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SUMMARY 

Th i s  r e p o r t  p resen ts  progress f o r  t h e  second q u a r t e r  o f  performance on 
Cont rac t  Number DE-AC22-83-PC63032. The e f f o r t  i nc 1 udes Tasks 6 th rough 13 
o f  a  c o n t i n u i n g  program t o  demonstrate t h e  TRW Grav ime l t  coa l  c l e a n i n g  
technology. 

The t echn i ca l  e f f o r t  t h i s  q u a r t e r  has concent ra ted  on d e f i n i n g  an 
operab le  f l o w  scheme, conduc t ing  t he  r e q u i r e d  suppo r t i ng  l a b o r a t o r y  t e s t s  
and e s t a b l i s h i n g  t h e  performance o f  t he  bench s c a l e  c e n t r i f u g e .  Key t o  
d i r e c t i n g  the  development.and scale-up a c t i v i t y ,  was t h e  d e f i n i t i o n  o f  t h e  process 
f low scheme. Based on l a b o r a t o r y  s t u d i e s  o f  t he  r e a c t i o n  and t he  washing/ 
sepa ra t i on  s teps,  i t  was concluded t h a t  a  coun te r - f l ow  r e a c t o r  system was 
needed t o  make t h e  separa t ion  o f  m i n e r a l - r i c h  c a u s t i c  f rom t h e  processed 
c o a l .  The absence o f  m ine ra l  ma t te r  should a l s o  improve t he  f i l t r a t i o n  o f  
t h e  processed c o a l .  Each o f  t he  s teps  have been reviewed t o  determine where 
i n d u s t r y  exper ience w i t h  s i m i l a r  ope ra t i ons  may be a b l e  t o  reduce develop-  
ment e f f o r t  o r  increase conf idence.  

Laboratory  t e s t i n g  has e s t a b l i s h e d  t h e  general  e f f e c t  o f  impure 
c a u s t i c  on the  r e a c t i o n  r a t e  and e x t e n t  o f  ash and s u l f u r  removal. I t  was 
found t h a t  w i t h i n  t h e  expected range o f  mo is tu re ,  s u l f i d e  and m ine ra l  ma t te r  
bu i l d -up ,  t h e  e f f e c t s  a r e  smal l .  Bench sca le  batches o f  processed Kentucky 1 1  . 
coa l  v e r i f y  l a b  sca le  r e s u l t s  which produce coal  meet ing New Source Performance 
Standards (NsPS). For example, batches 1 t o  3  gave s u l f u r  l e v e l s  rang ing  
f rom 0.2 t o  0.4 pounds o f  SOx per  m i l l i o n  Btu (Ib/mm Btu) .  Based on run -o f -  
mine (ROM) s u l f u r ,  t y p i c a l l y  8  t o  12 l b  SOx/mm Btu, t h i s  i s  1/,6 t o  
1/2 the  requ i red  NSPS l e v e l s .  It a l s o  represents  g r e a t e r  than 90% removal 
f rom t h e  mine-cleaned l e v e l  o f  5 I b s  SOx/mm Btu. Counter-current  f l o w  
s i m u l a t i o n  i n  l a b o r a t o r y  batches i s  planned t o  v e r i f y  t h e  r e a c t i o n  e f f e c t s .  
P lann ing  f o r  a  bench sca le  s i z e  r e a c t o r  system was i n i t i a t e d .  I t  w i l l  
generate coun te r -cur ren t  f l o w ,  product  coa l  f o r  a d d i t i o n a l  c e n t r i f u g e  and 
f i l t e r  t e s t i n g .  

The bench-scale cen t r i f uge '  was used t o  concen t ra te  processed coa l  f rom 
c a u s t i c  s l u r r i e s  i n  t he  range o f  2  t o  5% coa l  i n  5 t o  15% aqueous c a u s t i c .  
Cent r i fuge  cakes g e n e r a l l y  were t h i c k  pastes w i t h  35 t o  40% s o l i d s .  The 
f i r s t  t e s t  o f  a  s l u r r y  o f  about 20% coa l  i n  aqueous c a u s t i c  a l s o  gave about 
a  35% s o l i d s  p roduc t .  Laboratory  t e s t s  showed t h a t  concen t ra t i on  by f i l t r a t i o n  
would have been ve ry  slow, p robab ly  as a  r e s u l t  o f  ge la t i nous  p r e c i p i t a t e s  
from the  used c a u s t i c .  



This report presents progress for the second quarter of performance on 

Contract number DE-AC22-83PC63032 dated 17 August 1983 by the U.S. Depart- 

ment of Energy, Pittsburgh Energy Technology Center. The objective of this 

program is to develop and demonstrate the Gravimelt Process for the removal 

of sulfur and ash from coal. Under the program, selected processing steps 

and operations which comprise the process will be defined, experimentally 

tested and assessed to determine their efficacies and feasible use in the 

process. Processing operations or sections to be examined include: the 

leaching reactor, product f i 1 tering and washing, reactant regenerat ion and 

waste handling. Initially, the experimental evaluation of these processing 

operations will be conducted in laboratory and small bench-scale equipment 

and subsequently will be demonstrated in 20 pound per hour, non-integrated 

circuits. Engineering studies of other technologies applicable to the pro- 

cess scheme will also be performed and as appropriate, will be incorporated 

into a 20 pound per hour circuit. Experimental data, engineering analysis , 

and interpretation of these results will be described and summarized in 

various reports and presentations. In this program, Tasks 6 through 13 are 
a continuation of Tasks 1 through 5 performed in the previous contract ( ~ u m -  

ber DE-AC22-81 ~ ~ 4 2 2 9 5 )  compl.eted in June 1983. 



2.0 ACCOMPLISHMENTS 

The program w i l l  be canducted by per fo rming  a  s e r i e s  o f  t asks  which 

a r e  i d e n t i f i e d  i n  the  Statement o f  Work (SOW). The SOW d i r e c t s  t h e  Grav i -  

m e l t  Process development e f f o r t  t o  f o l l o w  up t he  p rev ious  f i v e - t a s k  bench- 

sca le  s tudy  o f  t h e  r e a c t o r  and sepa ra t i on  system w i t h  e i g h t  a d d i t i o n a l  tasks .  

Tasks 6 through 9  r e l a t e  t o  deve lop ing  t he  process s teps,  Tasks 10 through 

12 i n v o l v e  t he  20 pound pe r  hour demonstrat ion and Task 13 i s  p lann ing ,  

r e p o r t i n g  and management. 

The SOW and t h e  p r o j e c t  p l a n  p rov ide  d e t a i l  about t h e  con ten t  o f  each 

t ask .  The f o l l o w i n g  l i s t  shows the  genera l  t ask  requi rements:  

Task 6 - Demonstrate key r e a c t i o n s  i n  c a u s t i c  and a c i d  r e c y c l e .  

Task 7 - Adapt the  Mod I I  r e a c t o r  t o  p rov ide  samples which determine 

e f f i c a c y  o f  the  process i n  reachi.ng 90% ash and s u l f u r  

removal (paramet r i c  t e s t i n g  o f  t h ree  c o a l s )  and t o  p rov ide  

da ta  f o r  t he  scaled-up r e a c t o r  system f o r  Tasks 10 through 

12. 

Task 8 - Test the  s o l i d / l i q u i d  sepa ra t i ng  dev ices needed i n  t he  washing 

stages. 

