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ABSTRACT 

The F u l l e r  Company conducted t e s t s  t o  determine the  f e a s i b i l i t y  o f  
conveying Kerr-McGee ash concentrate (KMAC) by .two d i f f e r e n t  'methods: a 
F u l l  er -  K i  nyon pump conveyi ng system and- a b l  owtank pneumatic t r a n s p o r t  
system. The Fu l le r -K inyon t e s t s  showed t h a t  a 1,500-ft/min conveying 
v e l o c i t y  s a t i s f i e d  a wide range o f  KMAC f l o w  condi t ions.  No conveying 
problems occurred i n  e i t h e r  system a t  temperatures be1 ow' .550°F a t  th'is 
v e l o c i t y .  A1 so, no appreciable KMAC a t t r i t i o n  was noted. Thus, tech- 
n i c a l  ly ,  e i t h e r  system can convey KMAC. s a t i s f a c t o r i l y .  'Addit ' ional 
s tud ies  conduc ted  independently by GKT t o  compare the  economics and 
on-stream r e l i a b i l i t y  o f  both methods showed t h a t  t he  Ful ler -Kinyon pump 
i s  more r e l i a b l e  and has a lower . t o t a l  cos t  than the  blowtank system. 
Based on these r e s u l t s  , I C R C  i n c l  uded the  Ful  ler -Kinyon pump conveying 
system i n  i t s  Basel ine Design f o r  the' S R C - I  Demonstration Plant .  



EXECUTIVE SUMMARY 

Two s tud ies  performed by the. F u l l e r  Company were prompted by the  * 

need t o  s e l e c t  the  bes t  a v a i l a b l e  way t o  t ranspor t  Kerr-McGee ash con- 

cen t ra te  (KMAC) t o  the  g a s i f i e r  feed system i n  the S R C - I   emo on strati on 
P lan t ,  a t .  a r a t e  of 70 tons per  hour ( tph)  a t  about 450°F. This  r e p o r t  

d e t a i l s  s tud ies  on two t ranspo' r t  methods t h a t  were considered: a 

Ful ler -Kinyon ' pump system and a blowtank pneumatic t r a n s p o r t  system. 

Eva lua t ion  o f  both systems addressed two main concerns: 

1.' . Po ten t i a l  problems conveying KMAC a t  temperatures up t o  550°F, 

-which i s  the  h ighes t  temperature a t  which KMAC w i l l  be 

conveyed. 

2. A t t r i t i o n  o f  t he  KMAC as i t  i s  conveyed through the  system. 

F i r s t ,  F u l l  e r  i nves t i ga ted  t h e  conveyabi 1 i t y  o f '  KMAC i n  a F u l l  er -  

Kinyon pump a t  e levated temperatures. The o b j e c t i v e  was t o  op t im ize  

opera t ing  parameters w i t h  t h i s  conveying mode and then examine the  

system's e f f e c t  on p a r t i c l e  a t t r i t i o n .  

F u l l e r  used an a v a i l a b l e  experimental system t o  t e s t  KMAC f l ow  

ra tes  a t  ambient and e levated temperatures. ~ u n n i n ~  t e s t s  a t  ambient 

temperatures. narrowed the  'range over which parameters such as load ing  

dens i ty ,  l i n e  pressure, and gas f l o w  ra tes  cou ld  be va r ied  t o  opt imize 

the  system. ' . ~ i ~ h - t e m ~ e r a t u r e  t e s t s  were then conducted t o  determi'ne the  

e f f e c t  o f ,  temperature, as we1 1 as poss ib le  KMAC conveyabi 1 i ty  problems, 

e. g. , ' p a r t i c l e  agglomeration. 

~ h k  ambi ent-temperature t e s t s  conducted t o  opt imize f l o w  parameters 

showed t h a t  power consumed by the  pump was p ropo r t i ona l  t o  the l i n e  

pressure drop against  it. The study showed t h a t  pre.ssure drop due t o  

' t h e  so l  id/gas f l o w  decreased sharp ly  i n  the  reg ion  i n  which the s o l i d s  

began t o  s e t t l e  on the  p ipe  bottom. A f t e r  so l ids .  began t o  s e t t l e ,  the  
. . pressure drop increased because f 1 ow through the,  p ipe  became i ncreas- 

i n g l y  r e s t r i c t e d .  Results showed tha t , .  f o r  a g iven system, there  i s  an 

optimum v e l o c i t y  thdZ g ives t.he lowest ,pressure drop; t h i s ,  i n  t u rn ,  

1 



r e s u l t s  i n  t he  lowest power consumed by the  pump t.n t r a n s p o r t  t h c  same 

vo lumet r ic  r a t e  o f  KMAC. Decreasing the  vo lumet r ic  f low o f  gas w i l l  

again increase the  system pressure drop. 

