has been implied that this approach to analyzer 
design is limited to infrared devices. The solid state detectors 
mentioned are compact, reliable, and have rapid responses. The 
higher the frequencies that are used to modulate the detectors, 
the simpler the electronics become. These detectors have an 
extremely useful parameter, which is the detectivity (D*). This 
is a figure of merit and is the reciprocal of the product of the 
noise equivalent (l) power and the square -roof a£ &the-zdetectarsarea. 
~ h u s  D* = vs (ALV) 1 1 2  . / ~ n  W, . 

(1) Noise equivalent power is defined as the rms value of the . 
radiant power producing'a signal.equa1 to the noise measured at 
a specified wavelength, or black body, plus radiation at a 
particular temperature, chopping frequency and bandwidth. 



Where Vs and Vn are the signaL and noise voltages, A the area, 
f the bandwidth of the amplifier, and W the rms radiation'power 
following on the detector. The variation of D* with wavelength 
for a number of detectors is shown in Figure 9. The effects of 
temperature are quite apparent. Of particular interest, however, 
is the pyroelectric detector at ambient temperature. The 
essentially linear response throughout the ultraviolet, visible, 
and infrared regions makes broadband analyses with a simple 
instrument quite practical. 

PROCESS STREAM ANALYSIS 

The purpose in providing an analyzer on a coal gasification 
process stream is twofold. The analysis of the gaseous components 
of the process stream is as important as in any production process. 
The second purpose is a material balance. In these processes the 
sampling frequencies are high enough to make individual analysis 
undesirable. Figure 10 shows the distribution of concentrations 
for five processes. These figures represent the analysis prior to 
methanation. All of the major components in.all of the processes 
are at concentrations that do not usually result in analytical 
problems. 

Figure 11 shows the concentrations after methanation. Again, the 
analysis is essentially straightforward with some difficulty 
involved in the low level of the carbon monoxide concentrations. 
It is presumed that the low-level concentrations would be 
accomplished with analyzers of a design somewhat different from 
those used for the major components. To accomplish both tasks 
with the same instrument would seem to be an unnecessary and 
counterproductive constraint. 

Anuther example of an on-linc analysis is shown in Figilre 12. 
The concentrations shown are post-sulfur recovery in a stream 
using Eastern coal. This is typical of a flue gas application. 
Instrumentation for this analysis does exist in several forms. 
Figure 13 shows an estimate of the concentrations in the C02 
absorber feed gas at relatively high pressure. The gases here 
would again imply the use of two separate instruments. This 
is the hydrogen sulfide removal section. The analysis of 
H2S is of particular importance. However, the analysis of the 
others is required. 



V CONCLUSION 

In looking at the requirments for on-line composition analysis 
using optical methods, several points have been emphasized. 
The first is that the UV/VIS/IR part of the electromagnetic 
spectrum is so narrow that with detection devices available 
today, there no longer exists any fundamental reason for using. 
separate instruments. This approa'ch would provide a single 
instrument capable of performing a material balance at a rapid 
rate. The quality of the analysis would be inherently greater 
than that provided by separate analyzers. 

The performance requirements are essentially the same as most 
process instruments available in the market place, Review of 
the process stream compositions. shows that there are no 
unusually difficult analyses if the use of separate instrument 
designs for high-and low-level applications is accepted. It is 
believed that'analytical instruments that would meet the . 

requirements set forth are well within the current state of the 
art. 



FIGURE 1 
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FIGURE 3 

COMPONENTS ANALYZED BY OPTICAL ABSORPTION METHODS 
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FIGURE 5 

TYPICAL ANALYZER REQUIREMENTS 
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FIGURE 6 

PRISM SPECTROMETER 
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FIGURE 7 

NDlR ANALYZER - LUFT DETECTOR 
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FIGURE 8 
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FIGURE 9 

SPECTRAL SENSITIVITY 
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FIGURE 10 

RAW GAS QUENCH (WESTERN COAL) 
QUENCHED GAS (TO SHIFT CONVERSION, 

ACID GAS REMOVAL) 
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FIGURE 11 

- METHANATION (WESTERN COAL) ' 

PRODUCT GAS 
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FIGURE 12 

PRELIMINARY ESTIMATES OF 
TYPICAL COAL GASIFICATION-PROCESS 

(EASTERN C6AL) 
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FIGURE 13 
PRELIMINARY ESTIMATES OF 

TY PlCAL COAL GASIFICATION PROCESS 
(EASTERN COAL) 
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Abstract  

This paper desc r ibes  the  f e a t u r e s  of the  con t ro l  systems and i n s t r u -  

mentation of a modern pet ro leum'ref inery .  I l l u s t r a t i o n s  a r e  based on the  

Sohio-BP r e f i n e r y  a t  Marcus Hook, Pa. which was r e c e n t l y  modernized. 

The paper a l s o  p resen t s  some p ro jec t ions  i n t o  the  f u t u r e  and a 

philosophical  approach t o , s o l v i n g  e x i s t i n g  problems and a t t a i n i n g .  

b e t t e r  con t ro l  f o r  the  fu tu re .  



I n t r o d u c t i o n  

The modern petroleum r e f i n e r y  has adopted many of t h e  r e c e n t  advances 

i n  c o n t r o l  technology.  The Sohio-BP Ref inery  a t  Marcus Hook, Pa. 

was r e c e n t l y  modernized and w i l l  be used t o  i l l u s t r a t e  t he  f e a t u r e s  

of  a  c u r r e n t  c o n t r o l  systems des ign  i n  t h i s  i ndus t ry .  A l i s t  of 

r e f i n e r y  c o n t r o l  o b j e c t i v e s  i s  shown i n  f i g u r e  1. Whatever new 

o r  i nnova t ive  systems we a r e  apply ing  should r e f l e c t  i n  meeting 

t h e s e  goa l s .  

Although p rog res s  i s  being made i n  many areas. t h e r e  are  stiJ1 problems 

which l a c k  a  s a t i s f a c t o r y  s o l u t i o n .  We a s  managers, eng inee r s ,  t e a c h e r s ,  

and t e c h n i c i a n s  should be a b l e  t o  f i n d  t h e s e  s o l u t i o n s .  However, 

t h e r e  a r e  c r e d i b i l i t y  gaps t h a t  e x i s t  between.us which we must overcome 

i n  o rde r  t o  s o l v e  t h e  problems and have b e t t e r  c o n t r o l  i n  t h e  f u t u r e .  

The 1975 Ref inery  Cont ro l  System . 

The Sohio-BP Ref inery  a t  Marcus Hook was r e c e n t l y  modernized by the  

a d d i t i o n  of s e v e r a l  new process  u n i t s  and t h e  revamp of some of t he  

e x i s t i n g  u n i t s .  F igure  2 i s  a  l i s t  of f e a t u r e s  of  t h e  c o n t r o l  systems 

i n  a modern r e f i n e r y .  They a r e  p r i m a r i l y  based on t h e  Marcus Hook p r o j e c t .  

E a r l y  i n  t h e  p r o j e c t ,  a  comprehensive s tudy  was made t o  develop a  p l an  

f o r  o v e r a l l  r e £ i n e r y  control , .  The p l an  c a l l e d  f o r  one c e n t r a l  c o n t r o l  

room, no t  on ly  f o r  t h e  new f a c i l i t i e s  b u t  a l s o  a  conso l fda t ion  of t h e  

e x i s t i n g  l o c a l  c o n t r o l  rooms. The modern r e f i n e r y  has  cons ide rab le  

p roces s  i n t e g r a t i o n  and tk common c o n t r o l  l o c a t i o n  improves comun ica t ions ,  



s i m p l i f i e s  da ta  acqu i s i t ion ,  and reduces manpower. New r e f i n e r i e s  a r e  

being b u i l t  with cen t ra l i zed  c o n t r o l s  and a few o lde r  p l a n t s  a r e  consol ida t ing  

t h e i r  var ious  u n i t  cont ro l  rooms i n t o  one common con t ro l  cen te r .  SomeL 

times, o f f - s i t e  f a c i l i t i e s  such a s  gasol ine  blenders a r e  a l s o  con t ro l l ed  

'from the  c e n t r a l  con t ro l  room. 

The Marcus Hook Refinery Control Center f l o o r  p lan  i s  shown i n  f i g u r e  3. 

The bui ld ing i s  114 f e e t  by 73 f e e t  o v e r a l l  with the  con t ro l  room 

occupying about one-half the  t o t a l  space. The con t ro l  room provides 

f o r  approximately 200 l i n e a r  f e e t  of panel.  The panels face  t o  face  

a r e  20 f e e t  a p a r t ,  i n  the narrow d i rec t ion .  The bui ld ing a l s o  provides 

a computer room, o f f i c e s ,  locker f a c i l i t i e s ,  analyzer  room, switchgear 

room, and mechanical equipment room. The analyzer  room conta ins  labora tory  

type chromatographs which a r e  computer-controlled. The s h i f t  supervisor ' s  

o f f i c e  i s  f l u s h  wi th  the  panel where i t  becomes p a r t  of the controlq,room. 
I 

Computer type f loor ing  i s  provided i n  the  computer room and behind t h e  

panel p lus  crossovers i n  the  con t ro l  room. Figure 4 i s  a  photo taken : I . , '  . 
' + 

i n s i d e  the  con t ro l  room. Emergency l i g h t i n g ,  b a t t e r y  powered, i s  prpvided. " " * ,  t.: .,i.>:i ". 
' . . t  " .  

Also a closed c i r c u i t  TV monitor t o  allow the  opera tors  t o  watch the  .. . , . . ..,- ... I 

r e l i e f  gas f l a r e  s tack  i s  provided. The opera tor  consoles a r e  located 

symetr ica l ly  i n  the  room and over the  cable  t renches.  

The contro l  room shown.in the f i g u r e s  has 4 board opera tors  wi th  about 

110 t o  160 con t ro l  loops each. By comparison, most s i n g l e  u n i t  con t ro l  

rooms, w i l l  have 25 t o  50, maybe a few a s  high a s  75, con t ro l  loops 

wi th  a f u l l  time board operator .  

Control lqops a r e  defined t o  inc lude  a t r a n s m i t t e r ,  panel mounted. c o n t r o l l e r ,  

and f i n a l  contr 'ol element on the  process. 



About 100 c o n t r o l  l oops  per  board ope ra to r  r e p r e s e n t s  c u r r e n t  good , 

p r a c t i c e  i n  a  r e f i n e r y  c o n t r o l  c e n t e r .  I f  you are s i g n i f i c a n t l y  below 

t h i s  l e v e l  t hen  you have a  problem. With s p e c i a l  d i g i t a l  scanning 
J 

t echniques  and o p e r a t o r  t r a i n i n g ,  thec  200 t o  300 l e v e l  may be a t t a i n e d .  

Due t o  longer  t r ansmis s ion  d i s t a n c e s ,  computer c o m p a t i b i l i t y ,  and p a s t  

exper ience ,  t h e r e  i s  a  g e n e r a l  p r e f e r ence  f o r  e l e c t r o n i c  i n s t rumen ta t i on .  

F igu re  5 shows t h e  f r o n t  of  pane l  arrangement f o r  t h i s  type  o f  ins t rument .  

The pane l  shown i s  a  semi-graphic type  w i t h  t h e  a la rms  incorpora ted  i n t o  

t h e  g raph ic  s e c t i o n .  A page- ta lk  intercom system w i t h  m u l t i p l e  channels  

i s  provided fnr c m u n i c a t i o n  t o  thc f ie ld .  This ct~mmrrnicaeisii system 

i s  supplemented w i t h  Walk i e - t a lk i e s .  There a r e  no l a r g e  ca se  m u l t i p o i n t  

r e c o r d e r s .  Each s e c t i o n  of panel  has  a p a t c h - b a r d  t r e n d ' r e c o r d e r  included 

w i t h  t h e  s h e l f  i n s t rumen t s .  Dedicated r e c o r d e r s  a r e  minimized. General ly  

less t h a n  h a l f  of t h e  c o n t r o l  loops  have r eco rde r s .  Some p l a n t s  have 

reduced t h i s  t o  near  z e r o  by u t i l i z i n g  computer moni tor ing  and logging 

c a p a b i l i t i e s  . Thermocouples have a  d i g i t a l  readout .  on t h e  console .  

Standby c o n t r o l  s t a t i o n s  f o r  manual t akeover ,  a r e  provided:on. t h e  panel  

front I n  ca se  of a  c o n t r o l l e r  f a i l u r e .  

The r e a r  of t h e  pane l  i s  shown i n  F igure  6. ' A l l  a u x i l l a q  equipment i s  

i n s t a l l e d  i n  t h e  r a c k  a g a i n s t  t h e  w a l l .  There i s  £ow f e e t  of c l e a r  

working space between t h e  rack  and t h e  panel .  A l l  i n t e r c o n n e c t s  between 

t h e  r a c k  and t h e  pane l  o r  t he  computer a r e  by co rd - se t  w i t h  a plug on each  

end and looped under t h e  r a i s e d  f l o o r .  Redundant DC pcwfr s u p p l i e s  and 

a l t e r n a t e  AC power sou rces  w i t h  au tomat ic  t r a n s f e r  a r e  provided. The 

r a c k  a l s o  c o n t a i n s  i n t e g r a l  computer i n t e r f a c i n g  equipment. T h i s  a r range-  

ment a l l ows  maximum shop checkout and minimum f i e l d  hookup t i m e .  It ' 

should become common p r a c t i c e  i n  s e v e r a l  yea r s .  The w i r i n g  t o  t h e  f i e l d  
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. .  i s  'run underground f o r  f i r e  protec t ion .  I n t r i n s i c a l l y - s a f e  type i n s t a l l a t i o n s  
. .  . 

have not been genera l ly  adopted s o  f a r .  

Computer con t ro l  i s  operator  o r i en ted  and genera l ly  supervisory r a t h e r  

than DDC. Supervisory cont ro l  i s  l e s s  expensive than DDC when the  major i ty  

of the  con t ro l  loops requ i re  analog backup a s  i n  a  r e f i n e r y .  Typical ly,  

85% of the  con t ro l  loops work wel l  wi th  conventional analog con t ro l .  

Therefore,  only about 15% of the  con t ro l  loops can be j u s t i f i e d  f o r  computer 

con t ro l .  However, t h e  computer needs i n p u t s , f o r  a l l  the  da ta  f o r  operator  

information d i sp lays  such a s  graphic CRTts. Figure 7 i s  a typica1,computer- 

based CRT graphic d isplay .  These have proven t o  be very popular with the  

opera tors .  The computer f a c i l i t i e s  a r e  i n  a  separa te  room i n  t h e  con t ro l  

cen te r  wi th  only operator  consoles and typewri ters  i n  the  con t ro l  room. < .  
3 i 

The computer room is  shown i n  Figure 8. 
. . ?!.. .,- . , -2 

The computer i n s t a l l a t i o n  i s  genera l ly  a  j o i n t  e f f o r t  of c e n t r a l  s t a f f  
;' ! \ '  ,! 

and p l a n t  personnel.  The on-going support work i s  the  r e s p o n s i b i l i t y  of 
.!. !..I,.. 

t he  p lan t  organiza t ion  and pr imar i ly  done by chemical engineers.  Con- . . 

s ide rab le  use i s  made of vendor c a p a b i l i t i e s  i n  supplying computer con t ro l  

technology, Hnwever, the  a v a i l a b l e  s k i l l s  i n  t h i s  a rea  a r e  genera l ly  

not as 'good a s  adver t i sed .  Process computer outages do occur. Computer 

'maintenance c o n t r a c t s  a r e  normal p r a c t i c e  and the  se rv ice  i s  genera l ly  

good. Limited app l i ca t ions  f o r  programmable c o n t r o l l e r s  have been found 

i n  t h e  r e f i n e r y .  These include c a t a l y s t  regenera t ion  systems, dryer  

switching,  and var ious  package u n i t s  r equ i r ing  sequen t i a l  opera t ions  

which a r e  r e p e t i t i v e  . 



Today's r e f i n e r y  w i l l  a l s o  l i k e l y  have s p e c i a l  systems u t i l i z i n g  small  

computers. These may be p a r t  of a package such a s  a n  oc tane  monitor ing 

system f o r  an  au tomat ic  gaso l ine  b lender .  Another t y p i c a l  system i s  

computer-control led chromatographs w i t h  f u l l  s p e c t r a l  a n a l y s i s .  The 

d i g i t a l  equipment f o r  t h e s e  a p p l i c a t i o n s  is  l i k e l y  loca t ed  i n  t h e  c o n t r o l  

c e n t e r .  I n  t h e  Marcus Hook c o n t r o l  c e n t e r ,  t h e  octane monitor ing 

system inc ludes  a minicomputer, b u t  t h e  chromatographs a r e  c o n t r o l l e d  by 

t h e  l a r g e  main computer system. Octane, i n c i d e n t l y ,  i s  on c losed  loop 

c o n t r o l ,  whether leaded o r  unleaded. 

With t h e  high c o s t  of c o n s t r u c t i o n  l a b o r ,  cons ide rab le  sav ings  has  been 

A '..- r e a l i z e d  t h r u  t h e  use of f i e l d  mu l t ip l ex ing  o f .  instrument  s i g n a l s .  

The c o s t  of w i r i n g  c a b l e s  i s  a l s o  g r e a t l y  reduced. Thermocouples, 

which a r e  n o t  on c o n t r o l ,  a r e  a ready  a p p l i c a t i o n .  R e f i n e r i e s  have 

s e v e r a l  hundred of t hese  po in t s .  Systems inc lude  d i g i t a l  readout  i n  

t h e  c o n t r o l  room and computer i n t e r f a c i n g .  Another a p p l i c a t i o n  i s  t h e  

remote mul t ip l ex ing  of d i s c r e t e  o r  s t a t u s  informat ion ,  such a s  alnrms, 

running l i g h t s ,  va lve  p o s i t i o n  i n d i c a t o r s ,  and s t a r t - s t o p  switches.  

An automatic  g a s o l i n e  b lender  has  been i n s t a l l e d  i n  t h i s  way, however, 

a much h igher  speed system i s  r equ i r ed  he re  t han  i n  the case of the  

temperature p o i n t s .  A b lender  c o n t r o l  panel i s  shown i n  F ig .  9.  The 

o r d e r  o f  magnitude of sav ings  f o r  t hese  mul t ip l ex ing  systems over 

hardwir ing i s  hundreds of thousands of d o l l a r s .  

Another p r a c t i c e ,  becoming s tandard  i n  t he  r e f i n e r y ,  i s  the  i n s t a l l a t i o n  

of v i b r a t i o n  monitor ing systems f o r  a l l  major c e n t r i f u g a l  compressors 

and tu rb ines .  These may even  inc lude  automatic  shutdowns, e s p e c i a l l y  

on a x i a l  measurements. Dual s enso r s  a r e  be ing  used t o  avoid f a l s e  t r i p s .  



The preSent day r e f i n e r y  w i l l  a l s o  save money by i n s t i l l i n g  fu ' l l  block 

and bypass manifolds around only those con t ro l  va lves  where i t  can be 

j u s t i f i e d .  Some p l a n t s  have over 15 years  of s a t i s f a c t o r y  operat ing 

experience wi th  a  "minimum block and bypass prac t ice ."  The experienced 

design team can do an exce l l en t  job of s e l e c t i n g  those appl ica t ions '  

where you expect t o  have problems o r  a r e  extremely c r i t i c a l .  About 30% 

o r  1 e s s . o f  the  t o t a l  i n s t a l l a t i o n s  w i l l  r equ i re  f u l l  manifolds i n  a  

r e f ine ry .  Another 20% may have p a r t i a l  manifolds such a s  only one block, 

upstream or downstream, blocks and no bypass or  a  bypass with no blocks.  

A t  l e a s t  50% w i l l  be i n  c lean ,  low pressure drop, rou t ine  app l i ca t ions  

wi th  no blocks and bypasses. One i n  f i v e  of these  may have handwheels 

and the  remainder i n s t a l l e d  wi th  only a  three-way valve i n  the  s i g n a l  

l i n e  a t  the  diaphragm f o r  connecting a  temporary a i r  supply. 

There seems t o  be. an increased use of on-stream analyzers.  The f u l l  6.: 

s p e c t r a l  chromatographs a l ready mentioned i s  one example. Other examples. ., 

include s t ack  gas 02 monitors on hea te r s  and b o i l e r s  f o r  energy con- + + 

se rva t ion  and " o i l  i n  water" d e t e c t o r s  f o r  environmental protec t ion .  

Computers a r e  even c a l c u l a t i n g  furnace e f f i c i e n c i e s  wi th  on-l ine d a t a  

which includes the  oxygen ana lys i s .  The new probe type 02 analyzer  has 

been widely accepted because it i s  simple i n  opera t ion  and easy  t o  maintain. 

Ref ine r i e s  have had outstanding s a f e t y  performance f o r  many years .  Today's 

p lan t  has higher pressure processes.  For th is  reason and o the r s ,  c e n t r a l  

con t ro l  rooms a r e  being b u i l t  wi th  b l a s t  r e s i s t a n t  cons t ruc t ion  and no 

windows. More extens ive  t e s t i n g  i s  being done t o  insure  aga ins t  l eaks  i n  

the  process instruments,  lead l i n e  connections. The f u l l e s t  a t t e n t i o n  i s  



given t o  providing explosion proof i n s t a l l a t i o n  of e l e c t r o n i c  devices and 

wir ing .  Gage g l a s s e s  a r e  being r e s t r i c t e d  t o  low pressure app l i ca t ions  

only;  such a s  under 1000 'ps ig .  Metal tube l e v e l  gages o r  back 

up instruments a r e  used ' i n  the  high pressure se rv ices .  Our experience 

t o  d a t e  wi th  the  f e a t u r e s  j u s t  described has been good and they have . 

brought us a  long way toward re'aching the  goals  1 i s t e d . i n  f i g u r e  1. 

Trends t o  t h e  Future 

The major advancements of the  next 5 t o  10 years  w i l l  l i k e l y  continue t o  

be i n  the  c o n t r o l  c e n t e r  area .  Developments a r e  t rending toward the  

replacement of the  t r a d i t i o n a l  con t ro l  panel and i t s  analog d i sp lay  

instruments wi th  opera tor  consoles u t i l i z i n g  mul t ip le  CRT' s ., 

This  concept has been proposed i n  the  l i t e r a t u r e  f o r  a t  l e a s t  a  ha l f  

dozen years  so  more people a r e  g e t t i n g  used t o  the  idea.  Operators a r e  

spending more time away from the  panel wi th  t h e i r  present  v in tage  computer 

consoles.  Related i n d u s t r i e s  a r e  on the verge of t r y i n g  t h i s  approach. 

Instrument companies seem t o  be point ing i n  t h a t  d l r e c r i n n  wi th  new 

hardware packaging arra,ngement. WSlen,it has been proven in a c t u a l  

p r a c t i c e ,  t h e  r e f i n e r i e s  w i l l  be ready t o  consider  i t .  The main ' ' 

i ncen t ives  a r e  g r e a t e r  manpower e f f i c i e n c y  and f a s t  response t o  minimize 

upsets .  The main drawback would seem t o  be t h a t  i t  r e s t r i c t s  support 

personnel from shar ing  the  load i n  an emergency. 

Other p ro jec t ions  a re :  

1. F i e l d  mul t ip lexing of  s i g n a l s  w i l l  be expanded t o  include con t ro l  

loops. 

2.  Process u n i t s  w i l l  have standard. con t ro l  packages. These w i l l  l i k e l y  

include monitoring s t a r t u p  and shutdown procedures, wi th  alarms when 

the  proper s t e p  i s  not  followed. 
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3 .  Optimizing systems w i l l  be developed t o , q u i c k l y  a d j u s t  c o n t r o l  

s t r a t e g i e s  based on changing f eeds tocks  o r  equipment l i m i t a t i o n s .  

4 .  Board o p e r a t o r s  w i l l  be. upgraded t o  become a p a r t  of  t he  d e c i s i o n  

making team. 

5 .  The ma jo r i t y  of flow measurements w i l l  con t inue  t o  be o r i f i c e  meters ,  

however, e l ec t ron i c -ba l ance  type  t r a n s m i t t e r s  w i l l  probably r e p l a c e  

t h e  force-ba lance  type.  

6. 1nc reased .use  of  t h r o t t l i n g  b a l l  v a l v e s  i s  l i k e l y .  Only t h e  cage 

type  va lve ,  of  r e c e n t  innovat ions  i n  c o n t r o l  v a l v e s ,  has  become 

g e n e r a l l y  accepted .  B u t t e r f l y  type c o n t r o l  valwes, w i t h  90Q t r a v e l ,  

have a l s o  gained g r e a t e r  use .  

Reducing t h e  C r e d i b i l i t y  Gaps .. 

Now t h a t  we have reviewed t h e  achievements of today and made some 

p r e d i c t i o n s  f o r  tomorrow, l e t ' s  look a t  some of  t o d a y ' s  problems and 

t h e i r  s o l u t i o n .  Implementing c lo sed  loop computer c o n t r o l  i s  s t i l l  no t  

a r e a l i t y  i n  many cases .  Only t h e  most ou t s t and ing  p l a n t s  exceed 85% 

, s e r v i c e  f a c t o r  f o r  on-s t ream'ana lyzers .  Tubeskin thermocouples 'have 

ques t i onab le  accuracy and r e l i a b i l i t y .  Tank gaging systems need updat ing .  

Some ins t ruments  a r e  s u s c e p t i b l e  t o  r a d i o  frequency i n t e r f e r e n c e  and 

l i g h t n i n g  damage. We a r e  s t i l l  looking  f o r  a s a t i s f a c t o r y  way t o  measure 

f l a r e  gas  flow r a t e .  How a r e  s o l u t i o n s  t o  t h e s e  and o t h e r  problems going 
I 

t o  be disoovered and developed? 

We each  have our  own realm of unders tad ing  and e x p e r t i s e .  People w i t h  

whom w e  contacg i n  our  work s e e  th,ings d i f f e r e n t l y  t han  w e  do. T h i s  may 

be  due t o  poor communications, va ry ing   experience.^, <re j ud i ce s ,  e t c .  

I 

The r e s u l t  i s  ri so -ca l l ed  c r e d i b i l i t y  gap. Th i s  cak be i l l u s t r a t e d  by 

t h e  fo l lowing  exper ience .  
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I n  choos ing  an  ins t rument  s u p p l i e r  f o r  a p r o j e c t  a few yea r s  ago, we 

dec ided  t o  i nc lude  i n  t h e  s e l e c t i o n  c r i t e r i a  - t h e  a b i l i t y  t o  apply  

advanced c o n t r o l  schemes t o  t h e  process .  Proposa ls  were r ece ived  and 

s i n c e  t h e  process  was l i c e n s e d  t o  u s ,  t h e  l i c e n s o r  was asked t o  comment 

on t h e  proposa ls .  They were a l l  r e j e c t e d  a s  u n j u s t i f i e d .  That ,  i s  a 

c r e d i b i l i t y  gap. 

These gaps seem t o  e x i s t  between a l l  of us:  manufacturer  and customer; 

c o n t r a c t o r  and c l i e n t ;  de s ign  engineer  and maintenance; u n i v e r s i t i e s  

and i n d u s t r y ;  procesk and c o n t r o l  sys temsj  and management and computer 

s t - a f i .  

We can  reduce t h e s e  c r e d i b i l i t y  gaps and make t h e  b e s t  use of  our  t a l e n t s  

t o  advance t h e  technology i f  s e v e r a l  t h i n g s  happen: 

1. The ins t rument  eng inee r  and t h e  process  eng inee r  must understand 

each o t h e r .  The hardware should f i t  t he  process  and se rve  one of 

t h e s e  func t ions ;  c o n t r o l ,  s a f e t y ,  equipment monitor ing,  and/or  

account ing.  

2.  Operat ing personnel  must be a b l e  t o  i n t e r f a c e  t h e i r  p rocess  t h r u  t h e  

c o n t r o l  sy s t en .  Board o p e r a t o r s  should be g iven  increased  l a t i t u d e  

i n  making c h o i c e s  of  a l t e r n a t e  a c t i o n s .  

3. Ins t ruments  and systems must be capable  of be ing  maintained e a s i l y  

and r a p i d l y .  The des ign  person should f i n d  o u t  what d o e s n ' t  work and 

t h e  maintenance person  should be a b l e  t o  l e a r n  new techniques .  

4. In s t rumen ta t i on  must be  produced on t h e  b a s i s  of t h e  l a t e s t  proven 

technology,  a t  a r ea sonab le  p r i c e ,  and wi thou t  adverse  s i d e  e f f e c t s .  

S e r v i c e  should be  prompt and q u a l i f i e d .  

5. The academic i n s t i t u t i o n s  must relate t h e  t heo ry  t o  p r a c t i c e  s o  

t h a t  t h e  l e a r n e r  e a s i l y  becomes a doer  and uses  a l l  t he  proper  t o o l s .  



6. Engineers and managers must see  through the  mist ique of ,computers  

so t h a t  t h e i r  use a l s o  serves  one o r  more o f , t h e s e  funct ions ;  c o n t r o l ,  

s a f e t y ,  equipment monitoring, and accounting. 

7. Contractors  must be f l e x i b l e  enough t o  accept  and follow the  prefer red .  . 

p r a c t i c e s  of the  r e f i n e r .  The r e f i n e r  should have an up-to-date 

s e t  of con t ro l  systems s p e c i f i c a t i o n s  and instrument s tandards.  

Much of t h i s  i s  being done today. People a r e  communicating wi th  each 

o ther .  There a r e  many: educat ional  oppor tun i t i e s  ava i l ab le .  con t ro l  

p r a c t i c e  i s  becoming b e t t e r  documented. The Instrument Socie ty  of America 

and t h e  American Petroleum I n s t i t u t e  have made good progress r e c e n t l y  

i n  the  pub l i ca t ion  of new and revised  r e c m e n d e d  p r a c t i c e s  and standards.  
. >:  

' These a r e  not stand-alone documenf s i n  most cases ,  however, they a r e  ... 

e x c e l l e n t  supplements t o  individual  company s p e c i f i c a t i o n s  and p r o j e c t  

c r i t e r i a .  I n  t h e  a rea  of t r a i n i n g ,  the  l a t e s t  technique i s  videotapes.  

Some a r e  ava i l ab le  f o r  purchase and some organiza t ions  a r e  a l s o  producing . 

t h e i r  own. 

There a r e  ava i l ab le  today, seve ra l  instrument engineering se rv ice  

organiza t ions .  Often p a r t  of a vendor organiza t ion ,  they a r e  highly 

capable i n  such a reas  a s  cons t ruc t ion  engineering,  f i e l d  supervision,  

analyzer  system design,  shop f a b r i c a t i o n  and c a l i b r a t i o n .  Greater  use 

i s  b e l i e  made of thesc  c a p a b i l i t i e s .  



Also, Management i s  more aware of the  r o l e  of the  con t ro l  systems today 

and thus con t ro l  systems a r e  more a p a r t  of o v e r a l l  r e f i n e r y  cont ro l . .  

This  managerial loop i s  broadening, which means b e t t e r  automation decis ions  

a r e  being made. The r e f i n i n g  indust ry  i s  a leader  i n  t h e  app l i ca t ion  of 

new c o n t r o l  technology. The modern r e f i n e r y  i s  being b u i l t  fo= maintenance 

a c c e s s i b i l i t y ,  r e l i a b i l i t y  and 'with good documentation. 

I n  c los ing ,  here a r e  a  few suggest ions f o r  c r e a t i n g  b e t t e r  working r e -  

\- 
l a t i o n s h i p s  and doing a b e t t e r  job i n  the  f u t u r e :  

1. Think about how you a r e  a f f e c t i n g  the  a b i l i t y  of o the r s  t o  do t h e i r  

job. Put yourse l f  i n  t h e i r  shoes. 

2 .  Everytime you do a job - t r y  something new. 
I 

3 .  Emphasize what you do b e s t .  

4. Remember the  proverb, "What thy hand f inde th  t o  do, do it wi th  

thy  might. I' 

It has o f t en  been s a i d  t h a t  instrument people s t i c k  together .  I n  these  

days of i n f l a t i o n  and the  energy cruch, i t  seems even more important 

than ever ,  f o r  us  t o  work together  i n  reducing the  c r e d i b i l i t y  gaps 

t o  make our c o n t r i b u t i o n  t o  the  p r o f i t a b i l i t y  of  our employers and t o  

t h e  improvement of our environment. 



Figure 1 

Refinery Control System_ Objectives 

1. Close control, Minimum Deviation from Plan. 

2. Smooth Operation,' Few Upsets, Fast Response. 

3. Reliability,  Long Life. 

4 .  Safety for personnel and equipment. 

5 .  Low cost,  easy to maintain. 

6 .  Manpower efficiency, more loops per operator. 

7. Accurate data, readily available, current. 

8.  Optimization, Adaptability. 

9 .  Standardization. 



Figure 2 

Modem Refinery Control systems Features 

Centralization, Consolidation 

Electronic Instrumentation 

Computer Control 

Graphic CRT'e 

Programmable eontrofiers 
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Octane Monitoring Systems 

Remote Multiplexers 

Vibration Monitors 

Minimum Control Valve Manifolds 

On-stream Analyzers 

Safety Instrmntatton 
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Fig, 3. Modern Refinery Control Center Floor Plan 



Fig.  4 .  Control Room 





Fig. 6. Rear View of Instrumentation Panel 



Fig. 7. Typical Computer-b~sed CRT graphiz display 
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Fig. 9.  Blender Control Panel 



QUESTIONS AND ANSWERS 

K. L. Hopkins 

The Standard O i l  Company (Ohio) 

J. M. M i l e s ,  P h i l l i p s  Petroleum Company 

Q. You mentioned tha t  the  o r i f i c e  meters would be the mainly used i n  
the  future.  Have you t r i ed  the Vortex shedding meters i n  your operation? 

A. W e  have not t r i e d  the vortex shedding meters. We a r e  aware of it, bu t  
we j u s t  have not  found an application. 

B. G .  ~ i p t f i k ,  ~ i p t 6 k  Assoc. 

Q. Do you f ind  both the conventional and the CRT displays being used? 
A r e  both needed? 

A. W e  f ind they both a r e  being used, and I think both were needed. I think 
t h a t  we could have eliminated the graphic annunciator and gone to  con- 
ventional annunciators, but t h a t  decision was made before it was decided 
to  develop the graphics on the CRT's. So i n  the case of the bo i le rs  
being brought over now in to  the  control  room, we w i l l  not expand the 
graphic annunciator, but only go with the graphic CRT. 

The computer had a l l  of the  data, essen t ia l ly  a l l  of the hundreds of 
inputs. But i t  was only intended to  have closed loop control  on 15% of 

- , - the  control  loops. I n  t h i s  system, the percentage t h a t  we f e e l  where - advanced control  techniques a r e  needed. So to  do se tpo in t  changes and 
t h a t  s o r t  of thing on the other  conventional loops, the conventional 
panel instrument were used f o r  that. 

Q. Was your mult-iplexing data highway based on microprocessor interfacing? 

A. I ' m  not sure  I know the  answer t o  that .  Maybe I can give you some 
information, and you can f igu re  i t  out. The temperature multiplexing 
system is an EMC system and the d i g i t a l  gasoline blender multiplexing 
system was IC Engineering. We did use some redundancy there  fo r  r e l i -  
a b i l i t y  such as oonx cable transmisoion oyotcm, 

Q. Did you implement advanced control  such as multivariable o r  feed forward? 

A. The answer here, is basical ly  yes. W e  did not implement advanced 
coneral utrtlll a f t e r  startup.  W e  provided what we though were going 
to  be the cont ro l le rs  with the remote s e t  computer s t a t i ons  and today, 
two years l a t e r ,  they have closed the loop on about 30 or  so loops. This, 
i f  you add up four operators, and 110 to  160 loops each, you' l l  f ind 
tha t ' s  not 15%, but 15% is somewhere 75-100 loops, so we're a t  30% or  so, 
t o  date. There is a task group i n  the plant  that ' s  continuing to  move 



from one sect ion of the p lan t  to the  other, closing loops on advanced 
applications. 

G. N. Reddy, Argonne National Laboratory 

Q. How were the magnitudes In  var ia t ions  of various physical and 
chemical proper t ies  of process streams determined for  design of the 
control  system mathematical modelling? How a r e  various instruments 
cal ibrated? 

A. A s  f a r  a s  I know w e  a r e  not using an ac tua l  model of the  processes f o r  
optimization and tha t  s o r t  of thing. There is some modeling done off- 
l i n e  f o r  various case studies.  There a r e  laboratory type data and on- 
stream analyses inputed continuously in to  the computer base system. 
That is u t i l i zed  i n  some of our calculat ions  of tower loadings, f o r  
example, to  develop some of the control  algorithms. A s  f a r  a s  cal i -  
brat ion is concerned, nothing spec ia l  here, the chromatographs, have 
the computerized normalization of the  peaks and so i t 's  s o r t  of se l f -  
ca l ib ra t ing  tha t  way. But otherwise, we have maintenance people who 
do the calibrations.  

T. P. Mulcahey, Argonne National Laboratory 

Q. Any remote manual control  s ta t ions?  

A. No, is the answer there. We do have a few loca l  control  loops i n  the 
f i e l d  and there a r e  a few HIC s t a t i ons  on the panel board, but basical ly  
a l l  the control is i n  tha t  control  center. The only way the outside 
operator can take over control  of the un i t  is to  go on a bypass, and tha t  
is very seldom done. 

Q. Any backup i n  case of l o s s  of computers? 

A. The plant  can run 100% without the  computer, so the analog instru- 
mentation is complete. 

Q. How long do you keep data? What form? Mag Tape, printout,  e t c?  

A. Some w e d  data is kept. I think ins ide  the computer system, 
generally there is a 24 hour data base. 

Q, Any control  system scheduled maintenance shutdown? 

A. No, re f iner ies  operate, generally, f o r  two years, sometimes three 
years between shutdowns and so we t r y  t o  design the systems t h a t  
w i l l  be r e l i a b l e  enough to  run f o r  t ha t  period of time. 

* 
Q. Is f u l l  remote s ta r tup  and shutdown capabi l i ty  included through 

cent ra l  control  room? 

A. Basically, yes, the  p lan ts  a r e  s t a r t ed  up and shut  down from the 
control  center, but there  are people i n  the f i e l d  s t a r t i n g  and 
stopping pumps,and opening and closing valves. 



Q. What educational l eve l  of future  operators? 

A. That's a good question. I would l i k e  to see  t h i s  improve but I think 
it's not  necessary unless you're going to l e t  them ge t  more ac t ive  
i n  par t ic ipa t ing  i n  some of the decision making. How to optimize the 
operation and so for th .  When the plant  is  running smoothly the 
operators still  s i t  around without too much to  do. So during tha t  
period of time i f  they do have the a b i l i t y  to par t ic ipa te  with 
supervision and management teams, then they could make use of tha t  
t i m e .  They a r e  talented people, and you're never going to  completely 
include a l l  of the mental processing tha t  the  human being does i n  a 
computer sys tem. 