Task 9  - Sca le ,up  t he  regenera t ion  work de f ined  i n  Task 6.  

Task 10- Engineer t h e  20 l b / h r  u n i t s  and prepare t e s t  p l an .  

Task 1 1 -  Const ruct  and shakedown the  20 l b / h r  u n i t s .  

Task 12- Operate the  u n i t s .  

Dur ing  t h i s  r e p o r t i n g  p e r i o d  most o f  t he  t e c h n i c a l  e f f o r t  was performed 

under Task 6. As a  r e s u l t . o f  these two qua r te r s  o f  e f f o r t  the  process d i a -  

gram has been e s t a b l  ished and' checked o u t .  The r e a c t o r  concept was mod i f  i e d  

based on t he  exper imenta l  f i n d i n g s .  

I n  t he  sec t i ons  t h a t  f o l l o w ,  t he  o v e r a l l  process concept w i l l  f i r s t  be 

presented then t he  suppo r t i ng  Task 6 through Task 8 exper imenta l  data wi 11 

be summarized. 
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2.1 Process D e s c r i p t i o n  

The Grav ime l t  process c o n s i s t s  o f  c o n t a c t i n g  c o a l ' w i t h  f l u i d s  i n  f o u r  

sequen t i a l  s teps .  

1 .  Coal i s  leached w i t h  mol ten c a u s t i c  i n  a  r e a c t o r  system, t o  remove 
s u l f u r  and m ine ra l  ma t t e r  f r om  t h e  coa l  i n t o  t h e  mo l ten  c a u s t i c .  

2.  Coal we t ted  w i t h  c a u s t i c ,  i s  removed f rom t h e  r e a c t o r  and washed 
w i t h  r e c y c l e d  water  o r  d i l u t e  c a u s t i c  t o  recover  adher ing  c a u s t i c  
f r om  the  processed c o a l .  

3 .  Coal i s  t r e a t e d  w i t h  a c i d  t he  remove and recover  a l k a l i  bound t o  
the  coa l  i n  t h e  form o f  o r g a n i c  a c i d  s a l t s .  

4 .  Coal i s  washed w i t h  d i s t i l l e d  process r e c y c l e  water  t o  remove 
r e s i d u a l  a c i d .  

E f f l u e n t  l i q u i d s  f rom each o f  these f o u r  c o n t a c t i n g  s teps must be reused 

e i t h e r  d i r e c t l y  o r  a f t e r  r egene ra t i on  i n  o r d e r  t o  complete the  process f l o w  

sheet.  F i gu re  1 p resen ts  t he  Grav imel t  process w i t h  t he  f o u r  coa l  l each ing  

s teps shown across t he  t o p  of  the  d iagram i n t e r f a c i n g  w i t h  t he  l i q u i d  regen- 

e r a t i o n  and r e c y c l e  s teps .  

The f o l l o w i n g  i s  a  d e s c r i p t i o n  o f  t h e  Grav ime l t  Process shown i n  F i gu re  1 .  

I n  t h e  f i r s t  s tage o f  t he  c a u s t i c  l each ing  r e a c t o r  system, coa l  i s  con- 

t a c t e d  w i t h  spent fused c a u s t i c  i n  a  w e t t i n g  zone o r  vesse l .  The o v e r f l o w  

coa l  i s  con tac ted  w i t h  l ess  spent c a u s t i c  i n  severa l  success ive r e a c t i o n  

zones o r  vesse ls .  The o v e r f l o w  ( f l o a t )  coa l  f rom the  n e x t  t o  l a s t  s tage i s  

con tac ted  w i t h  f r e s h  c a u s t i c  i n  f i n a l .  r e a c t i o n  vessel  t o  which f r e s h  c a u s t i c  

i s  c o n s t a n t l y  added. Approx imate ly  90% o f  t he  coa l  s u l f u r  has d i s s o l v e d  i n  

t h e  fused c a u s t i c  as.sod ium (mixed sodium and potassium) s u l f i d e  95% o f  t he  

coa l  m ine ra l  ma t t e r  has d i s s o l v e d  i n  t h e  fused c a u s t i c  as a l k a l i  a lumina te /  

s i l i c a t e  and,about  1% .of t h e  coa l  carbon has been conver ted  t o  sodium carbon- 

a t e  which I s  a l s o  so l .ub le  i n  t he  fused c a u s t i c .  I n  a d d i t i o n ,  the  coa l  r i s i . n g  

t o  t h e  t o p  o f  the  1 a s t . r e a c t o r  s tage has about two w e i g h t s . o f  fused c a u s t i c  

absorbed bo th  on t he  su r f ace  and w i t h i n  pores and c racks  as w e l l  as some 

a l k a l i  bondedas  s o d i u m ; ~ c a r b o x y l a t e a n d  sod iumpheno la tes  t o t h e c a r b o n  . 

- - 

fi Throughout t he  d e s c r i p t i o n ,  sodium g e n e r a l l y  w i l l  i n c l u d e  m ix tu res  o f  
sodium and potass ium d e r i v e d  f rom t h e  mixed NaOH/KOH c a u s t i c  m e l t .  



m a t r i x .  The amount o f  absorbed c a u s t i c  a t  the  same r e a c t i o n  cond i t i ons ,  i s  

l e s s  f o r  the  more unreac t ive  coa ls  such as Upper Freeport seam and more f o r  

t he  more r e a c t i v e  coal  such as Kentucky # 1 1  seam and in te rmed ia te  f o r  coals  

such as P i t t s b u r g h  #8.. S i m i l a r  t rends ho ld  f o r  t he  chemica l ly  bound a l k a l i .  

The f l o a t  f rom the  f i n a l  reac t i on  stage i s  skimmed o f f  i n t o  a  pressure f i l -  

t e r  where the  c a u s t i c  content  i s  reduced t o  the two weight l e v e l  descr ibed 

above. The f i l t r a t e  c a u s t i c  conta ins  l i t t l e  s u l f i d e ,  minera l  mat te r  o r  car- 

bonate as coal  was t r e a t e d  i n  a counter  cu r ren t  fash ion  w i t h  f r e s h  caus t i c  

i n  the l a s t  stage. Therefore t h i s  c a u s t i c  i s  re tu rned t o  the  f i n a l  stage o f  

t he  reac tor  system as f r e s h  c a u s t i c .  A l l  o f  these steps occur w i t h i n  the 

c a u s t i c  leaching box shown i n  the  process diagram. 

The f i l t e r  cake, c o n s i s t i n g  o f  coal  w i t h  about two weights o f  caus t i c ,  

i s  washed i n  a  counter  cu r ren t  wash system by contac t  w i t h  i nc reas ing l y  d i l u t e  

aqueous caus t i c .   his con tac t i ng  w i l l  remove most o f  the unbound, absorbed 

c a u s t i c  and leave about two weight percent a l k a l i  metal which i s  i o n i c a l l y  

bounded t o  the  coa l .  I t  i s  a n t i c i p a t e d  t h a t  these f i l t r a t i o n s  w i l l  proceed 

r a p i d l y  due t o  the  ve ry  small amount o f  minera l  mat te r  remaining i n  the  coal  

a f t e r  counter cu r ren t  fused c a u s t i c  e x t r a c t i o n  however, i f  problems occur 

as the pH o f  the wash sec t i on  t raverses  the  range o f  13 t o  9, o the r  techniques 

may be u t i l i z e d  t o  avo id  ge l  format ion.  The most concentrated aqueous caus t i c  

( f i r s t  stage) i s  sent t o  the evaporator  where i t  i s  concentrated a long w i t h  

f r e s h l y  regenerated c a u s t i c  and returned t o  the reac tor  system. 