-For t he  two types o f  KMAC tested,  optimum v e l o c i t i e s  ranged between 

1,200 and 1,500 f t /m in .  The lower l i m i t  represents a h igher  percentage 

o f  f i n e  KMAC mate r ia l s ,  which prov ide  a l a r g e r  i n t e r f a c i a l  sur face area 

and have a g rea te r  tendency t o  f l u i d i z e  than l a r g e r  KMAC p a r t i c l e s .  

These r e s u l t s  were cons i s ten t  w i t h  those o f  o ther  researchers. Although 

the  m a t e r i a l  cou ld  be t ranspor ted  a t  v e l o c i t i e s  as low as 300 f t /m in ,  no 

ga in  i n  power. cunsumptlon wou Id  be expected. Thus, F u l l e r  chose a 

conveying v e l o c i  t v  of  1,500 ft./rni n, which I C R C  dccms adequate t o  e1rsur.e 

complete suspension. 

Because h igher  v e l o c i t i e s  s i g n i f y  a g reater  chance o f  a t t r i t i o n ,  a 

s i z e  d i s t r i b u t i o n  study was conducted d u r i  ng which samples were taken 

a f t e r  each pass o f  WAC through the  system. Breakage occurred, 

e s p e c i a l l y  a f te r  t h e  f i r s t  pass through the  pump. 

To determine , t he  e x t e n t  o f  a t t r i t i o n ,  F u l l e r  s i f t e d  t h e  KMAC 

through mesh screens. The data i n d i c a t e d  t h a t  a t t r i t i o n  occur red .dur ing  

the  f i r s t  c y c l e  o f  operat ion. However, r e s u l t s  from independent 

s tud ies ,  i n d i c a t e d  t h a t  a t t r i t i o n  d i d  n o t  occur. It was concluded-that  

f u l  l e r '  s t e s t s  were. i n  e r r o r  because the  KMAC .used. as a reference sample 

had , ayy lu~aerated du r ing  storage. Agglomeration would n o t  occur du r ing  

ac tua l  p l a n t  operat ion.  

The two KMAC samples were a l so  run a t  several h igh  temperatures and 

f l ow  ra tes .  The motor l oad  readings i n d i c a t e d  no s igns o f  ma te r i a l  

b ind ing  o r  s t i c k i n g  i n  e i t h e r  pump o r  conveying l i n e  up t o  550°F. A 

f i n e  l a y e r  o f  KMAC was detected i n s i d e  the  conveying l i n e  and i n  p a r t s  

of the pump, b u t  i t  could be e a s i l y  vacuumed o f f .  Hence, i t  was-deduced 

t h a t  t he re  should be no problem i n  conveying KMAC a t  h igh  temperatures 

us ing  t h e  F u l l  e r -K i  nyon pump system. Purging w i t h  n i t r o g e n  was recom- 

mended a t  shutdown due t o  the  combustible nature o f  t he  m a t e r i a l .  

I n  summary, t h e  Ful le r -K inyon pump can convey KMAC mate r ia l s  w i th -  

ou t  major problems a t  temperatures below 550°F. P a r t i c l e  a t t r i t i o n  i s  

n o t  be l i eved  t o  be a problem i n  such a system, and hence poses no addi -  

t i o n a l  problems f o r  t he  g a s i f i e r  feeding system. 



For the  second study, Fu l ' l e r  constructed and t e s t e d  a bl-owtank 

conveying system, opera t ing  under SRC- I  Demonstration P lan t  cond i t ions .  

The WAC was heated by mix ing  i t  i n  a suspension preheater  w i t h  h o t  

n i t r o g e n  t h a t  had been heated i n d i r e c t l y  t o  minimize the  p o s s i b i l i t y  o f  

combustion. A f t e r  the  blowtank was ' f i l l e d ,  t he  KMAC was pushed pneu- 

m a t i c a l l y  through the system t o  the  discharge cyclone. The t o t a l  con- 

veying d is tance tes ted  was 105 ft. 

Dur ing the  f i r s t  few t e s t s  runs a t  h igh  temperature, a sharp 

increase i n  l i n e  pressure s igna led  t h a t  t he  Lpreheater. was blocked. 