W. A. Sandstrom, I n s t i t u t e  of Gas Technology 

Q o  Do you chart  record, f o r  trends, those pressures and temperatures 
no t  on automatic control? 

A. Yes .  This is done through those se lec tor  recorders, trend recorders. 
There is a program on the computer tha t  was developed f o r  doing some 
graphical type trending. 

E. E. Geraci, Leed and Northrup Company 

Q. What percentage of the loops required i n t r i n s i c  safety? 

A. I n  our system we did not use i n t r i n s i c  safety  on anything. It was 
a l l  designed and implemented a s  an explosion proof ins ta l la t ion .  

Q. W i l l  the trend to  i n t r i n s i c  sa fe ty  increase? 

A. Y e s ,  I think so. It can be more economical. 

C. R. Fleming, The Foxboro Company 

Q. I n  an energy intensive process such as a ref inery it is  in te res t ing  
to  see you have brought bo i le r  controls i n to  the control  center. Can 
you elaborate on how t h i s  may have contributed to  reducing the energy 
cos t  per un i t  process output? 

A. I think the answer to  t h i s  may l i e  i n  the area of energy management. 
By having a l l  the  operations and a l l  of the inIormation i n  one locarlan 
you can do a b e t t e r  job of making decisions on conserving energy and 
d i s t r i bu t ing  your load and knowing jus t  where you're using your energy. 

J. A. Depadro, Argonne National Laboratory 

Q. What is the number of t o t a l  points mointored or  controlled by computer? 

A. The number of points  monitored by the computer is two or  three thousand. 
Controlled by the computer, I think we answered that ,  r i gh t  now I think 
i t  is  around 30 loops but we can go qui te  a b i t  beyond that. 

Q. What is r e a l  time update on points? by scan or  by change? 



A. I think most of the points a r e  updated on the order of magnitude of 
say one minute. 

Q. A r e  multiplexers dual coaxial? 

A. Yes, the I C  system w a s  dual coaxial. 

E. S. Giordano, Badger Plants Incorporated 

Q. Could you elaborate on leak detection instrumentation tha t  might be ap- 
p l icab le  to  coal gasif icat ion operations (e.g., CO, Hz, etc., leak 
detection) ? 

A. Let me skip tha t  one fo r  now and I'll think about it. 

.T. Modla, Buell Envirotech 

Q, Are you using minicomputers; i f  so  what kind? 

A. In  t h i s  i n s t a l l a t i on ,  the only minicomputer was a PDP8, which was pa r t  
of t ha t  package gasoline octane system. 

Q. What type of micro processors a r e  you using? 

A. No micro processors a t  t h i s  t i m e .  

Q. Do you have problems with Universal Asynchronous Receiver Transmitters? 

A. I don't know. I can't answer that .  

Q. What other problems do you have with a computerized set up, ie. 
equipment breakdown? 

A. I f  you're talking about the breakdown of the computer i t s e l f ,  I ' m  not 
d i r ec t ly  involved i n  the computer i n s t a l l a t i on  i t s e l f ,  so I r e a l l y  
don' t know, But a f t e r  about two years of operation, typical ly  they've 
had maybe two or three outages. Other than that ,  any outages have 
been p re t ty  much planned. So i t 's  been a very r e l i a b l e  system, and 
it 's been i n  operation now f o r  almost two and one-half years. 

Q. What is the cost  of a system such a s  you described? 

A. Everything you saw i n  t ha t  control  center,  including the analog 
instruments and the multiplexing systems is on the order of a few mill ion 
dollars.  And we think the savings per year a r e  a few mil l ion do l la rs  on 
the systems that we have implemented, including the consolidation and the 
computer applications. 

J. J. Holtgrefe, Badger Plants  Incorporated 

Q. Programmable control ler ,  t o  what extent  is t h i s  used and service. 

A. The only programmable cont ro l le r  i n  t h i s  ins ta l la t ion ,  was a square D 
Norpack type system tha t  was used on reformer regeneration. This 



w a s  a (UOP) continuous regenerated reformer. W e  have a t  other locations 
used a t rue  memory type programmable cont ro l le r  on batch reactors. We 
are going to  use programmable control lers  extensively on the proposed 
pipe l i n e  a t  the pump s t a t i ons  f o r  the logic  systems. This is  
the  proposed w e s t  coast  midcontinent pipe l i n e  f o r  bringing the 
Alaskan crude from the west coast  i n t o  Texas where it can be d i s t r ibu ted  
throughout the  midwest. 

Q. Solid s t a t e ,  hardwired o r  pa r t  of computer? 

A. we've used a l l  types. 

A. Le t  me take a s t ab  at  t h i s  leak detection question, i f  we have time. 
I ' m  not sure  what you mean by leak detection. One form of leak 
detect ion is the type we speak of i n  a pipel ine in s t a l l a t i on ,  trying 
to monitor the loss  o t  material, and there a r e  two or  three approaches. 

.One is looking a t  the  pressure prof i le ,  and seeing how tha t  changes with 
,,: ,, time. Another is t o  use a flow-in, flow-out type of dynamir system, and 

i n  our pipel ine applications,  w e  do both, so technology does exis t  t o  do 
t h i s  type of leak detection o r  l i n e  i n t eg r i t y  approach. 
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ENVIRONMENTAL MONITORING I N  COAL CONVERSION 

M. Massey, Carnegie-Mellon University 
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Let me begin by apologizing fo r  Lowell Miller's absence. Lowell 

was unavoidably called out of tawn and asked tha t  I stand i n  f o r  him today. 

I would l ike  t o  accomplish two things with you today. F i r s t ,  

I would l ike  t o  broadly outline the program tha t  is currently underway 

fo r  environmental assessment i n  the high BTU gas p i lo t  plant program. 

And 1'd l ike  t o  discuss one segment of that  program, one tha t  I t r u s t  

w i l l  be of greatest in teres t  t o  you, namely the characteris t ics  of the 

emironmental sampling effor t  tha t  is goingsonin the p i lo t  plant program. 

So l e t  me begin with a broad overview-of program structure, 

objectives, tasks, and timing. Structurally there are two groups of en- 

vironmental cantractors associated with the program. Three contractors 

are essential ly independent industr ial  contractors: Radian Corporation 

is working a t  the Cop-Acceptor p i l o t  plant in  Rapid City, South Dakota; 

The In s t i t u t e  of Gas Technology (IGT) is working a t  the Hygas steamlolrygen 

and s t d i r o n  p i lo t  plant i n  Chicago, I l l i no i s ;  Phil l ips Petroleum is 

cuducting the work a t  the Bi-Gas p i lo t  plant i n  Homer City, Pemsylvan$a.. 

Two contractors a re  associated with the government-owned and run p i lo t  

plants: the Grand-Forks Energy Research Center, operating out of Grand 



Forks, North Dakota, on the slagging fixed bed gas i f ier ,  and the Pi t t s -  

burgh Energy Research Center, operating the Synthane pi lo t  plant i n  

Bruceton, Pennsylvania. Finally there i s  an wersight contractor, Car- 

negie-Mellon University (C-MU) , who has been charged with the responsi- 

b i l i t y  of coordinating and evaluating the act iv i t ies  of the individual 

contractors a t  each of the five pi lot  plants. C-MU'S coordination1 

evaluation function varies with each of the plants. The most d i rect  

l ine  of responsibility i n  the past year has been a t  the Hygas pi lo t  

plant i n  Chicago and the C%-Acceptor p i lo t  plant i n  Rapid City. In- 

creased attention is being devoted t o  the Bi-Gas, Synthane, and slagging 

fixed bed gasification pi lo t  plants as they become fully operational. 

The ERDA pi lo t  plant environmental assessment program has 

. three basic objectives. The f i r s t  is t o  emphasize the determination 

of scalable effluent production characteristics of the various pi lot  

plants, as contrasted with emissions which would be outfalls from a com- 

mercial-scale plant. A s  many of you are undoubtedly aware, pi lot  plant 

configurations rarely ref lec t  the eventual configurations of larger 

scale commercial f a c i l i t i e s  so the bulk of the effluent data generation 

e f fo r t  has been focused on those elements of the process which are most 

scalable. Since the pi lo t  plants are i n  general, not; equipped with 

complete or scalable effluent treatment systems, emphasis has also been 

placed on plant effluent production rather than emission. 

The second program objective i s  t o  generate and close material 

balances on selected constituents. The primary balances of interest  are 

sulfur ,  nitrogen and trace metals. A md. pnewhat lg-, important ob- 

jective is  to  characterize plant environmental impacts a t  the pi lo t  



plant-scale. Assessment of p i lo t  plant enviro-&a1 impacts is of dis-  

t i nc t l y  secondary in teres t  due t o  the generally non-representative nature 

of p i lo t  plant effluent treatment systems. 

For purposes of discussion here, program ac t iv i t i e s  can be 

stnnnarized i n  terms of f i ve  basic tasks. Task 1 involves identif icat ion 

and pr ior i t iza t ion  of the effluent parameters whichare t o  be monitored 

during the course of the program. In  the absence of established ef- 

fluent standards and guidelines, significant e f fo r t  has been devoted t o  

the screening of potentially significant waste parameters which might 

influence e i the r  tb t rea tab i l i ty  o r  the discharge/reuse potential of 

individual plant effluent streams. Parameters found t o  be signif icant  

i n  screening ac t iv i t i e s  are retained i n  subsequent more comprehensive 

analysis ac t iv i t ies .  As  you might expect, the l ist  of significant para- 

meters varies somewhat from plant t o  plant. 

Task 2 involves development and verif icat ion of sampling, pre- 

servation, and analyt ical  methods. Considerable va r iab i l i ty  has been 

observed i n  stream compositions with time a t  various plants, necessitating 

the careful  specification of stream sampling strategy. (1'11 have more 

t o  say about t h i s  shortly).  Selected constituents i n  plant wastewaters 

have been found t o  undergo significant degradation unless properly pre- 

served. Due t o  the complex nature of gasification wastes, many of the 

conventional wastewater analyt ical  procedures have had t o  be modified 

t o  give re l iable  results.  A manual detai l ing verif ied procedures f o r  

the analysis of coal gasification wastewaters w i l l  be published shortly. 

Tasks 3 and 4 involve the pursuit f i r s t  of screening and then 

of comprehensive assessment ac t iv i t ies .  Effluent constituents found t o  



be significant as a resul t  of i n i t i a l  screening studies w i l l  be retained 

i n  more comprehensive assessment and material balancing act iv i t ies .  The 

bulk of the screening effor ts  have been completed a t  the C02-Acceptor 

and Hygas p i lo t  plants; similar ac t iv i ty  is  now underway a t  t he  other 

p i l o t  plants. Comprehensive assessment ac t iv i t i es  are well underway a t  

the CO -Acceptor and Hygas plants and are now being in i t ia ted  a t  the 2 

other plants. The precise nature of these efforts  i s  described i n  t es t  

plans which have been or are being prepared for each of the plants. These 

documents w i l l  be published a t  a l a te r  date. 

F l ~ ~ l l y  , T ~ x k  Ti irlvcrlves the inrctprecstion sad extrapolation 

of pilot plant effluent data fo r  the projection of larger scale demon- 

s t ra t ion  and commercial plant environmental characteristics. While much 

of t h i s  work cons is ts of conceptual design and analysis of effluent 

treatment systems, limited experimental ac t iv i t i es ,  e.g., wastewater 

biological oxidation studies, are underway t o  establish the nature of 

the t rea tab i l i ty  of selected wastes. 

Overall program f U n g  i s  phased due t o  staggered aperating 

schedules of the various pi lo t  plants. The program was in i t ia ted  for- 

mally i n  July 1976 following successful pilot-scale demonstrations of 

process technical feas ibi l i ty  a t  the C02-Acceptor and Hygas pi lo t  plants. 

jmvironmental characterization a t  the C02-Acceptor plant i s  nearly com- 

plete now and w i l l  be finished ahead of the scheduled close of the pi lo t  

plant a t  the end of t h i s  year. A f i na l  report detailing results of th is  

e f for t  should be available sometime in  early 1978. IGT has been col- 

lecting environmental data a t  the Hygas plant steadily since July 1975. 

Their current schedule is t o  continue running i n  thei r  present mode of 



operation through the l a te  part of 1978. Reports of progress i n  emiron- 

mental characterization effor ts  are published monthly and quarterly by 

IGT; a f i na l  report w i l l  be available a t  the completion of the program. 

Programs a t  Bi-Gas and the Grand Forks Energy Research Center are neces- 

s a r i l y  i n  the i r  early stages of in i t ia t ion,  since those plants have only 

recently gone in to  full-scale operation. Limited information on Grand 

Forks ac t iv i t i es  is  available i n  the Energy Center's quarterly reports. 

N o  published information is available as yet on the Bi-Gas environmental 

program. 

I n  the time I have remaining, I 'd  l ike to  return t o  the sub- 

jects of effluent sampling, preservation, and analysis, since these re- - 
l a te  most direct ly t o  the present Symposium. Also, i n  the tnterests  - 

of time, l e t  me l i m i t  my remarks t o  the characterization of plant waste- 

waters. 

The bulk of the scalable environmental infonuation on pi lo t  

plant wastewaters is  traditionally obtained through the sampling of gasi- 

f i e r  product gas condensate. Depending upon the configuration of the 

plant gas quenching system, the composition of condensates can be e i ther  

highly variable (and of correspondingly questionable scalabil i ty)  or 

uncharacteristically stable relative t o  actual effluent production char- 

ac ter is t ics  a t  the gasif ier .  Large recirculating water quench systems 

introduce long lag times (and thus considerable dampening) in to  conden- 

sate effluent concentration profilas, Variable qucnch tower and asso- 

ciated equipment operating characteristics can introduce significant non- 

process-related var iabi l i ty  in to  effluent concentration profiles. Ideally, 

one would l ike t o  collect s t a t i s t i c a l l y  meaningful, scalable condensate 



ef f luent  data  which can be correlated with measured g a s i f i e r  operating 

cha rac te r i s t i c s .  Where changes i n  g a s i f i e r  e f f luent  production o r  

quench system performance a re  accompanied by prompt changes i n  conden- 

s a t e  cor~position, some combinatim of grab and composite sampling i s  

of ten  adequate. The precise weighting of grab and campositing fo r  

optimal, cost-effect ive sampling var ies  depending upon the intended 

use of the da ta ,  e.g., mater ial  balancing (high degree of precision 

required), versus base l i n e  monitoring ( re la t ive ly  luwer precision re- 

quired).  For a complete discussion of the basic philosophy and s t r a -  

tegy f o r  grab and composite sampling, I refer  you t o  two recent pro- 
* 

gram publications on che subjecl. 

Where condensate composition is  e i the r  invariant due t o  ex- 

cessive dampening, o r  highly variable ,  and where detai led co r re l a t i  on 

with g a s i f i e r  operating charac ter i s t ics  is  desired, modified sampling 

procedures a r e  required. The bes t  measure of t rue  g a s i f i e r  e f f luent  
.. 

production cha rac te r i s t i c s  is obthined by sampling raw g a s i f i e r  pro- 

duct gases p r io r  t o  quenching. Huwever, such sampling i s  typical ly  

complicated by a combination of fac tors ,  including: (1) high tempera- 

tures ,  (2) high pressures, and (3) multiphase flawing streams of con- 

densing and non-condensing gases, l iquids  and sol ids .  Signif icant  ex- 

perimental e f fo r t s  a re  underway a t  four of the p i l o t  plants t o  develop 

a successful technique f o r  sampling raw gas i f i e r  product gases. Re- 

s u l t s  t o  da te  a re  promising. 

* - 
Koblin, A.H., M.J. Massey and R.W. Dunlap, "~xplora tory  Analysis of 
Variations i n  Aqueous Gasification Effluent Characteristics with Time," 
Environmental Studies I n s t i t u t e  report t o  ERDA-FE fFE-2496-4, February, 
1977. 

Koblin, A.H. and M.J .  Massey, "Influence of Time Var iab i l i ty  on the De-  
s ign of Sampling Strategies  f o r  Coal Gasification Wastewaters," Pro- 
ceedings of the Second Pacific Chemical Engineering Congress, Denver, 
Colorado, August 28-31, 1977. 



Whether sampling raw product-gases or quench condensates, the 

ult imate goal is  t o  achieve cost-effect ive automated on-line sampling 

and analysis.  A s  a par t  of its w e r a l l  program e f f o r t  a t  Hygas, IGT is 

developing the mechanical system required t o  obtain representative 

automated wastewater samples. I n i t i a l  f i e l d  experimentation is  sche- 

duled t o  begin l a t e r  t h i s  summer. 

Directly linked t o  problems of sampling, whether manual or 

automated, a re  preservation and analyt ical  problems which stem from the 

unique charac ter i s t ics  of coal gas i f ica t ion  wastes. Substantial  experi- 

mental work has been conducted a t  each of the p i lo t  plants t o  assess  

the significance of sample degradation and the effectiveness of conven- 

t i ona l  preservation procedures i n  retarding it. Results indicate  tha t  

prompt preservation is required t o  prevent degradation ot some eff luent  

const i tuents ,  most notably cyanide, and tha t  cer ta in  modi/$catfo.cm i n  

t r ad i t iona l  procedure a re  required t o  maximize effectiveness while a t  

the same time avoiding interferences i n  subsequent chemical analyses. 

Any design of an automated sampling and analysis system w i l l  have t o  ac- 

cammodate the vagaries 'of coal  gas i f ica t ion  waste degradation and analy- 

sis which have been observed i n  the p i l o t  plants, Detailed discussions 

of selected problems can be found i n  various program contractor reports. 

In  summary, ERDA has assembled a major environmental assess- 

ment program e f f o r t  a t  its high BTU coal  gas i f ica t ion  p i l o t  plants the 

r e su l t s  of which w i l l  be of d i r e c t  value t o  those interested i n  the  en- 

vironmental monitoring of larger  scale demonstration and commercial scale  

plants. 
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1. INTRODUCTION 

To the extent  t h a t  the production o f  synthet ic  f u e l  from coal has been 

s tud ied on a small scale f o r  many years, some o f  the instrumentat ion problems 

i n  temperature measurement and con t ro l  are well-known. The onset o f  the 

cu r ren t  energy c r i s i s ,  however, has brought f o r t h  much more in tens ive and 

var ied  approaches t o  coal  conversion. These new approaches have presented 

new measurement prnh l~ms,  p a r t i c u l a r l y  i n  temperature. 

The study o f  the present s t a te  o f  instrumentat ion i n  cnal conversion 

which was accomplished by the Argonne National Laboratory team under the 

leadership of N. M. O ' ~ a l l o n ( ' )  has gone a long way toward c luc ida t ing  Lta 

problem areas i n  thermometry. Among these are the l i m i t e d  high-temperature 

performance (both the  u l t ima te  temperature l i m i t  and the  r a t e  of f a i l u r e  o r  

of loss  of c a l i b r a t i o n )  o f  thermocouples which are present ly  i n  comnon use, 

the  poor response t ime o f  thermowell-protected temperature sensors, and 

measurement e r ro r s  associated w i t h  r ad ia t i on  pyrometry. Some o f  these 

problems w i l l  be discussed i n  o ther  ta l ks ,  p a r t i c u l a r l y  t h a t  o f  N. Pi tcher.  

Recent innovations i n  high-temperature thcrmometl-.y can be expected t o  

improve both the  q u a l i t y  and the e f f i c i ency  o f  the coal conversion process. 

New, more s tab le  thermocouple systems have been developed which are capable 

of prov id ing longer-term r e l i a b i l i t y  a t  h igher  temperatures than the Type K 

systems now i n  common use. A l ternat ives t o  thermocouple sensors have been 
Jevel oped and tes ted i n  other h i  gh-tempcraturc envi rorriien 1s. Among these, 

the acoust ical  , o r  ve loc i  ty-of-sound, thermometer, the Johnson noise voltage 

thermometer, and the r a d i a t i o n  pyrometer deserve mention, 

I n  the fo l lowing sections, I w i l l  present a b r i e f  discussion on the  use 

o f  spec ia l  ly-prepared tungsten-rheni um a1 l o y  thermocouples and platinum- 

rhodium a l l o y  thermocouples f o r  extended-term temperature measurements above 

1200 "C, and on the use o f  a new nickel-based ( N i c r o s i l - N i s i l )  thermocouple 

f o r  lower-tempermdture measurements. I w i  11 a1 so note the recent progress i n  

sound-veloci t y  thermometry and i n  Johnson noise thermometry. F i na l l y ,  I w i  11 

present some general remarks on rad ia t i on  pyrometry as a preface t o  the 

discussidn by R. F. Leftwich. 



2. HIGH-TEMPERATURE'THERMOMETRY MEASUREMENTS IN THERMOWELLS 
' 

Most process temperature measurements involve the use of sheathed, in- 

sulated thermocouples .in thermowells, and for the mo'st part Type J or Type K 
thermocouples are favored. The upper temperature 1 imi ts for which these. 

thermocouples are recommended even in as heavy a gauge as #8 are 760 "C and 

1260 'C, respectively. ASTM Publication STP 470~'~) summarizes these and 

other recommendations, including general comments on thermocouple behavior in 

various chemical environments. 

I have three general comments to make in regard to high temperature 
thermometry using thermowells: 

First, in such measurements the problem of 'thermowell survival is 

almost a separate question from that of the survival and accuracy 

of the temperature sensor which is to be used therein; 

Second, the use of a thermowell almost automatically precludes 

the realization of a quick response (less than a few minutes) to 

changing temperatures within the process chamber; 

Third, the difficulty and expense involved in fabrication and 

insulation of the thermowell-sensor system are in general 

sufficiently large that there is little point in economizing 

on the material of' which the sensor is composed. 

Briefly stated, it is my opinion that in thermometry involving the use 

of thermowells, one should consider installing carefully-constructed, in- 

sulated, sheathed thermocouples of such a type as have been demonstrated to 

yield maximum stability and accuracy.for the temperature which is anticipated. 

I shall give three examples of such thermocouple types. 
Nicrosil-Nisi1 Thermocouples 

For the temperature range up to 1200 "C or 1250 "C (2200 O F  or 2282 OF), 

a new nickel-chromium alloy thermocouple has been shown to be substantially 

superior in long-term stability to the Type K.thermocouple. The new alloys, 

known as Nicrosi 1 and Nisi 1 , were developed over the past decade in a world- 
wide effort to improve on the performance of the Type K thermocouple. I'he 

major role in the development of the Nicrosil-Nisi1 thermocouple was played 

by the Austral ian Materials Defence ~aborator~(~). A systematic evaluation 

of the emf-temperature values of wire lots of Nicrosil-Nisi1 prepared by 

various manufacturers 'has been completed at the National Bureau of Standards 



in cooperation with the Australian MDL. A monograph which discusses this 

study and which presents tables of the emf over the range of temperature 

-269 "C to +1300 "C is now in press(4). A comparison of the emf-temperature 

relation for Nicrosil-Nisi1 and Type K thermocouples is shown in Fig. 1. A 

comparison of the stability of the two types of thermocouples is shown in 

Fig. 2,  at 1200 "C. Despite its somewhat reduced temperature-dependent 

sensitivity, the Nicrosil-Nisi 1 thermocouple is significantly more stable 

than the Type K thermocouple. This improvement is primarily owed to 

optimization of the solid-state diffusion and oxidation stability properties 

of the newer a1 loys. Thus, the new thermocouple offers the possibility ~f 

long-term (hundreds of hours) service at temperatures exceeding 1200 "C with 

as 1ittle.a~ 5 "C drift from the initial temperature calibration. 

Pl ati num-30% Rhodi urn versus Pl ati num-6% Rhodi um (Type B) Thermocouples 

For the temperature range up to 1700 " C  (31 00 OF), the we1 1-known Type B 

thermocouple offers a very reasonable solution to the problem of long-term 

. stability in a thermowell-sheathed thermocouple application. Often ignored 

because of the expense of its noble-metal composition and reduced sensitivity 

compared to Type K, the Type B thermocouple can be the most economical in- 
: stallation in view of its abi1it.y to maintain its initial calibration. 

Glawe and szaniszlo'" examined 3 Type B thermocouples in argon gas at 

1330 "C in a long-term drift test. The drifts after 10,000 hours of exposure 

ranged from -7.2 to -18.1 "C, illustrating the high degree o f  reliability 
which can bc achieved with noble-metal thermocouples. 

Fig. 3 shows the emf-temperature relations . of , the four letter-designated 

base-metal thermocouples and of the three letter-designated noble-metal 

thermocou.pl es . 
Tungsten-3% Rhenium versus Tungsten-25% Khenimum Thermocouples 

Tungsten-rhenium alloy thermocouples are useful thermometers for measur- 

ing temperatures as high as 2760 "C (5000 OF). Refcrcnce 2 describes three 

commercially-available thermocouples of this type. Fig. 4 shows their emf- 

temperature relation compared to that of Type S. 
Recently, the NBS completed studies which demonstrated the value of 

careful selection of thermocouple wire, insulation, and sheathing and of care- 

ful.1~1 assembling these .starting materials into a system as free of impurities 

as possible(6). The data of Fig. 5 speak for themselves. At 1800 "C 



(3272 O F ) ,  t h e  NBS-prepared thermocouples showed a decrease of some 1 "C pe r  

1000 hours. I n  con t ras t ,  commercial ly-prepared thermocouples o f  t h e  same 
( 7  t ype  showed an i n i t i a l  decrease of some 50 "C per  1000 hours a t  1800 "C . 

I t  should perhaps be noted t h a t  once a thermocouple thermometer has been 

fab r i ca ted  i n  t h e  con f i gu ra t i on  of an i nsu la ted ,  sheathed sensor (espec ia l  l y  

one which i s  h e r m e t i c a l l y  sealed i n  t h e  presence o f  an i n e r t  gas),  i t  can be 

c a l i b r a t e d  w i t h  considerable confidence i n  a dummy thermowell which i s  

mainta ined i n  a t e s t  oven. 

3. FAST-RESPONSE THERMOMETRY 

Jus t  as t he  thermocouple t h e o r e t i c a l l y  has t h e  capabi1i t .y o f  responding 

q u i c k l y  t o  a change i n  i t s  high-temperature environment, o t h e r  thermometers 

o f f e r  t h e  same p o s s i b i l i t y .  I s h a l l  d iscuss th ree  such thermometers i n  t h i s  

sect ion- the acous t i ca l  thermometer, t h e  Johnson no ise  thermometer, and t h e  

r a d i a t i o n  pyrometer. 

Scarcely  anyone a t tend ing  t h i s  Conference needs t o  be t o l d  t h a t  t h e  . 

thermocouple's p o t e n t i a l  (perhaps a s l i g h t  pun i s  in tended)  f o r  rap id ,  

accurate thermometry cannot be r e a l i z e d  under t h e  extreme cond i t i ons  o f  coal 

convers ion processes. The s u s c e p t i b i l i t y  o f  thermocouples t o  o x i d a t i o n  o r  

reduc t ion ,  t o  i m p u r i t y  contaminat ion, and t o  v a r i a t i o n s  i n  e f f e c t i v e  

immersion depth consigns them, i n  t h e  con tex t  o f  t h i s  d iscussion,  t o  t he  

p r o t e c t i o n  o f  r e l a t i v e l y  cumbersome insu lan ts ,  sheaths, and thermowells. I n  

such an i n s t a l l a t i o n ,  they  may w e l l  p rov ide  an i n v a l u a b l e  base l ine  of 

temperature accuracy, bu t  o n l y  a s lugg i sh  response t o  changing temperatures. 

The o t h e r  thermometers which I have mentioned must a l s o  submit t o  

s c r u t i n y  on t h e  same grounds-can they  d e l i v e r  f a s t ,  accurate temperature 

i n f o r m a t i o n  over  a l ong  p e r i o d  o f  immersion i n  t h e  process environment? 

Acous t ica l  Thermometers 

The acous t i ca l ,  o r  ve loc i ty-of -sound,  thermometer can be used i n  e i t h e r  

a pu lse  o r  a resonant mode t o  measure temperature w i t h  s o l i d ,  l i q u i d ,  o r  

gaseous sensors. I n  one r e a l i z a t i o n  o f  t h i s  concept, acous t ic  resonances i n  

a gas a re  detected as t h e  p i s t o n  i n  a c y l i n d e r  i s  moved through a measured 

d is tance.  The most accurate measurements o f  t h i s  t ype  (5-10 m i  11 i k e l v i n s  

u n c e r t a i n t y )  have been made a t  low temperatures (30 K [-243 "C]  and below) 

u t i l i z i n g  t h e  r e l a t i o n  between t h e  thermodynamic temperature and t h e  v e l o c i t y  

o f  sound as f o l l o w s :  (8 )  ( 9 )  



V = veloci ty  of sound (of a perfect  gas,  i .e. , P e 0) .  

P 
, Cv = heat capacity. a t  constant  pressure o r  volume. 

R = gas constant .  

M = gas molecular weight. 

T = thermodynamic temperature. 

The same basic re la t ionsh ip  governing t h e  veloci ty  of sound i n  gases has been 

used a t  high temperatures as wel l ,  both in automobile combustion thermome- 

t r y ( l O )  and i n  gas turbine  thermometr,y(ll ) .  T h e  thermometer systems i n  both 
cases sampled the  actual  combustion mixtures, b u t  no data were given regard- 

i ng 1 ongj4.et-m performance. 
A group a t  the  University of Aston a t  Birmingham, England, has been 

( 1  2)  studying the resonant detect ion of ultrasound veloci ty  i n  so l id  probes . 
Both re f rac to ry  metals and ceramics have been studied as probe mater ia ls ,  and 

. . . . - - . - . . 
: an unsheathed sapphire probe has been found t o  be par t i cu la r ly  advantageous, 

allowing a flame temperature of 1900 "C t o  be measured w i t h  an imprecision of 

some +2 "C. In t h i s  a p p l i c a t i o n , ~ t h e  o s c i l l a t o r  frequency i s  maintained a t  

the  probe resonance value by sensing the  change.in. phase of the re f l ec ted  

echoes from the  probe. 

Ultrasonic pulse techniques have been used f o r  several years t o  measure 

high temperatures i n  gas turbines  , nuclear reac to rs ,  and other d i f f i c u l t  

environments. In an i n -p i l e  study a t  Karlsruhe, Tasman and his  co-workers 

used thor ia ted  tungsten sensors sheathed with tungsten-25% rhenium t o  deter-  

mine reactor  fuel-pin temperatures( '  '). A modified co mmercial pul se-echo 

timing un i t  wai employed, see  Fig. 6 ,  and a s e n s i t i v i t y  of +15 "C a t  1800 O C  

was observed. However, the  in tense  nuclear f lux 'soon degraded the  per- 
. formance, probably as  a r e s u l t  of transmutation and l a t t i c e  degeneration i n  

t h e  sensor.  
A study s imi la r  t o  Tasman's was conducted a t  the Oak Ridge National 

Laboratory by Shepard and o thers (14) .  They used a rhenium sensor sheathed in 

a W-Re a l loy  tube. Fig. 7 shows the very large  s h i f t s  i n  ca l ib ra t ion  which 

they found in  t he  process of some 2500 hours of in -p i l e  t e s t i ng .  

O'Fallon, e t  a l . ,  i n  Ref. 1 present  an extended discussion of the  pulse 

technique as applied t o  temperature measurement i n  coal conversion. A f a i r  



summary o f  t he  major  p o i n t s  i n  t h i s  d iscuss ion  might  be the  f o l l o w i n g :  

A single-ended sensor, which need no t  be conducting, may be used i n  

t h i s  technique. I n  some cases one can c o n s i d e r  employing an 

unshielded, fast-responding, h i g h l y - s t a b l e  sensor made o f  a 

r e f r a c t o r y  metal o r  o f  a ceramic such as sapphire. Elsewhere, 

the  use o f  thermowells may be necessary. 
' The pu lse  t ransducer  must be compatible i n  frequency and place- 

ment w i t h  the  s ize ,  shape, and composit ion of the  sensor. 

The p o s s i b i l i t y  e x i s t s  o f  measuring temperature p r o f i l e s  by the  

i n t r o d u c t i o n  o f  several  acoust ic  impedance changes i n t o  the  

sensor. 

The usefulness o f  acous t i ca l  thermometry f o r  ins t rumenta t ion  i n  coal  

conversion processes seems t o  me t o  hinge on a demonstrat ion o f  i t s  extended- 

term performance a t  h igh  temperatures. The d isas t rous  dev ia t i ons  from the  

i n i t i a l  c a l i b r a t i o n  repor ted  by the  Oak Ridge Nat ional  Laboratory group f o r .  

the  sheathed rhenium u l t r a s o n i c  thermometer cou ld  w e l l  have r e s u l t e d  s imp ly .  

from the  in tense nuclear  f l u x  i n  t h e  HRB-5 experiment. On the  o the r  hand, 

t he  gro.up a t  t he  U n i v e r s i t y  o f  Aston have o n l y  very  shor t - te rm data on t h e i r  

unshielded sapphire probe. I t  seems l i k e l y  t h a t  bo th  sur face damage t o  the  

sensor and any subs tan t i a l  change i n  i t s  i n t e r n a l  l a t t i c e  c h a r a c t e r i s t i c s  

w i l l  r e s u l t  i n  degradat ion o f  t he  sensing s igna l  and a l s o  i n  a d e v i a t i o n  ( 

f rom t h e  o r i g i n a l  c a l i b r a t i o n .  

Johnson Noise Thermometers 

It i s  an un fo r tuna te  coincidence t h a t  b r i ngs  acoust ic  thermometry and 

Johnson no ise  thermometry t o  the  same conference; t he  unwary confuse the  two, 

because the  word "noise"  o f t e n  c a r r i e s , a n  acoust ic  connotat ion.  I c a r e f u l l y  

note here, there fore ,  t h a t  "~ohnson  no ise  thermometry" r e f e r s  t o  the  process 

o f  i n f e r r i n g  the temperature o f  an e l e c t r i c a l  r e s i s t o r  from a s tudy of i t s  

random vo l tage spectrum. Th is  vol tage,  a r i s i n g  from the  thermal e x c i t a t i o n  

o f  t he  conduct ion e lec t rons  i n  t he  r e s i s t o r ,  was s tud ied  exper imenta l l y  by 

~ o h n s o n ( ' ~ ) :  A t h e o r e t i c a l  d iscuss ion  was presented a t  Ll~e same t ime by 

~ j q u i  s t (16 ) .  The r e l a t i o n  between the  "Johnson no ise  vol tage" and temper- 

a t u r e  can be approximated as - 
V 2  S 4 kT Rdf, where - 

' 
V f  i s  t h e  mean square vol.tage o f  t h e  f l u c t u a t i o n s  i n  a 



frequency band between f and f + d f  

R i s  t h e  r e s i s t a n c e  o f  t he  r e s i s t o r  

k  i s  t h e  Bol tzmann constant  

T  i s  t h e  k e l v i n  temperature 

d f  i s  t he  ins t rumenta l  band w id th .  

Rea l i za t i ons  o f  Johnson no ise  measurements o f  temperature a re  found a t  

NBS i n  Washington, where Soulen uses superconduct iv i ty  vo l tage detec tors  t o  

measure abso lu te  temperatures i n  t he  range 0.01 K t o  0.5 K w i t h  an est imated 

accuracy o f  1  o r  2  m i l l i k e l ~ i n s ( ' ~ ) ;  a l s o  a t  t he  A u s t r a l i a n  Nat ional  

Measurements Laboratory,  where C.  P. Pi.ckup uses a swi tch ing- type r l~t .ec. tnr  

t o  compare the  r a t i o  o f  no ise  vol tages f rom a  r e s i s t o r  a t  an unknown temper- 
(18) a t u r e  Lo t h a t  h e l d  a t  a  f i x e d ,  known temperature. . 

An,experimental  s tudy o f  absolute thermometry up t o  t h e  m e l t i n g  p o i n t  , 

o f  go ld  us ing t h e  same concept .o f  noise vo l tage r a t i o s  between two res is tances,  

one o f  which i s  h e l d  a t  a  f i x e d  temperature, i s  underway a t  the  I s t i t u t o  d i  

Me t ro log ia  "G. C o l o n e t t i "  ( t h e  I t a l i a n  Nat ional  Standards Laboratory a t  

T o r i  no) .  Usi ng commercial metal f i  l m  r e s i s t o r s  f o r  t he  re ference temper- 

a tu re ,  and s i l i c a - i n s u l a t e d  p la t inum r e s i s t o r s  f o r  the h igh  temperature 

'~,measurements, C rov in i  and A c t i s  f i n d  an est imated u n c e r t a i n t y  i n  absolute 

temperature o f  k0.2 "C t o  k0.35 "C f rom 630 "C t o  962 "C (19) 

Encouraged by a  study o f  Borkowski and B la lock  on Johnson noise 

thermometry as a  h igh  temperature technique(20) ,  the Oak Ridge Nat ional  

Labora tory  thermometry group under Shepard has developed a  Johnson no ise  

thermometer f o r  use i n  nuclear  reac to rs .  The Oak R,idge group again employed 

t h e  technique o f  no ise  vo l tage r a t i o s  ( e s s e n t i a l l y  t o  eva lua te  the  a m p l i f i e r  

g a i n  cons tant )  w i t h  t h e  impor tan t  ref inement  o f  measuring both the  open 

c i r c u i t  no ise vo l tage  and t h e  s h o r t  c i r c u i t  no ise  cu r ren t .  A b lock  diagram 

i s  shown i n  F ig .  8 .  Th is  ref inement,  they found, a l lowed for .changes i n  t he  

sensor . res is tance d u r i n g  i r r a d i a t i o n  by the  nuclear  f l u x .  They operated a 

sensor w i t h  a  rhenium r e s i s t o r  i n  a  Mo-Re a l l o y  sheath; i t  was i r r a d i a t e d  

i n  a  h i g h - f l u x  experiment f o r  some 1100 hours a t  1250 "C. A t  t h e  end o f  

t h e  experiment, the  u n i t  was found t o  be w i t h i n  20 "C o f  the  i n i t i a l  
(14) c a l i b r a t i o n  . 

Because o f  the  danger o f  extraneous no ise  p ickup f rom elect romagnet ic  

i n te r fe rence ,  t h e  use o f  unshie lded Johnson noise thermometer probes i s  no t  



recommended('' ); t h i s  f a c t o r  i s  c e r t a i n  t o  increase t h e  sensor 's  thermal 

response time. However, t he  Johnson no ise  thermometer has proved t o  be 

extremely s tab le  even i n  the  nuc lear  environment. Th i s  s t a b i l i t y  i s  very 

l a r g e l y  owed t o  t h e  a l t e r n a t i n g  measurement o f  noise vo l tage and no ise  

c u r r e n t  i n  the  Oak Ridge system, so t h a t  changes i n  t he  sensor res is tance,  

from whatever cause, tend n o t  t o  in f luence the  o v e r a l l  temperature de ter -  

minat ion.  This  f ea tu re  makes the  noise thermometer a  promis ing candidate f o r  

coal  conversion thermometry. 