The coal  i b  I I ~ R L  waslied w i t h  an aqueous ac id  s o l u t i o n  t o  rcducc thc  51- 

k a l i  content  o f  the  coal  by hyd ro l yz ing  the i o n i c a l l y  bound a l k a l i .  When the 

a c i d  i s  s u l f u r i c  ac id ,  the d i l u t e  s a l t  i s  a l k a l i  s u l f a t e  which can be regen- 

erated,  f o r  example, by e l e c t r o l y s i s  t o  recover the  a l k a l i  as d i l u t e  caus t i c  

and the  s u l f a t e  as d i l u t e  sulfurlc a c l d  f o r  recyc le .  The a l k a l i  s u l f a t e  a l s o  

may be handled i n  a water treatment p l a n t  by i o n i c  exchange t o  conver t  the 

sodium content  t o  sodium hydroxide and the s u l f a t e  content  t o  amonium s u l -  

f a t e  (w i th  ammonia e l u t i o n ) .  The ammonium s u l f a t e  e i t h e r  becomes a  f e r t i l  i -  

zer  product o f  the process o r  may be heat t rea ted  t o  p rov lde  ammonia fo r  re -  

c y c l e  and s u l f u r i c  a c i d  as a  product of  the process. 

Coal from the  a c i d  wash s tep  i s  washed w i t h  water from the caus t i c  concen- 

t r a t i o n  evaporator  t o  remove the  res idua l  ac id .  Th is  water wet coal  i s  the 

form o f  a  f i 1 t e r  (o r  c e n t r i f u g e )  cake i s  the process product which can be added 



t o  course coa l  (c leaned by convent iona l  phys i ca l  means) and shipped t o  market 

as i s  now e s s e n t i a l l y  common p r a c t i c e  i n  t he  coa l  p r e p a r a t i o n  i n d u s t r y ,  

where t h e  coa l  f i nes  a r e  s imp ly  n o t  c leaned o r  d r i e d .  A l t e r n a t i v e l y ,  t h e  

coa l  can -be  s l u r r i e d  w i t h  wate r  t o  make coa l  water  m i x t u r e  a f t e r  s u i t a b l e  

a d d i t i o n a l  g r i n d i n g  and a d d i t i o n  o f  a  s t a b i l i z a t i o n  package, o r  t he  coa l  

can be b r i c k e t e d  f o r  shipment as pure g rav ime l t  c o a l .  

Spent a l k a l i  drawn f rom the  bottom s e c t i o n  o f  t he  coal. w e t t i n g  p o r t i o n  

o f  t he  r e a c t o r  system con ta ins  t he  d i sso l ved  coa l  m inera l  m a t t e r ,  s u l f i d e  

and carbonate. Th i s  fused c a u s t i c  i s  d i l u t e d  w i t h  water  and coo led  t o  p re -  

c i p i t a t e  sodium s u l f i d e  and carbonate.  The p r e c i p i t a t e d  s u l f i d e  and c a r -  

bonate, which may c o n t a i n  coa l  f i n e s  and some minera l  ma t te r ,  i s  f i l t e r e d  away 

from the  concent ra ted  aqueous c a u s t i c .  The f i l t e r  cake i s  e x t r a c t e d  w i t h  

water t o  separate t he  water  s o l u b l e  a l k a l i  s u l f i d e  and carbonate from 

. t h e  r e s i d u a l  coa l  f i n e s  which a r e  added t o  the  main coa l  stream f o r  washing. 

These s teps a r e  conducted I n  the  f l o w  diagram box i d e n t i f i e d  as " D i l u t i o n ,  

Cool ing,  Separat ion".  

One process .stream f rom the  p rev ious  s t e p  c o n s i s t s  o f  d i l u t e  aqueous 

s u l f i d e  and carbonate. Th i s  stream i s  processed i n  t he  s u l f i d e  regenera t ion  

s e c t i o n  t o  g i v e  e lementa l  s u l f u r  and d i l u t e  aqueous c a u s t i c .  The regenera t ion  

s teps i nc l ude :  carbon d i o x i d e  t reatment  o f  t he  aqueous s u l f i d e  t o  g i v e  hydro- 

gen s u l f i d e  and a l k a l i  carbonate, c o n v e r t i n g  t he  hydrogen s u l f i d e  t o  s u l f u r  

i n  a  Claus p l a n t ,  l i m i n g  t he  a l k a l i  ca'rbonate t o  d i l u t e  c a u s t i c  and ca l c i um 

carbonate, and decomposing the  ca l c i um carbonate t o  produce t h e  carbon d i o -  

x i d e  and l ime  used i n  the  p rev ious  s teps.  The d i l u t e  aqueous c a u s t i c  i s  

evaporated and heated t o  produce d r y  c a u s t i c  f o r  r e c y c l e  t o  t h e  r e a c t i o n  

system. 

The second process stream f rom the  " D i l u t i o n ,  Cool ing,  Separat ion1 '  s tep  

i s  the  concent ra ted  aqueous c a u s t i c  which i s  now low i n  s u l f i d e  and carbonate, 

bu t  con ta ins  the  d i sso l ved  minera l  ma t te r .  The t y p i c a l  coa l  ash con ta ins  

about 20% alumina f rom sha le  and c l a y ,  a  s i m i l a r  amount o f  i r o n  ox ide  from 

the  reac ted  p y r i t e ,  40% t o  50% s i l i c a  f rom shale,  c l a y  and q u a r t z  a long  w i t h  

a f e w  percen t  uF a l k a l l  and a l k a l i n e  e a r t h  ox ides ,  t i t a n i a  and many o t h e r  

element a t  low l e v e l s .  Th i s  stream resembles the  stream t h a t  would be p ro -  

duced i n  t h e  alul,,i'na i n d u s t r y  i f  impure b a u x i t e  were t o t a l l y  d i sso l ved  i n  

c a u s t i c .  By a d j u s t i n g  c o n d i t i o n s  t o  those s i m i l a r  t o  t he  b a u x i t e  process,  

7 



i t  may be p o s s i b l e  t o  separa te  an alumina p roduc t  f rom an i r o n  ox ide  and 

s i l i c a  by -p roduc t  and o t h e r  m ine ra l  waste m a t e r i a l .  The p r i n c i p a l  r e q u i r e -  

ment o f  t h i s  process s e c t i o n  i s  t o  p r o v i d e  s u i t a b l e  c o n d i t i o n s  f o r  h y d r o l y -  

s i s  o f  t he  a l k a l i  aluminate/silicate/ferrite m a t e r i a l  t o  recover  most o f  the  

a l k a l i  f o r  r e c y c l e .  

Most o f  t h e  key s teps have now been t e s t e d  w i t h  s imu la ted  streams as a 

p a r t  o f  t h i s  p r o j e c t .  Test r e s u l t s  ob ta i ned  d u r i n g  t h i s  r e p o r t i n g  p e r i o d  

a r e  summarized i n  the  nex t  sec t i on .  