Subsequently, l a r g e  chunks o f  KMAC were removed. The preheater  blockage 

problems were a good i n d i c a t i o n  t h a t  adhesion would be a problem a t  KMAC 

temperatures between 580 and 77S°F. 

The p ickup v e l o c i t y  se lec ted  as opt imal f o r  design du r ing  t h e  

Fu l le r -K inyon pump tes ts -  was a l so  used w i t h  the.  blowtank system. No 

KMAC was deposited on the  'insi.de w a l l s  o f  the  blowtank o r  t he  conveying 

l i n e .  Only a t h i n  l a y e r  o f  KMAC was observed on the  tank wa l l s ,  which 

. cou ld  e a s i l y  be brushed o f f .  

A t t r i t i o n  o f  the. KMAC p a r t i c l e s  as they passed through the  convey- 

i n g  system was a l s o  s tud ied  by screening d i  f . fe ren t  -s.amples withdrawn 

from t h e  drums and a t  t he  discharge po in t .  Results were inconclus ive;  

p a r t i c l e  d i s t r i b u t i o n s  measured for. d i f f e r e n t  samples v a r i e d  widely.  

The v a r i a t i o n s  may n o t  be s t a t i s t i c a l  l y  s i g n i  f ic 'ant ,  however', . because 

the  samples were random and no t  many were tested. Also, some o f  t he  

samples were c o l l e c t e d  from drums i n  which the  KMAC had agglomerated. 

Thus, o v e r a l l  , no d e f i n i t e  t r e n d  regarding a t t r i t i o n  was observed. 

One observat ion, however, was t h a t ' p a r t i c l e s  s t a r t e d  t o  agglomerate as 

t h e  KMAC temperature rose above 57S°F. This  was r e f l e c t e d  by a drop i n  

t he  percent  p a r t i c l e s  passing the  325 mesh screen and a no t iceab le  

increase i n  b u l k  densi ty .  

I n  genera l , .Fu l l e r  concluded t h a t  a blowtank system does 'not r e s u l t  

i n  appreciable a t t r i t i o n  o f  'WAC a t  temperatures below 57S°F. Above 

t h i s  c r i t i c a l  p o i n t ,  the  competing process.es o f  agglomeration and a t t r i -  .' 

t i o n  make i t  impossible t o  determine the  e f f e c t s  o f .  a t t r i t i o n  alone. 

Overa l l ,  the  advantages and disadvantages o f  both systems can be 

summarized as fo l lows:  



1. Both systems are capable o f  t r anspor t i ng  KMAC a t  around 550°F. 

2. The 'Fu l le r -K inyon pump can d e l i v e r  KMAC a t  a constant  vo lu-  

me t r i c  r a t e ,  whereas the  blowtank system operates i n  batches, 
. 

unless two are i n s t a l l e d  i n . p a r a l l e 1  and used i n  a coordinated 

' d ischarg ing  and.charging mode. 

3. Because no d r i v e  i s  needed f o r  the blowtank, i t  w i l l  r e q u i r e  

l ess  maintenance and l ess  power than the Ful ler -Kinyon system. 

Both r a n  operate a t  t he  same l i n e  pressure and gas f l o w  ra te .  

4. F ind ing  t h e  proper space and headroom f o r  the  blowtank'  i n  a 

process p l a n t  environment l i k e  the  S R C - I  f a c i l . i t y  might  be a 

problem. The blowtank i s  expected t o  be from 9 t o  22 f t  t a l l .  

5. Heat l oss  from the  blowtank vent as KMAC i s  being charged t o  

the  system i s  more than the  minimal heat l oss  from the  pump, 

because jt i s  a continuous operat ion. 

6. Techn ica l l y ,  n e i t h e r  system i s  p a r t i c u l a r l y  super io r  . t o  the  

other;, bo th  cou ld  convey. KMAC t o  the  q a s i f i e r  adequate1 y. 

However, t h e  Ful  l e r - K i  r i ~ o n  pump appears t o  be .more re1 i a b l e  

Subsequent t o  t he  F u l l e r  repo r t ,  GKT performed a more d e t a i l e d  

study t o  compare t h e  opera t iona l  r e l i a b i l i t y ,  f l e x i b i l i t y ,  mainta in-  

a b i l i t y ,  and s a f e t y  o f  bo th  systems (see ~ p ~ e n d i x  3). The study 

concluded t h a t  the  Fu l le r -K inyon pump system was p re fe rab le  t o  the  

blowtank pneumatic system f o r  t r a n s p o r t i n g  WAC from the  SRC deashing 

area t o  the  dus t  p repa ra t i on  area. I n  p a r t i c u l a r ,  t he  study noted t h a t :  

O Ful ler-Kinyon pumps have been used t o  t r a n s p o r t  ma te r i a l s  more 

abrasive than KMAC. 