Rad ia t ion  Pyrometry 

Rad ia t ion  pyrometers are  capable o f  p rov id ing  f a s t  response coupled w i t h  

very reasonable accuracy a t  h igh  tempcratures. I n  o rder  t o  r e a l i z e  t h i s  

c a p a b i l i t y ,  however, each i n s t a l l a t i o n  must be examined i n  d e t a i l .  

R. F. Le f tw ich ,  i n  a  l a t e r  t a l k ,  w i l l  d iscuss many o f  t he  p a r t i c u l a r  

problems associated w i t h  r a d i a t i o n  thermometers, so t h a t  I w i l l  make on l y  a  

few general comments on t h i s  t o p i c :  

The r a d i a t i o n  pyrometer can respond, i n  t imes i n  t h e  range o f  

m i l l i seconds  t o  seconds, t o  changes i n  t he  temperature o f  t he  

f i r s t  opaque sur face f rom which i t  receives r a d i a t i o n .  

Depending upon the  ins t rument 's  e f f e c t i v e  wavelength, t h i s  

sur face may be s o l i d ,  o r  i t  may be the  envelope o f  a  gas o r  

a  l i q u i d .  

The r a d i a t i o n  from a  r e l a t i v e l y  cool  sur face may be s u b s t a n t i a l l y  

augmented by r e f l e c t e d  r a d i a t i o n  from a  nearby h o t t e r  surface. 

The use o f  windows o r  o f  f i b e r  o p t i c s  imp l i es  t ransmiss ion losses 

which may change w i t h  t ime du r ing  exposure t o  h igh  temperatures 

and t o  chemical ly  a c t i v e  environments, a l though i n  some a p p l i -  

ca t ions ,  t h i s  problem can be circumvented by the use of gas 

purged, windowless i n s t a l l a t i o n s .  

I n f r a r e d  imaging systems a re  a v a i l a b l e  which can g i v e  rea l - t ime  

temperature data on t h e  ex te rna l  sur faces o f  combustion tanks, 

p i p e l i n e s  and the  l i k e .  Th is  type o f  equipment o f f e r s  t h e  

p o s s i b i l i t y  o f  e i t h e r  p e r i o d i c  o r  cont inuous mon i to r i ng  f o r  
\ 

h o t  o r  c o l d  spots, i d e n t i f y i n g  t h i n  o r  d e f e c t i v e  i n s u l a t i o n  o r  

p a r t i a l l y  plugged l i n e s .  



4. SUMMARY 

I have t r i e d  t o  p r e s e n t ' i n  t h i s  t a l k  a d iscuss ion  o f  innovat ions i n  the  

p r a c t i c e  o f  high-temperature thermometry which appear t o  be re levan t  t o  the  

problems ev ident  i n  modern coal  conversion processes. 

It i s  my op in ion  t h a t ,  i n  s teady-s ta te  measurements where one can 

t o l e r a t e  the r e l a t i v e l y  slow response t imes which accompany the  use o f  

thermowells, t h e  i n s t a l l a t i o n  o f  c a r e f u l l y  prepared modern thermocouples such 

as N i c r o s i l - N i s i l ,  Type 8, and tungsten-rhenium a l l o y s  can prov ide  extended- 

term, accurate serv ice .  I wish t o  emphasize, however, t h e  importance which 

recen t  i n v e s t i g a t o r s  have demonstrated of the  s e l e c t i n n  o f  ~ e l l ~ c h a r a c t e r i z e d  

m a t e r i a l s  f o r  the  thermocouples themselves, f o r  t h e  e l e c t r i c a l  i n s u l a t i o n ,  

and f o r  t h e  sheaths; and t h e  d iv idends p a i d  i n  terms o f  extended thermocouplc 

l i f e  f o r  the  investment o f  e f f o r t  i n  c lean l i ness  and i n  care i n  assembly. . 

The Johnson no ise  thermometer, too,  has been demonstrated t o . b e  an 

ex tended- l i f e ,  h i g h l y  accurate, h igh  temperature inst rument .  The ex ten t  t o  

which i t  w i l l  s a t i s f y  e x i s t i n g  needs f o r  f a s t  thermal response, however, i s  

. unce r ta in .  

The acous t i ca l  thermometer can take  many forms, us ing  gaseous, l i q u i d ,  

o r  s o l i d  sensors; t h e  s o l i d  sensors may be metals  o r  i n s u l a t o r s .  E i t h e r  

t imed-pulse o r  resonant-frequency de tec t i on  methods ma.y be used, The 

d c u u s t i c a l  thermometer i s  thus a v e r s a t i l e  technique. I t s  usefulness f n r  

extended-term, h igh  temperature measurements has y e t  t o  be demonstrated, 

however, and i t  appears t h a t  t he  sensor must remain f r e e  from e i t h e r  i n t e r n a l  

o r  ex te rna l  a t t a c k  by i t s  environment i n  o rder  t o  r e a l i z e  t h a t  goal .  

The use o f  r a d i a t i o n  pyrometry . . f o r  accurate. extended-term measurements 

appears t o  depend upon a r i go rous  c a l i b r a t i o n  technique..  A s i q n i f i c a n t  
m 

advance may be poss ib le  i n  cases where the  "window problem" can be circum- 

vented. 

F i n a l l y ,  I . th ink t h a t  p resen t l y -ava i l ab le  thermal imaging techniques 

. c a n  serve the  needs f o r  "hot-spot"  de tec t i on ,  owing t o  t h i n  o r  de fec t ive  

i n s u l a t i o n  o r  p a r t i a l l y  plugged l i n e s ,  serv ing  bo th  as a s a f e t y  measure and 
' as a s i g n i f i c a n t  energy conservat ion technique. 

I n  p repar ing  t h i s  t a l k ,  i t  has been my p leasure t o  discuss var ious  

aspects o f  thermometry w i t h  my col leagues. I wish p a r t i c u l a r l y  t o  acknow- 

ledge t h e  generous techn ica l  ass is tance o f  M r .  G. W .  Burns'and the  prepara t ion  



of s l ides  and figures by Mrs. M. G .  Scroger. 
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FIGURE CAPTIONS 

EMF-Temperature Relationship of Some Nickel-Base Alloy Thermocouples; 

Reference Junctions at 0 "C. 

Change in Calibration With Heating in Air at 1200 "C of 8 gauge Type K 

and Nicrosil-Nisi1 ~herinocouples. (Data of -N. A. Burley and T. P. Jones 

(22)). 

EMF-Temperature Relationships of Standard Letter-Designated Thermocouples, 

Reference Junctions at 0 "C. 

EMF-Temperature Relationships of Tungsten-Rhenium Alloy Thermocouples, 

Reference Junctions at 0 "C. 

Drift in Calibration at 1800 "C of NBS-Built and Commercially-Built 

1 :6 mm o.d., Ta-Sheathed, BeO-Insulated, W-3% Re/W-25% Re Thermocouples 

(Data of G. W. Burns and W. S. Hurst (6) and Heckelman and Kozar (7)). 

Block Diayrd~li of Ultrasonic Thermometer System. (From Shepard, et a1 . , 
Ref. 14). 

Change in Calibration of Ultrasonic Thermometer During Irradiation 

(From Shepard, et a1 . , Ref. 14). 
Block Diagram of Johnson Noise Thermometer System (From Shepard, et a1 . , 
Ref. 14). 
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QUESTIONS AND ANSWERS 

J. F. Schooley 

Na t iona l  Bureau of Standards 

R. A. Hanson, Taylor  Ins t ruments  

Q. Do RTDs have longer  l i v e s  than  thermocouples? 

A. The answer t o  t h i s  ques t ion  i s  t h a t  i t  c e r t a i n l y  depends on t h e  use  t o  
which they a r e  subjec ted .  Most of t h e  commercial RDT's, which a r e  
commonly made of copper,  n i c k e l ,  o r  platinum, have upper temperature 
l i m i t s  which range  between 850 and 1000°C. The major problem t h a t  they 
have' is t h a t  on . t empera tu re  cyc l ing  they tend t o  d e c a l i b r a t e ,  a l though 
t h e  magnitude of t h e  d e c a l i b r a t i o n ,  I would say ,  is n o t  s eve re  from the  
p o i n t  of view of most u se r s .  I t  i s  an impor,tant f a c t o r ,  however, when 
h igh  accuracy and p r e c i s i o n  a r e  sought. The RTD i s  a l a r g e  senso r  and is  
r e s t r i c t e d  by i t s  encapsu la t ion  o r  i t s  ceramic o r  p l a s t i c  b a s i s  t o  c e r t a i n  
tempera ture  ranges. Thermocouple thermometers, when proper ly  i n s u l a t e d  
and p ro t ec t ed ,  can f u n c t i o n  r e l i a b l y  f o r  very  long times i n  t h e s e  tempera- 
t u r e  ranges,  bu t ,  of course,  t h e i r  u s e f u l  l i v e s  i n  un f r i end ly  environ- 
ments, such a s  t hose  found ' i n  t he  c o a l  g a s i f i c a t i o n  processes ,  can be 
g r e a t l y  shortened.  

: Q. When would you use  RTD's i n s t e a d  of thermocouples? 

A. I would use  RTD's i n s t e a d  of thermocouples, f o r  example, i f  I needed a 
temperature measurement i n  which 1 needed an average temperature.  I 
can then use  an  RTD which covers  a s p a t i a l  range whereas a thermocouple 
r e a l l y  covers  a p o i n t  range. Also, t h e  e f f e c t s  of temperature g r a d i e n t s  
a long t h e  l e a d s  a r e  more s e v e r e  wi th  thermocouples than they a r e  w i th  
r e s i s t a n c e  thermometers. 

W. R. M i l l e r ,  Steams-Roger 

Q. Do you have any exper ience  o r  publ ished l i t e r a t u r e  on g r a i n  boundary 
embr i t t l ement ,  due t o  temperature cyc l ing  i n  tungs ten-tungs t e n  rhenium 
thermocouples, i n  t h e .  range of 2200°F t o  2600°F? 

A. I ' m  going t o  r e f e r  'you t o  my l o c a l  exper t .  M r .  George Burns, a t  NBS, 
knows a g r e a t  d e a l  about thermocouples. Burns' group has done a l o t  of 
r e sea rch  on t h e  tungsten-rhenium system and they have publ i shed  r e p o r t s ;  
con ta in ing  informat ion  on t h e  r e c r y s t a l l i z a t i o n  behavior  and mechanical 
p r o p e r t i e s  of tungsten-rhenium type thermocouples. I can a l s o  r e f e r  you 
t o  e x p e r t s  from t h e  Oak .Ridge Nat iona l  Laboratory temperature .group, some 
of whom a r e  r i g h t  here.  



E. W. Lazor, Babcock and Wilcox Research Center 

Q. What value AF (bandwidth) a r e  you ta lking about a s  typical? 

A. I guess I can't give a value f o r  t ha t  bandwidth i n  the  Johnson noise 
thermometer, and 1'11 have to  r e f e r  you to  the  Pet ten paper of Shepherd, 
e t  a l .  

D. L. Bonk, Babcock and Wilcox Research 

Q. What is the present commercial a v a i l a b i l i t y  of n ic ros i l -n i s i1  thermo- 
couples? Also when w i l l  the  NBS, emf tables  on N-N thermocouples ac tua l ly  
be published. 

A. The ac tua l  publication of the tab les  is the ea s i e r  one to  answer. They 
w i l l  be out before the  end of t h i s  year. They're through e d i t o r i a l  
review by a l l  authors and they a r e  now i n  the  NBS e d i t o r i a l  review 
process. They w i l l  be going to  the  p r in t e r  wi thin  t h e  next few months. 
A s  t o  the  commercial ava i l ab i l i t y ,  I understand t h a t  both the Wilbur B o  
Driver Company and the Driver-Harris Company a r e  now manufacturing these 
thermocouples. I might point  out  t h a t  there a r e  several  organizations 
around the country doing independent evaluations of t he  thermocouple. 
For example, I bel ieve the Oak Ridge temperature group i s  conducting 
s t a b i l i t y  s tud ies  a t  the  present t i m e  on very small diameter devices 
using n ic ros i l -n i s i1  thermocouple w i r e s .  Finally,  1 Buspect the  com- 
mercial a v a i l a b i l i t y  of the  thermocouples w i l l  probably lead t ha t  of 
measuring and control  instrumentation by some t i m e .  I know of no 
commercially ava i lab le  instrumentation f o r  use with these thermocouples 
a t  t h i s  t i m e .  However, l o t s  of w i r e  which c losely  conform with the 
tables,  can now be obtained commercially. 

A. P. Van der Klay, Amoco O i l  Company 

Q. How much lead t i m e  do you need f o r  ca l ib ra t ion  of thermocouples to  be 
used a s  standards f o r  industry? 

A. The trim-aroitnd time f o r  the  ca l ib ra t ion  of most thermocouple types is  
about three  weeks. However, i f  you arrange the a r r i v a l  time of your 
thermocouples with our laboratory personnel, t h i s  turn-around time can 
usually be reduced. 

E. E. Geraci, Leed and Northrup 

Q. Can you compare bulk o r  th in  f i lm RTD's to  conventional RTD's o r  thermo- 
couples with regard t o  range and s t a b i l i t y ?  

A. They a r e  r ea l l y  r a the r  d i f f e r en t  sensors. Thin f i lm RTDts  may be used 
to 500°C o r  so, whereas bulk RTD's may reach 800°C to  1000°C. Thermo- 
couples, as we have noted, a r e  still useful  above 2000°C. S t a b i l i t y  
of the RTD'S range up to  +O.S°C, which i s  comparable with o r  b e t t e r  
than i ndus t r i a l  thermocouples. 
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ABSTRACT 

MEASUREMENT OF PRESSURE, FLUIDIZED BED LEVEL, AND DENSITY IN THE 
SYNTHANE PILOT PLANT COAL GASIFIER . 

Fluid bed densities and levels are usually obtained from measurement of 
differential pressures between taps with a known vertical separation. 
Historically, this measurement has been difficult in high pressure coal 
gasification processes primarily due to plugging of the pressure taps 
and process instrument tubing. Likewise, the achievement of accurate 
and reliable pressure and differential pressure recordings is affected 
by similar circumstances. 

These typical problems were experienced at the SYNTHANE Pilot Plant at 
Bruceton which is operated for the U. S. Energy Research and Development 
Administration by the C. E. Lumrnus Company. Major changes were required 
in instrument location and selection, piping configuration, and methods 
of purging. consistent and accurate data is now obtained. 

BACKGROUND 
* ., . . 

The gasifier at the ERDA SYNTHANE Pilot Plant, as depicted in Figure 
No. 1, is a 101 foot tall pressure vessel designed to operate to 1000 

9. 

psi. The vessel is divided into two sections and is separated by an + 

internal head that is designed to withstand 25 psi pressure differential. 
The top section, which is 76 feet high and 60 inches inside diameter, is 
used for gasification. This section has a carbon steel shell monel 
clad, insulated with 9 inches of cast refractory and has a 37 inch ID 
Incoloy 800 internal shroud which extends halfway up the gasifier section. 
The char cooler section is located below the gasifier section. This 
section is 25 feet high, 30 inches in diameter, is uninsulated and of 
carbon steel construction. 

Both sections of the gasifier operate with fluidized beds. Steam and 
oxygen are introduced into the gasifier section through the plenum zone 
which is located just above the internal head. This flow is then 'distri- 
buted into the gasifier through an Incoloy 800 cone containing 128 
nozzles. Steam only is used to fluidize the char cooler section. The 
steam enters through a similar but smaller cone which is located in the 
bottom head of the char cooler. 

Coal is fed to the gasifier by pneumatic transport from a pressurized 
Petrocarb lock hopper system using carbon dioxide. In the Synthane 
process, approximately 65% of the coal feed is converted to gas. The 
product gas resulting from the gasification process passes overhead 
through an internal cyclone into a gas scrubbing section and then to 
process units that maximize the production of methane. The char is 
withdrawn through the bottom of the gasifier cone through a standpipe 
and trickle valve to the char cooler. From the char cooler, the char 
is withdrawn by differential pressure through a 1 inch line to a vessel 
where it is slurried with water and then transferred to the f i l t e r  area 
for dewatering and disposal as landfill. 



Gas was first produced by the SYNTHANE Plant in July of 1976. As of 
this date, 2,590 tons of coal have been processed through the plant. 
The gasifier has been operated at 600 psi and at bed temperatures 
varying from 1300°F to 1550°F. 

GASIFIER PRESSURE CONTROLS 

The gasifier was designed with the following pressure and level instru- 
ment control systems: 

' Bed Level Indication in Gasifier and Char Cooler Sections 
\ 

Bed level in the gasifier and char cooler sections, as shown in Figure 
No. 2, is determined by utilizing two vertical dip tubes which are 
located within the fluidized beds and of known distance apart and a 
third dip tube which is located above the bed. Differential pressure 
instruments of 100 inch range are installed across the legs. One d/p 
transmitter is located across the dip tubes that are separated by 6 feet 
and another d/p transmitter.is located across the lower dip tube and a 
dip tube which is'above the bed height. The dip tubes are purged with 
inert gas and are made uf Incoloy 800 pipe. The difference in pressure 
resulting from the fluidized beds across the. 6 feet spans is sensed.by 
PDT-203 and PDT-205. This reading is used to determine the bed density 
in the gasifier and in the char cooler. The difference in pressure 
across the taps, PDT-202 and,PDT-204,. measures the pressure exerted by 
the full bed heights-. Assuming that the fluidized beds are uniform in 
density, the bed'heights in each section are then determined by calcula- 
ting the ratio of the readings of the total bed height and the bed density 
indications and multiplying this value by the known distance of 6 feet. 
The calculation of bed heights and densities are displayed and refreshed 
on the Computer CRT in the Control Room. 

Gasifier pressure Control 

The pressure control system for the gasifier is presented in Figure No. 3. 
The overhead pressure of the gasifier was originally designed'to be 
sensed by pressure transmitter PT-206 which was located in piping some 
distance downstream from the gasifier. Between this sensing point and 
the gasifier, there were several vessels through which gas would pass 
before the pressure would be recorded. Prior to startup, the mode of 
gasifier pressure control was changed. Pressure transmitter, PT-295, 
was installed on the top portion of the gasifier. The signal from PT- 
295 was L l ~ m  transmitted to the Control Room where PIC-295 controls a 
valve that is located in the outlet line of the gas scrubbing system. 

The differential pressure between the gasifier.and char cooler is 
designed to be controlled by sensing the pressure between the char 
cooler and gasifier sections on a -10 to 0 to +10 psi differential 
pressure instrument, PDT-257. The output of this instrument is trans- 
mitted to the Control Room where PDIC-257 sends a signal to a control 
valve, PDCV-202, which is located in the effluent gas line of the char 
cooler. The instrument senses changes in the gasifier or char cooler 



pressure and the signal is transmitted to PDCV-202 to adjust the char 
cooler pressure so that the proper differential is maintained. Because 
the gasifier has an internal head that will withstand only 25 psi in 
pressure differential, close control of the pressure differential 
between the plenum chamber, the gasifier, and the char cooler is critical 
to the operation. 

Bed Level Control in Gasifier 

The level of the fluid bed within the gasifier reaction zone, as shown in 
Figure No. 4, is designed to be controlled by PDIC-202 which takes 
its signal from PDT-202. This instrument, as well as the char cooler 
differential pressure controller PDIC-257, operates PDCV-202. An alarm 
indicating a high pressure differential and a manual switch are provided 
to allow the operator to switch from level control to pressure differen- 
tial control in the event that a high differential in pressure results, 
or if a high bed level is noted in the char cooler. When placed on 
automatic, the PDIC-202 controller senses a high bed level and opens the 
control valve, PDCV-202. This causes the char cooler pressure to drop 
resulting in more char flow through the standpipe from the gasifier to 
the char cooler. Conversely, if the gasifier fluid bed level drops too 
low, PDCV-202 closes causing the char cooler pressure to increase thus . 
slowing or stopping the flow of char from the gasifier. 

Bed Level Control in the Char Cooler 

Bed level control in the char cooler, as shown in Figure No. 5, is 
designed to be adjusted by the bed level differential signal from PDIC- 
204 which controls the action of slide valve PDCV-204 located in the , 

outlet line of the char cooler. Char is moved from the char cooler to 
the char slurry tank by maintaining a constant pressure differential 
bctween the two vessels using steam as the transport medium. The char 
is then transferred from the char slurry tank to the char filter area by 
pressure letdown. 

ORIGINAL TNSTRUMENT INSTALLATION - 
Although the concepts of the instrument design for the SYNTHANE gasifier 
were sound, simple and straightforward, the pressure sensing systems and 
controls, as installed, were essentially inoperable. The typical instru- 
ment installation, as originally installed, is shown in Figure No. 6. 

As seen in the drawing, high pressure inert gas was used to provide 
instrument purge. The purge system which was provided consisted of a 
configuration of block valves, a check valve, and a rotameter. A connec- 
tion was made fr.om the purge line to the pressure transmitter which 
was mounted below the sensing taps. 

The system as designed was inoperable for the following reasons: 

1. The bed level and density instruments were sensitive to small 
variafions in purge flows. 



2,: ..The purge lines plugged with solids when the flows were reduced to 
level?' that did not affect the transmitter indications. 

3. Steam migrated up the sensing lines and filled the pressure trans- 
mitter legs with condensate. 

4. Rotameters stuck due to dirty C02 and failed to operate. 

5. The check valves were spring loaded and put an uneven back pressure. 
on the pressure transmitters. 

.6. The location of pressure taps was poor. Too many instruments were 
connected tb the same tap. Some taps were located in dead legs and 
in areas which were subject to fouling, 

7 .  Instrument, range control was too wide for accurate contrnl , 

INSTRUMENT REVISIONS 

mjor changes were made to all of the pressure sensing instruments within 
the first three months of operation. In a stepwise manner, each of the 
problems mentioned was overcome. The primary goal emphasized the 
necessity of gaining pressure sensing reliability. Modifications 
involved relocating transmitters above the taps, relocating sensing 
lines, purchasing new rotameters, adding needle valves to the rotameter 
stations, replacing the spring check valves with bonnet lift check . 

valves and finally, redesigning the entire purge stations. 

During the first phase of redesign, all of the pressure sensing instru- 
ments were mo'dified as shown in Figure No. 7. 

The specifics, as shown, are: 

1. All d/p transmitters were relocated at least 10 feet above 
the pressure taps. 

2. The holes in the outlet of the dip tubes were edlarged from 
114 to 112 inch. 

3.  The C02 purges were changed to enter directly into the purge 
tubes to minimize the effect of purge on the instruments. 

4. The check valves were removed from the lines to the pressure 
transmitters and were relocated in thc C02 purge lines. 

5 . .  The purge rotameter bypass stations were provided with double 
block and h1.eed valvec. 

6. Needle valves were provided for rotameter control. 

7. All sensing lines were sloped back to the gasifier and all 
pockets were removed. 



. . . . . .  . 

This  i n t e r i m  des ign  increased  sens ing  r e l i a b i l i t y  conside'rably. Subse- 
quent ly  h o w e v e r , , i t  was d,etermined t h a t  a d d i t i o n a l  r e l i a b i l i t y  could be  
achieved by purging t h e  complete systems from t h e  p re s su re  t r a n s m i t t e r s  
t o  t h e  o u t i e t  of t h e  d i p  . tubes .  These r e v i s i o n s  shown i n  F igure  No. 8  
inc lude  t h e  fol lowing:  

1. ' Rotameters w i th . ?  r ange 'o f  0-500. SCFH were i n s t a l l e d  on each .senking 
l i n e  a t  t h e  p re s su re  t r a n s m i t t e r s .  

2. A continuous C02 purge w a s  i n j e c t e d  a t  each, p re s su re  t r a n s m i t t e r  
leg.. This  purge was normall'y. 239 SCFH based upon a' r a t e  of 1 foot '  
per  second through t h e  opening. i n  t h e  purge piping.  

, - 3. ~ e ~ d l e  va lves  were ins ta l l . ed  a , t  ea=h rotameter  f o r  con t ro l .  

4 .  1 / 8  inch  Cap i l l a ry  tubes approximately 25 inches  long,  were .instaYl,ed 
between t h e  ro tameters  and t h e  sens ing  l i n e s  t o  h e l p  c o n t r o l  flow 

,-'of C02 purge. 

5. Condensate p o t s  were i n s t a l l e d  i n  t h e  sens ing  l i n e s  a t  t h e  g a s i f i e r  
f l anges .  

6.. The C02 purge' conncct ions a t  t h e  v e s s e l  t a p s  were converted t o  . 
b l a s t  purges and a r e  now used i n  case  of instrument  malfunction: 

The instrument  r e v i s i o n s ,  a s  descr ibed  i n  F igure  NO. 8 ,  have given the  
SYNTHANE P l a n t  r e l i a b l e  bed l e v e l ,  d e n s i t y  and p re s su re  i n d i c a t i o n s .  
P r i o r  t o  s t a r t u p  of each g a s i f i e r  run,  scheduled sequence checks a r e  
made t o  a s s u r e  compliance w i t h ' t h e  t e s t  d i r e c t i v e s .  This  i nc ludes  
s e t t i n g  of t h e  purge r a t e s  and zero checking of bed l e v e l  and d e n s i t y  
ins t ruments  t o  t h e  c o n t r o l  board and computer. 

A s  instrument  r e l i a b i l i t y  was achieved,  more a t t e n t i o n  was given t o  
improving process  con t ro l .  Improved g a s i f i e r  p re s su re  c o n t r o l  was 
achieved wi th  PT-295 by adding another  p re s su re  t r a n s m i t t e r  of narrower 
range. For s t a r t u p  purposes t h e  f u l l  range of 0  to .1200 p s i  p re s su re  
t r a n s m i t t e r  t h a t  was o r i g i n a l l y  provided is used. When t h e  v e s s e l  is  
up t o  ope ra t ing  p re s su re ,  t h e  p a r a l l e l  u n i t  i s  placed i n  s e rv i ce .  
Since t h e  g a s i f i e r  i s  being opera ted  a t  600 p s i ,  t h e  p a r a l l e l  p re s su re  
t r a n s m i t t e r  i s  ranged from 500 t o  700 p s i .  

Fu r the r  improvement i n  g a s f i e r  p re s su re  . con t ro l  w a s  a l s o  achieved by 
providing a  s i m i l a r  p a r a l l e l  p r e s s u r e , t r a n s m i t t e r  f o r  t h e  high p re s su re  
steam p res su re  c o n t r o l l e r  PIC-338 which c o n t r o l s  t h e  steam p res su re  t o  
t h e  ga ' s i f i e r .  The p a r a l l e l  ins t rument  was ranged from 600 t o  750 :psi 
such t h a t  a  cons t an t  100 p s i . d i f f e r e n t i a 1  over t h e  g a s i f i e r  p re s su re  
could b e  obtained.  

A s  shown i n  F igure  No. 9 ,  a  major change has  r e c e n t l y  been made t o  
c o n t r o l  t h e  flow of char  from t h e  g a s i f i e r .  The t r i c k l e  va lve  i n  t he  
s tandpipe  between t h e  g a s i f i e r  and char  coo le r  has  been modified f o r  
automatic  con t ro l .  A va lve  a c t u a t o r  has  been mounted on a  f l ange  on t h e  



outside of the shell of the char cooler with the valve stem extending 
through the char cooler and attached to the flapper of the trickle 
valve. The PDIC-202 bed level controller in the gasifier section now 
operates this trickle valve and the differential pressure controller, 
PDIC-257, controls only differential pressure between the gasifier and 
char cooler. 

In addition to the revisions covered in the current design, it should 
be pointed out that cold weather conditions can and do compound all the 
problems encountered. The need for upgrading the steam and electrical 
tracing of transmitters and process instrument tubing for freeze protec- 
tion became apparent and this task was undertaken and accomplished. 

During the course of plant operation, it was alss found that gas 1.1sed 
for purge must be £ree of particulates. It was necessary to install 
suction filters on the C02 compressors in the SYNTHANE plant not only to 
minimize compressul wr.;ir 1.1~1: co keep the purgc lines free of s o l i d s  that 
can plug rotameters and lines. 

CONCLUSIONS AND RECOMMENDATIONS 

In future scaleup of Coal Gasification Plants, or in existing facilities 
where.pressure measurement problems of this nature may exist, the follow- 
ing suggestions are made: 

1. The inert gas source used for purging should be properly filtered to 
maintain lines free of particulates. 

2. Purge tap openings of 112 inch are recommended with purge 
velocities of 1 foot per second. 

3. Transmitters should be located at least 1.0 f ee t  above the premure 
taps and lines should slope and contain no pockets. 

4. Purging from the pressure transmitters through the entire sensing 
line will keep the sensing lines clear of condensate and particul..ates. 

5 .  Condensate pots at the nozzle taps -will collect any condensate 
which forms in the system and provide a means of'blowdown. 

6. The location for pressure taps should be chosen away from possible 
points of contamination. 
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QUESTIONS AND ANSWERS 

D. M. Ba i ley  

The Lummus Company 

W. E. Shannon, Lockheed Pa lo  Al to .Research  Lab. 

Q. What t o t a l  lummus e f f o r t  (man-monthslman-hours) was r equ i r ed  t o  : 

1. Analyze synthane  c o n t r o l  system problems, 
2. Remove, i n s t a l l  and checkout the modified c o n t r o l  system. 

A. I n  answer t o  t h e  f i r s t  p a r t  of t h e  ques t ion ,  t h i s  was done a t  the p l a n t  
w i t h  p l a n t  people.  A s  f o r  t h e  second part of the ques t ion ,  that  was 
a l s o  done completely by t h e  people a t  our  f a c i l i t y .  W e  d id  i t  i n  s t eps .  
During p l a n t  ou tages ,  we would make changes, then run aga in  and make more 
changes. I cannot t e l l  you a c t u a l l y  how much time was r equ i r ed  bu t  i t  

< .  was f a i r l y  e x t e n s i v e  t o  g e t  t h e  problems resolved.  

W. S. Su, Stearns-Roger, Inc. 

Q. P l e a s e  e x p l a i n  your approach on temperature measurement. 

A. I n  a g a s i f i e r ,  we have e i g h t  shea th  thermocouples made of 310SS t h a t  
extend i n t o  t h e  bed a r e a  approximately every two f e e t .  The g a s i f i e r  
a l s o  has  two thermocouples t h a t  a r e  l oca t ed  w i t h i n  a Has t a l loy  C thermo- 
wel l .  The thermocouples a l s o  g i v e  a good i n d i c a t i o n  of bed l e v e l .  To 
d a t e ,  w e  have n o t  had any s e r i o u s  f a i l u r e  problems. 

C. K. Sanathanan, U n i v e r s i t y  of I l l i n o i s ,  Chicago 

Q. Did your c o n t r o l  system des ign  r e s u l t  from systqm models o r  d i d  you 
des ign  them by some p rac t i ca l .  guesses? 

A. We d i d  t h i s  by what we thought  were b e s t  guesses.  We analyzed t h e  pro- 
blems and then decided what we thought was the b e s t  approach. I a m  s u r e  
t h a t  t h e r e  can be  some improvements t o  t h i s  system a s  it  is  p r e s e n t l y  
i n s t a l l e d ,  b u t  I can say  what we now have g ives  us  e x c e l l e n t  r e l i a b i l i t y .  

J. 0. Hougen, Un ive r s i t y  of Texas 

Q. The diagram of t h e  f i n a l  AP system-as shown-appears t o  o f f e r  t h e  
oppor tun i ty  t o  e f f e c t i v e l y  p a r t i a l l y  bypass t h e  d/p c e l l .  P l e a s e  c l a r i f y .  

A. I do n o t  understand t h a t  ques t ion .  ( I t  was l a t e r  d i scussed  t h a t  bypass 
cannot occur  because of t h e  fol lowing:)  

1. The purge is 150 p s i  over  g a s i f i e r  pressure .  
2. The purge comes o f f  s e p a r a t e  l i n e s .  F igure  8 is only  a schematic.  
3. Check v a l v e s  a r e  i n s t a l l e d  and n o t  shown i n  t h e  sketch.  



R. G. Corley, Monsanto Company 

Q. . P l e a s e  i d e n t i f y  DP t r a n s m i t t e r s  and t h e  c a l i b r a t e d  ranges used. 

A. The ranges very  depending upon the  app l i ca t ion .  The bed l e v e l  i n s t r u -  
mentat ion has  0-100 i n c h e s . .  Bed d e n s i t y  i n s t rumen ta t ion  is  0-50 inches  
p re s su re -  d i f f e r e n t i a l  between t h e  g a s i f i e r  and t h e  char  coo le r  has minus 
10 t o  0  t o  p l u s  10 p s i .  

F. Bondy, F o s t e r  Wheeler Energy Corp. 

Q. Did you recover  and c l ean  up C02 v e n t  gases  from Pet rocarb  lock  hopper 
system. I f  so,  what equipment d id  you use  f o r  cleanup? 

A. ' The Pe t roca rb ' sys t em has  been working very  well .  We have had very  few 
problems wi th  t h i s  system. The v e n t s  from t h e  Pe t roca rb  system go 
d i r e c t l y  t o  ou r  thermal ox id i ze r .  The Pe t roca rb  system has t h r e e  v e n t  
va lves  t h a t  dep res su re  a t  d i f f e r e n t  pressures .  When you a r e  a t  600 l b s .  
t h e  f i r s t  va lve  which is t h e  sma l l e r  va lve  opens up and depressure  t h e  

. v e s s e l  t o  170 p s i ,  then  t h e  nex t  va lve  opens up and i t  depressures  down 
" .  

t o  around 30, and t h e  l a s t  v a l v e  opens and depressures  a t  5 p s i .  To pre- 
v e n t  r ap id  d e p r e s s u r i z a t i o n  of f i n e s  entrainment ,  what we had t o  do ,:, ',?.: 

was t o  i n s t a l l  sma l l e r  o r i f i c e s  a t  t h e  va lve  l o c a t i o n s .  
' ;',,.. 

Q. Do you have any q u a n t i t a t i v e  r e s u l t s  on s o l i d s  i n  v e n t  gas d i r e c t l y  
from lock  hopper systems? . . :,,,. . . , . 

A. No q u a n t i t a t i v e  r e s u l t s  have been taken. The only  th ing  I can say is . 

t h a t  is very  minimal a s  long a s  t h e  system is ope ra t ing  proper ly .  W e  . .:. :. ,:, . 
have opera ted  wi th  t h e  Pe t rocarb  System vented d i r e c t l y  t o  t h e  atmosphere .' ." ..';,~t' 
and al though some d u s t  vented t o  t h e  atmosphere, i t  was n o t  very  no t i ce -  ., ,. ; :it. 

b (1 " 
able .  .. . . . 

..I.) 

B. G. LiptSk, LiptSk Assoc ia t e s  

Q. What problems d id  you have wi th  lock  hoppers? 

A. The Synthane P l a n t  is  a c t u a l l y  b u i l t  w i th  a  l ock  hopper system f o r  cha r  
removal which I d i d  n o t  show you. A t  t h e  very  s t a r t  of t h e  P l a n t ,  dur ing  
t h e  p r e s s u r e  t e s t i n g  phases,  t h e  lock  hopper va lves  would n o t  hold and 
were s e n t  back t o  t h e  s u p p l i e r  f o r  remodi f ica t ion .  The P l a n t  t h e r e f o r e  
went t o  t h e  s tandby s l u r r y  system which w e  a r e  c u r r e n t l y  us ing ,  and t h i s  
system is working q u i t e  e f f e c t i v e l y .  W e  have n o t  had very  many problems 
w i t h  t h e  lock  hoppers i n  t h e ' p e t r o c a r b  system. Some problems occurred 
wi th  ven t  va lves  which we were a b l e  t o  overcome. We found t h a t  t hese  
va lves  were ope ra t ing  too quick ly  and fo rced  t h e  s e a t s  back i n t o  t h e  
body unevenly which caused them t o  j,am i n  t h e .  body of t h e  va lves .  When 
w e  slowed t h e  va lve  a c t u a t o r s ,  t h e  va lves  o p e r a t e  very  well .  

V. J. O,rphan, Science Appl ica t ions  

Q. How a c c u r a t e l y  can you measure bed level and d e n s i t y ?  How uniform is  t h e  
bed? How do.  you determine t h e  uni formi ty?  



A. Actua l ly ,  a t  p r e s e n t ,  we a r e  adding a  second probe i n t o  t h e  g a s i f i e r  bed. 
The f i r s t  probe we have is a t  a  s ix- foot  l e v e l .  We a r e  adding a second 
probe that w i l l  go from a s ix- foot  l e v e l  to t h e  twelve-foot l e v e l  i n  
o r d e r  t o  determine bed uniformity.  We r e a l l y  do no t  know i f  t h e  bed is 
uniform b u t  we have assumed t h a t  t h e  bed is  uniform i n  dens i ty .  The 
accuracy of bed l e v e l  c a l c u l a t i o n s  we f e e l  a r e  p r e t t y  good. This  is i n  
view of t h e  f a c t  t h a t  t he  thermocouple readings  i n  t h e  bed ag ree  wi th  
t h e  bed l e v e l s  t h a t  we c a l c u l a t e .  

Chairman 

Q. Ge t t i ng  back t o  D r .  ~ o u g e n ' s  ques t ion ,  i f  we may f o r  j u s t  a  moment. I 
b e l i e v e  t h e  q u e s t i o n  is, i f  I understand i t  proper ly ,  looking  a t  t h e  
l a s t  diagram, appea r s  t o  o f f e r  t h e  oppor tun i ty  t o  e f f e c t i v e l y  p a r t i a l l y  
bypass t h e  dp c e l l .  I presume t h a t  t h i s  i s  by c l o s i n g  a va lve ' i nad -  
v e r t e n t l y .  

A. T@p,instrument is  p laced  i n  s e r v i c e  by f i r s t  e s t a b l i s h i n g  purge f low and 
then  a d j u s t i n g  t h e  purges t o  zero o u t  t h e  instrument  because of t he  
d i f f e r e n c e  i n  l e n g t h  of the d i g  legs.  No bypassing occurs  because: 

a )  t he  purge p r e s s u r e  is 150 p s i  above g a s i f i e r  p re s su re ,  
b )  t he  purges come o f f  s e p a r a t e  headers ,  n o t  a s  shown i n  schematic  

Fig. 8. 
c )  check va lves  a r e  i n s t a l l e d  i n  t h e  pruge l i n e  t h a t  a r e  n o t  shown i n  

the  f i g u r e .  
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I NTRODUCTION 

Coal Gas i f i ca t ion  environments place severe operating condi t ions on mater ia ls and 
components. The most severe environment i s  found w i t h i n  t he  gas i f i ca t i on  zone 
where t he  high temperature, h igh pressure, erosive and cor ros ive environment can 
qu ick ly  destroy conventional mater ia ls and components. 