2.2 Labora to ry  T e s t i n g  

Through t h i s  r e p o r t i n g  pe r i od ,  l a b o r a t o r y  exper iments  have been com- 

peted through number GC59. A  b r i e f  l i s t  g i v i n g  t h e  t ype  and t e s t  con- 

d i t i o n s  o f  each exper iment i s  g i ven  i n  Table 1 .  A n a l y t i c a l  r e s u l t s  0.f t he  

coa l  analyses a r e  g i ven  i n  t a b u l a r  form i n  the.Appendix .  I n  t h e  d i scus -  

s ions  which f o l l o w  se lec ted  runs f rom the  Appendix w i l l  be grouped t o  show 

the  comparisons. 

Mo is tu re  E f f e c t s  

Caus t i c  as purchased i s  nomina l l y  anhydrous. I n  t he  case o f  sodium hy-  

d rox ide ,  t he  mo is tu re  i s  l e s s  than 1 %  and p robab ly  a  few ten ths  o f  percen t .  

The "anhydrous" potass i urn hydrox ide  con ta ins  about 12% mois tu re  regard less  

o f  t he  grade o r  source o f  supply .  Thus, s tandard t e s t  runs c o n t a i n  6% 

mois tu re  i n  the  50/50 c a u s t i c  b lend.  Loss o f  mo i s tu re  f rom the  m e l t  occurs 

d u r i n g  an exper iment and t y p i c a l l y  t he  f i n a l  mo is tu re  1 e v e l . i ~  about one- 

h a l f  the  s t a r t i n g  va lue.  A  more sys temat ic  look  a t  t he  e f f e c t  o f  mo i s tu re  

was undertaken. The r e s u l t i n g  da ta  a re  shown i n  Table 2 .  The e f f e c t  o f  

mo is tu re  on s u l f u r  and ash removal appears t o  be sma l l .  Tests  21 and I S  

f o r  1 hour and t e s t  28 f o r  2  hours,  show t h a t  s tandard wet c a u s t i c  a t  350°C, 

g i ves  processed coa l  w i t h  s l i g h t l y  more than 1 %  s u l f u r  and about 3/4% ash. 

Dry t e s t s  a t  350°C f o r  1 and 2  hours ( ~ e s t s  20, 7, 31,  53) g i v e  an average 

o f  2/34 S an 3/4% ash. 

The 4 hour t e s t s  (Test 29 wet and 30 d r y )  a l s o  show a  smal l  improve- 

ment i n  s u l f u r  removal f o r  t he  d r y  c a u s t i c ,  and as expected, bo th  processed 

coa l s  have cor respond ing ly  lower s u l f u r  than coa l  f rom t h e  1 and 2  hour 

t e s t s .  Tests  32 and 33 w i t h  a  h i ghe r  l e v e l  o f  KOH, had a h ighe r  mo is tu re  

con ten t  i n  the  wet t e s t  and d r y i n g  s t i l l  l e f t  about 3% mo is tu re  i n  t h e  

c a u s t i c .  There appears t o  be no d i f f e r e n c e  i n  t he  two r e s u l t s ,  bu t  the  

increased KOH produces a  somewhat more agress ive  c a u s t i c  melt ' .  As a r e s u l t ,  

t h e  coa l  processed f o r  1 hour i n  -wet 25/75 c a u s t i c  has t he  same s u l f u r  l e v e l  

as 4 hours i n  wet 58/50 c a u s t i c  o r  1 t o  2 hours i n  d r y  50/50 c a u s t i c .  

S u l f u r  E f fecLs  

The e f f e c t  o f  s u l f i d e  concen t ra t i on  i n  t he  c a u s t i c  me l t  on coal  c l ean ing  

was t e s t e d  up t o  the  6% s u l f u r  l e v e l .  The 6% ' leve l  was the  c a l c u l a t e d  steady 

s t a t e  r e a c t o r  e f f l u e n t  concen t ra t i on  i n  the  o r i g i n a l  co -cur ren t  f l o w  r e a c t o r  



Table 1 - Bench Scale Gravimelt Laboratory Experiments 

G C - Experiment (Descriptive notes at conclusion of 1 ist) 

Sulfide Crystallization 

Nickel Reactor - Sulfide Stability 
Nickel Reactor - Sulfide Stability 

Sulffde Crybldllization 

Acid Wash Ky No. 11, Mod I I Batch 1, 50/50 (370/120) 

Nickel Reactor - Sulfide Stability 
Dry 50/50 Me1 t , Ky No. 1 1  (350/60) 

Sulfide Crystallization 

Sulfide Crystal l izat ion 

Sulfide Crystal 1 izat ion 

Sulfide Crystal 1 izat ion 

Sulfide Crystallization 

Sulfide Crystal 1 izat ion 

Acid Wash Ky No. 11, Mod I I  Batch 1, 50/50 (370/120) 

Standard 50/50 Me1 t , Ky No. 1 1 (350/60) 

Ash Fi 1 trat ion (Precipitation by Cool ing) 

Used Caustic from Mod I I after UF Runs, Ky No. 1 1  (350/60) 

Sulfide Crystal 1 izat ion (used Caustic) 

Ash Filtration (Precfpi tatlon by Cool ing) 

Dry 50/50 Me 1 t , Ky No. 1 1 (350/60) - GC 7 Repeat 
Standard 50/50 Me1 t, Ky No. 1 1  (350/60) - GC 15 Repeat 
Ash Filtration (precipitation by Cooling) 



(Cont I d )  

Experiment ( ~ e s c r  i p t  i v e  no tes  a t  conc lus ion  o f  1 i s t )  

Standard 50/50 Me1 t W i th  1% S as FeS2, Ky No. 11 (350/60) 

Standard 50/50 Me1 t W i  t h  2% S as FeS2, Ky No. 1 1 (350/60) 

Standard 50/50 Me l t  Wi th  6% S as FeS2, Ky No. 1 1  (350/60) 

Standard 50/50 Me l t  Wi th  6% S as Na2S, Ky No. 11 (350/60) 

Dry 50/50 M e l t  Wi th  6% S as Na2S, Ky No. 11 (350/60) 

Standard 50/50 Me1 t ,  Ky No. 11 (350/120) 

Standard 50/50 Me1 t ,  Ky No. 11 (350/240) 

Dry 50/50 Me1 t , Ky No. 1 1 (350/240) 

Dry 50/50 Me1 t ,  Ky No. 1 1  (350/120) 

Standard 25/75 Me1 t , Ky No. 1 1 (350/60) 

Dry 25/75 Me 1 t , Ky No. 1 1 (350/60) 

Standard 50/50 Me1 t Wi th  108 Carbonate (350/60) 

Standard 50/50 Me1 t Wi th  10% Carbonate (370/60) 

A c i d  Wash Ky No. 1 1 ,  Mod I I Batch 15, 50/50 (350/60) 

Ac id  Wash Ky No. 11 , Mod I I Batch 15, 50/50 (350/60) 

Standard 50/50 Me1 t , Ky No. 1 1  (370/60) 

Standard 50/50 Me l t ,  Ky No. 1 1  (370/120) 

Ac id  Wash Wi th  Gr ind ing ,  P i t t  No. 8 

Ac id  Wash Wi th  Gr ind ing ,  P i t t  No. 8 

42 Ac id  Wash Wi th  Gr ind ing ,  P i t t '  No. 8 

'4 3 Aeid Wash Wi th  Gr ind ing ,  Blrr No. 8 

4 4 Standard 50/50 Me l t  Wi th  9% K a o l i n l r e ,  Ky No. 1 1  (370/60) 