O Ful le r -K inyon pumps are no t  as h igh  as blowtank conveying 

systems, so they w i l l  need l ess  s tee l  support.  

- 



O Ful ler -Kinyon pumps 'a re  more re1 i a b l e ;  eros ion o f  t h e i r  moving 

p a r t s  i s  a slow process, a l l ow ing  regu la r  i nspec t i on  and 

mai ntenance. 
o The sea l i ng  su r faces  o f  valves i n  a blowtank opera t ing  a t  

420°F. may be un re l i ab le .  
. . 

F i n a l l y ,  economic eva lua t ion  i n d i c a t e d  t h a t  the  t o t a l  c o s t  f o r  t he  

Fu l le r -K inyon pump would be l ess  than t h a t  f o r  t he  b1,owtank system. 

Based on a l l  these r e s u l t s ,  ICRC se lec ted  the  Ful ler -Kinyon system f o r  

t he  ~ a s e l i n e .  design f o r  t he  SRC-I Demonstration Plant .  



CONVEYING KMAC IN FULLEH-KINYON PUMPS, 

(PROGRAM 13.3.2) 

INTRODUCTION AND THEORY 

I n  many spec ia l  app l i ca t i ons  ' o f  a product  where the  f e a s i b i l i t y  o f  

i t s  use i s  uncer ta in ,  a phys i ca l  study must be performed t o  determine 

. . t he  l i m i t s  o f  . the product  i n  t he  s p e c i f i c  app l ica t ion .  The i nves t i ga -  
t i o n  descr ibed i n  t h i s  sec t i on  was designed t o  se t  opera t ing  cons t ra in t s  

f o r  the  F u l l  er-Kinyon pump, be ing  considered f o r  conveying Kerr-McGee 

ash concentrate ( M A C )  i n  the  S R C - I  l lemnnstrat ion Plant .  I C R C '  s design 

f o r  t h e  p l a n t  s p e c i f i e s  t h a t  t he  , KMAC must 'be conveyed approximately 

1,500 f t  a t  a r a t e  o f  70 tons per  hour (tph). O f  s i g n i f i c a n c e  i s  the  

4 5 0 " ~  temperature a t  which t h e  KMAC i s  t o  be conveyed. . . 

Conveying a ma te r ia l  such as KMAC t h a t  has a low b u l k  dens i t y  o f  
3 25 l b / f t  r equ i res  .a  pump l a r g e r  than the  Research Department a t  Ful l e r  

Company cou ld  accommodate. .Therefore, a scaled-clown demonstrat inn was 

conducted i n  o rder  t o  e f f e c t i v e l y  model f u l  1'-scal e cond i t ions .  

'. Overa l l  ob jec t i ves  o f  t h e  t e s t s  on the  .Ful ler -Kinyon pump were as 

f o l  lows': 

1. Optimize t h e  ope ra t i ng  parameters o f  a Fu l le r -K inyon pump f o r  

conveying KMAC a t  ambient temperature 

2. Uetermine t h e  e x t e n t  o f  a t t r i t i o n  o f  t he  KMAC du r ing  conveying 

3. . Determine f e a s i b i l i t y  of conveying KMAC a t  temperatures up t o  

5 5 0 0 ~  . . 

Ambient-Temperature Tests 

The f i r s t  se r i es  o f  t e s t s  t o  op t im ize  the  conveying parameters f o r  

KMAC was conducted a t  ambient temperature. B r i e f l y ,  a Ful l e r - K i  nyon 

Type M pump (M-150) was used t o  feed a 4- in .  -diameter conveying l i n e ,  

approximately 585 f t  long. Dur ing Phase I o f  the  ambient-temperature 
- 

t e s t s ,  t h e  vo lumet r ic  f l o w  r a t e  of n i t rogen  was va r ied  t o  a l t e r  t he  

convey;-ng capaci ty .  