One o f  t he  more c r i t i c a l  components i n  the control/moni t o r i n g  o f  the  gas i f i ca t i on  
process, i s the h i  gh temperature i nstream thermocouple. I n  order t o  accurately 
sense t he  gas/par t ic le  stream temperature, the  thermocouple probe must be placed 
i n t o  t h i s  severe environment and s ti 11 provide re1  i a b l  e measurement over 1 ong 
periods o f  t ime wi thout  replacement. 

This paper discusses the  development progress and operat ing experience of the 
BI-GAS h igh  temperature thermocouples t o  date. Areas discussed are: 

1. Review o f  environmental condi t ions and funct ions o f  the  BI-GAS thermocouples. 

- 2. Design considerat ions and component requirements f o r  h igh temperature 
t hermocoup 1 es . 

3. Operational experience and development progress o f  the  BI-GAS thermocouple. 

BI-GAS THERMOCOUPLES 

Figure 1 i l l u s t r a t e s  the  locat ions o f  the BI-GAS g a s i f i e r  thermocouples. The 
sever i t y  o f  the  environment can be c l a s s i f i e d  according t o  the  stage locations. 
Stage I thermocouples 10, 11, 12 operate between 2500°F-30003F under slagging 
condit ions w i t h  a temperature dif-ference less  than 50°F between the  three read- 
ings. A h o t  char, steam, methaneloxygen mixture i s  i n j ec ted  i n t o  Stage I v i a  
the three char burners which are posi t ioned a t  t he  same l eve l  as No. 12 thermo- 
cbuple. 

Stage I I thermocouples 2, 3, 5, 6 are  posi t ioned a t  approximately 5 f o o t  spac- 
ings and operate between 1500-2000°F. A coal/steam/recycle gas mixture i s  
in jec ted  i n t o  t he  lower sect ion o f  Stage I 1  v i a  the two coal  i n jec to rs .  
Since the  ma jo r i t y  o f  the  gas i f i ca t i on  react ions occur i n  Stage 11, i t  i s  
considered t h a t  Stage I 1  atmosphere i s  more cor ros ive than Stage I. 

Table I 1 i s t s  t h e  approximate composition o f  gas leav ing Stage 11. 



Fig.  1. BI-GAS G a s i f i e r  T h e r m o c o u p l e s  



TABLE I 

Component Compos i ti on 

I n  a d d i t i o n  t o  t h e  Stage inst ream thermocouples, thermocouple no. 9 i s  pos i t i oned  
i n  t h e  annular  reg ion  between t h e  b a r r e l  and s h e l l  c o o l i n g  c o i l s  and no. 1 i s  i n  
the  vapor space o f  t h e  s lag  quench sect ion.  No. 9 thermocouple operates a t  about 
450°F, which i s  t h e  c o o l i n g  c o i l  temperature, and no. 1 senses t h e  quench water 
temperature o f  approximately 100°F. 

OPERATING FUNCTIONS . . 

(F igure  1)  

A1 1 t h e  g a s i f i e r  therr~iocouple s igna ls  a r e  t i e d  i n t o  (1 )  Cont ro l  Room Pen Record- 
ers and (2)  Computer Maintained Data Acquis i  t i o n  Systems. 

Under t h e  present  opera t ing  mode, Stage I thermocouples a r e  monitored and char 
burner f i r i n g  and steam r a t e s  a r e  manually ad jus ted  t o  keep s lag  f l ow ing  through 
s lag t a p  ho le  (2500-3000°F). The f e a s i b i l i t y  o f  ma in ta in ing  Stage I temperature 
by c o n t r o l l i n g  0 /char  ( f u e l  gas) t o  t h e  char burners v i a  a cascading temperature E c o n t r o l l e r  w i l l  e  evaluated i n  f u t u r e  operat ions. 

Stage I I thermocouple No. 2 i s  t i e d  i n t o  the  emergency shutdown system (ESD), 
which w i l l  au tomat i ca l l y  shut  down t h e  g a s i f i e r  i f  Stage I 1  temperature exceeds 
2000°F. The Stage I 1  temperature i s  au tomat i ca l l y  mainta ined a t  1500-2000°F by 
c o n t r o l l i n g  t h e  steam f l o w  t o  Stage I 1  v i a  a cascading temperature c o n t r o l l e r .  

THERMOCOUPLE DESIGN PARAMETERS 

I n  developing g thermocouple f o r  a coal  g a s i f i c a t i o n  environment, t h e r e  a r e  
many ope ra t i ng  design cond i t i ons  which must be evaluated. The des i  n must n o t  9 on ly  o b t a i n  accurate readings, b u t  must r e s u l t  i n  l ong  term r e l i a b i  i t y  i n  
the  severe environment. This  l a t t e r  requirement p laces considerable emphasis 
on proper  maTerjal  se lec t ion .  The design parameters whl ch  must be considered 
i n  developing the  BI-GAS thermocouple are: 

1. High Temperature 

Normal opera t ing  temperatures w i l l  be as h igh  as 3000°F i n  Stage I. 
M a t e r i a l s  must have h i g h  m e l t i n g  p o i n t s  and s u f f i c i e n t  h i g h  temperature 
s t r e n g t h  t o  avo id  f a i l u r e .  



2. High Pressure 

Normal opera t ing  pressures between 700-15.00 ps ig.  

3, S u l f i d a t i o n  At tack  

The 0.3% H2S content  o f  t h e  BI-GAS environment w i l l  r e s u l t  i n  s u l f i d a t i o n  
a t t a c k  o f  var ious metals. 

4,. Hydrogen At tack  

The 20% hydrogen content  o f  t h e  environment w i  11 r e s u l  t i n  hydrogen pene- 
t r a t i o n  o f  var ious  metals  r e s u l t i n g  i n  l o s s  o f  s t rength.  

5. . H igh Temperature Oxidat ion 

A1 though t h e  BI-GAS: environment i 's corisidered reducing, l o c a l i z e d  o x i d i z i n g  
cond i t i ons  could poss ib l y  occur dur ing  s ta r t -up  per iods  and du r ing  normal 
opera t i  on. 

6. Eros ion 

Erosion may be s i g n i f i c a n t ,  e s p e c i a l l y  i n  Stage I where t h e  thermocouples d 

are  exposed t o  the  tangen t ia l  char f l o w  i n  t h e  reg ion  o f  t he  char burners. 

7. CO, Hz, Steam Oxidat ion/Reduct ion Reactions 

The presence ' o f  CO, Hz, and steam may promote var ious  o x f d a t i o n / r e d u c t i o n  ' 
react ions.  

8. Slag A t tack  

The s lagg ing  environment o f  01-GAS Stage I w i l l  necess i ta te  t h e  s e l e c t i o n  
of ma te r i a l s ,  which have a  h i g h  res i s tance  t o  s lag  a t t a c k  which w i l l  r e s u l t  
i n  pene t ra t i on  o f  o r  complete l oss  o f  mater ia ls .  

9. Thermal and Mechanical Shock 

Components should have good thermal and mechanical shock res is tance.  
These requirements w i  11 p lace severe r e s t r i c t i o n  on ceramic and cermet . 
type mater ia ls .  

DUAL WELL THERMOCOUPLE COMPONENTS 

The h i g h  temperature, e ros i ve  and c o r r o s i v e  atmosphere o f  t he  g a s i f i e r  necessi-  
t a tes  t h e  use o f  a  p ro tec ted  thermocouple f o r  t h e  BI-GAS Process. The s p e c i f i c  
components which go i n t o  t h e  cons t ruc t i on  of t h e  p ro tec ted  thermocouple must be 
selected a f t e r  t a k i n g  i n t o  considerat ion,  t h e  n ine  design parameters p rev ious l y  
discussed. I n  general t h e  dual we1 1  thermocouple i s  cons t ruc ted  o f  t he  fo l low-  
ing component par ts .  



Thermocouple Components 

1. Wire Type 

Table I 1  prov ides  temperature ranges f o r  var ious  thermocouple wires.  The 
3000°F ope ra t i ng  temperatures i n  Stage I r e q u i r e s  t h e  use of tungstenl rhenium 
wire.  P l  a t i  num/rhodi um t ype  B w i re  (31 00°F) was considered; however, s h o r t  
te rm temperature excurs ions exceeding 3000°F i n  a d d i t i o n  t o  t ype  B suscept i -  
b i l  i ty t o  hydrogen a t t a c k  makes t h i s  w i r e  unsui  tab1 e f o r  BI-G.P.S serv ice.  
A1 though a1 1 t h r e e  tungsten/rhenium w i r e  combinat ions can operate t o  4200°F, 
t h e  '5% Recombination was se lec ted  because o f  t h e  i n h e r e n t  b r i t t l e n e s s  o f  un- 
a l l o y e d  tungsten. Tungsten i s  a l s o  advantageous because i t  has good r e s i s -  
tance t o  hydrogen a t t a c k  which cou ld  d i f f u s e  through t h e  ou te r  l aye r .  One 
disadvantage o f  tungsten rhenium w i r e  i s  t h a t  i t  undergoes r a p i d  d e t e r i o r a -  
t i o n  i n  oxygen environments. However, w i t h  t h e  except ion  of H2 d i f f us ion ,  
t h e  dual d e l l  c o n s t r u c t i o n  i s  designed t o  p r o t e c t  the  w i r e  frorr~ yaseous a t tack .  

TABLE I 1  

Approximate Thermocouple Wire Temperature L i m i t s  - 
.'? 

Type o f  Wire 
Iron-Constantan ( T Y P ~  J 

Temperature L i m i t  OF 
1400°F 

chrome1 -constantan- ( ~ ~ ~ e  E )  1600" F 
Chrome1 -A1 umel (Type K )  2300°F 
P t / P t  10% Rn, P t /P t  13% R r r  (Type R,S) 2700°F 
Pt-30% Rn/Pt 6% Rn (Type B) 31 00°F 
W / W  26% Re, W-5% Re/W-26% Re 

W-3% Re/W 25% Re 4200°F 

2. Wire Size 

There a r e  no s p e c i f i c  gu ide l i nes  f o r  t h e  s e l e c t i o n  o f  thermocouple w i r e  s ize.  
However, as a r u l e  o f  thumb where f a s t  response t ime  i s  requ i red ,  smal le r  gage 
w i r e  should be used. Where l ong  1 i f e  i s  p re fer red ,  o r  f o r  h igher  temperatures, 
heav ier  thermocouple w i r e s  should be selected.  However, t h e  e f f e c t  o f  w i r e  
s i z e  on response t i m e  when compared t o  the  e f f e c t  o f  t h e  dual  sheath should be 
n e g l i g i b l e .  Table I11 l i s t s  recommended temperature l i m i t s  f o r  var ious  s i zes  
o f  tungsten/rhenium thermocouple wire. I n  o rde r  t o  achieve h i g h  r e l i a b i l i t y ,  
.010 - .020" w i r e  should be se lec ted  w i t h  .020 p re fe r red .  

TABLE I 1 1  

Temperature L i m i t s  Tungsten/Rhenium Wire 

Wire Diameter (i n) 
-003 

Temperature L i m i t  O F  

3200 



3. J u n c t i o n  Type 

A1 though a  grounded t ype  j u n c t i o n  p rov ides  b e t t e r  reponse t ime, an ungrounded 
j u n c t i o n  was s e l e c t e d  t o  p r o v i d e  b e t t e r  r e l i a b i l i t y .  The ungrounded j u n c t i o n  
should a l s o  e l i m i n a t e  p o t e n t i a l  f a i l u r e  f rom sheath /w i re  thermal expansion and 
sheath/wi re  m a t e r i a l  i n t e r a c t i o n  problems. The welded j u n c t i o n  o f  r e f r a c t o r y  
w i res  i s  q u i t e  b r i t t l e  and h i g h l y  s u s c e p t i b l e  t o  breakage. However, thermo- 
couple vendors have g e n e r a l l y  r eso l ved  t h i s  problem th rough p r o p r i e t a r y  
we ld /w i re  wrap techniques. 

4. I nne r  Sheath M a t e r i a l  and Coat ing 

The i n n e r  sheath serves as t h e  secondary p r o t e c t i o n  f o r  t h e  thermocouple w i res .  
I n  t h e  even t  o f  complete o r  p a r t i a l  f a i l u r e  o f  t h e  o u t e r  ( p r ima ry )  p r o t e c t i v e  
w e l l ,  t h i s  i n n e r  sheath should be capable 07 p r o v i d i n g  some degree o f  p r o t e c -  
t i o n  and s t r u c t u r a l  suppor t  t o  t h e  thermocouple. The i n n e r  w e l l  should have 
some r e s i s t a n c e  t o  chemical ,  o x i d a t i o n / r e d u c t i o n  a t t a c k ,  and good h i g h  tem- 
p e r a t u r e  s t r eng th .  I n  a d d i t i o n ,  t h e  i n n e r  sheath must have chemical  and 
p h y s i c a l  c o m p a t i b i l i t y  w i t h  t h e  i n s u l a t i o n  be ing  used. 

Tab1 e  I V  p rov ides  some temperature and env i ronmenta l  1  i m i  t a t i o t i s  f o r  severa l  
h i g h  temperature sheath ma te r i a l s .  O f  these m a t e r i a l s ,  o n l y  molybdenum i s  
s u i t a b l e  f o r  a  reduc ing  environment. I n  a d d i t i o n ,  molybdenum i s  unaffected 
by hydrogen and has good h i g h  temperature s t r eng th .  Molybdenum i s  v e r y  sen- 
s l t i v e  t o  o x i d a t i o n  above 1000°F; however, t h e  use o f  a  ceramic c o a t i n g  should 
p r o v i d e  o x i d a t i o n  p ro tec t i on . '  

The s e l e c t i o n  of  t h e  sheath d iameter  i s  a  compromise between t h e  good response 
t i m e  o f  a sma l l  d iameter  sheath versus t h e  b e t t e r  h i g h  temperature s t r e n g t h  
of  l a r g e r  sheath. However, when a  dua l  sheath thermocouple i s  u t i l i z e d ,  t h e  
a f f e c t  o f  sheath s i z e  on t h e  t o t a l  response t i m e  shou ld  be min imal .  Thermo- 
coup le  vendors g e n e r a l l y  o f f e r  1/8" d iameter  sheaths w i t h  .010" w i r e  and 3/16" 
d iameter  sheaths w i t h  .020 w i re .  Based on r e l i a b i l i t y  advantage of t h e  l a r g e r  
w i r e  and l a r g e r  sheath combinat ion, t h e  l a r g e r  sheath shou ld  be se lec ted .  

' TABLE I V  

High- . . Temperature - Sheath M a t e r i a l s  

Maximum Opera t ing  
M a t e r i a l  
Molybdenum 

~empera  t u r e  OF 
4000 

~ a n t a l  um 4500 
Platinum-Rhodium A l l o y  3050 

5. I n s u l a t o r s  

Env i  ronmen t 
I n e r t ,  reduc ing  
I n e r t  
0 x i d i z i . n g  

The i n s u l a t o r  m a t e r i a l  se lec ted  must have a  h i g h  maximum ope ra t i ng  tempera- 
t u re ,  good thermal c h a r a c t e r i s t i c s ,  and p h y s i c a l  and chemical  c o m p a t i b i l i t y  
w i t h  t h e  thermocouple w i res  and sheath. S ince i m p u r i t i e s  can cause b r i d g i n g  
o f  t h e  w i r e s  a t  h i g h  temperatures and r e d u c t i o n  i n  u s e f u l  maximum : h e r a t i n g  
temperature,  a  h i g h  p u r i t y  grade o f  t h e  i n s u l a t o r  se lec ted  should be 
spec i f ied .  



Table V 1  i s t s  t h e  tempera'ture. 1 i m i  t s  o f  th ree h igh  temperature hard f i r e d  
i n s u l a t o r s .  The A1  0  i s  perhaps the  bes t  o v e r a l l  choice f o r  t he  3000 OF 
range p r i m a r i l y  bezadse i t  i s  compatible w i t h  Y-Re-Mo and does n o t  have 
the  hydroscopic and t o x i c  disadvantages o f  MgO and Be0 respec t i ve l y .  

TABLE V 

High P u r i t y  I n s u l a t i o n  Approximate Useful ~ e m ~ e ' r a t u r e s  OF Remarks 
MgO 3  300 Hydroscopi c  

2'3 3400 Compatible w i t h  
W-Re-Mo 

Be0 4000 Be0 dust  i s  
t o x i c  when 
i nhal od 

6. Outer We1 1 (Primary P ro tec t i on  Tube) 

The ou te r  w e l l  prov'ides the  pr imary p r o t e c t i o n  f o r  t he  therinocouple from t h ~  
g a s i f i e r  environment. Thc p r o t e c t i o n  lube must bc capable o f  wS thstanding 
t h e  e ros i  v e l c o r r o s i  ve, h igh  temperature environment o f  t he  g a s i f i e r ,  and 
i d e a l l y  should minimuze t h e  d i f f u s i o n  o f  var ious gases through i t s  wa l ls .  
Several o f  t he  c r i t i c a l  design requirements which must be considered i n  
s e l e c t i n g  a  p r o t e c t i o n  tube are: 

1. High m e l t i n g  p o i n t  and good h igh  temperature s t rength .  
2. Good res i s tance  t o  thermal and mechanical shock. 
3. Resistance t o  chemical a t tack .  (e . g. , ox idat ion ,  reduct ion ,  

s lag  a t tack ,  s u l f i d a t i o n )  
4.  Erosion res is tance.  

Unfor tunate ly ,  i t  i s  d i f f i c u l t  t o  f i n d  a  ma te r ia l  which can meet a l l  o f  t h e  
above c r i t e r i a .  Table V I  l i s t s  ma te r ia l  s e l e c t i o n  data f o r  var ious ceramic 
and m e t a l l i c  p r o t e c t i o n  tubes. Although Table V I  cannot be used f o r  the  
s e l e c t i o n  of a  s p e c i f i c  ma te r ia l  s ince  i t  dnes n o t  r e f l e c t  p e r f o r l ~ ~ a r ~ c e  I n  
coal  yds atmosphere, i t  can be used t o  s e l e c t  bes t  candidate ma te r ia l s .  



. .  TABLE V I  

Ma te r i a l  Data On Pro tec t i on  Tubes 

Recommended 
Maximum 

Mater i  a1 Temperature OF Remarks 
-Good thermal shock 

Mu1 1 i te .  ( S i  1 i ca-Alo!mi na) 3000 O,R  GOO^ s lag  res is tance 

Alumina 99+% . 3400 0, 'R 

S i  1 i c o n  Carbide 
( Ni tri de Bonded) 

Chrorni u r n - ~ l  urn; na (Cermet) 2600 0, 2600 R 

Be ry l  1 i um Oxide 

310 S.S.  

I nconel 

Mo lybdedum 

Tan t a  1 um 

' -Good s lag  res i s tance  
-High ,S t rength  
-Gast igh t  
- F a i r  res i s tance  t o  thermal 
shock 

-Excel 1 en t res i s tance  t o  
thermal & mechanical shock 

-Excel 1 e n t  res i s tance  t o  
s u l  f i d e s  . :. 

-Good thermal and mechanical 
shock res i stance 

-Fums t o x i c  
-Reacts w i t h  steam 

-Good sca le  and co r ros ion  
res  i stance 

2100 0, R -Good sca le  and cor ros ion  
res i s tance  

2100 0, R -Not recommended f o r  s u l f u r  
environment 

4000 0, Not recom- 
mended i n  reducing 

0 - Ox id i z ing  
R - Reducing 



On i n s p e c t i o n  o f  Tab le  V I ,  i t  appears t h a t  m c r l l i t e ,  alumina, s i l i c o r l  c d r b i d e  and 
molybdenum appear t o  be p romis ing  candidates f o r  p r o t e c t i o n  tubes. 

Based on work conducted by Argonne Na t i ona l  Labs, i t  i s  p o s s i b l e  t o  g a i n  some 
i n s i g h t  on how some m a t e r i a l s  can be expected t o  pe r f o rm  i n  coa l  gas environments.  

Reference 1  i nves t i g a c e d  . the s u i  t a b i  1  i ty  o f  va r i ous  ceramic coa t i ngs  and cermets 
f o r  coa l  g a s i f i c a t i o n  environments.  The s tudy  eva lua ted  va r i ous  coa t i ngs  w i t h  
r e s p e c t  t o  s u l  f i d a t i o n ,  o x i d a t i o n ,  e ros ion  and appl  i c a t i o n .  Based on t h e  survey, 
t h e  f o l l o w i n g  m a t e r i a l s  seem t o  be t h e  b e s t  candidates f o r  coa l  gas environments.  

TABLE V I  I 

Recommended Cerami c  Coat i  ngs 

Oxi des Carbides N i  tri . . des B o r i  -. des 

E rm02 H PC HBN 

T h i s  r e p o r t  a l s o  concluded t h a t  s i l i c i d e s  do n o t  o f f e r  p r o t e c t i o n  a g a i n s t  r e -  
duc ing,  s u l f i d a t i o n ,  and e r o s i o n  c o n d i t i o n s  o f  coa l  gas environments.  The 
p r i m a r . ~  d isadvantage o f  s i l i c i d e s  i s  due t o  t h e  f a c t  t h a t  t h e  c o a t i n g  w i l l  be 
a t t a c k e d  by t he  hydrogen' and steam ' env'ironment, ' ' 

References 3 and 4 r e p o r t e d  on t h e  e v a l u a t i o n  o f  va r ious  m a t e r i a l s  f o r  s l agg ing  
g a s i f i e r s . .  Tes t  resu.1 t s  c i t e d  i n  Reference 3 w i t h  a  s l a g  base lac id  (B/A) r a t i o  o f  
1.5 i n d i c a t e  t h a t  n i t r i d e  and s i l i c a  bonded s i l i c o n  carb ides  performed p o o r l y  
whereas h i g h  p u r i  t y  a1 umi na A1 203 and chromi um ox ide  CreO? and magnesium o x i d e  
compos i t e s  performed we1 1 . 

. G a s i f i e r  . t es t s  t o ' d a t e  usiny) Rosebud c3a l  i n d i c a t e  t h a t  t h e  B I - G A S  s l a g  i s  
s l i g h t l y  a c i d i c  and a l though t he 'S iC  f a i l u r e s .  c i t e d  i n  Reference 3 cannot bb 
d i r e c t l y  a p p l i e d  t o  BI-GAS, i t  does i n d i c a t e  t h e  p o s s i b i l i t y  of f a i l u r e  o f  S i c  
i n  RI-GAS Stage I '  due t o  s l a g  a t t a c k .  

D iscuss ions  w i t h  Argonne personnel i n d i c a  e  t h a t  S i c  w i l l  have a  h i g h  f a i l u r e  
p r o b a b i l i t y  if sur face  i s  we t t ed  by slag.'  Th i s  p o s i t i o n  i s  suppor ted by 
numerous f a i l u r e s  o f  01-GAS S i c  p r o t e c t i o n  tube. F a i l u r e  a n a l y s i s  o f  seve ra l  
o f  these  S i c  w e l l s  i n d i c a t e d  t h a t  S i c  cou ld  be o x i d i z e d  t o  S i02  by HZO, CO and 
o t h e r  O2 c o n t a i n i n g  gases. Normal ly,  t h i s  S i02  would fo rm a  p r o t e c t i v e  b a r r i e r  
a g a i n s t  a d d i t i o n a l  a t t a c k ;  however, t h e  presence o f  steam and hydrogen i n  t h e  
c o a l  gas environment may remove t h i s  p r o t e c t i v e  l a y e r . l  

Based on t h e  i n f o r m a t i o n  discussed above and BI-G;AS t e s t  r e s u l t s ,  i t  appears t h a t  
S i c  may n o t  g i v e  good per fo rmance in  BI-GWS Stage I and alumina o r  r e f r ac to r y :  
m e t a l s  may p'rovide b e t t e r  s e r v i c e -  



'7. Immersion Lengths o f  t h e  Thermocoupl es 

The temperature which the  thermocouple senses i s  dependent on t h e  n e t  heat  - 
t r a n s f e r  t o  t he  h o t  j unc t i on .  The heat t r a n s f e r  t o  t he  probe i s  a f ~ ~ n c t i o n  
of t he  th ree  modes of heat t r a n s f e r .  

1. Convection - Heat t r a n s f e r  between t h e  h o t  gas and t h e  themo-  
coup1 e probe. 

2. Conduction - Heat t r a n s f e r  a long the  mode between t h e  immersed 
h o t  j u n c t i o n  and the  c o l d  end. 

3 .  Radia t ion  - Heat t rans fe r  t c  t he  "co ld"  w a l l s  and t h e  ho t  probe. 

Convection i s  the  pr imary mode and should be maximized, s ince  i t  provides 
the  bes t  i n d i c a t i o n  of t he  t r u e  gas temperature. Rad ia t ion  and conduct ion 
impar t  e r r o r s  and should be minimized. The s i m p l i e s t  approach t o  i n s u r e  
good readings i s  t o  immerse the  probe i n t o  the  stream f a r  enough so t h a t  
convect ion i s  maximized and conduct ion e f f e c t  i s  minimized. Proper imrner- 
s ion  depth a l s o  insures t h a t  t he  probe has penetrated t h e  laminar  f low re -  
g ion  n e a r  t he  w a l l  and i s  sensing the  bu l k  stream temperature. 

Typ ica l  " r u l e s  o f  thumb" spec i f y  t h a t  the  thermocouple should be i n s e r t e d  
f o u r  t imes the  ou te r  diameter o f  t he  p r o t e c t i o n  tube. I f  the  thermocouple 
must pass through a cooled wa l l ,  t h e  i n s e r t i o n  should be increased t o  .ten ., . I  I.' 
t imes the  diameter. . _ I  :I I .  

.., .. 
I n  t he  case o f  p ro tec ted  tubes, t he  a p p l i c a t i o n  o f  such r u l e s  of thumb can . : .  

a .  

o f t e n  r e s u l t  i n  r a t h e r  long immersion depths. For example, t he  91-GAS 
probe w i t h  cooled w a l l s  r e s u l t s  i n  a 6-1/4" immersion depth. Th is  long . .  , , . 

immersion depth combitled w i t h  t h e  severe g a s i f i e r  environment, places s t r i c t  t i  , . . 
' !  requirements on the  probe ma te r ia l  e s p e c i a l l y  if ceramics o r  cermet tubes 9 .< .. 6 ,. !,. 

a r e  used. By reducing the  immersion length,  t h e  l i f e  o f  the  h o t  probe .; J s.... .; 

should be increased throuqh the  reduct ion  v i b r a t i o n  and mechanical shock . , 

and eros ion  forces a c t i n g  on t h e  immersed probe. 

To o b t a i n  the  proper immersion depth, a heat t r a n s f e r  s tudy was conducted 
on the  probe us ing  a " t h i n  rod"  model. The r e s u l t s  o f  t h i s  s tudy i n d i c a t e d  
t h a t  a probe l eng th  of approximately 3" w i l l  g i v e  accurate readings when 
using a ceramic type p r o t e c t i o n  tube. 

BI-GAS THERMOWELL/TtlERMOCOUPLE 

The BI-GAS thermowell i s  shown i n  F igure  2. Ttie design u t i l i z e s  a coo l i ng  
j a c k e t  surrounding the thermcouple sheath and a purge gas annulus f o r  g a s i f i e r  
pressure ins t rumenta t ion .  The immersion depth is 'changed by ad. just ing a bored 
through tub ing  f i t t i n g  a t  t he  back end o f  t he  thermowell. 

F igure  3 dep ic t s  t he  f i r s t  type o f  thermocouple which was i n s t a l l e d  i n  the  
g a s i f i e r .  This  thermocouple was an " o f f  t he  s h e l f "  thermocouple and u t i l i z e d  
a s i l i c o n  carb ide  h o t  sect ion,  w i t h  A1203 i n s u l a t i o n  i n  bo th  the  i n n e r  sheath 
and probe annulus, an 1 / 8 " " d i s i l  i c i d e  coated moly tube w i t h  ,010" \?5F?e/!J26Re 
wires.  The vendor 1 i t e r a t u r e  r a t e d  t h i s  thermocouple a t  2900°F and s u i t a b l e  
f o r  "coal g a s i f i c a t i o n  r e a c t i o n  zones." The h o t  probe l eng th  on t h e  i n i t i a l  
supply o f  these thermocouples was s p e c i f i e d  a t  6" probably us ing  t h e  "ten 

. t imes diameter" immersion depth r u l e .  
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OPERATING EXPERIENCE 

REFRACTORY CURE OPERATION 

Photograph No. 1 shows the  c o n d i t i o n  of Stage I S i c  ou te r  w e l l s  which were 
exposed t o  2800°F Max. dur ing  t h e  r e f r a c t o r y  cure operat ion.  No coal  was 
f e d  du r ing  t h i s  opera t ion  and thermocouples No. 11 and 12.were:immersed 1-112" 
and Nos. 10, 2, 3, 5 and 6 were i nse r ted  approximately 2-1/2". The S i c  t i p s  
o f  .Stage I thermocouples were reduced t o  314 o f  t h e i r  o r i g i n a l  diameter.  Th.e 
o u t e r  w e l l s  f rom Stage I 1  l o c a t i o n s  2, 3, and 5 were on l y  p a r t i a l l y  eroded 
w i t h  s i l i c a  g lobu les  on t h e  surface. The S i c  w e l l  on the  upper most thermo- 
couple No. 6 had been completely removed. A l l  Stage I and Stage I 1  thermo- 
coupl es prov ided accurate readings throughout the opera t ion  and exposed. moly 
sheaths appeared undamaged. 

F a i l u r e  ana lys i s  o f  t he  ou te r  we l l s ,  reference 2, proposed the  f o l l o w i n g  
f a i l u r e  modes and recommendations. 

STAGE 

F a i l u r e  Modes 
1. E u t e c t i c  m e t l i n g  i n v o l v i n g  S i c ,  Si02, A1203 - MoSi2. 
2. P a r t i a l  h i g h  temperature o x i d a t i o n  o f  t he  S i C  t o  Si02 by CO, H20 o r  

o t h e r  oxygen con ta in ing  gases. 

' Recommendation 
Evaluate h igh  p u r i t y  alumina 99+% ou te r  w e l l s  f o r  Stage I. 

STAGE I 1  

F a i l u r e  Mode 
Ox ida t i on  o f  S i c  t o  Si02 by CO, H20and otheroxygen conta in ing  gases. 

Kecommendatl . ons 
~ v a l u a ~ - ~ l ' c  ou te r  we1 1s which w i l l  w i  t h s t i l r ~ d  Ltic 1 ower temperatures of 
Stage 11. 

1. 310 S . S .  & 310 S . S .  a lon ized.  
2. Inco loy  800 a lon ized 
3. 25 C i -  - 35Ni 
4. Haste1 1oy X 

Based on these recommendations, alumina and m e t a l l i c  thennocouples were placed 
i n  o rder .  The s e l e c t i o n  o f  alumina was l a t e r  re in fo rced thorugh opera t ion  feed- 
back from another g a s i f i c a t i o n  s i t e  which repor ted  oud r e s u l l s  w i t h  alumina 
w e l l s  i r ~  d h igh  temperature s lagg lng  type g a s i f i e r .  '5 
COAL FEED TEST 

Dur ing the  n e x t  t e s t ,  type 1 thermocoup1.e~ were again used i n  s tage I and 11. 
  he' thermocouples were immersed 1"  and 2-1/2" ,in S l a y e  I and I 1  respec t i ve l y .  
Coal was fed  t o  Stage I 1  w i t h  no char feed t o  Stage I. Stage I temperature 
was h e l d  a t  2300°F+ f o r  approximately 24 hours dur ing  t h e  t e s t .  A l l  thermo- 
coupl es prov ided accurate readings throughout t he  t e s t  . 



PHOTOGRAPH NO. 1 : Stage I S i c  Thermocouples a f t e r  Refractory Curing Operation. 
10 days 2200-2800°F 

PHOTOGRAPH NO. 2: '  Fa i led SIC No. 5 Stage I1 Outer Well. Coal Feed Test. 

PHOTOGRAPH NO. 3: Fai led Stage I Thermocouple. Fa i led a f t e r  30 hrs. 
Coal-Char Feed Test 

38 1 



Inspect ion of t he  Guter we l l s  indicated t h a t  No. 12 outer wel l  was s l i g h t l y  
eroded. No. 11 had been shortened approximately 1" and No. 10 had small s i l i c a  
globules on i t s  t i p .  No. 2, 5 (Photo 2) and 6 Stage 11 Outer wel ls  had com- 
p l e t e l y  l o s t  thei-e exposed S i c  and No. 3 was only s l i g h t l y  erodea. The moly- 
bdenum sheath on a l l  thermocouples was i n  good condit ion. 

COALFEED/CHAR FEED TEST 

During the next g a s i f i e r  tes t  both coal and char were fed t o  the g a s i f i e r  w i t h  
Stage I operat ing a t  2500-2600°F and Stage I1  a t  1500-1700°F. A l l  thermocouples 
were immersed t o  6". 

A f t e r  28 hrs. and 30 hrs. o f  operation, Stage I thermocouples 11 and 12 f a i l e d  
respect ively,  probably re f l ec t i ng  the e f fec t  o f  char feed. Thermocouple 10 
continued t o  g ive good readings throughout the 54 hour tes t .  Post t e s t  inspection 
of the  thermocouples revealed t h a t  the S i c  and moly sheath had been completely 
removed t o  f l ush  w i t h  the re f ractory  wal l ,  (Photograph No. 3). No. 10 thermo- 
couplesSiC was undamaged bu t  had a hole i n  the center o f  the S i c .  

Stage I 1  thermocouples provided good readings throughout the tesS w i t h  maximum 
operat ing temperatures up t o  1750°F. Thermocouples No. 2, 3, and 5 were i n  good 
condi t ion;  however, the  Sic had been completely removed from No. 6. 

SECOND COAL-CHAR FEED TEST 

I n  the  second coal-char feedtest ,  alumina hot sect ion thermocouples as shown i n  
Fig. 4 were i n s t a l l e d  i n  Stage I, and S I C  hot sect ion thermocouples i n  Stage 11. 
A l l  th ree Stage 1 thermocouples f a i l e d  a f t e r  f i f t y  hours o f  operation. However, 
dur ing t h i s  run, a gas i f ie r  upset occurred which may have caused t h e i r  premature 
f a i  lu re .  

A l l  Stage I 1  thermocouples provided good readings throughout the test .  The post 
test inspect ion of Stage I 1  thermocouples, indicated t h a t  the S ic  had been p a r t i a l -  
l y  t o  completely removed on a l l  thermocouples and the exposed molybdenum sheaths 
were s l i g h t l y  warped, but  otherwise undamaged. (Photograph No. 4). One theory 
as t o  the  f a i l u r e  o f  the Stage I 1  thermowell was t h a t  the thermal o r  hydroscopic 
expansion forces of the annular i nsu la t i on  caused the f a i l u r e  o f  the S i c  outer 
w e l l .  To e l i m i n a t e t h e p o s s i b i l i t y o f  t h i s  occurr ing again, a l l  o ther  thermo- - 

couples were purchased wi thout the annular packing. 

THIRD AND FOURTH COAL-CHAR FEED TEST 

Based on the  good resu l t s  w i t h  another design o f  S i c  hot sec.tion thermocouple a t  
the Westinghouse Low Btu  Plant, Reference 8, a type 2 thermocouple was i n s t a l l e d  
i n  Stage 11. This thermocouple shown i n  f i g u r e  5 was bas ica l l y  the same construc- 
t i o n  as type 1 thermocouple except i t  u t i l i z e d  l a rge r  wires and inner  sheath, a 
one piece sheath, w i t h  no annular packing. The type 2 S i c  therniocouple perform- 
ed be t t e r  than the  type 1. No. 11 las ted 73 hours before f a i l u r e  and No. 10 
and 12 provided good readings throughout both tests.  However, inplace inspect ion 
o f  the S i c  wel ls ind icated t h a t  the S i c  had also been p a r t i a l l y  removed down t o  
the  moly sheath sometime p r i o r  t o  60 hours o f  operation. The add i t iona l  l i f e  of 
the  type 2 over the type 1 can probably be a t t r i b u t e d  t o  i t s  la rger  sheath and 
w i re  size. Subsequent runs have ind icated t h a t  the l i f e  expectancy of the type 2 
thermocouple i s  greater than the type 1 thermocouple. 



PHOTOGRAPH NO. 5: Stage I1 310 S.S .  outer we117 sheath a f t e r  100 hrs. 
o f  operation 
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I n  Stage 11, 310 S.S. outer  wells were fabr icated and 310 S.S. sheaths w i t h  
type K wires were inserted.  (Figure 6).  The 310 s .s. was selected f o r  the 
outer  wel l  because i t  i s  r ead i l y  avai lable,  i t s  mel t ing temp~ra tu re  j s  above 
2000°F, and i t  has good resistance t o  h igh temperature corr ison, oxidat ion,  and 
s u l f u r  at tack.  To date these thermocouples have been i n s t a l l e d  approximately 
150 hours w i t h  no f a i l u r e s  o r  signs o f  outer  wel l  degradation. Photograph No. 5 
shows the cond i t i on  o f  a Stage I 1  outer ,well a f t e r  approximately 100 hours o f  
operation. 

SUBSEQUENT TESTS 

I n  subsequant g a s i f i e r  tes ts  the Stage I thermocoupl es demonstrated s imi  l a r  type 
o f  f a i l u r e  p a t t e r n s - i n i t i a l  f a i l u r e  o f  the S i C  outer  wel l  fo l lowed by p a r t i a l  
o r  complete loss o f  the moly sheath. Based on re f r ac to r y  tes ts  conducted i n  
Reference 1 and comparison o f  BI-GAS slagging and non-slaggin9 t e s t s , i t  appears 
t h a t  the  f a f l u r e  o f  the S i c  i s  g rea t l y  accelerated i f  i t s  surface i s  wetted by 
s lag.  

CONCLUSIONS 

310 S.S. thermowells have performed wi thout  f a i l u r e  i n  the BI-GAS Stage I 1  en- 
vironment. Current plans are t o  a lso evaluate310 s . ~ .  Alonized, 446 s .~ . ,  and 
Alonized Incoloy 800 i n  Stage 11. 

m -  
The molybdenum tube/tungsten-rhenium w i re  inner  sheath combination appears t o  
be holding up we l l  considering the rap id  loss  of i t s  p ro tec t i ve  ou i c r  tube and 
no changes i n  the inner  sheath combination are being considered a t  t h i s  time. 

S ic  thermowells have experienced a high f a i l u r e  r a t e  i n  the Stage I environment. 
Based on informat ion contained i n  publ ished reports and independent f a i l u r e  
analysis,  "it appears t h a t  S i c  w i l l  no t  withstand the high temperatures, slagaing 
condi t ions of Stage I and a1 ternate  outer  wel l  mater ia ls  must he evaluated. 