45 Standard 50/50 Me1 t Wi th  9% C a l c i t e ,  Ky No. 1 1  (,370/60) 

46 Ac id  Wash I 1 1  No. 6 

4 7 Ac id  Wash Wi th  Gr ind ing ,  I 1 1  No. 6 



(Con t ' d) 

Experiment (Desc r ip t i ve  notes a t  conclus ion o f  1 i s t )  -. .. - 

Ac id  Wash P i t t  No. 8 

Ac id  Wash With Gr inding,  P i t t  No. 8 

Standard 50/50 Mel t  w i t h  13% Na2S04, Ky No. 1 1  (350/60) 

Acid Wash, Upper Freeport 

Ac id  Wash With Gr inding,  Upper Freeport  

Dry 50/50 Me1 t ,  Oven Dr ied  Coal ( 1 7 0 ' ~ )  Ky No. 1 1  (350/60) 

Process Exper iment , 8 ~ 2 0  Me1 t , Ky No. 1 1 (325/60) 

Process Experiment, 801'20 Me l t ,  P i t t  No. 8 (350/60) 

Standard 50/50 Mel t  With 1.5% Na2S0,,, Ky No. 1 1  (350/60) 

Standard 80/20 Me1 t ,  Double-Dip, Ky No. 1 1  (325/60+60) 

Standard 80/20 Mel t ,  Double-Dip, P i t t  No. 8 (350/60+60) 

Standard 80120 Me1 t , Ky No. 1 1 (325/120) 

Notes : 

Caust ic r a t i o ,  designated 50/50, 25/75 o r  80/20, a re  the weight 

r a t i o  of  "as received" NaOH/KOH used f o r  the reac t ion .  The tempera- 

t u r e ,  O C  and r e a c t i o n  t ime i n  minutes a re  shown i n  parentheses, f o r  

example, (370/120) o r  (350/60). Some o f  the experiments d i d  no t  

i n v o l v e  the  r e a c t i o n  o f  c a u s t i c  and coa l .  These experiments invo lved:  

c a u s t i c  sampling, s u l f u r  forms ana lys i s  i n  molten caus t i c ,  a c i d  wash- 

i n g  o f  processed. coal  samples t o  e x t r a c t  minera l  mat te r  and caus t i c ,  

a s h ' p r e c i p i t a t i o n  and sodium s u l f i d e  c r y s t a l l i z a t i o n .  The l a t e s t  t e s t s  

i nvo l ve  m u l t i p l e  stage contac t  as p a r t  o f  the  counter -cur ren t  reac tor  

s imu la t i on  exper imentat ion.  Some o f  the coal  experiments were repeated 

l a t e r  and assigned new t e s t  numbers, f o r  example, 20 repeats 7 and 21 

repeats 15.  I n  o the r  cases the dup l i ca tes  were performed consecut ive ly  

and designated w i t h  an "A", f o r  exmaple, 23 and 23A, 24 and 24A o r  25 

and 25A. These "A" experiments a r e  no t  separate ly  l i s t e d  i n  t h i s  t a b l e .  



TABLE 2. INFLUENCE OF MOISTURE ON PROCESSED COAL 

Test 
No. 

Mo is tu re ,  % 
l n i  t i a l  F i n a l  

React ion Cond i t ions  
Temp OC/Time, mm 

NaOH/KOH R a t i o  
Warner (ASTM) Analyses 

s t , %   AS^,% ~ t u / l b  (MAF) -- 
s t a r t i n g  coal-Ky 1 1  - - 3.25 11.16 14319 

(dupl  i c a t e  sample) } 

(dup 1 i c a t e  sample) .50 .19 12942 

350°/60 
- 0  - 0 Sol50 .72 -.67 13735 

Vac. d r y  coal  170' 



des ign  w i t h  t h e  f l o a t  c o a l  c o n t a i n  one-ha l f  we igh t  o f .  c a u s t i c  pe r  weight  

o f  c o a l .  Ac tua l  c a u s t i c  t o  coa l  r a t i o s  were found t o  be about 2/1 r e s u l t i n g  

i n  a  steady s t a t e  s u l f i d e  l e v e l  o f  about 1.5%. The c u r r e n t  coun te r -cur ren t  

f l o w  r e a c t o r  system w i l l  have s u l f i d e  i n  t he  f i r s t  s tage near 2%. bu t  an 

o r d e r  o f  magnitude lower  i n  t h e  f i n a l  stage. The r e s u l t s  i n  Table 3 show 

t h a t  problems w i t h  s u l f u r  removal would have been encountered a t  t h e  6% 

s u l f i d e  l e v e l ,  bu t  l i t t l e  i f  any l o s s  o f  e f f i c i e n c y  occurs a t  1% and 24. 

The s l i g h t l y  lower  s u l f u r  f rom the  1% s u l f i d e  me l t  i s  most l i k e l y  a  r e s u l t  

o f  d r y i n g  t he  c a u s t i c  d u r i n g  t h e  p y r i t e  r e a c t i o n  t h a t  preceded t he  coa l  

t r ea tmen t .  'P robab l y  a t  24 s u l f f d e ,  t he  b e n e f i t  o f  d r y  c a u s r l c  was balanced 

by a  s l  i g h t  reduc t  i o n  i n  removal e f f i c i e n c y .  

A l though t h e  6% s u l f i d e  t e s t s  a r e  no t  the  planned o p e r a t i n g  s u l f i d e  

l e v e l ,  an e f f o r t  was made t o  understand t he  r e s u l t s .  S u l f u r  forms a r l a l ys i 5  

showed t h a t  t h e  inc rease  i n  coa l  s u l f u r  was no t  an increase i n  p y r i t e  t h a t  

would have i n d i c a t e d  an incomplete r e a c t i o n  o f  t he  minera l  added f i r s t  t o  

t he  m e l t .  I t  was p o s t u l a t e d  t h a t  e lementa l  s u l f u r  may be formed by the  

p y r i t e / c a u s t i c  r e a c t i o n  which would be p i cked  up by t he  coa l  and appear as 

o r g a n i c  s u l f u r  i n  t h e  a n a l y s i s  scheme. Based on ou r  o x y d e s u l f u r i z a t i o n  

exper ience,  we e x t r a c t e d  the p roduc t  coa l  w i t h  t o l uene  as an e f f e c t i v e  way 

t o  remove e lementa l  s u l f u r .  The r e s u l t s  o f  the  to luene  t reatment  a r e  as 

f o l l o w s :  

S u l f u r  Forms, % W/W 

25 Unt rea ted  - - - - - - 7.95 

To1 uene Ex t rac ted  .25 .50 3.35 4.10 

25A Unt rea ted  .12 - 36 6.62 7.10 

Tu luen t  Cxt rac tcd  , I 1  . 76 3 . 3 5  11.22 

E v i d e n t l y  n o t  a l l  o f  t he  s u l f u r  i s  present  as e lementa l  s u l f u r ,  bu t  sonre 

may be. No f u r t h e r  e f f o r t  i s  planned t o  i n t e r p r e t  t he  s u l f u r  increase a t  

h i g h  s u l f i d e  concen t ra t i ons .  