6 



General ly,  the vo lumet r ic  f l ow  r a t e  i s  measured i n  terms of. stan- 

dard cubic f e e t  per  minute (s'cfm). Because the  f a c i l i t y  used i n  t h e  

c u r r e n t  i n v e s t i g a t i o n  d i f f e r e d  from t h a t  o f  t he  customer, a parameter 

had t o  be determined t h a t  'was independents o f  the  equipment s i ze ,  

p a r t i c u l a r l y  t he  p ipe  diameter. Normally, s p e c i f i c  ma te r i a l s  requ i re  a 

c e r t a i n  v e l o c i t y  t o  become f u l l y  en t ra ined i n  , t he  a i r  stream w i thou t  

l eav ing  a l a r g e  res idue i n  t he  p.ipe. By the l a w . o f  con t i nu i - t y  o f  mass, . 

the  v e l o c i t y  i s  lowest a t  t he  s t a r t  o f  a conveying system because o f  

expansion and .pressure . loss o f  t he  conveying gas., i .e. , v e l o c i t y  

increases as pressure and dens i t y  decrease. Thus,, i f  the  ma te r ia l  can 

be ent ra ined a t  the  s t a r t  o f  t h e  .conveying system, i t  w i  11 usual l y  

remain en t ra ined. th roughout  t he  e n t i r e  system. This mi.nimum v e l o c i t y  i s  

c a l l e d  the  p ickup v e l o c i t y .  

The. p ickup v e l o c i t y  i s  r e l a t e d  t o  the n i t rogen  f l ow  r a t e  as 
.. . 

fo l lows.  Let: ' ' . 

PUV =.p ickup v e l o c i t y  ( f t /m in)  
3 acfm = actual  vo lumet r ic  f l o w  r a t e  ( f t  /min) 

scfm = vo lumet r ic  f l ow  r a t e  a t  standard cond i t ions  (namely, 14.7 

ps ia ,  70°F) 
2 A = p ipe  cross-sect ional  area ( f t  ) 

PL = 1 i n e  pressure measured a t  p ipe  entrance (ps ig)  

T = temperature a t  p i p e  entrance ( O F )  , 

Because volumetr ic  f l o w  r a t e  i s  de f ined by: 

(where Q = vo lumet r ic  f l ow  r a t e ,  V = v e l o c i t y ,  and A = area) and there  

i s  no change i n  the  area, equat ion 1 becomes: 



o r  i n  terms o f  t he  c u r r e n t  in .ves t iga t ion :  
. . 

. . 
acfm = PUV x ' A  ( 3 )  

From bas ic  gas laws, acfm i s  r e l a t e d  t o  scfm by: 

pL + 14.7 psi 
scim = acfm ( )( s300R ) 

14.7 p s i a  T(OF) + 460 

One can see t h a t  by ma in ta in ing  a  constant  l i n e  pressure and vary- 

i n g  t h e  vo lumet r ic  f l o w  r a t e ,  i t  i s  poss ib le  t o  vary the  .pickup 

v e l o c i t y .  The o n l y  way t o  main ta in  constant  l i n e  pressure i s  t o  vary 

t h e  r a t e  o f  m a t e r i a l  e n t e r i n g  t h e  conveying system, . s i nce  changing the  

voluniet r ic ,  f l o w  r a t e  changes the  energy a v a i l a b l e  f o r  conveying. 

F igure  1 o f f e r s  a .  graphic exp lanat ion  o f  general conveying char- 

a c t e r i s t i c s .  The pressure , loss due t o  f r i c t i o n  and expansion i n  an 

empty p ipe  i s  p r o p o r t i o n a l  t o  t he  square o f  t he  gas v e l o c i t y  (F igure 1). 

A t  constant  pressure, t h e  p o t e n t i a l  energy o f  t he  gas i s  l i n e a r  w i t h  

volume, since'  t he  energy i n p u t  t o  the .  gas i s  expressed .as: 

Superimposing the  pressure- loss curve o f  F igure  l a  on a  p l o t  o f  the 

p o t e n t i a l  gab energy vs. vo lumet r ic  f l o w  r a t e  (F igure l b )  shows the  

energy a v a i l a b l e  f o r .  conveying ma te r ia l  ( t he  area between t h e  two 
+ .  

curves). 

'F igure  l c  shows t h a t ,  as the  a v a i l a b l e  energy i s  increased, the  

' r a t e  o f  conveying i s  increased. Remember ' t h a t  t h i s  exp lanat ion  assumes. 

t h a t  t h e  pressure f n  t h e  l i n e  i s  n o t  changed. One can see t h a t  the  

maximum r a t e  o f -  conveying w i l l  be achieved when: maximum conveying energy 

' i s  ava i l ab le .  . It i s  t h i s  optimum p o i n t ,  namely p o i n t  B on F igure  1, 

t h a t  was be ing  searched f o r  i n  t he  f i r s t  ser ies .  o f  ambient t es t s .  