Informat ion presented i n  reference 1 thnavgh 4 ind icates t h a t  h ioh p u r i t y  alumina 
and chromium oxide mater ja ls  may be capable of wi thstandin the Sta e I envi- ?, P ronment, and these mater ia ls  w i l l  be tested a t  B I 4 A S  i n  t e near uture.  I n  
add i t i on  t o  these mater ia ls,  1 i t e r a t u r e  searches and discussions w i t h  mater ia l  
vendors ind ica te  t h a t  outer  we1 1s fabr icated from molybdenum, ceramic c o a t . ~ d  
molybdenum, and a mnlybdenum-zirconium oxide comp6slte , also show promise i n  
the  Stage I environment. 

Future gas i f i e r  operations w i l l  evaluate a l l  o f  the above mater ia ls  i n  an e f f o r t  t o  
ob ta in  a sa t i s fac to ry  BI- GAS Stage I outer wel l .  
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QUESTIONS AND ANSWERS 

N. D. P i t cher  

Stearns-Roger Incorporated 

J. Modla, Buel-Envirotech 

Q. What is considered a s  "high accuracy" i n  temperature measurements s ince  
only mean temperatures a r e  being measured? 

A. W e  a r e  not  r e a l l y  concerned with high accuracy. 1 be l i eve  standard 
thermocouple accuracy is 1/2% i n  t h e  1000°F range* I f  we g e t  a 50° 
accuracy a t  our 3000' operat ing temperature, we'd be happy. 

Q. What is the  response t i m e  of t h e  thermocouple? 

A. I don't know, and 1 ' m  not  r e a l l y  a l l  t h a t  concerned about i t  a t  t h i s  
s t a g e  of our thermocouple development. Once again, we a r e  j u s t  t ry ing  
t o  g e t  some type of good r e l i a b i l i t y .  I be l i eve  an ISA t ransac t ion  d id  
'give response times f o r  protec ted  w e l l  thermocouples, and I w i l l  t r y  t o  
l o c a t e  t h a t  paper. ("Thermal Response Time of Sheathed Mineral-Insulated i ';, 

Thermocoup1es", A. Thornson, Transactions of t h e  Society of Instrument 
Technology, June 1965 .) 

W. H. Fischer,  Gi lbe r t  Associates 

Q. How were the  ceramic and s t a i n l e s s  steel and seals made? 

A. With the  "home-made" type, the  thermocouple s h e a t h l s t a i n l e s s  tubing 
seal is made with a conax lava  seal. Those thermocuoples we purchase 
from vendors use a welded type junction. The j o i n t  between t h e  ceramic 
p ro tec t ion  tube and t h e  5/8 in. fl s t a i n l e s s  tube was made using a high 
temperature r e f r a c t o r y  cement. (Sauereisen Cement Co., No. 78 cement. ) 

G. H. Quentin, E l e c t r i c  Power Research I n s t i t u t e  

Q. How do you compensate f o r  thermal l o s s e s  from your thermocouples due 
t o  rad ia t ion?  (That is, thermal r a d i a t i o n  t o  colder  surfaces.) 

A. We don't. That hea t  t r a n s f e r  s tudy which I r e f e r r e d  t o  i n  my paper d id  
no t  consider radia t ion.  It considered conduction and induction e f f e c t s .  
Babcock and Wilcox's book "Steam" i n d i c a t e s  t h a t  r a d i a t i o n  e f f e c t s  can 
cause e r r o r s  up t o  200°F a t  3000°F opera t ing temperatures i n  conven- 
t i o n a l  wa l l  tube bo i l e r s .  However, s i n c e  the  BI-GAS wal l s  a r e  r e f r a c t o r y  
l i n e d  and continuously wetted with flowing s l ag ,  r a d i a t i o n  e r r o r s  should 
be minimal. The b e s t  method t o  avoid these  r a d i a t i o n  e r r o r s  i f  they 
were s i g n i f i c a n t  would be  t o  u t i l i z e  a high v e l o c i t y  thermocouple. 
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TEMPERATURE MEASUREMENT I N  THE COAL GASIFICATION PROCESS 
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INTRODUCTION 

Infrared Radiometry can be used t o  both monitor the  tempera- 
t u r e  and spec t r a l l y  scan the  radia t ion ins ide  a coal  gas i f i ca t i on  
reactor .  The high temperatures a r e  bes t  monitored by o p t i c a l  
in f ra red  means and the spec t r a l  scanning i s  used f o r  evaluat ing 
the coal  gas i f i ca t i on  process. Equipment i s  now under design and 
construct ion f o r  i n s t a l l a t i o n  a t  the  Bituminous Coal Research 
Bi-Gas P i l o t  p lant  a t  Homer Ci ty ,  Pennsylvania. The buyer i s  
C .  F. Braun & Company f o r  the  Energy Research and Development 
Administration and the  American Gas Association. 

Coal dust  i s  gas i f i ed  i n  the  upper sect ion of a v e r t i c a l  
reactor .  Af ter  separat ing from the  coa l  gas,  the char i s  in -  
jected together  with high pressure steam and oxygen i n t o  the  
lower sec t ion  of the reactor .  The peak process temperature i s  
approximately 3200°F. It i s  t h i s  temperature which i s  of 

t 

i n t e r e s t  i n  the  monitoring mode. A threshold l eve l  i s  used to  , 
provide a flameout alarm. 

The purpose of the  scanning mode i s  t o  provide the capa- 
b i l i t y  of monitoring the  flame process.  Under normal opera t ive  
condit ions,  the  input t o  the  scanning sensor should approximate 
a blackbody d i s t r i bu t ion .  Discont inui t ies  i n  the  blackbody 
curve would ind ica te  the  presence of o ther  processes repre- 
sent ing abnormal react ions . 

11. PHYSICAL ARRANGEMENT 

The lower sect ion of the  reac tor  i s  shown i n  Figure 1. 
Char approaches the  r eac t ion  zone a t  roughly 1 8 0 0 ~ ~  a t  the  top,  
followed by 2700°~,  and then 3200°F i n  the react ion zone. We 
can expect about a 3-foot l aye r  of burning char.  High pressure 
steam and oxygen a r e  in jec ted  through the  char  burner nozzles.  
The char  burning i s  i n i t i a t e d  by a flow of t r i e thy l ene  aluminum 
(TEA).and oxygen i n  tubings mounted ins ide  the  char  i gn i to r .  

. . 



The s l a g  formed during the  coa l  and char gas i f i ca t i on  flows 
downward along the  wal l s  of the  reac tor  and i s  co l lec ted  by the  
s l a g  tap .  It i s  kept i n  molten s t a t e  by the s l a g  tap  burner,  
and the  s l a g  tap  i s  observed 'by a  TV and an observation po r t .  
Slag temperature can be control led  by con t ro l l i ng  oxygen flow. 
The char  i g n i t o r ,  a s  shown. i n  Figure 2 ,  has th ree  purposes: (1) 
t o  i n i t i a t e  the  char burning, (2) t o  allow flame detect ion by a 
. r ad i a t i on  de t ec to r ,  and ( 3 )  t o  allow temperature monitoring of 
t h e  char  burning a rea .  The char i g n i t o r  i s  e s s e n t i a l l y  a  pipe 
n ine  (9) f e e t  long with a 1.69 inch ins ide  diameter. The tubes 
f o r  TEA and oxygen a r e  a l s o  shown, p a r t i a l l y  blocking the  o p t i c a l  
path.  Ins ide  the  pipe ,  methane gas i s  present ly  used to  purge 
a clear o p t i c a l  path. The methane purge gas i s  used t o  reduce 
the  flow of char  p a r t i c l e s  up the  pipe. This has the  secondary 
e f f e c t  ,of  l im i t i ng  the  port ion of the  o p t i c a l  path subject  t o  
in te re fe rence  by gases such a s  oxygen and carbon dioxide. Nitro- 
gen can be subs t i t u t ed  f o r  the  methane i f  necessary. 

Figure 3 shows the  arrangement of the  sensors a s  mounted on 
7 t he  s igh t ing  i g n i t o r  rube. Ambient temperature range i s  2 0 - 1 1 0 ~ ~ .  
- A NEW-4  enclosure i s  required f o r  the  explosive environment 
, Class I ,  Division 2 ,  Group D. The necess i ty  of t ransmit t ing 

the  i n f r a r ed  rad ia t ion  requires the  use of an in f ra red  window 
which does no t  conform with regulat ions f o r  t h i s  c l a s s i f i c a t i o n .  
I n  o rder  t o  make the  system i n t r i n s i c a l l y  s a f e ,  the  enclosure 
w i l l  be continuously flushed with dry ni t rogen and w i l l  have a 
s e l f  -contained window independent of the  s igh t ing  tube window t o  

, prevent any in t e r ac t ion .  A r e f l e c t o r  and beam s p l i t t e r  arrange- 
. ment i s  provided t o  allow both sensors t o  use the same s igh t ing  

tube. 

111.. OPTICAL SENSORS 

The beam d iv ide r  i s  shown i n  Figure 4 .  The spec t r a l  scanner 
uses the  1-inch s t r a i g h t  through l ens ,  and the  beam i s  divided 
by the  beam s p l i t t e r  and a l s o  sent  t o  the  temperature monitor 
radiometer. The s i z e  and foca l  length of the  lens  i s  determined 
by the  dimensions of the  s igh t ing  tube. A dichroic beam s p l i t t e r  
i s  shown, t h a t  i s  t o  say, near ly  a l l  r ad ia t ion  sho r t e r  than 
a c e r t a i n  wavelength w i l l  be re f lec ted ,  and a l l  longer rad ia t ion  
w i l l  be t ransmit ted.  This avoids the  a t t enua t ion  of the  con- 
ventional  p a r t i a l l y  r e f l e c t i n g  beam s p l i t t e r .  The cut-off  wave- 
length must depend on the operat ing wavelengths of the  two 
instruments.  I f  the  temperature monitor wavelengths turn  out  to  
overlap the scanner wavelength range, then a conventional beam 
sp l i t ' t e r  can be used. 



Temperature Monitor 

The temperature monitor i s  shown i n  Figure 5 i n  the form, of 
a Model 12-880 Precision Radiometer. This i s  a modular uni t  tha t  
includes manual 4-position f i l t e r  wheels f o r  select ing d i f fe rent  
operating wavelengths. The op t i ca l  head i s  6-inches diameter by 
7-inches long and weighs 4 pounds. ' Signals from the op t i ca l '  
head a r e  sent  to  an electronics uni t  a s  much a s  300 f e e t  d i s t an t  
fo r  amplification and demodulation. The electronics  w i l l  have a . 
4-20 milliamp dc output, and contains. a s ingle  s e t  point con- 
t r o l l e r  f o r  use a s  a threshold flame out alarm. The response 
time i s  of the order of 50 milliseconds. 

The op t i ca l  head contains a lens ,  f i l t e r  wheel, and detector 
i n  a temperature controlled cavity f o r  high s t a b i l i t y .  The in-  
coming beam i s  opt ica l ly  modulated by a re f lec t ive  chopper a t  
approximately 100 H z .  When the chopper i s  closed, the detector 
sees the temperature controlled reference cavity reflected i n  
the chopper. A phase reference pickup senses the chopper posi- 
t ion  f o r  synchronous demodulation of the signal .  For t h i s  :j,,!, ., 

application,  a photoconductive lead sulphide detector ,  sens i t ive  i !. . .:.:, . :; .. . 
in the v i s ib le  to 2.5 micron region, w i l l  be used together with ..., .:.._ . , i l  :.,a 

a lens to  give a nominal 10 mil l i radian field-of-view. . .::, . - t .:f. .., 
.. i 
.:: ; I . .  

Spectral  Scanner , ? ?  

, + . ' ( . ,  

A photo of the  SpectralMaster Infrared Radiometer with i t s  ? 
electronics un i t  i s  shown i n  Figure 6. The op t i ca l  head i s  5.5 *. , c t ~  
inches diameter by 20.5 inches long and weighs 15 pounds. The 
op t i ca l  schematic i s  shown i n  Figure 7. For t h i s  application,  
the primary and secondary mirrors w i l l  be removed and replaced 
by the 1-inch lens shown i n  Figure 4 which has the same flnumber. 
The head uses modular, op t i ca l  shelf type construction and w i l l  
accept a var ie ty  of opt ics ,  f i l t e r  assemblies, and detector 

I modules. A pyroelectric thermal detector i s  used here which i s  
equally sens i t ive  t o  a l l  wavelengths. S t i l l  i t  has the high, 
f a s t  response required f o r  spec t ra l  scanning. The detector 
requires no cryogenic cooling typical  of long wave photo detectors,  
thus simplifying operation i n  t h i s  environment. 

The electronic  block diagram i s  shown i n  Figure 8. It 
C 

includes, a t tenuators ,  amplif iers,  and synchronous demodulators 
f o r  the signal .  There a r e  a l so  cont ro l le rs  f o r  the  chopper and 
the cavi ty  temperature. Finally, spec t ra l  scanning i s  accomplished 
with a Circular Variable F i l t e r ,  described next,  whose ef fec t ive  
transmission wavclcngth i s  proportional t o  shaf t  posit ion.  



Therefore, a binary sha f t  encoder and processing i s  provided t o  
accurately read-out the  f i l t e r  shaf t  posit ion.  

Circular  Variable F i l t e r  

A s  shown i n  Figure 7 ,  the  motor driven Circular Variable 
F i l t e r  (CVF) , used f o r  spec t ra l  scanning, i s  located i n  the 
second focal  plane. The principles of operation of the  CVF a re  
shown i n  Diagram A .  An interference f i l t e r  i s  made up of a 
mul t ip l ic i ty  of 114 wave and 1 1 2  wave th in  f i lm layers designed 
f o r  the wavelength of i n t e r e s t .  Multiple in te rna l  ref lect ions  
take place within these films thus producing destruct ive o r  re- 
inf  orcing i n t e r f  erence depending on the phase of the wavelength 
i n  question. The transmitted wavelengths a r e  determined by the 
index of refract ion and thickness of the thin  evaporated layers.  
I f  the l f i l t e r  i s  constructed i n  the form of a c i r cu la r  wedge as 
shown i n  Diagram B,  then wavelength w i l l  be proportional t o  
angle, t ha t  i s ,  shaf t  posit ion.  The f i l t e r  i s  constructed with 

. one octave of wavelength change i n  180 degrees. A given f i l t e r  
. segment i s  l imited to  one octave of wavelength because the 

nature  of the  intereference ef fec t  repeats with harmonics of the 
design transmission wavelength. To prevent the  transmission of 
harmonics, the segment includes an i n t r i n s i c  blocking material 
which l i m i t s  transmission to  the desired octave. For the reactor 
application the i n i t i a l  f i l t e r  w i l l  cover 1.6 to  3.0 microns 
nominal i n  one segment and 2.9 to  5.6 microns nominal. i n  tEie 
other .  T h i s  covers the  large portion of wavelengths of i n t e r e s t  

., a t  the reactor process temperature. 

The need f o r  locating the CVF a t  a focal  plane i s  explained 
i n  Figure 9C. Since the CVF i s  continuous, a narrow s l i t  must 
be placed i n  f ront  of i t  to . ' l i m i t  the range of wavelengths trans- 
mitted a t  any given ins tan t .  Similarly, radiation coming i n  a t  
d i f f e ren t  angles from the co l lec t ing  aperture w i l l  tend ,Lu w i c l e ~ i  
t h i s  wavelength spread. Therefore, t h i s  angular spread must be 
kept to  a minimum consistent  with adequate col lect ing power. 

I V .  WAVELENGTH CONSIDERATIONS 

The ta rge t  i n  the reaction zone of the  Coal Gasification 
Reactor as shown i n  Figure 1 i s  flame and so l id  material resul t ing 
from the burning of approximately 70% of 200 mesh so l id  carbonaceous 
material  mixed with 1200 psig steam and oxygen. The background 
i s  molten s l ag  flowing down along the reactor walls.  The flame 
should exhibit  emission bands including C02 and water vapor. It 
i s  reasonable t o  assume tha t  the radiation from the char burning 



i t s e l f  i s  blackbody i n  nature. 

Spectral  emission, from a typical  1 0 0 0 ~ ~  blackbody i s  shown 
i n  Figure 10. A blackbody a t  3 2 0 0 ~ ~  ( 1 7 6 0 ~ ~ )  w i l l  move the peak 
up and shorter  to  approximately 1.4 microns. Of course, measure- 
ment of the radiation a t  any wavelength w i l l  ident i fy  the curve, 
and thus the temperature, a s  long a s  black body conditions ex i s t  
a t  tha t  wavelength. 

Figure 11 shows the transmission spectra of CO and H20. . 2  I f  we wish to  measure the temperature,of the burning char,  we 
might choose 2 . 1  microns o r  something shorter  than 1 . 7  microns 
i n  regions where the flame should be transparent.  On the other  
hand, the flame temperature i t s e l f  can be measured i n  the region 
between 1.8  and 1.9 microns. 

Figure 1 2  shows the spec t ra l  transmission of methane. This 
has annoying absorption s t ruc ture  extending from 3.15 t o  3.5 
microns. Methane should not dis turb the temperature monitoring, 
but i t  appears that  the methane w i l l  have to  be replaced by 
nitrogen to  permit proper spec t ra l  scanning. Nitrogen i s  
completely spectral ly  transparent.  *.. 

Figure 13 shows typical  oscilloscope displays of the 12-550 
SpectralMaster scans. For transmission s tudies ,  the radiometer 
looks a t  a hot continuous source such as  a blackbody radiator  
through an atmosphere of the gas i n  question. When the gas 
i t s e l f  i s  hot-enough such as  i n  a flame, the emission spectra 
can be displayed. The spectral  resolution achieved i n  these 
scans i s  2 to  3% of the wavelength being measured, which i s  
qui te  adequate f o r  the Reactor application. Instrument noise 
should a l so  not be a problem. Calculations f o r  the spectral  
scanner as  described with a pyroelectric detector and 55 Hz 
e l e c t r i c a l  bandwidth were made a t  the minimum operating tempera- 
tures of 2 8 0 0 ~ ~ .  A t  the peak wavelength, the  signal-to-noise 
r a t i o  was b e t t e r  than 1000:l dropping to  200:l a t  1.3 microns 
and 300: 1 a t  6 microns. 

V. CONCLUSION 

Two infrared radiometric instruments have been described 
f o r  monitoring the radiant energy inside a coal  gasif icat ion 
reactor.  One supplies rapid temperature monitoring and the 
other  provides spectral  scanning to  evaluate the process per- 
formance. . Both instruments have adequate environmental, speed 
of rrespunse , and sens i t iv i ty  capabi l i t ies .  I n  addit ion,  they 



have modular f l e x i b i l i t y  t o  readi ly  ad jus t  t,he f i e l d  of view, 
wavelength region of operat ion,  and performance c h a r a c t e r i s t i c s  
t o  accommodate necessary changes based on new information about 
t he  reactor  a s  i t  becomes known. 





Fig. 2 .  Char ignitor an.d Existing Sight Tube 



Fig. 3 .  Infrared System 



Fig. 4 .  Infrared.Optica1, System 
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FIGURE 9 .  Circular Variable Filter Diagrams 



FIGURE 10. Spcctrol Curve of Blackbody at 1000'~ 
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FIGURE 12. Spectral Transmission of Methane 
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QUESTIONS AND ANSWERS 

R. F. Lef twich 

Barnes Engineering 

J. J. Eichholz, Argonne National Laboratory 

I believe tha t  a black body hole would not be necessary, i.e., emissi- 
t i v i t y  change would not  be a problem, i f  a two color system were employed. 
Please elaborate on advantages o r  disadvantages of a s ing le  aver a two 
oo l o  r. t; y l; Ltlu1, 

A. That is very good, and happens to  be a favor i te  topic of mine. Have you 
got another half hour? 1'11 t e l l  you briefly.  I think you saw from the 
black body curves t h a t  a s ing le  wave length describes the black body 
curve. If the emiss i t iv i ty  is  l e s s  than unity, but constant everywhere, 
a r a t i o  of any two points,  would a l so  give a unique answer, and that 's  
what he's ta lking about. There is one assumption there t ha t  is c r i t i c a l ,  
and tha t  is tha t  i f  you work a t  two wave lengths, the emiss i t iv i ty  w i l l  
cancel out only i f  the  emiss i t iv i ty  of those two wave lengths is equal. 
It doesn't have to  be one, but i t  has t o  be equal. Now, experience shows 
tha t  t h i s  is  a very dangerous assumption, and there  was paper by NBS on 
t h a t  subject ,  where they sa id  tha t  by and large,  two color radiometers 
can lead to  trouble. The trouble is tha t  i f  you have a s ing le  color 
radiometer and you assume some emiss i t iv i ty  which turns out t o  be not IL 
qu i t e  correct ,  the  e r r o r  is small. I f  you have a two color radiometer 
and the assumption is wrong the e r ro r  is immense, something l i k e  500%. 
So t h a t  is the concern we have, although we probably w i l l  experiment with 
i t  some, with our f i l t e r  wheel. 

W. Eo Shannon, Lockheed Palo Alto Research Laboratory 

Q. Ut i l i z ing  conditions of operation, assumptions on performance o r  other 
c r i t e r i a  f o r  design a s  you may se l ec t ,  please provide an indicat ion u1 
pr i ce  to acquire the device which you have j u s t  described? 

A. W e  a r e  ta lking roughly about $60,000 I would say. That doesn't neces- 
s a r i l y  include the infrared f i l t e r s  t h a t  may be added, and tha t  does not 
include i n s t a l l a t i o n  which would be done by the p lan t  engineering people. 

M. R. Cines, P h i l l i p s  Petroleum Company 

There w i l l  be appreciable concentrations of H2 and CO i n  STAGE I - w i l l  
they cause any problems? 

A. Who can guide me, STAGE I a t  the top o r  the bottom? The bottom. The 
answer is no. W e  of course w i l l  s e l e c t  fo r  the temperature monitoring 
wave length regions where the CO and H2 a re  transparent and f o r  the 
spec t ra l  scanning, the  H2 and CO w e  a r e  interested in. So I think the 
answer t o  t ha t  is no. 



P. Fo McCrea, The Foxboro Company 

Q. Would you care  to  speculate on the likelihood of being able t o  determine 
bed leve l  v i a  spec t ra l  means, i.e., by viewing ta rge ts  on the opposite 
wall using your f i b e r  op t i c  approach. 

A. That is a possibi l i ty .  The way you should do that ,  is  to  use an array 
of f i be r s  o r  an array of detectors;  these kinds of things a r e  done and 
a re  called op t i ca l  gauging. It can be done, it's j u s t  the d e t a i l s  t h a t  
I ' m  worried about. It's cer ta in ly  something worth discussing. 

John Modla, Buell-Enrivotech 

Q. What type of coating is on the beam s p l i t t e r ?  Is 50% of the radiat ion 
transmitted and 50% ref lected? You mentioned i n  your abs t rac t  t ha t  "the 
spec t ra l  s i t ua t ion  changes with time". Could you quantify t h i s  statement? 

A. The beam s p l i t t e r ,  i f  it 's a dichroic beam s p l i t t e r ,  50% is not trans- 
mitted to  50% reflected.  For instance, a very simple dichroic beam 
s p l i t t e r  is a piece of germanium. Now a piece of germanium r e f l e c t s  
everything shor t  of 1.8 microns, almost loo%, and i f  i t  has an ant i -  
re f lec t ion  coating on it, w i l l  transmit 95% of everything longer than 1.8 
microns. It is a l so  possible t o  make beam s p l i t t e r s  by interference 
techniques, the same way you make f i l t e r s ,  because an interference f i l t e r  
r e f l e c t s  whatever i t  does not transmit. I f  we wish to  make a 50% trans- 
mitt ing non-dichroic beam s p l i t t e r ,  we can do tha t  by a t h in  coating of 
evaporated aluminum o r  a thin  coating of one of the other metals t ha t  
s l i p s  my mind a t  the moment; there a r e  many of them. 

You mentioned i n  your abs t rac t  tha t  the spec t ra l  s i t ua t ion  changes with 
time. Well, I ' m  concerned tha t  it changes with t i m e ,  and tha t  of course, 
is pa r t  of the process tha t  we need to  learn  about. We haven't been on 
the process yet. The purpose of the spectrum scanner is t o  scan the 
spec t ra l  s i tua t ion ,  and I said i n  the introduction, i n  case anything occurs 
t h a t  represents abnormal reaction. I f  everything is working j u s t  so, 
then perhaps the spec t ra l  s i t ua t ion  w i l l  not change with t i m e .  But i f  
something untoward occurs, then we w i l l  quickly note it; a rise i n  the 
presence of one gas and a reduction of another. I ' m  r ea l ly  going by what 
the process people here, such as  John Walsh told me. Thank you John. 
W e  have enough f l e x i b i l i t y  we hope tha t  when we go onto the process, and 
i f  we guessed wrong we can change a f i l t e r  o r  something and still  be i n  
business . 
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PANEL DISCUSSION 

Roger Detman, Chairperson 

O u r  procedure t h i s  morning w i l l  be t o  f i r s t  allow each of the panel 

members t o  introduce themselves and give you some br ie f  indication of 

t h e i r  area of i n t e r e s t  or  expertise,  and then we'l l  ask the audience t o  

forward the i r  questions f o r  e i t he r  a par t icu la r  panel member or  the panel 

i n  general. I n  the case of the general questions I w i l l  ask f o r  a volunteer 

from the panel o r  possibly s e l ec t  a panel member t o  answer the question. 

W. E. Schiesser, Lehigh University 

Perhaps I should s t a r t  by saying t h a t  I ' m  not  d i rec t ly  involved i n  

instrumentation f o r  coal conversion plants ,  and you might then of course 

wonder why I am involved with the panel at  a l l .  I think the ea s i e s t  way fo r  

me t o  explain it would be t o  say t h a t  w e  a r e  developing, through p a r t i a l  sup- 

por t  from ERDA, a too l  which might be of i n t e r e s t  and use to  you i n  your 

considerations of instrumentation f o r  coal conversion plants. This tool  i n  

pa r t i cu l a r  is a computer code f o r  the  dynamic simulation of physical systems, 

and the primary j u s t i f i c a t i o n  fo r  the development of t h i s  code is t h a t  i t  

w i l l  be applied to  the simulation of a coal converstion p lan t  t en ta t ive ly  

selected as the ICGG plant ,  However, t h i s  computer code is a general purpose 

too l  tha t  is designed f o r  the  simulation of physical systems modeled by 

ordinary and p a r t i a l  d i f f e r e n t i a l  equations. The unique feature  of t h i s  sys- 

t e m ,  i f  there is  one, is tha t  it is intended to handle sets of ordinary and 

p a r t i a l  d i f f e r e n t i a l  equations, and the reason w e  a r e  attempting to  do t h i s  

is because many uni ts ,  a s  ~ ' m  sure  you know (for example, the tubular chemi- 

c a l  reactor)  have a s ign i f ican t  s p a t i a l  d i s t r ibu t ion  as well  a s  var ia t ions  

with timc, and therefore, i n  o r b r  to  model these un i t s  reasonably w e l l ,  we 

have to  consider both space and t i m e  i n  the  mathematical model. That means 

we have a t  l e a s t  two independent var iables  and therefore, when we write 

equations fo r  such un i t s  we a re  na tura l ly  led to  p a r t i a l  d i f f e r e n t i a l  equa- 

tions. Other un i t s  on the other hand do not have t h i s  s ign i f ican t  s p a t i a l  

d i s t r ibu t ion ,  and they a r e  therefore modeled by ordinary d i f f e r e n t i a l  equa- 

t ions  with t i m e  being the only dependent variable. However, these two kinds 

of u n i t s  occur together i n  a plant,  and therefore we have to  be able  t o  handle 



systems of mixed o rd ina ry  and p a r t i a l  d i f f e r e n t i a l  equat ions  and t h a t  is what 

we a r e  a t tempt ing  t o  do. Now I ' d  l i k e  t o  show you t h e  gene ra l  c a p a b i l i t i e s  

of t he  system, and then show you some of t h e  pre l iminary  r e s u l t s  which we 

have got ten ,  and I ' m  s u r e  t h a t  t h i s  w i l l  t ake  t h e  time t h a t  I have ava i l ab l e .  

I don' t want t o  g e t  i n t o  a l o t  of mathematics, bu t  r a t h e r  j u s t  g i v e  you an 

idea  o£ what t h e  system is  in tended  t o  do. F igure  1 shows a gene ra l  mathe- 

ma t i ca l  s t a t emen t  of t h e  kind of equa t ions  i t  w i l l  handle,  and I s i m p l y  p o i n t  

out  t h a t  t h e  s u b s c r i p t ,  T, denotes  time, and t h e  s u b s c r i p t ,  X, denotes  space. 

Therefore,  t h e s e  a r e  r e a l l y  p a r t i a l  d i f f e r e n t i a l  equat ions  wi th  dependent 

v a r i a b l e s  U t o  UN, which va ry  wi th  both time and space. Bas i ca l ly ,  what 
1 

the  u s e r  provides  i s  t h e  coding f o r  t h e  f u n c t i o n s  F t o  F a s  i n d i c a t e d  i.n 
1 N 

the £'allowing f i g u r e .  , Note t h a t  t h i s  i s  a very  gene ra l  formula t ion  s i n c e  F 
1 

to  F can be a f u n c t i o n  of t h e  independent v a r i a b l e s  X and T, and any o r  a l l  
N 

of t h e  dependent v a r i a b l e s ,  U t o  UN, a s  w e l l  a s  t h e  f i r s t - o r d e r  s p a t i a l  de r i -  ". 1 
v a t i v e s ,  

u l ~  
t o  U second-order s p a t i a l  d e r i v a t i v e s ,  

Nx' Ulxx t o  UNXX, e t c .  This  

f i g u r e  a l s o  shows a s e t  of boundary cond i t i ons  f o r  t h e  p a r t i a l  d i f f e r e n t k l  .., 
equat ions.  These a r e  app l i ed  a t  p a r t i c u l a r  boundary va lues  of X. The u s e r  

de f ines  t h e  f u n c t i o n s  G t o  G s o  t h a t  aga in ,  t h e s e  are very  gene ra l  boundary 
1 M 

condi t ions .  F i n a l l y ,  t h e  i n i t i a l  cond i t i ons  a t  the  bottom of t h e  f i g u r e  must 

a l s o  be def ined  by t h e  user.  

W e l l  t h a t '  s enough of t h e  mathematics. I f  you a r e  i n t e r e s t e d  i n  how a l l  

of t h i s  i s  used, w e  do have a s e t  of manuals f o r  our  system which you may 

r eques t  . 
B r i e f l y ,  I ' d  l i k e  t o  show you some of t h e  r e s u l t s  we have got ten .  

F igure  2 shows t h e  a x i a l  temperature p r o f i l e s  f o r  a fixed-bed methanat ion 

r eac to r .  I n  t h i s  c a s e  the  r e a c t o r  s t a r t s  ou t  a t  a uniform temperature of 

755OK; t h e  t r a n s i e n t  response of t h e  system then  begins  t o  evolve wi th  t i m e .  

Note t h a t  t h e r e  is a pronounced temperature peak due t o  t h e  exothermic reac- 

t i o n  which moves down t h e  r e a c t o r  w i th  t ime, 

I n  Fig. 3 , .  we s e e  t h e  v a r i a t i o n  of CO f r a c t i o n a l  conversion due t o  t he  

methanation r e a c t i o n ,  bo th  wi th  r e s p e c t  t o  t i m e  and d i s t a n c e  down t h e  r e a c t o r .  

And then  f i n a l l y  i n  Fig. 4, w e  have t h e  v a r i a t i o n  of CO f r a c t i o n a l  conversion 

due t o  t h e  s h i f t  r eac t ion .  
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I th ink t h i s  w i l l  g ive  you some idea  of the  genera l  c a p a b i l i t i e s  of the  

dynamic s imula t ion  code, and how i t  might be appl ied  t o  a  s p e c i f i c  coal  

conversion un i t .  Thank you. 

B. G. LiptSk, Lipt6k Associates 

I am an ins t rumenta t ion  consultant .  Some of you might wonder what t h a t  

is s o  I w i l l  g ive  you a couple of d e f i n i t i o n s .  I f  you have a p e s s i m i s t i c  

outlook,  you might say  t h a t  an instrumentat ion consu l t an t  i s  one who tells 

o t h e r  people what t o  do and the re fo re  h e  can be described a s  t h e  mother-in-law 

of everybody. I f  you a r e  op t imis t i c ,  you might say t h a t  he works on problems 

which have been tackled  by o t h e r s  but  they have given up on these  problems and 

the re fo re  as my p a r t n e r s  say, w e  make our l i v i n g  by doing th ings  t h a t  "cannot 

be done". 

Joking as ide ,  maybe the  r o l e  of an instrumentat ion consul tant  can be  com- . 

z pared t o  the r o l e  of the  bumblebee i n  t h e  orchard, c ross  f e r t i l i z a t i o n ,  o r  i f  

you don't  l i k e  a b i o l o g i c a l  example, you can j u s t  simply c a l l  i t  technology 

f a l l  out. Coming down here ,  I r e f l e c t e d  over the  l a s t  two years ,  and the  

th ings  we've been doing. We've been involved i n  twelve d i f f e r e n t  indus t r i e s .  '2 

When I say d i f f e r e n t ,  I mean a s  d i f f e r e n t  a s  optimizing the  energy conserva- ' ' \  

t i o n  of sky sc raper s  t o  submarine guidance o r  from the  more f a m i l i a r  chemical 

indus t ry  and r e f i n e r i e s  t o  pulp and paper and so f o r t h .  Working i n  t h i s  manner 

one tends t o  l e a r n  from one's c l i e n t s  and the  knowledge gathered may b e n e f i t  

o t h e r s  a s  the  experience from one indust ry  tends t o  be  b e n e f i c i a l  t o  another. 

A s  t o  my personal  background, twenty some yea r s , ago ,  I was one of those 

Hungarians who thought t h a t  we could l i b e r a t e  our home land from the  Russians, 

which should t e l l  you t h a t  no t  a l l  consu l t an t s  a r e  very smart. Af te r  an i n t e r -  

lude  of dishwashing I spent  some f i f t e e n  y e a r s ' a s ' c h i e f  Instrument Engineer 

a t  Crawford and Russel which is  an engineering and design firm. I instrumented 

maybe one hundred o r  so  chemical p l a n t s ,  and during t h a t  period I had done a 

l o t  of publishing,  inc luding s e v e r a l  books. During t h e  l a s t  four  years ,  I 've 

been working i n  my own o f f  ice .  



A s  t o  t h e  s u b j e c t  of c o a l  g a s i f i c a t i o n ,  I b e l i e v e  t h a t  t h i s  i n d u s t r y  , 
s t ands  t o  b e n e f i t  a g r e a t  d e a l  from t h e  exper ience  and advances made i n  t h e  

o t h e r  process ing  i n d u s t r i e s .  

I b e l i e v e  t h a t  more use  should be made of non-contacting l e v e l  and 

temperature s enso r s  and of f a s t ,  onstream analyses  wi th  f e a t u r e s  of s e l f  

c l ean ing  and s e l f  c a l i b r a t i o n .  I have q u i t e  a few ideas  and I don ' t  t h ink  I ' m  

going t o  take  the  time 'now t o  g e t  i n t o  d e t a i l .  Maybe dur ing  the  panel  d i s -  

cus s ion  we w i l l  g e t  more s p e c i f i c  on some of t hese  s u b j e c t s .  

M. H. Vardaman, Stearns-Roger Incorpora ted  

I am honored and happy t o  have been asked t o  p a r t i c i p a t e  on t h i s  panel .  

P r e s e n t l y  I a m  t he  P l a n t  'Manager a t  t h e  CO Accepter P i l o t  P l a n t  a t  
2 

Rapid C i t y  South Dakota, and I have been involved wi th  t h i s  process  s i n c e  

February, 1971. I th ink  a word of exp lana t ion  is requ i r ed  a t  t h i s  po in t .  

Steams-Roger is t h e  ope ra t ing  sub-cont rac tor  t o  Conoco Coal Development , 

Company who developed the  CO Accepter process .  The u l i t i m a t e  respon- 
2 

s i b i l i t y  f o r  run programs l i e s  wi th  Conoco, b u t  it 's up t o  Stearns-Roger 

t o  implement and t o  o p e r a t e  t h i s  d a t a  i n  Rapid City.  I have had v a r i o u s  

assignments  a t  t h e  p i l o t  p l a n t  i n  Rapid City.  I s t a r t e d  o u t  i n  charge of 

t h e  engineer ing  group. My next  assignment w a s  r e s p o n s i b i l i t y  f o r  t h e  opera- 

t i o n s  which was an  advancement from t h e  engineering.  This  was a l l  phases 

except  maintenance and accounting. Then i n  A p r i l ,  1976, I assumed respons i -  

h j l  i t y  of Plan t  Manager a t  t h a t  facility. 

The'CO Acepter p roces s  has  developed from infancy  t o  an o p e r a t i n g  p i l o t  
2 

p l an t .  That is n o t  t o  s ay  t h a t ' a l l  of t h e  problems have been reso lved .  The 

f i r s t  t h r e e  yea r s ,  1972 t o  1974, were spen t  i n  r e so lv ing  mechanical,  equipment, 

and in s t rumen ta t ion  problems r e l a t e d  t o  t h e  r e l a t i v e l y  h igh  temperature process ,  

1500" t o  1800°F, w i th  s t reams t h a t  conta ined  s o l i d s  w i th  a r e a s  of co r ros ion  

and erosion.  Process  development was r e a l l y  n o t  a t t acked  u n t i l  1975 and 1976. 

I n  my opinion,  i t  is unfo r tuna te  t h a t  t h i s  program is  coming t o  a c lose .  It 's 

supposed t o  be s h u t  down i n  December of t h i s  year .  There is more work t o  

be  done on t h i s  process .  I b e l i e v e  t h a t  t h e r e  has  been very  good communication 

betweeri o u r  f a c i l i t y  i n  -Rapid C i t y  and t h e  o p e r a t o r s  of v a r i o u s  o t h e r  c o a l  



convers ion  p i l o t  p l a n t s .  Each group has  t h e i r  own day-to-day problems, 

which has  l i m i t e d  t h e  time f o r  b r a i n  s torming o r  t h i n k  tank approaches t o  

r e l a t e d  problems, however, t h e  CO a c c e p t e r  p i l o t  p l a n t  was one of t h e  
2 

earlier ope ra t ions ,  and has  been a b l e  t o  supply informat ion  t o  o t h e r  groups 

such a s  t h e  Westinghouse low Btu process ,  B a t t e l l e  agglomerating ash 

f a c i l i t y ,  t h e  BY-GAS p i l o t  p l a n t  i n  Homer Ci ty ,  Pennsylvania.  Also we've worked 

w i t h  IGT h e r e  i n  khicago, and ERDA's Synthane p roces s  i n  Bruceton, Pa. We 

a l l  r e a l i z e  t h e  exper ience  developed a t  each f a c i l i t y ' s h o u l d  be  u t i l i z e d  

as a s t epp ing  s t o n e  f o r  b e t t e r  and more r e l i a b l e  equipment f o r  new PDU's, 

demo p l a n t s  and l a t e r  on, commercial p l a n t s .  I f e e l  t h a t  American technology 

has  never  lagged when t h e  need was there .  I ' d  b e  most happy t o  comment 

o r  answer any q u e s t i o n s  p e r t a i n i n g  t o  i n s t rumen ta t ion  o r  equipment 

a s s o c i a t e d  w i t h  the  .CO a c c e p t e r  p roces s  and how it might r e l a t e  t o  
2 

o t h e r  types  of p l a n t s .  I f  t h e r e  a r e  any ques t ions  t h a t  might r e q u i r e  

drawings, diagrams, o r  w r i t t e n  explana t ion ,  1'd be  happy t o  develop t h e s e  

t o  be  inc luded  i n  t h e  symposium proceedings. 