TABLE 3. LABORATORY TESTS W I T H  CAUSTIC CONTAINING DISSOLVED SULFIDE 

Test S u l f u r  i n  S u l f u r  Forms, % ASTM B tu / l  b 
No. Me l t ,  % S S So T Ash,% 

S 
MAF 

P 

- - S t a r t i n g  cca l  1.73 .O2 1.46 3.25 11.16 14319 

2 1 0 .12 .011 1 .OO 1.16 .85 13254 

I 5  0 - - - - - - 1.15 -97  13595 

( d u p l i c a t e  sample) - - - - - - 1 .011 .51 1.3853 

2 3 I% from Fes2 ( I )  - - - - - - .S1 .60 13499 

2 3A (dupl  i c a t e  t e s t )  - - - - - - -34 .83 13745 

24 2% f rom FeS2 - - - - - - 1.04 .94 13379 

2 4A (dupl  i c a t e  t e s t )  - - - - - - - 1.32 1.47 
v, 

13584 

25 6% f rom FeS2 - - - - - - .7.95 1.79 13055 

25A (dupl  i c a t e  t e s t )  .12 .36 6.62 7.10 1.28 12855 . 

26 6% f rom Na2S[2) .14 .O1 2.09 2.24 .96 13665 

2 7 6% f rom Na2S :3) - - - - - - 1.99 1.38 13749 

(I) H ine ra l  p y r i t e  was f i r s t  reacted w i t h  the  c a u s t i c  t o  t he  se lec ted  s u l f u r  l e v e l .  Probably  
some c a u s t i c  d r y i n g  a l s o  occurred d u r i n g  the  p y r i t e  r eac t i on .  

(2) Prepared by adding Na2S.gH20. The r e s u l t i n g  c a u s t i c  was much w e t t e r  than usua l .  (Ca lcu la ted  
27.3% - vs. 6% norma l ) .  

(3) Dup l i ca te  o f  Test 26 except the  me l t  was d r i e d  ove rn igh t  t o  an es t imated  8% mois tu re .  



Ash and M ine ra l  E f f e c t  

Three t e s t s  were conducted t o  e s t a b l i s h  t he  l e v e l  o f  emphasis t h a t  

shou ld  be p laced  i n  s t u d y i n g  ash and carbonate e f f e c t s  on coa l  c l e a n i n g  

e f f i c i e n c y .  Test  34 used a  s y n t h e t i c  b lend  o f  10% carbonate added t o  

t h e  c a u s t i c .  T h i s  was compared t o  Test 17 which had used c a u s t i c  f r om the  

Mod I I reactor,  i n  which t h e  c a u s t i c  f o l l o w i n g  t he  l a s t  (26th)  batch, had 

been f u r t h e r  contaminated by two batches o f  40% ash, Upper F reepor t ,  run-  

o f -mine c o a l .  Test 35 used t he  same s y n t h e t i c  me l t  as Test 34 bu t  was 

conducted a t  370' i ns tead  o f  350". Table 4  shows t h a t  bo th  t h e  used 

c a u s t i c  (Test 17) and the  s y n t h e t i c  b lend (Test 34) gave s i m l l a r  r e s u l t s ,  

b u t  had less  ash and s u l f u r  removal than the t e s t s  w i t h  c l ean  c a u s t i c .  

I nc reas ing  the  r e a c t i o n  temperature t o  370" r es to red  t he  r r ~ e l t  e f f i c i e n c y .  

I n  t he  p resen t  coun te r - cu r ren t  t l o w  reac to?  sysrem, h lg t i  as11 cu111e11lr 

c a u s t i c  w i l l  be i n  t h e  f i r s t  stage where m ix i ng  and w e t t i n g  o f  t he  coa l  

occu rs .  Ash l e v e l s  i n  t h e  f i r s t  stage a re  es t imated  t o  be below 104 and 

p robab l y  below 5%. There w i l l  be a  3 o r  4 f o l d  decrease w i t h  each succes- 

s i v e  s tage,  and i n  t h e ' f i n a l  s tage,  the  c a u s t i c  w i l l  c o n t a i n  a  few ten ths  

percen t  ash o r  l e s s .  V e r i f i c a t i o n  t e s t s  o f  t he  coun te r - cu r ren t  system w i l l  

be performed. 



Test  
No. - 

TABLE 4.  TESTS WITH ASH AND CARBONATE I N  CAUSTIC 

A d d i t i v e s  & 
I m p u r i t i e s  

s t a r t i n g  
coa 1 - Ky 1 1 

None 

None 

(dupl i c a t e  
sampl e )  

Used - Mod 1 1  

Temp 
O C Ash, % 



2.3 C e n t r i f u g e  T e s t i n g  

One o f  t he  purposes o f  p rocess ing  26 batches o f  Kentucky 11 coa l  i n  

t h e  Mod I I  r e a c t o r  was t o  o b t a i n  t h e  l a r g e  q u a n t i t y  o f  coa l  needed f o r  

c e n t r i f u g e  t e s t i n g .  Batches 15 th rough 26 were prepared a t  a  s i n g l e  reac- 

t . ion c o n d i t i o n  (350°C/60 minu tes ) .  A f t e r  samples o f  each ba tch  were 

removed and s to red ,  437 pounds o f  t h e  478 pounds o f  caus t  i c / coa l  p roduc t  

were d i s s o l v e d  i n  wate r  t o  prepare d i l u t e  s l u r r i e s  f o r  c e n t r i f u g e  t e s t s .  

Four s l u r r y  batches (CFGl-4) were prepared each u s i n g  about one - fou r t h  

o f  t h e  c o a l / c a u s t i c  m a t e r i a l  d i sso l ved  i n  about 7 c u b i c  f ee t  o f  water  t o  

g i v e  a  coa l  p l u s  c a u s t i c  c o n c e n t r a t i o n  o f  about 20%. The processed coa l  i s  

about  o n e - f o u r t h  o f  t h e  s o l i d  c o a l / c a u s t i c  cake, and i s  t h e r e f o r e  about 58 

o f  t h e  aqueous c a u s t i c  s l u r r y .  Batch CFGl was he ld  f o r  l a t e r  b l end ing  o f  a 

m s t c r  batch  A 

Batches CFG2 and 3  were f ed  a t  t he  r a t e  o f  about 0.5 gpm t o  t h e  c e n t r i -  

fuge  o p e r a t i n g  a t  3000 rpm (about 750 g ' s ) .  The c e n t r i f u g e  cake was a  t h i c k  

pas te  cons i s tency  w i t h  about 43% s o l i d s .  Batch CFG 4  was s p l i t  and each p a r t  

d i l u t e d  t o  about 10% c a u s t i c  p l u s  3% c o a l .  At t he  same c e n t r i f u g e  o p e r a t i n g  

c o n d i t i o n s ,  these each gave a  c e n t r i f u g e  coke w i t h  40% s o l i d s .  

A  . f i f t h  ba t ch  ( c F G ~ )  was prepared l i k e  ba tch  CFG4 and d i l u t e d  t o  about 

t h e  'same l e v e l s .  These gave c e n t r i f u g e  cakes w i t h  39% s o l i d s .  Two a d d i t i o n a l  

batches were prepared a t  s t i l l  g r e a t e r  d i l u t i o n  u s i n g  coa l  f rom the  Hod I 1  

r e a c t o r ,  Batches 1 - 1 1  processed a t  37UeC f o r  2 hours. Batch CFGG was 69; 

c a u s t i c  p l u s  2% coa l  and CFG7 was about 7% c a u s t i c  p l u s  2% coa l .  These were 

separated a t  t h e  same c e n t r i f u g e  o p e r a t i n g  c o n d i t i o n s  t o  y i e l d  cakes o f  34% 

and 32% so l  ids .  