A f t e r  t he  optimum p ickup v e l o c i t y  was determined, t he  e f f e c t  o f  t h e  

conveying. r a t e  on l i n e  pressure was s tud ied  i n  order  t o  ' s ize  a  b e t t e r  

conveying system. Ouring t h i s  phase o f  t e s t i n g ,  t he  p ickup v& loc i  t y  

( there fore ,  t h e  acfm) was he ld  constant.  The scfm was va r ied  t o  

colhpensite f o r  pressure changes. 
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Figure 1 
Effects ot Volumetric Flow Rate of Gas 

on Conveying Characteristics 
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F i n a l  ly ,  ma te r i a l  breakage, o r  a t t r i t i o n ,  was studied. Fresh 

. ma te r i a l  was run  through the  en t i re ,  conveying system, and sampled a f t e r  

each pass. F i ve  passes were made a t  the  pickup v e l o c i t y  determi'ned i n  

the  f i r s t  p a r t  o f  t h e  amb'i ent-temperature . tests .  
. . 

Elevated-Temperature Tests 

One o f  the  major concerns addressed i n  the  cu r ren t  i n v e s t i g a t i o n  

was the  behavior o f  ho t  KMAC w i t h i n  the  conveying system. During normal 

operat ion,  t h e  Fu l le r -K inyon pump w i l l  be handl ing KMAC a t  temperatures 

above 250°F. Thus, t h i s  phase o f  t @ s t i n g  exposed the  pimp and convoying 

system t o  KMAC t h a t  had been heated t o  var ious temperatures up t o  550°F. 

One conccrn was t h a t  t h e  ho tn  KMAC ~ n i y h t  become somewhat e l a s t i c ,  , o r  

" s t i cky , "  b ind ing  t h e  pump and/or c logg ing  the conveying l i n e .  

Thus, WAC was fed  i n t o  t h e  Ful Ter-Kinyon pump a t  e levated temper- 

atures and conveyed a t  a p ickup v e l o c i t y  approximately equal t o  the  

optimum found i n  the  ambient-temperature t e s t .  Motor loads were read 

and used t o  determine whether any KMAC depos i t ion  was indeed h inde r ing  

pump operat ion.  S i m i l a r l y ,  t h e  l i n e  pressure was monitored t o  d iscern  

poss ib le  c logg ing  o f  t h e  conveying 1 i ne. A 1 i ne-pressure increase 

du r ing  t e s t i n g ,  w h i l e  t h e  conveying r a t e  remained constant,  i n d i c a t e d  

t h a t  t he  KMAC was adhering t o  the  w a l l s  o f  the  p ipe.  reducino the  cnn- 

veying l i n e  diameter and i nc reas ing  the power demand by the  pump. 

EXPERIMENTAL APPARATUS AND PROCEDURES 

Apparatus f o r  ~mbient - iempera ture  Test (F igure 2) 

A Ful le r -K inyon 150-mm Type M pump was used i n  con junc t ion  w i t h  a 

150-mm windbox and 150-mm f l a p p e r  valve. The pump was .be1 t - d r i v e n  by a 

150-hp (155-kW) .Reliance Duty Master a-c motor. A Lebow s h a f t  torque 

sensor was coupled i n - l i n e  between a j acksha f t  (d r i ven  by t h e  motor) and 

the  screw s h a f t  (F igure 3). 'The torque se.nsor measured the  torque i n p u t  

t o  the pump, thus p r o v i d i n g  a way t o  c a l c u l a t e  the  power supp l ied  t o  the  

pump. The output  from the  torque sensor was recorded on an E s t e r l i n e  

Angus c h a r t  recorder ,  as w e l l  as a d i g i t a l  d isp lay .  
. . 



Figure 2 
Apparatus for Ambient-Temperature Tests 
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Figure 3 
Torque   rive for Power Measurement 

on Fuller-Kinyon Pump 
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To account f o r  variance i n  power usage by the pump, three power 

readings were taken from the chart  recorder: (1) the highest power 

used; (2) . the lowest power used; and (3) a modal average power. 

Figure 4 shows the typ ica l  f luctuat ions i n  power observed during a t e s t  

run. The modal average was determined subjectively by eye, as the 

reading where the pump appeared t o  operate most frequently. For 

example, i n  observation 826, the modal average was observed t o  be 29, 

w i th  a high o f  3 1  and a low o f  22. - . .'/I 
The material was fed t o  the pump through a rotary cu to f f  valve and 

Fu l l e r  Metrjc 300 ro tary feeder, which control  led  the feed rate. A U. S. 