R. D. Smith, Combustion Power Company 

My name i s  Dick Smith, and my involvement is more wi th  t h e  gene ra l  

management of equipment development programs, r a t h e r  than in s t rumen ta t ion  

development, s o  i n  a s ense 'we ' r e  t h e  customer; we need the  in s t rumen ta t ion  

i n  o r d e r  t o  do t h e  development. Our company's involvement is wi th  t h e  d i r e c t  

combusion of c o a l ,  which has  l e d  us  very  much i n t o . t h e  f i e l d  of h igh  temper- 

a t u r e  gas  clean-up a s  w e l l  a s  a l s o  t o  t h e  f i e l d  of f l u i d  bed combustion. We 

are v e r y  much i n t e r e s t e d  i n  h igh  temperature f i l t r a t i o n  a s  app l i ed  t o  c o a l  

g a s i f i c a t i o n  p l a n t s  a s  w e l l  a s  t o  d i r e c t  combustion. We b e l i e v e  t h e  same 

techniques  apply. Our in s t rumen ta t ion  needs a r e  very much a s s o c i a t e d  wi th  

gas  c leaning  measurements, p a r t i c l e  s i z e s ,  t h e  chemistry of t h e  gas s t ream, 

a l l  of these  th ings  we'd l i k e  t o  know r i g h t  now. Because the  chemistry of 

c o a l  is very  complex, you g e t  a ve ry  complex product ,  and t h i s  has  a l o t  t o  

due w i t h  th ings  t h a t  corrode,  t h i n g s  t h a t  depos i t ,  and almost every th ing  t h a t  

can f o u l  up your  opera t ion .  



. . 
L.>W. Kirsch,  Argonne Nat iona l  Laboratory 

I have been a t  Argonne f o r  n i n e  y e a r s  now. Like  B i l l  Sch ie s se r ,  I f i n d  

my i n t e r e s t  has  been i n  s imu la t ion  con t ro l .  Right  now we have a  program 

with ERDA, i n  which we a r e  a t tempt ing  t o  quan t i fy  somewhat t h e  in s t rumen ta t ion  

requirements i n  terms of t h e i r  accuracy needed f o r  c o n t r o l l i n g  t h e  processes  

i n  t h e s e  p l a n t s .  We do t h i s  by e s s e n t i a l l y  tak ing  t h e  measurements and 

t r e a t i n g  them as noisy  processes  i n  which t h e  measurement is  t h e  sum of two 

v a r i a b l e s  one of which i s  t h e  va lue  an i d e a l  ins t rument  would read  and t h e  

second is a random va r i ab l e .  The random v a r i a b l e  accounts  f o r  any u n c e r t a i n t y  

i n  t h e  process  measurement and i s  assumed. t o  b e ,  gauss ian  wi th  known mean and 

variance.  The problem as we s e e  i t  is  t o  s e e  what e f f e c t s  changes i n  t h e  

n o i s e  p r o p e r t i e s ,  mean and va r i ance ,  have on t h e  c o n t r o l l e d  process .  I n  t h i s  

way we f e e l  we can i d e n t i f y  some of t h e  in s t rumen ta t ions  accuracy needs f o r  

t hese  processes .  I might add, t h a t  w i th  t h e  s imu la t ions  we're cons ider ing  

we have a p l a n t  model, l i k e  B i l l  Sch ie s se r  does, and a  p h y s i c a l  p rope r ty  

model. We're n o t  o u t  t o  r e inven t  t h e  wheel, b u t  we hope t o  i n t e r f a c e  a s  

much a s  p o s s i b l e  wi th  any o t h e r  ERDA programs who a r e  developing both component 

and p h y s i c a l  p rope r ty  models. Long range p l ans  we might have a r e  t o  look  a t  

t h e  more seve re  p l a n t  t r a n s i e n t s .  Now we're looking a t  t r a n s i e n t s  around s teady  

s t a t e  ope ra t ing  cond i t i ons  and i n  t h e  f u t u r e  we hope t o  be a b l e  t o  go i n t o  t h e  

more seve re  t r a n s i e n t s ,  such as shutdown, s t a r t u p ,  and hope fu l ly  look a t  ways 

f o r  m i t i g a t i n g  some of t h e s e  t r a n s i e n t s .  I w i l l  add t h a t  t h e  system we're 

working wi th  now. i s  o rd ina ry  d i f f e r e n t i a l  equat ions  r a t h e r  than p a r t i a l ,  b u t  

r e a l l y  2 f ' y o u  look hard a t  t h e  model you w i l l  s e e  t h a t  i t 's  very  c l o s e l y  l i nked  

with t h e  p a r t i a l  d i f f e r e n t i a l  equat ion  model. Over t h e  yea r s  a t  Argonne, I 've 

been involved i n  s imu la t ion  of many d i f f e r e n t  types of systems, i nc lud ing  

, n u c l e a r  power p l a n t s  and steam genera tors .  I would be  g l ad  t o  answer any 

ques t ions  along t h i s  l i n e .  

J. L. ,Powell, ERDA-Fossil Energy 

I ' m  Jim Powell, and I th ink  I 've t o l d  you of t h a t  t h r e e  o r  f o u r  t i m e s  

a l r e a d y  and I ' m  Chief of t h e  Equipment Branch of t h e  major f a c i l i t i e s  p r o j e c t  

Management P a r t  of ERDA. Our job i n  t h e  equipment branch is t o t a l  equipment, 

cha t  is a l l  t h e  mechanical,  e l e c t r i c a l ,  and in s t rumen ta t ion  a s p e c t s  of t h i s .  



W e  are re spons ib l e  f o r  a l l  types of p roces ses  t h a t  may come t o  t h e  f l o o r  here ,  

and which may become p a r t  of a demost ra t ion  p l a n t ,  t h a t  i nc ludes  t h e  gas i -  

f i c a t i o n  processes  of a l l  types,  t h e  l i q u i f a c t i o n  processes ,  b o i l e r  combustion, 

o i l  s h a l e ,  and o t h e r s  t h a t  can be connected t o  any of those  processes  t h a t .  

are going to  demo p l a n t  development. We w i l l  be  heav i ly  involved i n  t h e  

equipment p a r t  of it. We have been working on what w e  c a l l  c r i t i c a l  

components: A de t e rmina t ion  of equipment t h a t  goes i n t o  t h e  p l an t .  We want 

t o  set up a p r i o r i t y  l i s t i n g  on those  and accomplish as much t e s t i n g  a s  pos- 

s i b l e  of those  components p r i o r  t o  t h e  i n s t a l l a t i o n  i n  a going demonstrat ion 

p l a n t ,  So t h e r e  i s  more and more importance of t h e  . ins t rumenta t ion  a s p e c t s  of 

ou r  job he re  and t h a t  w i l l  be t r u e  i n  any t e s t  of the equivalent duty o f  cum- 

ponents and a l s o  l a t e r  t e s t i n g  i n  t h e  p l a n t .  Don't f o r g e t  t h e  one b i g  i tem,  

namely, t h e  c o n t r o l  of t h e  l a r g e r  p l a n t s ,  which i s  going t o  be  extremely i m -  

p o r t a n t ,  because a d e f i c i t  of a few percent  of any major parameter i s  going t o  

c o s t  u s  a l o t  o f  product  and i t  can a l s o  c o s t  u s  a l o t  of money, and t h e  money 

i s  l i m i t e d  even though t h e  Government i s  a prime c o n t r i b u t o r .  So I ' l l  t r y  t o  

f i e l d  t h e  ques t ions  t h a t  you'd l i k e  t o  add res s  t o  t h e  Government, and I may 

be  a b l e  t o  answer them, and i f  I can, I w i l l .  Thank you. 

J. Byron, P h i l l i p s  Petroleum Company 

I ' m  with P h i l l i p s  Petroleum a t  t he  BI-GAS P i l o t  P l a n t ,  and I ' v e  been wi th '  

P h i l l i p s  f o r  e leven  y e a r s  working i n  t h e  petro-chemical f i e l d  and i n  K b D. 

I th ink  I ' m  probably on t h e  o t h e r  s i d e  of t h e  fence  from most ins t rument  

people  a t  t h i s  meeting; I ' m  one of t h e  people who t r y  t h e  ins t ruments  more ,  

than  des igning  them, o r  anything a l o n g , t h a t  l i n e .  We a r e  i n  t h e  procesp  of 

shaking down t h e  BI-GAS p l a n t  and s t a r t i n g  i t  up. I th ink  everyone t h e r e ' i s  

becoming more f a m i l i a r  wi th  t h e  ins t rument  problems i n  c o a l  g a s i f i c a t i o n .  W e  

are a l s o  becoming more and more knowledgeable about  some of t h e  ins t rumenta t ion  

that w i l l  be needed i n  c o a l  g a s i f i c a t i o n  and manyof t h e  a s s o c i a t e d  problems . 

f o r  ins t rumenta t ion .  So i f  you have some ques t ions  along t h i s  l i n e ,  poss ib ly  

I can handle them. 



A. Klotz,  Fos t e r  Wheeler Energy Corporat ion 

Unlike many of you h e r e  and most of t h e  members on t h e  panel ,  I am n o t  

f a m i l i a r  wi th  o r  have n o t  been dea l ing  wi th  c o a l  g a s i f i c a t i o n .  For t h e  

p a s t  two and one h a l f  y e a r s  I have been involved i n  des ign  of t he  Syn tho i l  

Process  Development Unit,  which is  a c o a l  l i q u e f a c t i o n  process .  I have, 

however, looked a t  s e v e r a l  g a s i f i c a t i o n  processes  i n  which F o s t e r  Wheeler is  

involved, and most of t h e  problems, o r  a l o t  of t he  problems, a r e  very  

s i m i l a r  i n  both  types of processes .  The Syn tho i l  p rocess  is  a much h ighe r  

p re s su re  process  b u t  lower temperature than most of t h e  g a s i f i c a t i o n  processes ,  

Other than t h a t , c o a l  handl ing  problems, s l u r r y  handl ing  problems a r e  very  

s i m i l a r ,  and I'll b e  happy t o  answer any ques t ions  w i t h / r e g a r d  t o  l i q u i f a c t i o n  . . 

processes  t h a t  I can. Thank you. 



PANE DISCUSSION 

QUESTIONS AND ANSWERS 

P. D. Agrawal, Procon, Incorpora ted  

Q. A t  what s t a g e  of completion is  the  Methanator T rans i en t  Response 

program a t  p re sen t?  Are t h e  r e s u l t s  be ing  publ ished? 

W. Sch ie s se r ,  Lehigh Un ive r s i t y  

A. The s imu la t ion  I j u s t  d i scussed  is  f o r  j u s t  a  s i n g l e  bed of t en  f e e t .  

The f i n a l  o b j e c t i v e  is  t o  s imu la t e  t h e  RMP methanat ion system c o n s i s t i n g  

of s i x  r e a c t o r s  w i t h  i n t e r s t a g e  cool ing.  We a r e  working on t h a t  r i g h t  . ' 

now and t h e  r e s u l t s  w i l l  be  r epo r t ed  i n  our  q u a r t e r l y  r e p o r t  t o  be 

i s sued  on October 1. 

P. D. Agrawal, Procon, Incorpora ted  

' Q. Do you p l a n  t o  develop s i m i l a r  programs f o r  t he  g a s i f i e r ?  I f  yes ,  f o r  

which process?  

7 

W. Sch ie s se r ,  Lehigh Univers i ty  

A. Yes. We a r e  deve lop ing ' a  g a s i f i e r  model now and a  pyro lyzer  'model; I 

cannot g i v e  you a l l  of t he  t e c h n i c a l  d e t a i l s  because my col league ,  D r .  

F. P. S t e i n ,  i s  r e s p o n s i b l e  f o r  t h i s  phase of t h e  work. SO I qulre 

hones t ly  can ' t  t e l l  you tob much about t hese  models. My r e s p o n s i b i l i t y  

i s  f o r  t h e  development of t h e  o v e r a l l  computer code and then I t u r n  t h a t  

ovcr  to t h e  r e s t  of our  group and they n s ~  i t  f n r  t h e  modelling. How- 

eve r ,  i f  you would l i k e  more d e t a i l s  about our  g a s i f i e r  model, o r  our  

pyro lyzer  model, you could con tac t  Fred S te in .  The o t h e r  t h ing  I should 

mention is  t h a t  t h e r e  a r e  two u n i v e r s i t i e s  involved i n  t h i s  work. Lehigh 

is developing a dynamic s imu la t ion  system, and P u r d u e  Un ive r s i t y  is 

developing a  s t eady  s t a t e  s imula tor .  The r e s u l t s  a r e  going t o  be made 

p u b l i c l y  a v a i l a b l e .  Furthermore, t h e  two u n i v e r s i t i e s  a r e  working 

toge the r  on the  same flow s h e e t  which i s  e s s e n t i a l l y  t h e  ICGG p l a n t ,  and 

I hope t h a t  we w i l l  be  a b l e  t o  compare t h e  r e s u l t s  of t he  dynamic and '. 

t h e  s teady  s t a t e  s imu la t ions  when we complete ou r  work through the  next  

two years .  



A. C. Tulumello, Del ta  S c i e n t i f i c  

Q. To g e t  a . s e n s e  of t h e  marketplace,  what f r a c t i o n  of t h e  t o t a l  p l a n t  

i n s t a l l a t i o n  c o s t  would you a s s i g n  t o  t h e  c o n t r o l  i n s t rumen ta t ion  

package? 

Can you break  t h e  f i g u r e  down? 

How would you expect  t h e s e  f i g u r e s  t o  change i n  time? 

Would you expect  t h a t  t h e  o i l  i ndus t ry  exper ience  would be a  good 

re ference?  

B. G. LiptSk, LiptSk Assoc ia tes  

A. This ques t ion  was asked previous ly  and I would say  t h a t  t he  g a s i f i c a t i o n  

process  is  s i m i l a r  t o  t h e  petro-chemical processes ,  where t h e  t y p i c a l  

c a p i t a l  c o s t  of i n s t rumen ta t ion  f a l l s  i n  t h e  range of 4  t o  8% o f '  t h e  

t o t a l  investment.  This  is  c a p i t a l  c o s t  a s  a  percentage  of t h e  t o t a l  

i n s t a l l e d  cos t .  The t o t a l  i n s t a l l e d  c o s t  ranges from 6-12%. J u s t  t o  

i d e n t i f y ,  t h e  two extremes, t o  g ive  you a  f e e l ,  I would say  t h a t  t h e  4% 

low l i m i t  corresponds t o  t h e  kind of p r a c t i c e s  t h a t  e x i s t  i n  t h e  coal-.  
*.  . 

gas  p i l o t  p l a n t s  which were descr ibed  during the  p a s t  two days. While 

t h e  8% would correspond t o  t h e  kind of automation t h a t  was descr ibed  

f o r  a  r e f ine ry .  

. . 

R. F. Detman, Chairperson 

Q. How about t h e  breakdown of t hese  f i g u r e s ?  

B. G. L ip tdk  

A. The use of computers, t h e  u se  of on-stream a n a l y s i s ,  t h e  use  of automatic  

s t a r t u p ,  automatic  shutdown, t h e  use  of se l f -c leaning ,  s e l f  - c a l i b r a t i o n ,  

t h e s e  a r e  t h e  f e a t u r e s  which a r e  r e spons ib l e  f o r  going from 4-8% f o r  

c a p i t a l  c o s t  o r  from t h e  6-12% on t h e  i n s t a l l e d  bas i s .  The r e l i a b i l i t y  

of  computers can be  expressed a s  a  du ra t ion  of f a i l u r e  of 4  h r s / y e a r  and 

a  mean time between f a i l u r e  of 4  months. 

R. F. Detman, Chairperson 

Q. Would you expect  t h i s  f r a c t i o n  of i n s t a l l a t i o n  c o s t s  f o r  t h e  c o n t r o l  

package t o  vary  w i t h  time? O r  w i t h  experience? 



B. G. Liptdk  

A. I would a n t i c i p a t e  t h a t  t h e  l e v e l  of automation and i t s  l e v e l  of sophis-  

t i c a t i o n  t h a t  has  been descr ibed  i n  t h e  p a s t  two days would d r a s t i c a l l y  

i nc rease .  You look  back t e n  y e a r s  from today, and you w i l ' l  s m i l e  a t  t h e  

p r e s e n t  l e v e l  of s o p h i s t i c a t i o n .  So yes ,  t h e  t r end  is  obviously up. 

J. L. Powell (?) 

A. I th ink  we have t o  qua l i fy .  t h a t  a  l i t t l e  b i t .  The p l a n t  t h a t  w i l l  

b e  p a r t i a l l y  funded by t h e  government and p a r t i a l l y  funded by indus t ry .  

We i n  government a r e  bounded by some of t h e  s o c i a l  economic problems 
' 

t h a t  a  l o t  of o t h e r  commercial ven tu re s  a r e  not ,  and even though we 

can pu t  automated equipment i n , i n  a l o t  of cases  we a r e  n o t  going t o  

be  allowed t o  because we a r e  golng t o  have to  u t i l i z e  peopie,  e s p e c i a i l y  

i n  i s o l a t e d  a r e a s ,  where we have brought  people i n  and b u i l t  up t h e  

town, i n  o rde r  t o  suppor t  t h e  p l a n t ,  then you have t o  g ive  those  people 

jobs.  So i t ' s  n o t  j u s t  a  c l e a r  t e c h n i c a l  approach t h a t  you ins t rument  

b e t t e r ,  and you have t o  remember t h a t .  
d 

R.- F. Detman, Chairperson 

Q, Do you expec t  t h e  o i l  i ndus t ry  exper ience  t o  be a  good r e fe rence?  

B. G. ~ i p t d k  

A. Yes. 

J. A. Cons ig l io ,  Solva-Tek Assoc ia tes  

Q. Shor t  d i scuss ion  on t h e  t o p i c ,  p r a c t i c a l  r e s t r a i n t s  from a p l a n t  

des ign  and ope ra t ion  p o i n t  of view wi th  r e s p e c t  t o  d i l u t e  phase- 

p a r t i c u l a t e  mass concen t r a t ion  and s i z e  d i s t r i b u t i o n  in s t rumen ta t ion  

-- sampling probes vs.  o p t i c a l  sampling. 

B. G. L i p t s k  

A. I b e l i e v e  t h a t  t h e r e  i s  no ques t ion  t h a t  a n a l y s i s  has  t o  go i n  t he  

d i r e c t i o n  of e l imina t ing  sampling a l t o g e t h e r ,  and do a n a l y s i s  i n  r e a l  

time. The t o o l s  a r e  a v a i l a b l e ;  some of them a r e  i n  u se  today. Devices 

l i k e  Environmental Data Corpora t ion ' s  u n i t ,  which is  looking a t  t h e  s i x  

o r  seven gaseous components s imultaneously,  o r  t h e  Lear-Ziegler  u n i t  a r e  



examples of chat  approach. I t ' s e e m s  t h a t  the  problems of t he  h o t  and 

d i r t y  environment have a l r eady  been solved.  These devices  work f o r  

s t a c k  emission type measurements today and a r e  q u i t e  r e l i a b l e  due t o  t he  

purge p r o t e c t i o n  of t he  o p t i c a l  systems. The only a r e a  where a d d i t i o n a l  

devel.opment seems t o  be necessary i s  the  high p re s su re  a rea .  

N. L. Kautsky, Stenrns-Roger 

,Q. What has been your exper ience  and problems wi th  gas a n a l y s i s ,  i n  p a r t i c u -  

l a r  d i scuss  one o r  more gas components t h a t  have a n a l y s i s  d i f f i c u l t y .  

P l ease  'd i scuss  sampling problems and s o l u t i o n s  to-date.  

J. W. Byron, P h i l l i p s  Petroleum Company 

A. I th ink  t h a t  t h e  gas component t h a t  has  given us  t he  most problems has  

probably been water  and water  vapor. Since water  is  a major feed  i n t o  

t h e  g a s i f i e r ,  we have t o  monitor i t  n o t  only a s  an inpu t  s t ream, b u t  
l .. , 

a f t e r  the  r e a c t i o n  is completed i n  t he  raw product gas. stream. A sub- 
7 

c o n t r a c t o r  under Stearns-Roger, Applied Automation Inc.,  was s u c c e s s f u l  

a t  measuring water  vapor a s  long a s  they  don' t  r e c e i v e  s l u g s  of water  

i n t o  the  system. They use  an on-stream chromatograph wi th  t h e  sampling 

s e t u p  h e a t  t raced  and the  chromatograph run a l i t t l e  b i t  h o t t e r  than 
,. , . 

normal, bu t  a s  t o  t h e  p a r t i c u l a r  column ' in  t he  chromatograph, I c a n ' t  

r e c a l l  o f f  hand what is  used. They have been f a i r l y  s u c c e s s f u l ,  I 

b e l i e v e ,  i n  g e t t i n g  t h e  water  vapor p o r t i o n  of t he  gas s t ream t o  g ive  

them a d e f i n i t e  peak, which they can ana lyze  f o r  pe rcen t  water .  

C. K. Sanathanan, Un ive r s i t y  of I l l i n o i s ,  Chicago 

Q. Have you at tempted t o  develop automatic  c o n t r o l  s t r a t e g i e s  us ing  your 

s imu la t ion  model? What problems do you a n t i c i p a t e ?  

Would you comment on t h e  numerical problems and computer t i m e  requi re -  

ments i n  your p a r t i a l  d i f f e r e n t i a l  equat ion  models? 

W. E. Schiesser ,  Lehigh Un ive r s i t y  

A. One of t h e  intended uses  of t h e  code w i l l  be f o r  t h e  a n a l y s i s  of c o n t r o l  

problems, and of course,  t h e  o t h e r  major a p p l i c a t i o n  w i l l  be  t h e . a n a l y s i s  

of s t a r t u p .  We haven ' t  g o t t e n  f a r  enough i n  our  work t o  look  a t  e i t h e r  

one of t hese  problems ye t .  We've j u s t  completed t h e  f i r s t  y e a r  of e f f o r t ,  



L. ' 

b u t  we hope t h a t  t h e  program can be  app l i ed  t o  c o n t r o l  and s t a r t u p  

a n a l y s i s .  A s  f a r  a s  t h e  way we do t h e  i n t e g r a t i o n ,  t h e r e  a r e  two k inds  

of  i n t e g r a t i o n ,  one i n  time, and one i n  space. The one f n  rime i s  done 

by a  v a r i a t i o n  of t h e  Gear method which you may know i s  r e a l l y  t h e  most 

advanced kind of temporal i n t e g r a t i o n  a v a i l a b l e ,  and is  widely used; so 

f a r  i t  has  performed very  wel l .  We have i n  our  system f o r  t i m e  i n t eg ra -  

t i o n  app l i ed  some v a r i a t i o n s  of t h i s  method; the  op t ions  a r e  determined 

by t h e  form of t h e  o rd ina ry  d i f f e r e n t i a l  equat ions.  The s p a t i a l  i n t eg ra -  

t i o n  i s  done p r e s e n t l y  by c l a s s i c a l  f i n i t e  d i f f e r e n c e  methods, and the  

u s e r  has t h e  s e l e c t i o n  of t h r e e ,  f i v e ,  seven, n ine ,  and e leven  p o i n t  

d i f f e r e n c e s .  W e  a r e  a l s o  going t o  have some o t h e r  methods f o r  handl ing  

t h e  s p a t i a l  i n t e g r a t i o n  such a s  s p l i n e  func t ions ,  b u t  t h a t  is  p r e s e n t l y  

be ing  developed, and i s  n o t  ready  f o r  usc. 

,, S. M. Sung, Monsanto Co. 

Q. P l e a s e  d e s c r i b e  how, where, and when t o  o b t a i n  experimental  d a t a  t o  . . "  

check your models. To what degree  does your model take  i n t o  account  

i n s t rumen ta l  measurement e r r o r s ?  

L. W. Kirsch, Argonne Nat iona l  Laboratory 

A. I would s a y  t h i s  is  probably one of t h e  b i g g e s t  problems w i t h  any 

dynamic model l ing o r  s t a t i c  modelling is, how do you o b t a i n  the  

informat ion ,  from where, and how do you t r e a t  the  model i t s e l f  a f t e r  

having obta ined  the  da ta .  About .a year  ago, I wrote  p a r t  of a  t e s t  

program f o r  the  NRC f o r  LMFBRs on both model development and model . . 

t e s t i n g ,  i .e. ,  l a r g e  s c a l e  t e s t i n g  t o  v e r i f y  models, and one o f  t he  most 

d i f f i c u l t  p a r t s  of t h i s  program was how do you a c t u a l l y  do t h e  t e s t i n g ,  

what da ta  do you need, and then what do you do wi th  i t .  Another problem, 

a s  I see  i t ,  is  t h a t  i n  most experimental  f a c i l i t i e s ,  t h e  people running 

t h e  f a c i l i t i e s  a r e  g e n e r a l l y  i n t e r e s t e d  i n  s teady  s t a t e  in format ion  and 

i t  is  very  d i f f i c u l t  t o  g e t  t hese  people t o  run t r a n s i e n t s  which you 

t h i n k  you might need t o  r e a l l y  gene ra t e  t he  necessary  information.  I n  

terms of f i t t i n g  models, t h e r e  a r e  op t imiza t ion  techniques t h a t  one can . 

u s e  and a r e  w e l l  def ihed ,  b u t  I th ink  t h i s  i s  a  most d i f f i c u l t  problem. 



W. E. Sch ie s se r ,  Lehigh Un ive r s i t y  . . 

A. I th ink  t h i s  i s  very  d i f f i c u l t .  We j u s t  don ' t  seem t o  have t h e  d a t a  

t h a t  we need. 

W. H. F i scher ,  G i l b e r t  Assoc ia t e s  

Q. Is t h e r e  a computer program f o r  combustion o r  g a s i f i c a t i o n  chemistry 

t h a t  i nc ludes  k i n e t i c s  i n s t e a d  of e q u i l i b r i a ,  t h a t  can be run i n  a 

reasonable  amount of CPU time and f o r  which i n p u t  da t a  is  r e a d i l y  

a v a i l a b l e ?  

Is t h e r e  a program t h a t  w i l l  cons ide r  p a r t i c a l  a s h  removal i n  an MHD 

process?  

W. E. Sch ie s se r  

A. Our methanat ion r e a c t i o n  system has  k i n e t i c s  i n  i t  because of t h e  t ime 

dependency; we do n o t  assume equi l ibr ium.  There a r e  a number of para- 

meters' i n  t h a t  k i n e t i c  model which one can ad jus t .  I n  f a c t ,  we have done , . 

t h i s  t o  t r y  t o  match t h e  ou tpu t  of t h e  model w i t h  t h e  r epo r t ed  tempera- . 

t u r e s  and conversions of t h e  RMP methanat ion 'system, and we f e e l  we have 

a p r e t t y  good match. A s  f a r  a s  models f o r  MHD systems, I have never  

looked i n t o  those  so  I c a n ' t  h e l p  you. . . 

W. H. F i sche r  

Q. Not audib le .  

W. E. Sch ie s se r  

A. Our g a s i f i e r  model w i l l  c o n t a i n  more r e a c t i o n s ,  b u t  whether i t ' w i l l  have 
\ 

k i n e t i c  cons t an t s  o r  no t ,  I don ' t  know. We're p u t t i n g  t h e  equat ions  

toge the r  r i g h t  now, and they ' r e  g e t t i n g  more and more complicated and ;e 

may g e t  t o  t h e  p o i n t  where w e ' l l  have t o  s i m p l i f y  i t  somehow. 

'L. W. Kirsch 

A. I might add a l i t t l e  b i t  on t h a t .  There is an  ERDA program t o  develop 

d e t a i l e d  t r a n s i e n t  g a s i f i e r  models by Systems, Science and Software, 

C a l i f o r n i a .  I r e a l l y  can ' t  s a y  what t h e  s t a t u s  of t h a t  program is now, 

b u t  I do know t h a t  i t 's  a t h r e e  dimensional model, excuse me, they  are 



developing a s e r i e s  of models, t h r e e  dimensional model t o  a one dimen- 

s i o n a l  model, and t h e  l a s t  r e p o r t  I saw from the re ,  t h e r e  were over  

t h i r t y  s p e c i e s  t h a t  they  were handl ing  i n  t h i s  model. There a r e  some 

q u a r t e r l y  r e p o r t s  ou t .  

W. K. F i sche r  

Q. Not audib le .  

L. W. Kirsch 

A. I b e l i e v e  i t ' s  a g a s i f i e r  model. I n  terms of MHD I b e l i e v e  Argonne is  

doing some equ i l i b r ium modelling on MHD channels.  1nf o'rmation on t h e s e  

models should be  a v a i l a b l e  from t h e i r  q u a r t e r l y  r e p o r t s .  

W, E. Sch ie s se r ,  Lehigh Un ive r s i t y  

A. Purdue is developing a s t e a d y  s t a t e  g a s i f i e r  model, and we hope t o  make 

u s e  of t h e i r  work. So i f  you would l i k e  t o  w r i t e  t o  Prof .  R e k l a i t i s  a t  

t h e  Chemical Engineering Department a t  Purdue, perhaps he  could send you. 
' 

t h e  q u a r t e r l y  r e p o r t  on t h e  g a s i f i e r  model. 

J. P. Meyer, Oak Ridge National  Laboratory 

Q, Do you t h i n k  t h a t  c o n t r o l  problems a s soc i a t ed  wi th  dea l ing  w i t h  pa r t i cu -  

l a t e  laden  streams r e p r e s e n t  a new dimension i n  c o n t r o l  technology, o r  

do you f e e l  thar rhere w l l l  be s u 1 1 i c i e 1 1 ~  tcilii1010gy transfer f ~ o m  o t h c r  

i n d u s t r i e s  t o  cope wi th  any f o r s e e a b l e  d i f f i c u l t i e s ?  

What unique dimensions i n  c o n t r o l  technology do you t h i n k  a r e  assoc- 

i a t e d  wi th  coal  conversion technology? 

B. G. L ip tdk  

A. That r e q u i r e s  a long speach. I w i l l  a t t empt  t o  pu t  t h i s  I n  some s o r t  

of o v e r a l l  pe r spec t ive .  I f  you look  a t  any new process ,  i t  u s u a l l y  goes 

through phases of development. Associated wi th  it, t h e r e  a r e  l e v e l s  of 

automation. The f i r s t  phase of development, is  a t  t h e  p i l o t  p l a n t  

l e v e l .  A t  t h a t  p o i n t ,  people are sLruggliag w i t h  measurement r e l i a b i l i t y .  

Thei r  main problem i s  t h a t  of s enso r  informat ion ,  and a s  such they run  

t h e i r  p i l o t  p l a n t  more o r  l e s s  manually. So t h a t ' s  l e v e l  one. That 's  

where c o a l  gas seems t o  be. 



Level two would be when people have overcome the  hardware l i m i t a t i o n s ,  

they have a r r ived  a t  a  process which is r e l i a b l e  and they a r e  beginning 

t o  understand the  i n t e r r e l a t i o n s h i p s  between va r i ab les .  This can mean 

f o r  example t h a t  Valve No. 1 must open f u r t h e r  when process v a r i a b l e  

No. 1 is  decreasing. La te r  on one might s t a r t  l ea rn ing  how f a s t  or. 

slow t h a t  valve should be t h r o t t l e d .  That l e v e l  two would be c a l l e d  

closed loop contro l .  It involves dynamics, i t  involves s t a b i l i t y ,  but  

i t  does no t  y e t  optimize. It s t i l l  concentra tes  on c o n t r o l l i n g  l e v e l s  

and pressures  and flows and temperatures. The p l a n t  is no t  producing 

o r  s e l l i n g  pressures ,  and temperatures, and flows and l e v e l s ,  but  i t  

is producing and s e l l i n g  coal  gas. The purpose of the  p l a n t  is  t o  

convert  the  BTU's contained i n  the  coal  i n t o  BTU's contained i n  gas a t  

maximum eff ic iency.  

The t h i r d  l e v e l  of development i n  any processing indust ry  is optimized 

mult i-variable con t ro l  where you optimize the  process while maintaining 

indivcdual  parameters wi th in  s a f e  l i m i t s .  The ind iv idua l  v a r i a b l e s  w i l l  

tend to  f l o a t ,  and you concentra te  on c o n t r o l l i n g  and optimizing what ,is 

r e a l l y  important: the  e f f i c i e n c y  of t h e  p lan t  o r  of production r a t e .  . 

:Now what is  unique about coal  gas i f ica t ion; the  gentleman asks ,  and I 

don't th ink  i t  is p a r t i c u l a r l y  t h e  p a r t i c u l a t e  laden stream aspec.t. I 

th ink technological  f a l l o u t ,  a s  he pu t s  i t  w i l l  r e so lve  tha t ,  but  what I , .  

th ink  is unique is t h a t  the  purpose of t h i s  technology is t o  provide us 

with a source of energy u n t i l  we l e a r n  how t o  have a non-exhaustible 

source. Low BTU coal  gas cannot be stored.  It's not  p r a c t i c a l .  Many 

people have gone through the  ca lcu la t ions  of what it would take  t o  s t o r e  

it i n  a gaseous form, and ft would requ i re  the  e a r t h  t o  be hollow. 

Stor ing  i t  i n  the  l i q u i f i e d  form, does no t  appear t o  be p r a c t i c a l  e i t h e r .  

So what you a r e  faced with is load following g a s i f i e r s .  

The commercial s i z e  p l a n t  must be load following, and the  load does vary. 

You know very we l l  t h a t  e l e c t r i c  u t i l i t i e s  change the  demand and the  

b o i l e r  has t o  fol low it. So steady. s t a t e  experience a s  i t  e x i s t s  today 

is completely use less  from chat pofnt  of view. What is required is a 

process con t ro l  method t o  al low t h e  g a s i f i e r  t o  continuously fol low the  

load. Load following can mean having severa l  g a s i f i e r s  s o  you can ass ign  

some of them a t  a  time t o  meet the  load o r  have the  a b i l i t y  of ind iv idua l  



g a s i f i e r s  t o  v a r y  t h e i r  gas  product ion  r a t e .  So i f  you want t o  i d e n t i f y  

one s i n g l e  problem i n  which coa l  g a s i f i c a t i o n  f a c i l i t i e s  w i l l  r e q u i r e  a  

h i g h e r  l e v e l  and a  more s o p h i s t i c a t e d  l e v e l  of automation than e i t h e r  

n u c l e a r  power p l a n t s  o r  r e f i n e r i e s ,  i t  is load  fol lowing.  We know t h a t  

n u c l e a r  p l a n t s  tend t o  be base  loaded, r e f i n e r i e s  tend t o  s e t  product ion 

rates f o r  long per iods .  This  i s  because t h e  peak shedding of n u c l e a r  

power p l a n t s  is  done by o t h e r  types of energy sources ,  and because t h e  

r e f i n e d  o i l  can be s t o r e d  i n  tanks. We cannot do t h a t  wi th  coa l  gas;  we 

have t o  have c o n t r o l s  t h a t  cont inuous ly  fo l low the  load ,  so  t h a t  as we 

make the  gas,  we use  it. 

R. F. Detman, Chairperson 

M r .  l.,lptrik would l i k e  co c l a r l r y  tt *Latemeat he made about s t o r i n g  

gas. 1'11 l e t  him e x p l a i n  h i s  c l a r i f i c a t i o n . .  

B. G. L ip tgk  

What I ' d  l i k e  t o  add is  t h a t  when when low BTU gas  is generated 

f o r  the purposes of producing e l e c t r i c i t y  i t  is no t  p r a c t i c a l  t o  s t o r e  

it. Natura l  . g a s  o r  h igh  BTU gas can n a t u r a l l y  be  s t o r e d  and i n  t h e s e  

p roces ses  l oad  fo l lowing  is  n o t  a s e r i o u s  problem. 

J. V. Walsh, C.F. Braun 

Q. Would you p l e a s e  d i s c u s s  t h e  problems you a r e  encounter ing w i t h  your 

t u r b i n e  as a  r e s u l t  of d i r t y  gas? 

R, D. ' smi th  

A. W e  saw a  l i t t l e  d i r e c t  e ros ion ,  and we did s e e  depos i t ion .  The h i g h e s t  

d e p o s i t i o n  was on t h e  f i r s t  s t a g e  s t a t o r s ,  and is  p rog res s ive ly  l e s s  

throughout t h e  turb ine .  There i s  a  compressor t u r b i n e  and a  power tur -  

b ine ,  f o u r  s t a g e s  i n  a l l ,  and t h e  l a s t  fcf6 s r ages  were v l r l u a l l y  

unaf fec ted ,  M o s t . a l 1  of t h e  depos i t i on  and t h e  wear were on t h e  f i r s t  

two s tages .  Even though t h e s e  b l ades  were r o t a t i n g  a t  p r e t t y  h igh  t i p  

speeds,  I guess  about  1200 f t . / second,  you s t i l l  have s u b s t a n t i a l  deposi- 

t ion .  There were s t i l l  coa t ings  on tKe r o t a t i n g  b l ades  from t h e  vapors  

t h a t  condensed and t h e s e  coa t ings  would e n t r a i n  some ash. I n  o t h e r  words 

t h e  m a t e r i a l  a t  t h e s e  temperatures ,  1400 t o  1600 F, does e x h i b i t  a  s t i c k y  



c h a r a c t e r i s t i c .  The usua l  type  of ash  slump t e s t  where you make a  i i t t l e  

p i l e  and i t  f a l l s  over ,  doesn ' t  r e a l l y  apply here ,  because t h e s e  ind i -  

v i d u a l  p a r t i c l e s ,  p a r t i c u l a r l y  when they ' re  small, tend t o  be  very 

a g r e s s i v e  i n  s t i c k i n g  t o  t h ings ,  much more so  than you would have be l ieved  

before ,  The e ros ion  a r i s e s  from t h e  f a c t  t h a t  . these  smal l  p a r t i c l e s  g e t  

t oge the r  on the  s c r o l l s  upstream of t h e  tu rb ine ,  and then they w i l l  

b reak  o f f .  A whole chunk w i l l  go through t h e  tu rb ine ,  s o  t h a t  even 

though t h e  p a r t i c l e s  themselves would be smal l  enough n o t  t o  h u r t  t h e  

tu rb ine ,  something less than two microns, you c a n ' t  a f f o r d  t o  have very  

h igh  loadings  a t  a l l ,  because t h e s e  accumulations w i l l  i n  f a c t  come 

: through t h e  t u r b i n e  . in  a  b i g  p i e c e  and they w i l l  do damage f o r  you. 