A  summary-of these seven batches o f  s l u r r y  and t he  main r e s u l t s  o f  t h e  

c e n t r i f u g e  sepa ra t i on  i s  g i ven  i n  Table 5. 

From the  c e n t r i f u g e  cakes ob ta ined  i n  sepa ra t i ng  Batches CFG2 through 7  

p l u s  17.5 ga l  l nns  o f  Batch CFGl, a  master ba tch  (CFG8) was prepared. I t  had a  

s p e c i f i c  g r a v i t y  o f  about 1.3 and had 2 0 t o  25% coa l  i n  about 10 - 15% aqueous 

c a s t i c .  Th is  s l u r r y  d i d  n o t  f l o w  w e l l  and plugged the  teed l i n e s .  Water was 

added t o  reduce t he  s p e c i f i c  g r a v i t y  t o  1.17 and c e n t r i f u g e  cakes o f  30.5 t o  

36.3% s o l i d s  were ob ta i ned  d u r i n g  one hour o f  ope ra t i on .  Eva lua t i on  i s  no t  

complete and mass balances w i l l  be d i f f i c u l t  because a  p l u g  appa ren t l y  developed 



j u s t  be fore  the end o f  the  one-hour t e s t .  The p lug  c leared i t s e l f ,  but 

caused a  bu rs t  o f  cen t ra te  t o  mix w i t h  the  c e n t r i f u g e  cake as the  one-hour 

sample was being obtained. 

The c e n t r i f u g e  speed was increased t o  SO00 rpm (about 2000 9 ' s )  f o r  the 

next t e s t s  planned f o r  s l u r r y  from t h i s  d i l u t e d  (sp. g r .  1.17) Batch 8.. 



TABLE 5. CENTRIFUGE TESTS, OILUTI 'LURRIES 

Batch 
No. 

CFG 1 

Mod I I Batches 
Numbers W t - l b  

26,25,24" 

24+,23,22,21+ 

21",20,19* 

?9",18,17,16,15" 

20 ga l  

20 ga l  

15*s13,11 

25 5a l  

Reme i nder 

10 

9 

r 

104.1 

104.1 

104 

124.9 

195(est) 

195(est) 

105.8, 

240 (est )  

285(est) 

36.7 

4 2 . 7  

Water Added 
f t J  l b ( c a l c )  

Cent r i fuge cake 
\Jet ,I b % Sol ids 

+: These coal  5atches were p a r t l y  used i n  each o f  two c e n t r i f u g e  batches. Other coal batches were t o t a l l y  
used ercept  f o r  a nominal 1 pound sample. 





COAL ANALYSIS DATA 

T h i s  Appendix l i s t s  t h e  coal  a n a l y s i s  da ta  ob ta ined  f rom Warner Labs. i n  

Cresson, Pennsy lvania f o r  c o a l  samples produced i n  t he  program t o  da te .  

Tab le  A-1 g i v e s  analyses f o r  9  o f  the  26 batches o f  coa l  prepared i n  t he  

Mod I I  r e a c t o r  and r e p o r t e d  i n  t h e  f i r s t  q u a r t e r .  Toward the midd le  o f  t h i s  

t a b l e  a r e  analyses f o r  s p e c i a l l y ,  washed coa l  samples and a t  t h e  bot tom o f  

t h e  t a b l e ,  s t a r t i n g  coa l  analyses ob ta i ned  d u r i n g  t h i s  program a r e  g i ven .  

Tab le  A-2 g i v e s  r e s u l t s  f o r  l a b o r a t o r y  t e s t s  through Test GC59. 

Each Table g i v e s  t h e  f o l l o w i n g  i n fo rma t i on :  

o  Ana l ys i s  Date - The da te  shown i n  t he  Warner a n a l y s i s  r e p o r t  ma i led  

t o  TRW. 

o Mod I I  Batch No o r  G C  Test  No - These a re  t h e  ba tch  number f o r  t he  

Mod I I  t e s t  or t h e  sequen t i a l  t e s t  number f o r  t he  l a b o r a t o r y  t e s t s .  

When t h e  numbers a r e  f o l l owed  by numbers / le t te rs  i n  paren thes is ,  

t h e  a n a l y s i s  was on a coa l  sample t h a t  had t reatment  o t h e r  than 

t h e  usual  water ,  d i l u t e  s u l f u r i c  a c i d ,  and wate r  washes. These 

a r e  d e t a i l e d  l a t e r  under Specia l  Treatment o f  Coals. 

o  C ,  H, N, 0 - These a r e  t h e  e lementa l  analyses c u ~ ~ e ~ t t d  f a r  rno iz turc  

and repo r ted  on a d r y ,  mo i s tu re  - f r e e  bas i s .  Oxygen i s  ob ta ined  

by d i f f c r c n c c ,  i .e . ,  the  found vs111es f o r  C, H .  N, t o t a l  s u l f u r  and 

ash a r e  deducted f r om 100% t o  g i v e  t h e  oxygen va lue.  Oxygen t he re -  

f o r e  c o n t a i n s  t he  n e t  o f  a l l  e r r o r s .  

o  S , Ss , So, ST - These a r e  ob ta ined  by standard i r c l ~ ~ ~ i q u c s  r o u t i n e l y  

-cessed coa l  samples. B r i e f l y  stated rhe su l  f a ~ e  s u l -  

f u r ,  S s ,  i s  t h e  h y d r o c h l o r i c  a c i d  ex t racLab le  s u l f u r .  The p y r i t e  

s u l f u r ,  S i s  t he  a d d i t i o n a l  s u l f u r  e x t r a c t a b l e  w i t h  n i t r i c  a c i d .  
P ' 

The o rgan i c  s ~ ~ l f u r ,  So, i s  ob ta ined  by s u b t r a c t i n g  S and Ss f rom 
P 

t h e  t o t a l  s u l f u r  ST (o r  s imp ly  S) and t h e r e f o r e  con ta ins  t h e  ne t  o f  

a l l  a n a l y s i s  e r r o r s .  

o  . A s h  - - Obta ined by s tandard temperature/ t ime hea t i ng  programs t o  

o x i d i z e  t he  coa l  and o b t a i n  the  res idue .  The temperature no rma l l y  

i s  750" t o  800°C i n  a i r .  



o FC, VM - Are t h e  f i x e d  carbon and v o l a t i l e  ma t te r  o b t a i n e d  i n  

s tandard p y r o l y s i s  t e s t s  and c o r r e c t e d  t o  a  d r y  b a s i s  w i t h  separate 

mo is tu re  ana l ys i s .  The f i x e d  carbon i s  ob ta i ned  by s u b t r a c t i n g  ash 

and VM f rom 100% and con ta ins  the. n e t  o f  t h e i r  measurement e r r o r s .  

o  ~ t u / l b ( M ~ )  and (MAF) - Th i s  i s  t h e  heat  o f  combustion o f  t h e  sample 

c o r r e c t e d  f o r  mo is tu re  (MF) o r  f o r  bo th  mo i s tu re  and ash (MAF). 

Some r e p o r t s  g i v e  mo is tu re  and m ine ra l  m a t t e r  f o r  (MMF) va lues .  

Th i s  i s  a  b e t t e r  va lue  f o r  comparison, bu t  m ine ra l  ma t te r  i s  d i f f i -  

c u l t  t o  determine and does n o t  d i r e c t l y  r e l a t e  t o  ash va lues .  

o  Na, K, Fe - These a r e  determined by a n a l y s i s  o f  t he  res idue  f rom low 

temperature ash ing  o f  coa l  samples by s tandard ASTM methods. 

o  500" Na, K  and 750" Na, K  - These were spec ia l  de te rm ina t i ons  which 

were ashed a t  500' o r  750°C i n  p l a t i n i u m  c r u c i b l e s  f o r  a n a l y s i s .  