Motor 1-hp (0.75-kW) variable-speed motor connected t o  a sprocket/chain 

dr ive system varied the speed o f  the rotary feeder. 

Nitrogen f 1 ow ra te  provided the necessary mechanism f o r  conveying 

the KMAC. Nitrogen pressure was regulated by a Fisher pressure 

regulator, since the incoming supply pressure was 80 t o  100 psig. An 

o r i f i c e  p la te  set i n  the pipe between the regulator and intake manifold 

measured the a i r f l ow  rate, which was regulated by a manual globe valve 

downstream o f  the or i f i ce .  The pressure drop across the o r i f i c e  was 

recorded on a second Ester l ine Angus chart recorder (see Appendix 1 f o r  

sample calculations). 

The p u p  discharged i n t o  a 4-in.-diameter conveying 1 ine, which 

imnediately rose 20 ft. As shown i n  Figure 5, t o t a l  conveying distance 

was approximately 600 ft, including s i x  long-radius 90° bends and four 
specia l ly  fabricated 30° bends, before discharge i n t o  a receiv i  ng-weigh 

bin. This bin, as wel l  as the dust col lector,  was f i t t e d  w i th  coded 

explosion ports. 

The receiving b i n  was f i t t e d  w i th  a s t r a i n  gauge load ce l l ,  and the 

weight o f  the material i n  the b i n  was recorded on a s t r i p  chart  

recorder. From t h i s  measurelpent , conveyi ng capacity could be determined 

(see Appendf x 1). Af ter  the experimental run was completed, a pneumatic 

valve was opened and the material was emptied i n t o  the main feed bin. 

The w i  ndbox (1 i ne) pressure and intake manifold 'pressure were: 4lso 
monitored v i a  pressure taps. The output o f  the pressure transducers 

coupled t o  these taps was recorded on the same str- ip chart recorder as 

the o r i f i c e  d i f f e r e n t i a l  pressure. A f low control o r i f i c e  regulated the 



Figure 4 
Typical Power Readings from Torque Sensor 



Figure 5 
Conveying Line Configuration 
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. . n i t r ogen  purge f low rat.. t o  the  discharge end seals, s ince the  c o r r e c t  

vo lumet r ic  f low r a t e  t o  these seals i s  essen t i a l  t o  p rope r .ope ra t i on  o f  

t h e  pump: 

Apparatus f o r  ~l evated-~emperature Test (F igure 6) 

Pump and Conveying Line. A Ful ler -Kinyon 4- in. Type H2 pump 

equipped w i t h  a  water-cooled seal assembly conveyed the  h o t  KMAC i n t o  a  

2- in.-diameter conveying l i n e .  The pump was b e l t - d r i v e n  by a  40-hp U.S. 

e l e c t r i c  a-c motor. Power consumption by the  pump was measured a t  the 
I 

sLar-ter by reading amperage on each o f  the  th ree  leads' o f  t he  three-  

phase supply. 

- The pump discharged i n t o  a  2- in.-diameter conveying l i n e ,  which 

rose 9 f t  through two bends before moving h o r i z o n t a l l y .  The ma te r ia l  

was then conveyed about 100 f t  before being discharged i n t o  the  d i s -  

charge, cyclone.. The KMAC was conveyed from' t he  cyclon.e a f t e r  being 

separated from the  n i t r o g e n  and was p laced i n  drums. Tota l  conveying 

d is tance was approximately 110 f t .  The volumetr ic  n i t rogen  f l o w  r a t e  

was c o n t r o l l e d  by a  c r i t i c a l  f l ow  o r i f i c e  i n  the  same manner as i n  the  

ambient-temperature ' t es t s .  
.. 

Feed System t o  t h e  Pump. As mentioned p rev ious l y ,  ma te r i a l  temper- 

atures up t o  .550°~..are o f  i n t e r e s t .  The f o l l o w i n g  method was used t o  
. . 

heat  the WAC. 