During a l l  of our  t e s t i n g  though, a s  I mentioned e a r l i e r ,  we were no t  

s h u t  down at any time by t u r b i n e  wear, o r  by t u r b i n e  out-of-balance. It 

was a s u r p r i s i n g l y  t o l e r a n t  t u rb ine ;  of course,  I has t en  t o  add t h a t  the  

t u r b i n e  does n o t  have h igh  s t a g e  loading.  1t's a r e l a t i v e l y  modest, 

i n d u s t r i a l  s i z e d  turb ine ,  of b a s i c a l l y  an o ld  des ign ,  b u t  i t  has  g iven  

u s  r e a l l y  a s u b s t a n t i a l  amount of encouragement because of t h i s  ruggedness. '  

The t u r b i n e  operated '  a t  1400 F meta l  temperature,  and we d id  n o t  experi-  

ence any co r ros ion  on t h e  b l ades  i n  t h e  t e s t s .  We f e e l  very  s t r o n g l y  

t h a t  t he  co r ros ion  comes from about  1 6 0 0 ~ o n  up. It Y s  ve ry  s e n s i t i v e  ?' 

t o  temperature excursions.  A l l  of t h i s  has  l e d  us  t o  b e l i e v e  t h a t  i f  the  

t u r b i n e  can be opera ted  wi th  a  r e l a t i v e l y  low p a r t i c u l a t e  loading ,  some- 

h ing  on t h e  o rde r  of 0.01 gramsls td  ft3 t h e  amount of m a t e r i a l  accumu- 

l a t i o n  would be  s u f f i c i e n t l y  smal l  s o  t h a t  by s h u t t i n g  down maybe once a 

week, you could c l ean  it. Cleaning would be  accomplished wi th  steam 

water ,  o r  maybe walnut s h e l l s ,  a l l  of which a r e  accepted p r a c t i c e s  i n  

t h e  indus t ry .  The m a t e r i a l  t h a t  accumulates,  however, would have t o  be 

o f '  such a  chemical n a t u r e  t h a t  i t  w a s  n o t  c o r r o s i v e  a t  t h e  temperatures  

a t  which you were opera t ing .  I n  t h a t  regard ,  we a r e  u s ing  a d d i t i v e s ,  

i n t roduc ing  them d i r e c t l y  i n t o  t h e  f l u i d i z e d  bed t o  coun te rac t  t h e  sodium 

and potassium s u l f a t e s .  

John M. Miles,  P h i l l i p s  .Petroleum Company 

Q. What is t h e  s t a t u s  of .  t h e  Syn tho i l  p i l o t  p l a n t  program? 



A. P. K lo tz  

A. The Syn tho i l  Process  Development Un i t  c o n s t r u c t i o n  w i l l  be  completed. 

The p roces s  development u n i t  w i l l  be  used t o  develop t h e  most promising 

h igh  p r e s s u r e  h igh  temperature l i q u e f a c t i o n  process  a v a i l a b l e .  The 

government w i l l  go o u t  w i th  a  P.O.N. i n  November, 1977 and expec t s  t o  

award a  c o n t r a c t  i n  t h e  Spring of 1978 on a  c o s t  s h a r i n g  b a s i s .  

A. E. Knox, Argonne Na t iona l  Laboratory 

Q. P l e a s e  comment on t h e  gene ra l  n a t u r e  of and performance of t h e  c o n t r o l  

system used on t h e  dombus t i o n  Power Company's f l u i d i z r d  bed combus t o r  

ur1f t. 

R. D. Smith 

A. I n  b u i l d i n g  ou r  p i l o t  p l a n t  we had a  r a r e  oppor tuni ty  t h a t  our  system 

phi losophy went a  l i t t l e  counter  t o  what M r .  LiptSk was say ing ,  i n  

t h a t  we a c t u a l l y  devel-oped a c o n t r o l  system along wi th  hardware, which 

had i ts  advantages and disadvantages.  The advantage was, we g o t  on top 

of i t  e a r l y  and were a b l e  t o  r e a l l y  i n t e g r a t e  t h e  c o n t r o l  system wi th  

t h e  hardware, and i n  s e v e r a l  ca ses  a c t u a l l y  t h e  hardware s h i f t e d  by 

v i r t u e  of what would be d e s i r a b l e  f o r  t h e  c o n t r o l  philosophy. On the  

o t h e r  hand, of course ,  because we were plagued wi th  hardware problems, 

we had t o  keep changing t h e  c o n t r o l  system a s  t h e  hardware changed. 

B a s i c a l l y  t h e  h e a r t  6f 6ilP sysrem is, che Texas 111sLrul11euL 9GOA Brucess . 

Contro l  Computer, w i t h  a  semiconductor memory and a  d i s c  memory. 

This  provides  t h e  execu t ive  c o n t r o l  f o r  t h e  p l an t .  I t  i s  n o t  . d i f f e r e n t  

i n  concept  from what was descr ibed  f o r  t h e  r ek ine ry ,  a c t u a l l y .  'I'his u n i t  

does a l l  t h e  sequencing and programming of s t a r t u p ,  us ing  commands t h a t  

command t h e  va lves  open, check t h e i r  p o s i t i o n ,  check t h e  r a t e s ,  every- 

t h i n g  t h a t ' s  r equ i r ed  i n  o r d e r  t o  c e r t i f y  t h a t  t h e  p l a n t  is i n  operable  

condition, and then  ac tua l ' ly  programs t h e  s t a r t u p  and monitors  t h e  se-.. 

quence of b r ing ing  i t  up t o  load. The indiv'idual c o n t r o l  loops  on t h e  

bed temperature v e r s u s ' t h e  s o l i d  waste  feed,  t h e  e l e c t r i c a l  ou tpu t  of 

t h e  gene ra to r  ve r sus  t he  t u r b i n e  i n l e t  eemperarure 6f bypass c o n t r o l  

va lve ,  a l l  of those  loops  a r e  i n d i v i d u a l l y  c o n t r o l l e d  by analog c o n t r o l  

loops  which can be  c o n t r o l l e d  manually and can be disconnected from t h e  

computer, s o  t h a t  w e  can g e t  i n  t he re .  I f  t he  computer goes o u t ,  we 



have f u l l  manual c q n t r o l  of t h e  system, a n d . a l s o  w e  can p e r t u r b a t e  i t  

a s  one th ing  o r  another  happens, which i n  development, i t  always does. 

W e  would t o  g r e a t e r  o r  l e s s e r  ex ten ts .  go on manual o r  automatic  a s  we 

would have problems. The system is  a l s o  designed t o  t ake  da t a ,  and we 

u s e  our  memory i n  o r d e r  t o  s t o r e  t h e  d a t a  from t h i s  system a s  we run, 

. a n d  a l s o  we can g e t  a hard p r i n t o u t  a s  we go along. The o p e r a t o r ,  

ope ra t e s  t he  p l a n t  from a  cathode r a y  tube  d i s p l a y  and he has a  l i t t l e  
' 

schematic  of t h e  p l a n t  i n  f r o n t  of him. Roughly every minute i t  updates  

a l l  t h e  parameters  on t h e  p l a n t  t h a t  t h e  o p e r a t o r s  f e l t  a s  meaningful. 

Apparently aga in  from t h e  r e f i n e r y  exper iences ,  i t s  p i c t o r i a l  d i s p l a y  is  

very ,  very  he lp fu l .  1t's very  h e l p f u l  when th ings  go wrong, because you 

can look a t  i t  and g e t  p a t t e r n  recogni t ion .  Also, i t  has  t h e  f e a t u r e ,  

t h a t  i f  t h e  ope ra to r  suspec t s  t h a t  maybe t h e r e  a r e  accumulations i n  t h e  

t u r b i n e  b lades  and t h e  surge  margin is  d e t e r i o r a t i n g  s lowly,  s o  s lowly  

t h a t  he doesn ' t  s e e  t h e  change from minute t o  minute too we l l ,  he can lil 

c a l l  up and a s k  the  cathode r a y  t o  g i v e  him a  g r a p h i c a l  p r i n t o u t ,  a  

g raph ica l  d i sp l ay ,  of t h e  surge  module, l e t ' s  say  over  t h e  l a s t  twenty 

minutes. Then he can have t h a t  b e f o r e  him and he  can s p o t  any t r ends  

o r  any i n s i p i a n t  d e t e r i o r a t i o n s .  J u s t  by t r ia l  and e r r o r  we have l ea rned  

t o  program d i f f e r e n t  parameters  t h a t  helped us  q u i t e  a b i t  a s  a  develop- 

ment too l .  That i s  t h e  computer's ope ra t ion  of normal load fol lowing.  ,. . 
A p o i n t  M r .  L ip t ak  made which is  t r u e  i s  t h a t  because we're looking  a t  

an  i n d u s t r i a l  u n i t  t h a t  sits w i t h  a  b i g  p l a n t  and provides  i t s  power and 

h e a t ,  it 's go t  t o  fo l low the  load  of t h e  p l a n t .  

W. S, Su, Stearns-Roger 

Q. P l e a s e  e x p l a i n , y o u r  "envelope con t ro l "  concept i n ' p r a c t i c a l  appl ica-  

t i ons .  Have you eve r  used t h a t  concept i n  any p r o j e c t ;  which and how? 

'B. G. LiptSk 

.A . Y e s ,  I have used i t  i n  t h e  chemical indus t ry . .  (See t h e  a r t i c l e  i n  

September 1977 i s s u e  of In s t rumen ta t ion  Technology.) I d i d  n o t  u se  i t  i n  

t h e  c o a l  gas  indus t ry .  Maybe I should exp la in  what t h e  envelope 

c o n t r o l  concept  is. Any process  s e r v e s  a  p a r t i c u l a r  purpose of gener- 

a t i n g  a  product  o r  meeting a  s e r v i c e .  The p re s su res ,  t h e  temperatures ,  

t h e  l e v e l s ,  of t h e  f lows i n t e r n a l  t o  t h e  p l a n t  are j u s t  i n c i d e n t a l  



n e c e s s i t i e s  having t o  do wi th  t h e  ( e l e c t r i c a l )  c h a r a c t e r i s t i c s  of t h e  

p l a n t .  T r a d i t i o n a l  c o n t r o l  is  i n e f f i c i e n t ,  because a  c o n t r o l  va lve  is  

dedica ted  t o  ma in t a in ing  a  process  v a r i a b l e  and because t h e  se t -po in t  

of t h e  process  v a r i a b l e  is  f ixed .  T r a d i t i o n a l l y  t h e  wors t  enemy of 

c o n t r o l  p rog res s  has  been t h e  concept  of s i n g l e  s e t - p o i n t  c o n t r o l  keeping 

v a r i a b l e s  c o n s t a n t  a t  some a r b i t r a r i l y  f i x e d  value.  Why? Because t h a t ' s  

how i t ' s  been done i n  t h e  p a s t  and we've found t h a t  p a r t i c u l a r  va lue  t o  

b e  acceptab le .  

Envelope c o n t r o l  i n  a broad sense  means t h a t  we look a t  a l l  t h e  v a r i o u s  

parameters  a s  c o n s t r a i n t s  which w e  cannot v i o l a t e  (such a s  t h e  bed 

l e v e l  i n  a f l u i d  bed; we cannot i n c r e a s e  beyond a c e r t a i n  p o i n t  and w e  

cannot  c o l l a p s e  t h e  bed, b u t  we have t h e  freedom t o  vary  i t )  temperatures ,  

p re s su re s ,  even m a t e r i a l  and h e a t  ba lance  r e l a t e d  a s p e c t s  of t h e  process  

are i n  the same category.  Having r e l e a s e d  ou r se l f  from t h e  l i m i t a t i o n  

of s i n g l e  s e t  p o i n t  and having chosen two s e t  p o i n t s  w i t h i n  which t h e  

p a r t i c u l a r  parameter  is  allowed t o  f l o a t  you have i d e n t i f i e d  c o n t r o l  

evelope. (For d e t a i l s  s e e  t h e  a r t i c l e  i n  t h e  December 1975 i s s u e  of 

In s t rumen ta t ion  Technology.) 

' On a  Westinghouse p r o j e c t  which I worked on i n  1973 (and I presume the  

gentleman has  read  my r e p o r t  which was publislled i n  1975, and I understand 

ERDA has submit ted a  p a t e n t  a p p l i c a t i o n  based on i t  i n  1976) we have 

i d e n t i f i e d  some 27 parameters  of t h a t  p a r t i c u l a r  g a s i f i e r  a s  c o n s t r a i n t s ,  

a s  parameters  t h a t  a r e  important  t o  be maintained w i t h i n  s a f e  l i m i t s .  

But a s  l ong  a s  a l l  of them a r e  w i t h i n  those  l i m i t s ,  t h e  g a s i f i e r  can 

s t i l l  be optimized i n  t h e  sense  of e f f i c i e n c y ,  of moving t h e  maximum 

number of BTU's from the r n a l  i n t o  the gas. This I understand has  been 

modelled i n  t h e  Westinghouse Research Center ,  bu t  I ' m  no t  very  famil- 

iar  wi th  t h e  d e t a i l s  of i t s  s t a t u s ,  and s o  t h a t ' s  a l l  I can say  about 

envelope c o n t r o l  i n  c o a l  gas  indus t ry .  

Envelope c o n t r o l  e lsewhere has  proved very  s u b s t a n t i a l  r e s u l t s ,  We app l i ed  

envelope c o n t r o l  t o  c h i l l e r  op t imiza t ion ,  and i n  some cases  c u t  t h e  c o s t  

o f  c h i l l e r  ope ra t ion  i n  ha l f .  We have app l i ed  envelope c o n t r o l  t o  bui ld-  

i n g  a i r  cond i t i on ing  systems ( see  ASHRAE Transac t ions  of February 1977 

Conference i n  Chicago) t o  make t h e  b u i l d i n g  se l f -hea t ing  i n  t h e  sense  

of tak ing  t h e  h e a t  which is  generated by t h e  core  of t h e  b u i l d i n g  i n  

w i n t e r  and t r a n s p o r t  t h a t  t o  t he  per imeter  where the  h e a t  is  needed. 



I n  those  a p p l i c a t i o n s  i t  has  been successfu l .  People i n  t h e  Chemical 

Indus t ry  have a l s o  used i t  i n  u n i t  ope ra t ion  opt imiza t ion .  

Dick Duffey, Univers i ty  of Maryland, Argonne Nat iona l  Laboratory 

Q. Can you comment on t h e  t ime schedule f o r  . t h e  demonstrati0.n p l a n t s  

and f u l l  s c a l e  c o a l  conversion p l a n t s  and r e l a t e  t h i s  t o  t h e  need 

f o r  ins t rumenta t ion?  , 

, J. &. Powell 

, A. Right  now, .we have the  two c o n t r a c t s  which ,were mentioned p rev ious ly  

by M r .  R i a l ,  wi th  ICCG and w i t h  Conoco Develo,pment, and these  a r e  

t h e  f i r s t  of a  s e r i e s  of p l a n t s ;  they  a r e  t h e  f u r t h e s t  a long a t  l e a s t  

i n  our  procurement cycle .  I n  t h e  next  20 and 22 months time s c a l e  

we expect  t,o accomplish a  conceptual  design,  and then a  d e t a i l e d  des ign  

and we expect  cons t ruc t ion  t o  s t a r t  on one s e l e c t e d  p l a n t  which is  i: 

p r e s e n t l y  au thor ized  i n  t h e  1979 time period.  Then of course,  t h e  

cons t ruc t ion  time i s  es t imated  between t h r e e  and f o u r  yea r s ,  and then 

you have about an a d d i t i o n a l  six-month s t a r t u p  per iod  f o r  s t a b i l i z a t i o n  

of t he  t o t a l  p rocess  of t h e  system. So we're t a l k i n g  i n  t h e  8 0 t s ,  1983, 

1984, 1985 time per iod  t o  have something on-stream. 

D. J, Stopek, Commonwealth Edison Company 

Q. With t h e  high emphasis of a l l  prograuis un d a t a  ga the r ing ,  t h e  devel- 

opment of r e l i a b l e  i n s t rumen ta t ion  is  paramount. However, is any i n s t r u -  

ment b e t t e r  than t h e  sampling system upstream? A l l  of your programs have 

progressed through the  l e a r n i n g  curve of sampling systems. Do you 

have any p u b l i c a t i o n s  desc r ib ing  your f a i l u r e s  and successes?  I f  n o t ,  

I f e e l  t h a t  i t  might be a  va luab le  p u r s u i t  which would a i d  a l l  re- 

s e a r c h e r s  i n  t h e  c o a l  conversion f i e l d .  P l ease  comment. 

J. L. Powell 

A . ,  1'11 have t o  comment h e r e  t h a t  t he  p i l o t  p l a n t s  of course  a r e  handled 

by d i f f e r e n t  groups than ourse lves .  The d a t a  t h a t  they gene ra t e  is 

c p n t r i b u t i n g  t o  our  understanding of t he  demonstrat ion s c a l e  p l a n t s ,  

b u t  i t  does no t  supply . a l l  t h e  answers. We r e a l l y  have a  d i f f e r e n t  

i n s t rumen ta t ion  and c o n t r o l  probletn, i n  degree, than you do i n  t h e  



p i l o t  p l a n t s .  Remember t h a t  w e  a r e  t o  prove no t  only t h e  process ,  which 

t h e  p i l o t  p l a n t s  a r e  p r i m a r i l y  t h e r e  f o r  b u t  a l s o  s e e  i f  t h e  chemis t ry  

is O.K. and s e e  i f  it a l l  t i e s  toge ther .  The p i l o t  p l a n t s  do n o t  even 

have the t o t a l  components many times t h a t  we have t o  have i n  a complete 

p l a n t .  When we come t o  a demonstrat ion s c a l e ,  we a r e  t o  prove t h e  

economics, i t s  o p e r a b i l i t y ,  i t s  r e l i a b i l i t y ,  i t s  a b i l i t y  t o  produce pro- 

d u c t  so we a r e  much c l o s e r  t o  commercial r e a l i t y  than we a r e  t o  RdD 

r e a l i t y ,  b u t  we un fo r tuna te ly  have a mixture  of both. With t h e  extended 

t i m e  s c a l e  t h a t  I mentioned be fo re  t o  answer t h e  p a r t  about t h e  sampling 

a r e a ,  undoubtedly w e  w i l l  have t o  u se  some i n s t r ~ m e n t a t ~ o n  and c o n t r o l  

systems which we don' t  r e a l l y  l i k e .  I do n o t  t h i n k  t h a t ' s  t he  b e s t  solu-  

t i o n ,  b u t  i n  t h e  time frame t h a t  we a r e  going t o  be opera t ing ,  we a r e  

going t o  be  fo rced  i n t o  t h a t  pos ture .  We do have a d i f f e r e n t  s e t  of 

problems even though they a r e  r e l a t e d .  That is  one of t h e  th ings ,  t h a t  

w e  hope w e ' l l  be  a b l e  t o  ge t :  t hose  i tems t h a t  w i l l  r e a l l y  work, do the  

t h e  job and t h a t  a r e  advanced. We want them, and we a r e  going t o  have 

t o  have them t o  do t h e  b e s t  job. 

D. D. Bruns, .Un ive r s i t y  of Tennessee 

Q, Does the  pane l  f e e l  t h a t  modeling of t h e  processes  under development 

and c o n t r o l  a lgor i thms needs a r e  being generated i n  harmony wi th  t h e  

b u i l d i n g  program? 

L. W. Kirsch 

A. There a r e  q u i t e  a few modeling - -  programs - being undertaken by ERDA; I 

mentioned t h e  g a s i f i e r  program, of course,  B f l l  Schiessef  i a  the Lekigh 

program, t h e  Purdue program. MIT has  a l a r g e  c o n t r a c t  t o  develop a 

s t e a d y  s t a t e  s imu la t ion  package f o r  c o a l  conversion p l a n t s .  The program 

scope inc ludes  both p l a n t  components and phys i ca l  proper ty  models and is  

t a r g e t e d  f o r  completion i n  1979 o r  1980. With t h i s  program chey w i l l  

b e  ab l e  t o  look  a t  bo th  economic and s t eady  s t a t e  process  ana lys i s .  

They have a l s o  s t a t e d  t h a t  they would l i k e  t o  make t h e  system compatible  

w i t h  l a t e r  dynamic s imula t ions .  We have o u r  own program, and aga in  I 

mention B i l l ' s '  program on which they a r e  working wi th  Purdue. . I n  terms 

of a r e  we keeping a b r e a s t ,  I r e a l l y  don ' t  know. l t i s  going t o  depend 

on how w e l l  we can g e t  t h e  modeling done, and how we can v e r i f y  t h e s e  



models wi th  t e s t  d a t a  t o  s e e  t h a t  they do g ive  r e a l i s t i c  r e s u l t s .  A t  

p r e sen t ,  I c a n ' t  say what the  feedback from t h e  modeling programs t o  t h e  

a c t u a l  p l a n t s  might be. 

J. I,. Powell (?) , . 
. . 

A. One th ing ,  remember t h e  time l i n e  I was t e l l i n g  you about here.  

W i t h i n a  two y e a r  t ime-,per iod,  we w i l l  s t a r t  cons t ruc t ion ;  we p lan  to.  

I f  you back o f f  then you have t o  come up wi th  a  c u t  o f f  d a t e  on your 

des ign  and f r e e z e  it. I th ink  you can s e e  t h a t  these  programs a r e  

one, two, t h r e e  yea r s  o f f  u n t i l  a  u t i l i z a t i o n  p o i n t  is there ,  t h a t  

we can b e l i e v e  in .  So we're going t o  be  having t o  do a  l o t  of i t  

wi th  the  b e s t  t h a t  we have r i g h t  now, from t h e  modeling, s o  i t ' s  

going t o  take  the  b e s t  b r a i n s  and thoughts  t h a t  we can g e t  toge ther .  

'W. E. Sch ie s se r  

A. I ' ve  been asked t o  speak i n t o  the  microphone. A t  Lehigh I l e c t u r e  t o  

275 s t u d e n t s  a t  one time and s i n c e  t h e  PA system i s  always breaking down, " 

I ' ve  learned  t h a t  shout ing  i s  t h e  only r e l i a b l e  way of t a l k i n g  t o  such 

a  l a r g e  group. 

When we s t a r t e d  our  p r o j e c t  we were t o l d  by ERDA tha t ,  we would be given! + P' 
acces s  t o  t h e  d e t a i l s  of a  c o a l  g a s i f i c a t i o n  p l a n t ,  t h e  I C C G  p l a n t ;  I : - -.. ,. - 

want t o  be r a t h e r  c a r e f u l  because i t  is  a  s e n s i t i v e  a r ea ,  bu t  q u i t e  . 

f r a n k l y  we have no t  rece ived  those d e t a i l s ,  and I ' m  n o t  s u r e  we a r e  

going to. And I r e a l l y  t h ink  t h a t  a s  f a r  a s  t h e  p r a c t i c a l  a p p l i c a t i o n  

of our  computer code i s  concerned, probably t h e  most s e r i o u s  problem we 

have is  g e t t i n g  t h e  d e t a i l e d  information t h a t  we need i n  o rde r  t o  mo,del 

t h e  . i n d i v i d u a l  un i t s .  I j u s t  dont t know how t h i s  is going t o  work ou t  

i n  t h e  f i n a l  a n a l y s i s ,  but  r i g h t  now i t  does no t  look a t  a l l  encouraging. 

J. L. Powell (?) 

A. .The  n e g o t i a t i o n s  have been going on f o r  over  a  year ,  and the  prime 

hangup has been the  secrecy ,  and the  sec recy  agreement t h a t  they have 

f i n a l l y  s igned he re  a l lows  a  l i m i t e d  number of government people 

acces s  t o  c e r t a i n  p a r t s  of t h e  process .  Now whether t h a t  includes.  

Lehigh, I ' m  n o t  sure.  We had t h e  b e s t  of i n t e n t i o n s ,  i n  the  beginning. 



Uniden t i f i ed  

A. One comment; i n  t h e  d i r e c t  combustion a r e a  a s  opposed t o  t h e  g a s i f i -  

c a t i o n  p i l o t  p l a n t ,  which is  of course  an o rde r  of magnitude more 

s imple,  t h e  MIT program which is p i ck ing  up steam and moving wel l .  

These people  a r e  i n  touch wi th  t h e  people who a r e  doing t h e  hardware. We 

have d i r e c t  communication o u t s i d e  of t h e  normal channels ,  and my impres- 

s i o n  is  t h a t  t h e  f i r s t  hardware t e s t s  w i l l  be  i n  long be fo re  t h e  model 

i s  done. But t h e  two w i l l  r e i n f o r c e  each o t h e r  and I have t h e  impression 

i t  w i l l  be very  powerful and u s e f u l  t o  those  who a r e  concerned wi th  

hardware 

T. Gozani, Science App l i ca t ions  Inc., Palo-Alto 

Q. When you have a s u c c e s s f u l  and r e l i a b l e  ins t rument  t h a t  c o s t  l i t t l e  and 

a f f o r d s  l a r g e  sav ing  t o  t h e  i n d u s t r y  i t  is  very easy t o  g e t  t h e  indus t ry  

acceptance. How, however can we ga in  t h a t  acceptance t o  new methods, 

technology, o r  i n s t rumen ta t ions  which a r e  no t  cheap and t h e i r  main p romise .  

can be r e a l i z e d  and apprec i a t ed  once t h e  new ins t rument  is  p u t  on l i n e  

and is n o t  t r e a t e d ,  a t  l e a s t  i n i t i a l l y  a s  a  b lack  box. A c a s e  i n  p o i n t  

could be t h e  Prompt Neutron Ac t iva t ion  Analys is  f o r  e lementa l  a n a l y s i s  
, 2.  of coal.  

J. L. Powell 

A. 1'11 t r y  t o  f i e l d  t h a t  one, b u t  1'11 have t o  speak i n d i r e c t l y ,  of 

course.  What we have t o  do wi th  t h e  time l i n e  t h a t  we a r e  t a l k i n g  

about  is t o  s e t  i n i t i a l  p r i o r i t i e s  on what is  t h e  b i g g e s t  problem, 

what is t h e  most p r e s s i n g  problem, and c h i s  problem of p r i o r i t y  s e t t i n g  

should be  based upon the  e a r l i e s t  need. The e a r l i e s t  need is  i n  t h e  

g a s i f i c a t i o n ,  t h e  h igh  BTU, and followed by t h e  low BTU, which is  t h e  way 

ou r  c o n s t r u c t i o n  schedule  i s  planned. This  p r i o r i t i z i n g  is  n o t  q u i t e  here ,  

i t  needs more developing and more t e s t s .  we're going t o  have t o  make 

an  assessment a s  t o  how much r i s k  we a r e  w i l l i n g  t o  bear ,  and that  r i s k  

assessment  is  n o t  j u s t  ou r s ,  e i t h e r  ( t h a t  is  . It i s  a l s o  

i n d u s t r i a l  p a r t n e r ' s ;  he ' s  p a r t  of t h e  dec is ions .  He's us ing  r i s k  assess -  

ment j u s t  l i k e  we a r e ,  and I th ink  a  l o t  of t imes he even has  more t o  

say. I n  o r d e r  f o r  you t o  s e l l  some p i ece  of equipment t h a t  you 're  pre- 

s e n t i n g ,  you'd have t o  convince t h e  i n d u s t r i a l  s i d e  a s  w e l l  as t h e  



government s i d e .  Maybe you could do i t  simultaneously.  The main th ing  

is  f i r s t  t h ings  ' f i r s t .  We have t o  g e t  t he  b e s t  ,p lan t  t h a t  we can i n  

t h e  ass igned  time frame. So a l o t  of good ideas  a r e  going t o  have t o  

b e  he ld  back, u n t i l  we g e t  f u r t h e r  down i n t o  the  program. There i s  no 

o t h e r  way. W e  a r e  f ac ing  a r e a l  world here ,  and t h e  r e a l  world i s  t h e  

commercial pa r tne r .  

T. P. Mulcahey, Argonne National  Laboratory 

Q. What computer w i l l  your code be o p e r a t i o n a l  on? 

W. E. Sch ie s se r  

A. Right  now i t 's  running on the  Lehigh CDC 6400. W e  a r e  a l s o  committed 

t o  developing a t r a n s p o r t a b l e  code which w i l l  be  a v a i l a b l e  t o  anybody 

who would l i k e  t o  use  i t ,  which means t h a t  we a r e  w r i t i n g  i t  e n t i r e l y  

i n  FORTRAN I V .  We have s e n t  t h e  pro to type  system, t h a t  is, t h e  code up 

t o  t h e  p r e s e n t  time a s  i t  now e x i s t s ,  t o  Oak Ridge, where i t  can be used . 

by anybody who is  i n t e r e s t e d  i n  it. There i t  is  on an  I B M  360 model 195, 

and i t ' s  now running. We've a l s o  s e n t  i t  t o  ERDA a t  Aberdeen, and t h e r e  

i t 's  running on a Univac 1108. Also, appa ren t ly  o t h e r  people have heard . 

about our  work and have reques ted  t h e  program, and we've s e n t  i t  o u t  t o  

about a t o t a l  of t e n  o t h e r  companies, u n i v e r s i t i e s  and government agencies .  

It's running, a s  f a r  a s  I know, on an IBM 370, a PDP 11, Sigma 7, a CDC 

6500, and a CDC 6600. Ul t imate ly ,  we hope t h a t  i t  w i l l  run on most of 

t h e  major computers t h a t  have a good FORTRAN I V  compiler. 

J. F. Schooley, NBS 

Q. What f r a c t i o n  of t h e  "US Coal Reserves" w i l l  t h e  p roces ses  d iscussed  

t h i s  week be a b l e  t o  u t i l i z e ?  I f  80-loo%, t e r r i f i c !  I f  l e s s  than 

o r  equal  t o  one h a l f  t o  two t h i r d s ,  does anybody'have any more good 

ideas?  

J. L. Powell 

A. I might p o i n t  ou t  t h a t  t h e  v a r i o u s  processes  have a v a r i a b i l i t y  and 

a c a p a b i l i t y  t o  handle d i f f e r e n t  coals .  For example, you heard 

earlier t h a t  t h e  BI-GAS p rocess  w i l l  handle any kind of c o a l  because 

it 's an en t r a ined  type  of u n i t  and t h e  agglomerating tendency of coa l  



i s  not  a problem. Conversely, t h e  CO accep to r  p roces s  is designed 
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p r i m a r i l y  t o  handle  ' l i g n i t e  o r  poss ib ly  sub-bituminous coa l s ,  and cannot 

handle  bfruminous caking c o a l s  from t h e  Eas te rn  p a r t  of t h e  United S ta t e s .  

I n  t he  c a s e  of o t h e r  f l u i d i z e d  bed processes ,  some c o a l s  can be handled 

more e a s i l y  than  o t h e r s ,  because of caking p r o p e r t i e s  and s o  f o r t h .  

Now with r e s p e c t  t o  t h e  c o a l  r e se rves ,  t h e  u t i l i z a t i o n  depends on t h e  

s i z e  of t h e  c o a l  d e p o s i t  t o  some ex ten t .  It is  n o t  p r a c t i c a l  t o  

b u i l d  a f u l l - s i z e d  commercial c o a l  g a s i f i c a t i o n  p l a n t  u n t i l  t h e  c o a l  

r e s e r v e  i s  t h e r e  f o r  a t  l e a s t  20 yea r s ,  and t h e r e  i s  a good p o r t i o n  

of  t h i s  r ecove rab le  c o a l  r e s e r v e  t h a t  i s  i n  sma l l e r  d e p o s i t s  t h a t  

r equ i r ed  f o r  t h a t  type  of p l an t .  So t h e r e  is a problem wi th  u t i l i z a -  

t i o n  of sma l l e r  c o a l  d e p o s i t s  over  t h e  long run. 

D. M. F i e ld ,  I l l i n o i s  Coal G a s i f i c a t i o n  Group 

Q. Yesterday,  M r .  Ba i ley  of C. E. Lumus went through an o u t l i n e  of 

i n s t rumen ta t ion  development, s p e c i f i c a l l y  bed l e v e l ,  bed d e n s i t y  

and pressure ,  made necessary  through problems i n  s t a r t u p .  Have e i t h e r  

CO Acceptor o r  BI-GAS had s i m i l a r  s t a r t u p  experiences? ( a )  I f  so,  
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d i d  you a t t a c k  t h e  problem i n  a manner s i m i l a r  t o  Synthane? (b) Did 

you a r r i v e  a t  a. s i m i l a r  s tandard  f o r  i n s t a l l a t i o n  of DP c e l l s  and 

purge systems? (c)  F i n a l l y ,  d id  you document your development work 

i n  a r e p o r t  s i m i l a r  t o  t h e  one d i s t r i b u t e d  by ERDA-Synthane? 

M. H. Vardaman 

A. Unfor tuna te ly ,  I ' m  n o t  f a m i l i a r  wi th  t h e  documentation on t h e  

Synthane process .  Yes, we d id  have problems i n  knowing t h e  bed 

l e v e l s ,  t h e  bed d e n s i t i e s ,  and temperatures  a t  t h e  s t a r t  of opera- 

t i o n  i n  1972. I'll t r y  t o  g ive  a v e r b a l  d e s c r i p t i o n  of how the  r e a c t o r s  

were s e t  up o r i g i n a l l y .  Both the  temperature and d i f f e r e n t i a l  p re s su re  

measurements were by two-inch diameter p ipes ,  suspended from t h e  top  

v e s s e l  heads. One v e s s e l  was roughly 35 f t .  long, and t h e  o t h e r  one i s  

60 p lus  f t .  The a s s o c i a t e d  problem t h e r e  was t h a t  t h e  tub ing  f o r  t he  

ins t rument  was 1 / 4  inch  tubing i n s i d e  of t h e  two-inch pipe. These pro- 

j e c t e d  from the  p ipe  a t  a r i g h t  angle.  These plugged almost i n s t an -  

taneous ly ,  p lus  i n  t h e  gene ra to r  where we opera ted  a t  1800°F we made 

s p a g h e t t i  from t h e  two-inch p ipe ;  i t  dropped o f f  and cu r l ed  up i n  t h e  



vesse l .  We d id  what t o  us a t  t h a t  time a major modi f ica t ion .  W e  went 

through the  w a l l s  of t h e  r e a c t o r .  Both of our  v e s s e l s  have a water  

j a c k e t  which means going through two l a y e r s  of metal ,  and the  i n s i d e  one 

i s  t h e  pressure-conta in ing  w a l l  which v a r i e s  from an inch  up t o  about  

2-112 inches  t h i c k  ( t h e  reason  t h a t  t h e  m a t e r i a l  w a s  made t h i c k e r  i n  

some a r e a s  was f o r  reinforcement  f o r  t h e  l a r g e r  nozz les ) .  What we've 

designed is a 314 inch  s t a i n l e s s  s t e e l  p ipe  pass ing  through t h e  meta l  

w a l l  and r e f r a c t o r y  and extending i n t o  the  bed approximately t h r e e  inches.  

I n s i d e  of t he  314 inch  p i p e  is  i n s e r t e d  an 118 inch schedule 80 310 

s t a i n l e s s  s t e e l  thermal w e l l  which we cons t ruc ted  i n  Rapid City.  Then 

i n s i d e  t h e  thermal w e l l  we have a thermocouple. The annular  space  between 

t h e  314 p ipe  and the  118 inch  s t a i n l e s s  p ipe  is  used f o r  d i f f e r e n t i a l  

p r e s s u r e  measurements. Each s i d e  of t h e  DP c e l l  is  purged i n t o  t h e  

v e s s e l  t o  keep t h e  opening c l e a r .  This  has  worked very  succes s fu l ly .  

Also we have redundant probes on the  v e s s e l  where we can determine both " -  

l e v e l  and bed dens i ty .  Most of t h e  t ime we c a l i b r a t e  ou r  d i f f e r e n t i a l  

p r e s s u r e  t r a n s m i t t e r s  e i t h e r  t o  read  d i r e c t l y  i n  bed d e n s i t y  o r  some mul- - 
! 

t i p l e  of bed dens i ty .  The reason f o r  mu l t ip l e ,  is t o  have t h e  ins t ruments  ' 

t o  read 0-100. I f  we can f i t  w i t h i n  t h a t  range wi th  40 o r  50 lb s l cu .  f t .  . 
w e ' l l  t ake  a d i r e c t  reading.  With some of our  d e n s i t i e s  we're looking 

a t  a heav ie r  m a t e r i a l  s i n c e  we do use  l imestone a s  an accep to r  i n  our  

p roces s  which is  over  a hundred pounds per  cu. f t ,  t h e r e f o r e  w e  u se  some 

m u l t i p l i e r  t o  come up a t  Led dens i ty .  On temperature measurements, a s  

I s a i d  o r i g i n a l l y ,  they  were a l s o  suspended from t h e  tops  of t h e  r e a c t o r s .  

Now they pass  through t h e  same p i p e  where we g e t  our  d i f f e r e n t i a l  pres- 

s u r e  readings.  We have very  l i t t l e  problem a s  f a r  a s  temperature measure- 

ment i n  t h e  g a s i f i e r  which ope ra t e s  a t  1500 t o  1520 F. I n  the  regenera- 

t o r ;  a t  ou r  nominal 1850 F, thermal  w e l l s  and thermocouples l a s t  f i v e  t o  

seven days. We can r e p l a c e  ou r  thermal w e l l s  whi le  i n  ope ra t ion  by us ing  

a compression f i t t i n g .  With t h e  314 inch  p ipe ,  we have two b lock  va lves ,  

and a t  t h e  o u t s i d e  b lock  va lve  we have a compression f i t t i n g  t h a t  a l lows  

u s  t o  remove and i n s e r t  new thermocouples and the rma l -we l l s .  