The weight  o f  t h e r  500' and 750' ash i s  a l s o  repor ted .  

Speci a1 .Treatment ,o f  Coal 

Table A-1 1  i s t s  10 analyses o f  coa l  f rom Batch 1 (Mod I I r e a c t o r )  which 

had spec ia l  process ing.  These a r e  b r i e f l y  descr ibed.  

(W2) - The processed sample was washed t w i c e  w i t h  water  o n l y .  Without - 
the usual a c i d  wash f r e e  and bound a l k a l i  remained w i t h  t he  coa l  t o  g i v e  

t he  h i g h  ash va lue .  

(HCL) - D i l u t e  h y d r o c h l o r i c  a c i d  was s u b s t i t u t e d  f o r  s u l f u r i c  a c i d .  I t  

gave e s s e n t i a l l y  i d e n t i c a l  s u l f u r  and ash analyses.  

(so2) ,  - D i l u t e  aqueous SO2 ( s u l f u r o u s  a c i d )  was s u b s t i t u t e d  f o r  s u l f u r i c  

a c i d .  A  h i ghe r  va lue  o f  bo th  ash and s u l f u r  was observed. 

(14LA) and ( I ~ A L A )  - The coa l  wa.s f i r s t  a c i d  washed a t  a  pH o f  about 6 

i n  d u p l i c a t e  t e s t s .  The ash and s u l f u r  were bo th  h i ghe r  than normal. 

(14) and (14A) - These a r e  t h e  GC l a b o r a t o r y  numbers f o r  t h i s  p a i r  o f  

t e s t s .  A f t e r  t h e  low a c i d  (LA) washes t he  coa l s  were s u l f u r i c  a c i d  

washed i n  t h e  normal way (pH about 0 t o  1 ) .  The ash and s u l f u r  va lues 

appear t o  be about t h e  reverse  o f  those p r e v i o u s l y  ob ta ined  bu t  a re  low 

I n  any case. 



(170) - S t a r t i n g  c o a l  was vacuum d r i e d  a t  170°C p r i o r  t o  be ing  used 

i n  Test  GC53. 

(250), (300) - S t a r t i n g  coa l  was d r i e d  a t  250°C and 300°C t o  o b t a i n  

compos i t ion  and we igh t  l o s s  data.  These w i l l  be reac ted  i n  d r y  c a u s t i c  

i n  t h e  near  f u t u r e .  

(dup) - A d d i t  i o n  a n a l y s i s  on t he  same coa l  sample were performed. 

(14) , ( ~ 3 1 ,  (LA) - As p a r t  o f  t he  s t u d i e s  t o  examine t he  coa l  washing 

s teps ,  processed c o a l  was analyzed a f t e r  a  s i n g l e  wate r  wash ( W ) ,  a f t e r  

th ree water  washes ( ~ 3 )  and a f t e r  low a c i d i t y  washing (LA) a t  pH about 

6 .  

S t a r t i n g  Coals 

The Upper F reepor t  coa l  was ob ta ined  f o r  the  p rev ious  program i n  two forms. 

Run-of-mine coa l  had about 40% ash and cleaned coa l  had about 10% ash. Fo l low-  

i n g  t h e  26 batches o f  Kentucky 11 coa l  i n  t he  Mod I I  r eac to r ,  t he  c a u s t i c  was 

purpose ly  made h i g h  i n  ash by p rocess ing  two batches o f  ROM Upper F reepor t  

c o a l .  Th i s  " e x t r a  d i r t y "  c a u s t i c  was used i n  Tes t  G C  17 and f o r  some o f  tt ie 

ash / caus t i c  sepa ra t i on  s tud ies .  I n  a d d i t i o n  t he  ROM Upper F reepor t  coal  was 

f l o a t - s i n k  separated t o  recovery  a h igh-ash m a t e r i a l  f o r  o t h e r  ash s t u d i e s .  

Tab le  A-1 shows the  a n a l y s i s  o f  t h e  75% ash UF, S ink f r a c t i o n .  

Both the  P i t t s b u r g h  8 and t h e  Kentucky 11 samples a r e  from the  coa l  repos- 

i t o r y  and have been t e s t e d  on p rev ious  programs. 



TABLE A - 1 .  BENCH SCALE AND STARTING COAL ANALYSES 

Mod I I - 
Analys is  Bat rh  

Oate , No - - c - 
3-24-83 . 1 

10-6-83 I 75.43 

12-9-63 I .. 

10-26-83 2 79.34 

12-9-83 2 

1-10-84 2 

12-9-83 3 
11-1-83 7 80.52 

10-20-81 I 0  80.20 

11-10-83 14 

12-9-83 . . I 4  

1 - 10-84 14 

10-20-83 15 79.02 

11-1-83 20 79.75 

11-1-83 26 79.73 
Special Processing 

9129-83 I (wz) 

10-6-83 l ( v 2 )  57.10 

9-28-83 I (HCL) 

10-6-83 I (HCL) 72.15 

lo-26-83 1(S02) 71.22 

10-26-83 (dup) 70.97 

10-26-83 I ( 1 4 1 ~ )  

10-26-83 I (14) 

10-24-83 I (14ALA) 

10-26-83 I(I&A) 

S t a r t l n g  Coal Analysis '  

11-15-83 UF.Sink 

2-16-04 P8 69.66 

9-28-83 K11 

10-6-83 KII 69.88 

2-22-84 ~ 1 1  70.97 

2'22-84 KI l (170)  69.15 

2-24-84 Idalp) 

2 - 2 2 - 0 4  K1 l (750 )  70.45 
2-??-C&.  K l l  (300) 70.33 

Uarnvr Lab Analyses :- 

. H  N_ 0 S 
-- .- P --- 

.03 

3.32 1.66 18.84 

.02 

3.;9 6 15.25 .04 

.02 

'.? W/U - M o i \ l ~ ~ r t :  F r c r  Basis 500":: tf/U 750" 2 u/w 
. . _ I  Ash -- 

"2- !! - N 1  - K 500" 750' - 
.O5h .O9l 

.0Rq I .60 



Analysis 
Date 

tt Test 
NG . - 

7 
( d m !  

15 

(du>! 

17 
2 C 

2 1 

2 s  

2 3; 

2 4 

24L 

2 5 
35,. 

( d u ~ !  

2 6 
(du:! 

2 i 
.28 

25 

33 

3 '  

32 

33 

34 

35 
5 3 

(dup) 

5 4  (U) 
5 4  (U3! 

5 4  !Ln; 

5 4  
5 5  (U) 
5 5  (U3! 

5 5  (Lk! 
55 
57 (u) 
5 7  
58 (U) 

110 
sgiu!  
59 

TABLE A-2 .  LABORATORY SCALE COAL ANALYSES 

Warner Lab Analyses - ? Y l V  Moisure Free Basis 

H N 0 4 3 $ ,  S T A s h f C  - VM - c -  - 
B t u l l b  4 u / u  ( w f !  

MF - Ne K - - - Fe 

~ u . s .  GOVERNMENT PRlNTlNG OFFICE 1 9 8 4 - 7 4 6 - 0 8 1 l 2 6 1 9  

26 