5. W. Byron 

A. I n  o u r  p a r t i c u l a r  case ,  we run  an en t r a ined  bed, so  bed l e v e l ,  pe r  s e ,  

i s  a problem we have n o t  had t o  worry about i n  t h e  g a s i f i e r .  I n  t h e  



methanat ion s e c t i o n  we do use,  o r  w i l l  use,  when we g e t  t o  t h a t  p o i n t ,  

a f l u i d i z e d  bed methanator.  S ince  we haven ' t  opera ted  it, except  f o r  

l i m i t e d  t e s t i n g ,  I c a n ' t  g ive  you any s p e c i f i c s  there .  We do run  AP 

measurements on t h e  g a s i f i e r  between t h e  s l a g  quench zone and Stage I; 

between Stage  I and Stage  I1 a c r o s s  a  v e n t u r i  s epa ra t ion ,  i n  t hese  cases  

I t h i n k  i ts  been simply a  ma t t e r  of being e f f e c t i v e  i n  our  purge on the  

AP ins t rument  l eads .  I th ink  i n  ou r  c a s e  most of t h e  purge r a t e s  a r e  

set wi th  r e s t r i c t i v e  o r i f i c e s  and t h e i r  r a t e s  a r e  n o t  s p e c i f i c a l l y  con- 

t r o l l e d  a s i d e  from changing p r e s s u r e  on our  purge gas,  an i n c r e a s e  i n  

p r e s s u r e  on t h e  purge gas system g ives  a d d i t i o n a l  flow. Right  now, 

t h e s e  purge r a t e s  a r e  a r e a s  t h a t  could be g iv ing  us  some problems i n  

o u r  m a t e r i a l  ba l ances  around t h e  g a s i f i e r  i n  t h a t  we dun ' t  s p e c i f i c a l l y  

have a handle on each Eluw. I th ink  our t o t a l  purge r a t e s  t o  the gasf- 

f i e r  a r e  something l i k e  40,000 cfh.  

M. H. Vardaman 

A. One th ing  t h a t  I should mention, t h e  CO Acceptor Process  is  n b t  opera- 
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t i n g  a t  t h e  same p r e s s u r e  a s  IGT's HYGAS o r  BY-GAS. We o p e r a t e  a t  150 . 

p s i g  r a t h e r  than 1000 t o  1500 ps ig .  We t h e r e f o r e  a r e  a b l e  t o  use  roto-  

meters r a t h e r  than  r e s t r i c t i n g  o r i f i c e s  f o r  measuring t h e  purge flow. 

W e  use,  i n  o u r  e n t i r e  p l a n t ,  i n  t h e  neighborhood of 7,000 t o  10,000 cu. 

f t .  per  hour  f o r  t o t a l  purges. One th ing  I d i d n ' t  touch upon i s  t h i s  

rluculllented? I b e l i e v c  t h c  rlllcwer t o  t h a t  would be yrn,  hecapse there 

have been two annual  r e p o r t s  i s sued .  I know f o r  s u r e  t h a t  one of them 

i s  a v a i l a b l e  through the  NTIS; I b e l i e v e  t h a t  t h e  second one i s  n o t  

a v a i l a b l e  through them, b u t  I b e l i e v e  t h a t  i f  you con tac t  D r .  Lowell 

Miller, w i t h  ERDA, t h a t  i t  would be  a v a i l a b l e .  

E. S .  Giordano, Badger P l a n t s . I n c .  

Q. What types  of i n s t rumen ta t ion  a r e  available o r  w l l l  be a v a i l a b l e  to 

measure s l a g  b a t h  l e v e l  i n  a  h igh  p re s su re  (500 ps ig )  g a s i f i e r  a t  

30U0°F. 

J. W. Byron 

A. Measuring s l a g  b a t h  l e v e l ?  



'Chairman 

I t h i n k  he has  a  misconception of how, for .example,  t h e  BI-GAS g a s i f i e r  

opera tes .  So perhaps you could c l a r i f y  t ha t .  
. . 

J. W. Byron, P h i l l i p s  Petroleum Company 

A. We're a t tempt ing  t o  t a p  t h e  s l a g  on a  continuous bas i s .  The molten 

s l a g  pours  o r  f a l l s  o u t  a  t ap  h o l e  t o  a  water  f i l l e d  quench s e c t i o n .  

From t h e  quench s e c t i o n  the  broken s l a g  f r i t  f a l l s  i n t o  lock  hoppers f o r  

removal. Welre monitor ing ou r  s l a g  flowing ope ra t ings  wi th  a  TV camera, 

which looks  through t h e  coo le r  p o r t i o n  of t h e  g a s i f i e r  quench s e c t i o n  

d i r e c t l y  a t  t h e  s l a g  t ap  h o l e  and through view por t s .  Another handle  

t h a t  we do have on t h e  process  is a measure of AT a c r o s s  ou r  coo l ing  

water  tubes  i n  Stage I. During s t a r t -up  and a t  b a s i c  cond i t i ons  wi thou t  

cha r  feed  i n  t h e  g a s i f i e r ,  we have a  p a r t i c u l a r  AT t h a t  g ives  u s  a  

h e a t  l o s s  numbers. The AT may be up a s  h igh  as t h r e e  t o  f i v e  degrees  

F i n  t h e  cool ing  water  i n  t h a t  s e t  of ope ra t ing  condi t ions .  A s  t h e  s l a g  

con ta in ing  cha r  is  in t roduced  i n t o  t h e  g a s i f i e r ,  t h e  AT on t h a t  coo l ing  

system proceeds t o  drop a s  we c o a t  t h e  tubes  o r  f o u l  t h e  h e a t  exchanger, 

o r  whatever you want t o  c a l l  it. So w e  do have t h a t  handle t e l l i n g  us  

how our  s l a g  b u i l d  up i n  t he  S tage  I p o r t i o n  i s  progress ing  and then  we ' 

can a l s o  s t a r t  looking f o r  i n d i c a t i o n  of s l a g  tapping through t h e  TV 

camera o r  through view por t s .  

E. S. Giordano 

Q. Not audib le .  

J. W. Byron 

A. You a r e  t a l k i n g  about a  s p e c i f i c  slag. ba th  o r  s l a g  contained i n  a  spec i -  

f i c  a r ea ,  and how they measure i t ?  The only  th ing  I can do is  guess  and 

s a y  t h a t  i f  you had a  purged, cooled view p o r t ,  a  TV camera o r  something 

l i k e  t h i s  where you could p h y s i c a l l y  watch, you could check your  depth. 

Thermocouples seem t o  g e t  ea t en  up i n  t h e  s l a g ,  they f l u x  o f f  w i t h  j u s t  

about  anything you can p u t  i n  t he re .  With thermocouples ano the r  poss i -  

b i l i t y  is  coo lan t  AT which w i l l  t e l l  depth i f  you've s p e c i f i c a l l y  

broken t h e  cool ing  system o u t  coo l ing  tube by cooi ing  tube and w i t h  

s p e c i a l  matched RTD1s, I can' t g i v e  you a much b e t t e r  answer than  tha t .  



B. G. L i p t s k  

A. I would t h i n k  t h a t  i n  h o s t i l e  environments,  such a s  t h e  gentleman des- . . '  
c r i b e s ,  one ought t o  a t  l e a s t  g i v e  cons ide ra t ions  t o  non-contacting 

methods of measurement such a s  gamma r a d i a t i o n .  

T. K. Lau, ERDA 

Q. P l e a s e  comment, from you p l a n t  des ign  and ope ra t ion  exper ience ,  on p r a c t i -  

c a l  ins t rument  response  time requirement  f o r  on-l ine con t ro l .  

Un iden t i f i ed  

A. Were you r e f e r r i n g  t o  computerized con t ro l ,  o r  j u s t  t h e  e x i s t i n g  tech- 

nology such a s  has  been i n  e x i s t e n c e . f o r  t h e  l a s t  f i v e  t o  t e n  yea r s?  

M. H. Vardaman (?) 

A t  t he  CO Acceptor P l a n t  1 can ' t  t e l l  how f a s t  t h e  response t imes a r e  
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because some of t h e  ana lyze r s  a r e  f o u r  t o  t e n  minutes,  lagging what is  

a c t u a l l y  happening i n  t h e  process .  . A s  f a r  a s  d i f f e r e n t i a l  p r e s s u r e ,  

temperature,  and flow, I ' d  have t o  s ay  t h a t  t h a t  i s  e s s e n t i a l l y  

ins tan taneous .  We have no computerized con t ro l ,  i t  is s t anda rd  s t a t e -  

of- the-ar t  type  of con t ro l .  1 believe rhar what we h a v e  TuL our process 

i s  adequate ,  and. w e  do have a  d a t a  logger  t h a t  has  been i n  o p e r a t i o n  f o r  

s i x  o r  seven months which would have t h e  c a p a b i l i t y  of going t o  c o n t r o l ,  

b u t  we have no i n t e n t i o n  of usfng.it f o r  t ha t .  11: w a s  i n s t a l l e d  s t r i c t l y  

f o r  d a t a  a c q u i s i t i o n  and logging. 

J. W. Byron 

A. For our  on-stream gas  ana lyze r s ,  I th ink  i t  r e q u i r e s  something l i k e  e i g h t  

o r  t en  minutes on one u n i t  t h a t  is  s t r i c t l y  dedica ted  t o  one p a r t i c u l a r  

stream. So t h a t  looking t o  c o n t r o l  gas  from your component ou tpu t  on 

your  gaseous s t reams,  I t h i n k  r i g h t  now about t h e  b e s t  we could g e t  is  

about  e i g h t  minutes. I f  you want t o  look a t  one p a r t i c u l a r  component i n  

a gas  s t ream w i t h  a  s p e c i f i c  ana lyze r  f o r  t h a t  p a r t i c u l a r  component, the  

t i m e  r equ i r ed  f o r  a n a l y s i s  vould be  q u i t e  a  b i t  l e s s .  We a r e  i n  the  

p roces s  of moving an  oxygen ana lyze r  from a p o i n t  q u i t e  a  b i t  do- s t ream 

of  t h e  g a s i f i e r  t o  a sampling t ake  o f f  t h a t  we have i n  Stage 11, i n  . t h e  



high  temperature,  h igh  p re s su re  zone of t h e  g a s i f i e r .  The response time 

on t h a t  u n i t  i s  somewhere w i t h i n  a  ve ry  few seconds. 

But t h a t ' s  t h e  s t a t e  r i g h t  now of t h e  speeds and times of gas a n a l y s i s  

a t  BI-GAS. Now i n  the  process  i tems,  s i n c e  w e  have pneumatic i n s t r u -  

ments we have t o  f i g u r e  i n  some de lay  f o r  q u i t e  long l i n e s  i n  t h e  

pneumatic c o n t r o l  systems. It 's no t  i n s t an t aneous  on d i f f e r e n t i a l  pres- 

s u r e  o r  f low o r  something l i k e  t h a t ,  b u t  i t ' s  i n  t h e  o rde r  of a  few 

seconds. 

B. G. L ip t ak  

A. I n  t h e  chemical i n d u s t r y  we use  t h e  rules of thumb of s e l e c t i n g  s e n s o r s  

w i t h  dead times t h a t  a r e  two o r d e r s  of magnitude f a s t e r  and w i t h  t ime 

cons t an t s  t h a t  a r e  a t  l e a s t  one magnitude f a s t e r  than t h e  process  which 

we a r e  t r y i n g  to  con t ro l .  Maybe I should e x p l a i n  what dead time means. 

,You change something t o  t h e  process  and f o r  a  per iod ,  no th ing  happens;. .:, - , a  ,;; . , 

t h a t ' s  dead time. A f t e r  t h e  dead time has passed t h e r e  i s  an 's-shaped ' .  ,-. , . . 

r e a c t i o n  curve t h a t  evolves and t h e  s l o p e  of t h a t  is  a  f u n c t i o n  of t he  

time cons t an t  . 
C. R. Fleming, The Foxboro Company ‘I . 
Q. Severa l  prominent I & C  product  and system s u p p l i e r s  a r e  r ep re sen ted  .I r 

i n  t h e  audience. C o l l e c t i v e l y  they  w i l l  be  spending i n  excess  of 

f i f t y  m i l l i o n  d o l l a r s  f o r  RD&E i n  t h e  nex t  twelve months. How would 

t h e  panel  l i k e  t o  s e e  t h i s  spent  r e l a t i v e  t o  t he  c o n s t r a i n t s  w i t h i n  

which they a r e  c u r r e n t l y  working? 

J. L. Powell 

A. I don' t know what c o n t r a i n t s  L o u v r e  working under,  I ' m  sure t h e r e  a r e  

many. It is hard f o r  u s  from t h i s  p o i n t  i n  time, from the  demonstra- 

t i o n  s c a l e ,  t o  t e l l  you e x a c t l y  which one i s  t h e  most important ,  

which s e r i e s  o r  which types of instruments .  W e  a r e  going t o  need 

p r a c t i c a l l y  anyth ings  t h a t  f i t s  a s  e a r l y  a s  poss ib l e .  We have t o  

become f a m i l i a r  w i t h  what you are doing b e f o r e  we can make any kind 

of a dec is ion .  The rest is up t o  you. 



M. H. Vardaman 

A. A r e  you r e f e r r i n g  t o  what a r e a s  should t h i s  money be  spent?  The a r e a s  

t h a t  I have observed from exper ience  i n  Rapid C i t y  a r e :  number one, 

tempera ture  measurements such t h a t  you don' t  have t o  r e p l a c e  thermo- 

couples  every f i v e  t o  seven days. Number two, i s  i n  p a r t i c l e  s i z e  d is -  

t r i b u t i o n  and a r e  they  c o n s i s t e n t  w i t h i n  t h e  l i n e s  such t h a t  you do no t  

have t o  t ake  a sample from t h e  system t o  be a b l e  t o  determine what 's  flow- 

i n g  through t h a t  p ipe ,  q u a n t i t a t i v e  a s  w e l l  as q u a l i t a t i v e .  The way i t  

i s  now, you have a time l a g  from a sample t o  a n a l y s i s  from an hour t o  

e i g h t  hours  b e f o r e  you know what s i z e  m a t e r i a l  is  going through t h a t  l i n e .  

Needless t o  say,  by t h e  t ime you g e t  t h a t  sample back you know what i t  

was then. but: you sure don' t  k n ~ w  what i t  is at  t h e  p r e s e n t  time. 

M. K. Shieh, J e f f r e y  Manufacturing 

Q. Would you cons ider  t o  i nc lude  ins t rumenta t ion  and c o n t r o l  f o r  c o a l  

p r e p a r a t i o n  p l a n t  i n  t h e  nex t  symposium? 

J. L. Powell 

A. Ce r t a in ly .  The nex t  t ime around we hope t o  have q u i t e  a broad i n p u t  

of problems which have a l i t t l e  b e t t e r  d e f i n i t i o n  by t h a t  time. And 

c o a l  p r e p a r a t i o n  is important  t o  a l l  t h e  processes ,  so  I ' m  s u r e  we 

cons ide r  t h a t  a s  a f a i r l y  h igh  p r i o r i t y  i t e m  a c r o s s  t h e  board. 

W. S. Su, Stearns-Roger 

Q. From your exper ience ,  do you f e e l  i f  computer closed-loop c o n t r o l  

could be  used i n  t h e  CO Acceptor p l a n t ?  
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Chairman 

J u s t  a s imple  yes  o r  no w i l l  do. 

M. H. Vardaman 

Q. NO. 

C. K. Sanathan, Un ive r s i t y  of I l l i n o i s ,  Chicago 

Q. What b e n e f i t s  could an ins t rument  developer  g e t  from your e f f o r t s  a t  

Argonne? For example, could he g e t  an e s t ima te  on measurement 



accuracy r equ i r ed  f o r  a s p e c i f i e d  degree of r e g u l a t i o n  of process  

v a r i a b l e s ?  

L. W. Kirsch 

A. I would hope so. To expand on t h a t  a  l i t t l e  b i t ,  what we a r e  attempt- 

i n g  t o  do is  t o  r e a l l y  q u a n t i t a t i v e l y  d e f i n e  what types of instrumenta-  

t i o n  accu rac i e s  a r e  going t o  be needed f o r  a p a r t i c u l a r  process ,  l'he 

program scope is  t o  concen t r a t e  on those  major i n s t rumen ta t ion  r e sea rch  

and development a r e a s  s o  t h a t  we can g e t  feedback back t o  t he  people who 

a r e  work ing . in  t hese  a r e a s  a s  e a r l y  a s  poss ib l e .  I would say yes. . 

Vp S. Underkoff le r ,  G i l b e r t  Assoc ia tes  

Q,. P l ea se  compare t h e  expected l e v e l  of p a r t i c u l a t e  loading  and a l k a l i  

meta l  concen t r a t ion  a t  t he  i n l e t  of t h e  gas t u r b i n e  when a  p re s su r i zed  

f luidized-bed system is used. j 

R. D. Smith 

A. The s p e c i f i c a t i o n  f o r  a  gas t u r b i n e  is  one hundred times h ighe r  than  the  

numbers t h a t  I gave o u t ,  and the  s p e c i f i c a t i o n  is based on t h e  normal 

commercial usage which i s  considered very  sa fe .  We f e e l ,  and I b e l i e v e  

t h a t  t h e  major t u r b i n e  manufacturers  would agree ,  t h a t  t h i s  is  r e a l l y  a  

whole new a r e a  of R&D. Their  s p e c i f i c a t i o n s  a r e  based on f i e l d  c r i t e r i a  

and they a r e  anxious t o  l e a r n  a s  w e l l  a s  o t h e r s  i n  t h e  f i e l d  a s  t o  what 

t h e  t r u e  l i m i t s  r e a l l y  a r e  under t hese  new condi t ions .  

E. Eo Geraci ,  Leeds & Northrup 

Q. To what l e v e l  must h o t  gas p a r t i c u l a t e  be  cleaned i n  o r d e r  t o  use  

wi th  a  gas t u r b i n e  f o r  .continuous opera t ion .  Express t h e  answer 

i n  terms of loading  ( g r a i n s / s c f )  and s i z e  (microns). 

R. D. Smith 

A. We would say  e s s e n t i a l l y  f o r  a p a r t i c l e  s i z e  of two microns and below, a  

l e v e l  of 0.01 g r a i n s  pe r  dry  s tandard  cubic  f o o t ,  o r  l e s s .  ~ b o v e  two 

microns, e s s e n t i a l l y  nothing. There i s  ano the r  c r i t e r i a  which would be  

t h e  s p e c i f i c a t i o n  of t h e  a l k a l i  "vapors and I ' m  a f r a i d  a t  t h i s  p o i n t  i n  



t ime we  can ' t  o f f e r  any numerical suggest ions.  But t h e r e  w i l l  

d e f i n i t e l y  have t o  be l i m i t s  there .  

D. D. Bruns, Un ive r s i t y  of Tennessee, Chemical Eng. Dept. 

Q. I f  thermocouples a r e  used f o r  temperature measurement, what s p e c i f i -  

c a t i o n s  a r e  needed f o r  c o n t r o l  purposes? S p e c i f i c a l l y  what l i f e t i m e  

i s  reasonable ,  what response time is  needed and what accuracy and 

c a l i b r a t i o n  s t a b i l i t y  a r e  requi red?  

Chairman 

A M r .  Vardaman h a s  s a i d  t h a t  t h e  l i f e t i m e  t h a t  h e  has  experienced s o  

f o r  i n  t h e  CO Acceptor is s e v e r a l  days, which i s  u n s a t i s f a c t o r y .  
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24. H. Varclau~au 

A. For the  r egene ra to r  which is  1850 F ,  s e v e r a l  days ,  and our g a s i f i e r ,  say ' 

s e v e r a l  months. Now the  accuracy, I cons ider  what we have a s  around 2%, '' 

which f a l l s  w i t h i n  t h e  realm of 20-40 F. Now t h e  ques t ion  is  whether o r  

n o t  t h a t  i s  adequate.  For an R&D l e v e l  of knowledge i t  is probably is  not .  

Chairman 
, I '  

Q. Response t i m e  is  no problem a s  I understand it, on thermocouples? 

M. H. Vardaman 

A. I don't  b e l i e v e  i t  is. 

Chairman 

Q. How about c a l i b r a t i o n  s t a b i l i t y ?  You don' t  have a problem w i t h  t h a t  

e i t h e r ,  .do you? 

M. H. Vardaman 

A. I don't  b e l i e v e  t h a t  we do. 

F. Bondy, Fos t e r  Wheeler Energy Corp. 

Q. To what e x t e n t  was i t  necessary  t o  monitor product  p a r t i c l e  s i z e  

d i s t r i b u t i o n  from your p u l v e r i z a t i o n  u n i t  a t  Rapid Ci ty?  



M. H. Vardaman 

:A. Our g a s i f i e r  was designed t o  handle from e i g h t  mesh through a hundred 

mesh ma te r i a l .  I f  we run  more than lo%,  a t  t h e  very  o u t s i d e  15%, below 

100 mesh, t he  m a t e r i a l  w i l l  blow overhead and w i l l  n o t  be g a s i f i e d .  

Therefore,  w e  do ope ra t e  our  gr inding  system t o  minimize t h e  -100 mesh 

ma te r i a l .  And aga in ,  t h i s  g e t s  back t o  being a b l e  t o  d e t e i p i n e  the  s i z e  

d i s t r i b u t i o n  l eav ing  t h e  g r ind ing  area .  We o b t a i n  a sample t h a t  is  

l eav ing  t h e  system, t a k e  i t  t o  t h e  l a b  where i t  has t o  be cooled, because 

i t 's  about 300 F l e av ing  our  g r ind ing  area.  We have a r o l l e r  m i l l  t h a t  

is  supp l i ed  wi th  a 1000 F gas  t o  dry  a s  w e l l  a s  pneumatical ly  t r a n s p o r t  

t h e  m a t e r i a l  t o  an e l e v a t i o n  about 165 f t .  above ground. The sc reens  i n  

t h e  l abo ra to ry  must have the  m a t e r i a l  cooled down t o  around 150 F b e f o r e  

i t  can be screened,  so  t h e r e  is  a time l a g  i n  t he  neighborhood of one 

hour be fo re .you  can g e t  r e s u l t s  back. I f  you had ins t rumenta t ion ,  you 

would be a b l e  t o  look a t  t h i s  pneumatical ly  t r anspor t ed  m a t e r i a l ,  then  

have r e s u l t s  on q u a n t i t y  a s  w e l l  a s  a d i s t r i b u t i o n .  One then could  make .: 

'a change in s t an t aneous ly  o r  w i t h i n  a s h o r t  per iod  of time. .* 

I?. Bondy 

Q. Did the p l a n t  employ va lves  i n  h o t  s o l i d s  t h r o t t l i n g  s e r v i c e ?  I f  so ,  

how high was t h e  temperature,  what type  of va lves  were used and was , ;: "' 

s a t i s f a c t o r y  s e r v i c e  achieved? 

M. H. Vardaman 

A. The va lves  t h a t  were used i n  t h e  1500-1800 F s o l i d s  c a r r y i n g  s t ream 

were b u t t e r f l y  valves.  They a r e  n o t  gas  t i g h t .  They have about 35,000ths 

c l ea rance  around the  edge f o r  expansion; simply a s h a f t  w i th  a wafer ,  and 

t h e s e  work very  w e l l  i n  my opinion.  W e  have a device  on t h e s e  v a l v e s  

t h a t  we c a l l  a k icker .  They a r e  pneumatic va lves  and we impose two 

pounds a d d i t i o n a l  s i g n a l  t o  t h e  v a l v e  every f i f t e e n  seconds s o  t h a t  they 

move and a r e  n o t  i n  t h e  same p o s i t i o n  a l l  t h e  t i m e .  We o b t a i n  r e l a t i v e l y  

smooth c o n t r o l  and c o n s i s t e n t  f low through t h e  v a l v e s  w i th  t h i s  method. 

The va lves  range from two-inch up t o  f ive- inch  i n  diameter.  The va lve  

i s  a s l e e v e  which i s  backed by r e f r a c t o r y  and then  t h e  p r e s s u r e  con ta in ing  

p o r t i o n  ranges from e i g h t  t o  f o u r t e e n  inches  depending upon t h e  l i n e  s i z e .  

Those l i n e s  a r e  carbon s t e e l  w i th  i n s u l a t i n g  r e f r a c t o r y ,  and t h e  i n s i d e  



i s  e i t h e r  a meta l  s l e e v e  o r  a r e f r a c t o r y  s leeve .  The f i r s t  r e f r a c t o r y  

l i n e  t h a t  we used was i n s t a l l e d  l a s t  f a l l ,  on an expe r imen ta l ' o r  test 

b a s i s ,  because we wanted t o  use  a i r  t o  t r a n s p o r t  our  accep to r  back t o  

our  r egene ra to r ,  and I am q u i t e  p l e a s e  wi th  i t s  opera t ion .  

W. H. F i scher ,  G i l b e r t  Assoc ia t e s  

Q. It is my impression t h a t  EPA p a r t i c u l a t e  l i m i t s  a r e  exces s ive  f o r  

tu rb ines .  What i s  a s u i t a b l e  g r a i n  loading  and s i z e  d i s t r i b u t i o n  

f o r  t u rb ines?  Gas tu rb ines?  Are they d i f f e r e n t  f o r  combustors 

t han  f o r  g a s i f i e r s ?  

R. D, Smith 

A. I n  terms of EPA load ings  i n  t u r b i n e  systems, i t  s o r t  of came about 

i n  a backward way, p a r t i c u l a r l y  f o r  s o l i d  f i r e d  tu rb ines ,  because 

we're us ing  i n c i n e r a t o r  o r  steam power p l a n t  c r i t e r i a  where t h e  

excess  a i r  is 10% o r  15%. Turbines work on an e n t i r e l y  d i f f e r e n t  

c y c l e  and so  you have t o  r a t i o  t h e  numbers' back. The c r i t e r i a  

mentioned e a r l i e r  t h a t  we f e e l  a r e  requi red  i s  . O 1  g r a i n s l d r y  s c f  

f o r  the  tu rb ine ,  which i s  roughly comparable t o  t h e  EPA.requirements. 

Nancy M. OIFallori, Argonne Nat iona l  Laboratory 

Q. P l e a s e  d e s c r i b e  b r i e f l y  t h e  . con t ro l  s t r a t e g y  f o r  t h e  CO Acceptor 
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p i l o t  p l an t .  What do you cons ide r  your most s e r i o u s  p ~ o l l e m s  i n  , 

i n s t rumen ta t ion  and con t ro l ?  

M. H. Vardarnan 

A. We have a two v e s s e l  system, t h e  r egene ra to r  which con ta ins  t h e  accep to r ,  

and the g a s i f i e r  where t h e  c o a l  is g a s i f i e d  wi th  steam and t h e  h e a t  is  

supp l i ed  by c i r c u l a t i o n  of ca l c ined  acceptor .  There is a. p r e s s u r e  

d i f f e r e n t i a l  which is maintained between t h e  two v e s s e l s  by means of a 

g r a v i t y  s o l i d s  f low l i n e ,  where we have one of t he  b e f o r e  mentioned 

b u t t e r f l y  va lves .  The l i n e  between t h e  two v e s s e l s  i s  roughly 30 f t .  

long,  and a t  about  a 70" s lope.  Across t h i s  valve,  we mainta in  on s t a r t -  

up, a d i f f e r e n t i a l  of 8 p s i ,  and a f t e r  we progress  i n t o  t h e  run  a d i f -  

f e r e n t i a l  a s  low a s  zero p s i  bu t ,  normally one t o  two pounds. We t ake  

g a s i f i e d  char  from t h e  g a s i f i e r  and t r a n s p o r t  i t  t o  t h e  r egene ra to r  t o  
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supply f u e l  f o r  re -ca lc in ing  of t h e  acceptor .  The main c o n t r o l  problem, 

I would say, is  t h e  e a s e  and r e l i a b i l i t y  of ob ta in ing  gas samples from 

t h e  system. This  r e f e r s  t o  what M r .  Byron of P h i l l i p s  s a i d ,  t h a t  water  

is  t h e  most d i f f i c u l t  t o  ana lyze  i n  o rde r  t o  know what is  t h e  pe rcen t  

water  i n  the  gas s t ream l eav ing  t h e  g a s i f i e r .  Our dew p o i n t  of t h e  gas 

from t h e  g a s i f i e r  is 350-400 F which means t h a t  a l l  sampling l i n e s  have 

t o  b e  h e a t  t r aced ,  even above i t 's  dew p o i n t  and of course ,  t h e r e . a r e  

300-400 mesh p a r t i c u l a t e s  i n  t he  sampling l i n e .  We.have b u i l t  a sampling 

system where t h i s  gas  s t ream flows t o  a condenser and is  cooled. The 

water  is then weighed and t h e  dry  gas is  metered. we've spen t  t e n  t o  . 

twelve months t r y i n g  t o  p e r f e c t  a chromatograph which would g ive  us  wa te r  

con ten t  a s  w e l l  as non-condensables from t h e  g a s i f i e r  wi th .  no success .  

I t  w i l l  g ive  us  t h e  normal components, bu t  i t  w i l l  n o t  g ive  water  

r e l i a b l y .  

T. P. Mulcahey, Argonne National  Laboratory 

Q. What degree of model. s o p h i s t i c a t i o n  do you f e e l  is  necessary  t o  

develop p l a n t  c o n t r o l  f o r  t h e  c o a l  processes?  

L. W. Kirsch 

A. I t h i n k  it 's going t o  depend upon t h e  p a r t i c u l a r  u se  i n  which you 

are going t o  u se  t h e  models. I would hope f o r  i n i t i a l  c o n t r o l  

s t r a t e g y  t h a t  you'd be a b l e  t o  u se  very  s imple models, i.e., i n p u t  - 
ou tpu t  models, wi thout  too  much d e t a i l  t o  t h e  i n t e r n a l s  o r  what's 

a c t u a l l y  happening i n s i d e  t h e  process.  The . r ea son  f o r  t h i s  is  t h a t  

g e n e r a l l y  one is going t o  be  i n t e r e s t e d  i n  t h e  c o s t  f o r  doing such a 

th ing  o n  a CPU b a s i s ,  and i f  one is s imula t ing  t h e  e n t i r e  process  then  

t h i s  becomes very  very  expensive. Hopefully you can p u t  t h e  a p p r o p r i a t e  

fudge f a c t o r s  i n t o  t h e  model s o  t h a t  i t  does g ive  a reasonable  represen-  

t a t i o n .  I f  *you a r e  i n t e r e s t e d  i n  more d e t a i l  as t o  what 's  a c t u a l l y  

happening i n s i d e  i n  terms of des ign  cond i t i ons  f o r  t h e  p a r t i c u l a r  vendors,  

t hen  I t h i n k  you are forced  t o  u se  ve ry  d e t a i l e d  models and cons ider  a l l  

t h e  s p e c i f i c  sub-systems. 



W. E. Sch ie s se r  

A. I would say  i n  t e r m s  of ou r  own work, we a r e  assuming t h a t  t h e  u s e r  of 

our  program is comfortable  w i t h  FORTRAN p r o g r a m i n g  and d i f f e r e n t i a l  

equat ions ,  and t h a t  he  can w r i t e  down systems of such equa t ions  t o  des- 

c r i b e  t h e  problem of i n t e r e s t .  W e  a r e  going t o  develop a s e r i e s  of 

modules f o r  v a r i o u s  k inds  of u n i t s  t h a t  w i l l  be  found i n  a p a r t i c u l a r  

p l a n t ;  t h e  chances of those  modules 'being u s e f u l  d i r e c t l y ,  t o  some 

o t h e r  s i t u a t i o n ,  I guess  is r a t h e r  small .  General ly ,  then  I t h i n k  t h e  

u s e r  w i l l  have t o  b e  f a m i l i a r  w i th  dynamic modelling t o  some e x t e n t  and 

t o  b e  a b l e  t o  exp res s  h i s  models i n  terms of equat ions  coded i n  FORTRAN 

programming. 

A. B a s i c a l l y  we a r e  u s ing  t h e  same methodology f o r  commercial measurement 

a s  c o a l  g a s i f i c a t i o n  is; t h a t  i s  a purged pressure ' .path.  I n  t h e  Syn tho i l  

p roces s  we have gone t o  a l i q u i d  purge and have used a 3116th inch  diameter  ' 

process  tap. The p l a n t  is n o t  i n  ope ra t ion  s o  we don' t  have any experi-  

ence on whether o r  n o t  t h i s  w i l l  plug. The PDU i s  a r a t h e r  smal l  u n i t  

and t h e r e  a r e  very  s m a l l  p i p e  s i z e s  involved, and we've had t o  go t o  a 
e : 

114 inch d iameter  thermal we l l ,  most of t hese  a r e  made of Incoloy 800 

because of t h e  p r e s s u r e s  involved. We a r e  designed t o  o p e r a t e  a t  5000 l b s .  .' 

pres su re ,  and t h e  r e a c t o r  s t a g e s  o p e r a t e  a t  approximately 860 F. Incoloy 

is  t h e  m a t e r i a l  h igh  f o r  s t r e n g t h  h igh  r e s i s t a n t  t o  cor ros ion .  The e l e -  

ments a r e  much s h o r t e r  than t h e  ones w e  normally use because of t h e  er- 

r o s i v e  p r o p e r t i e s  of t h e  s l u r r y .  The c o a l  o i l  s l u r r y  is  35% by weight 

coal; So we a r e  uofnu to exper ience  a glow regponw time, i n  tcmpcraturc 

measurements and hopefu l ly  t h e y ' l l  s t a y  t h e r e  long enough f o r  a f u l l  run 

of t h e  p l an t .  A s  f a r  a f low measurement goes, we've managed t o  s t a y  out  

of t h e  h igh  temperature a r eas ,  and a r e  u s i n g ' a  mu l t i t ude  of modes t o  meas- 

u r e  t h e  s l u r r y  f low i n t o  t h e  p l a n t ,  w e  have a thermal ins t rument  on s l u r r y  

inpu t ,  we have c a l i b r a t e d  p o s i t i v e  displacement  pumps, we a l s o  have 

rate of weight  l o s s  on the .  feed  tank. Between these  t h r e e  methods we 

should do a good r a t e  ,of flow i n t o  t h e  p l an t .  A l l  of t h e  s i m i l a r  pro- 

c e s s e s  w i l l  exper ience  a h igh  p r e s s u r e  l e t  down and we o p e r a t e  normally 

a t  4500 l b s .  t o  2000 l b s .  We have t o  . ge t  back down t o  atmospheric  pres- 

s u r e s  f o r  pos t  t rea tment  of ' t h e  s y n t h e t i c  o i l .  A t  t h e  p r e s e n t  time 



w e ' r e  r e ly ing  on a va lve  s i m i l a r  t o  what's used i n  the  p i l o t  p lan t ,  with 

tungsten carbide plug and sea t .  The flow is under the  plug, which is 

contrary  t o  what a l o t  of people who have used these  l e t  down valves. 

The p i l o t  p l a n t  has had e x c e l l e n t  experience with t h i s  type of va lve  and 

w e  hope t o  dup l i ca te  the  same i n  the  process development uni t .  A s  f a r  

a s  da ta  a c q u i s i t i o n s  systems go we have pu t  about twice a s  many sensing 

elements i n  the  p l a n t  a s  w e l l  we normally would i n  a p l a n t  of t h i s  type , '  

We have a da ta  a c q u i s i t i o n  system which has been put  together  f o r  us 

by Taylor Instrument using a va r i an  Y-72 computer and Taylor multi- 

plexing system and we a r e  ga ther ing  approximately 500 points ,  tempera- 

tu re ,  pressure,  flow, and d e l t a  P. I n  add i t ion  t o  t h i s  we a r e  doing 

an extens ive  gas a n a l y s i s  on the  gas wasce streams. There is  no 

reprocessing of the  low pressure  gas streams, those we combusted i n  t h a t  

f l a r e .  They w i l l  be monitored with a chromatographic system and a l l  

t h i s  information w i l l  go i n t o  the  da ta  logging system. It is hoped 

t h a t  t h i s  w i l l  provide enough information t o  produce a ma te r i a l  balance. 

John Modla, Buell-Envirotech 

Q. Has the re  been any comparison of r e s u l t s  between mathematical 

modeling v i a  computer and a c t u a l  experiment on a we l l  defined and 

con t ro l l ed  l abora to ry  experimental s e t  up? 

W. E. Schiesser  

G. H. Quentin, EPRI 

Q. Since measurement of high temperatures appears t o  o f f e r  extreme 

d i f f i c u l t y  f o r  use i n  a con t ro l  system, what experience have you had 

i n  the  use of " in fe r ren t i a l "  cont ro l ,  t h a t  is  i n f e r r i n g  temperature 

(or its e f f e c t s )  from o the r  measurements (such a s  composition)? 

Chairman 

There a r e  no volunteers ,  so  I guess w e ' l l  pass on t h a t  one. 

. . 



N. L. Kautsky, Steams-Roger 

Q. When w i l l  t h e  proceedings ( including t apes .o f  a l l  ques t ions  and 

panel  d iscuss ion)  of t h i s  symposium be a v a i l a b l e  t o  a t tendees?  W i l l  

a l l  a t tendees  automat ica l ly  r ece ive  t h i s  information o r  must we 

reques t  same? 

Chairman 

A. It is  automatic, and you can expect t h i s  information by December, 

according t o  Nancy OIFallon. 

A ,  W. ~ a s s a ,  C. E. Lummus-Synthane 

Q. Not a l l  ins t rumenta t ion  required f o r  commercial s i z e  coal  gas i f lca-  

t i o n  p l a n t s  a r e  economical.ly f e a s i b l e  f o r  p i l o t  p lants .  Vendors 

a r e  welcome t o  propose'  instrumentat ion systems f o r  t e s t i n g  and 

eva lua t ion  under opera t ion  condi t ions  a t  p i l o t  p l a n t s  f o r  vendor 

experience a t  l e s s  than a c t u a l  t o t a l  c o s t s  f o r  prototype instrumenta- 

t ion .  

Chairman 

I understand t h a t  you a r e  saying t h a t  vendors a r e  f r e e  t o  propose 

s o l u t i o n s  f o r  t e s t i n g  i n  p i l o t  p l a n t s  o r  prototype demonstration 

p l a n t s  of any system they f e e l  is  s u i t a b l e  f o r  so lv ing these  problems. 

0. D. Runnels, Lummus 

Q, Does your program include  s t u d i e s  o r  app l i ca t ion  regarding pump 

case  ma te r i a l s  which w i l l  withstand eros ion problems inherent  to : 

c o a l  g a s i f i c a t i o n  f a c i l i t i e s ?  

J? L. Powell 

A. P a r t  of oilr program on equipme~it l r~cluclrs  var ious  pumps. liere iga in , .  

a l l  we can expect t o  do i n  t h i s  s h o r t  time period is. take  pumps, 

commercial, i n  e f f e c t ,  of f  the  s h e l f ,  t r y  t o  determine t h e i r  weak 

po in t s ,  i f  the  s c r o l l  is  onc, and i t  q u i t e  poss ib ly  is ,  o r  o t h e r  

p a r t s ,  suggest modificat ions,  o r  speci fy  such modificat ions i n  the 

procurement of the  pumps f o r  the  p lant .  Retrimming of va lves ,  re- 

trimming of pumps, is  c e r t a i n l y  a d e f i n i t e  p o s s i b i l i t y  and probably 



a requirement i n  order t o  meet some period of operation without 

replacing the piece of equipment. We do have some thoughts along 

those l ines ;  but we do not know which par t icu la r  pieces of equipment we 

w i l l  be able  t o  run through a screening test pr ior  t o  put t ing them i n  

the specif icat ion list,  along with modifications. 
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