Ni t rogen from t h e  supply tank  passed through a steam vapor izer  t o  

mainta in a  temperature o f  near1.y 100°F. Next, an i n d i r e c t l y  f i r e d  

p ieheater  r a i s e d  t h e  temperature o f  the  n i t rogen  up t o  85O0F. The ho t  

n i t rogen  'entered an 8 - i  n. -diameter suspension preheater  (shown i.n 

F igure  6). Two v a r i  ab l  e-speed screw feeders i n  j ec teh  the  ambient- 

temperature KMAC i n t o  the  suspension preheater approximately 3 f t  above 

t h e  n i  t rpgen entrance. The,, c o c l i r e n t  f 1  ow o f  h o t  ' n i t r ogen  and KMAC 

provided f o r  enough heat t rans fe r :  t o  r a i s e  the  ma te r ia l  t o  t he  des i red  

temperature. ... . 

A f t e r  reaching thermal eq'ui 1  i b r i  um, the m ix tu re  entered, a  

re f rac to ry -  1  i ned '  cyclone, which separated the  n i  t ragen from the  heated 

KMAC. The. n i t rogen  was .conveyed t o  a  Plenum Pulse dus t  c o l l e c t o r  (bag- 

house)., w h i l e  t he  K M A C ~  was passed through dual t i p p i n g  valves i n t o  the  



Figure 6 
Apparatus for Elevated-~emperature Tests 
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pump. The drop l e g  t o  t h e  pump was i n s u l a t ~ d  w i t h  2- in .  ca lc ium 

s i l i c a t e  i n s u l a t i o n ,  and t h e  pump was enclosed i n  an i n s u l a t e d  box i n  

order  t o  minimize heat loss .  The box was heated i n t e r n a l l y  us ing  a 

p o r t a b l e  space heater.  

Thermocouples were i n s t a l l e d  (see l oca t i ons  i n  F igure 6) t o  moni tor  

t h e  f o l  1 owi ng temperatures, which were d i  splayed on a d i  g i  t a l  readout: 

preheater  enclosure a t  preheater  e x i t ;  n i t r ogen  temperature; n i t rogen  

temperature be fore  con tac t i ng  KMAC; temperature o f  nitrogen/KMAC mix ture  

j u s t  a f t e r  contact ;  KMAC temperature en te r i ng  the  pump; temperature o f  

n~ trogen/KMAC mix tu re  e n t e r i n g  cyc lone; n i t rogen  temperature a f t e r  being 

separated by cyclone; ternperat.ut-P i n s i d e  box surrounding the puntp. 

Procedures f o r  Ambient-Temperature Test  

Phase 1--Pickup V e l o c i t y  Tests: 

1. .N i t rogen f l o w  r a t e  was s e t  a t  700 scfm by a d j u s t i n g  r e g u l a t o r  

and globe valve. 

2. Pump was tu rned on. 

3. Rotary feeder was tu rned on. 

4. A f t e r  s teady-state cond i t ions  were achieved, pressures, motor 

load data, and conveying r a t e  were recorded. 

5. N i t rogen f l n w  rate was decreased t o  600 scfm. 

€3'. Rotary teeder speed was ad jus ted  t o  a l t e r  the feed t o  t h e  pump 

u n t i l  the  same l i n e  pressure was achieved as i n  s tep 4. 

7. Steps 5 and 6 were repeated u n t i l  d i f f i c u l t y  i n  conveying was 

observed. Increments i n  n i t r o g e n  f l o w  r a t e  wet% changed i f  

deemed necessary. 

Phases I1 and 111: 

1. Ni t rogen f l o w  r a t e  was s e t  h igh  enough t o  avo id  p lugg ing  the  

p ipes;  t h i ' s  invo lved us ing  r e s u l t s  o f  Phase I. 

2. Pump and r o t a r y  feeder were tu rned on. 

3. Gl,obe va lve  was ad jus ted  u n t i l  the  n i t rogen  f l ow  r a t e  y i e l d e d  

the  optimum pickup v e l o c i t y  ( found i n  Phase I) f o r  the  cu r ren t  

1 i ne pressure. 

4. Pressures, motor l oad  data, and conveying ra tes  were recorded. - 



5. Samples were obta ined f o r  breakage analys is .  

6. Feed t o  pump was adjusted. 

7. Steps 3 t o  6 were repeated u n t i l  several data p o i n t s  were 

generated. 

Procedures f o r  Elevated-Temperature Tests 
. . 

.:.. . . 
1. Ni t rogen f l ow  r a t e  t o  the  ... p reheater  and pump was set .  

2. Fuel t o  preheater was turned. on ' i n  order  t o  r a i s e  -n i t rogen  

temperature. 
. . 3. When the .  n i t rogen  temperature approached 500°F, t he  pump was 

turned on. 

4. Hoppers feeding the  suspension. preheater were loaded. 
... +-- 

5. Screw conveyors were tu rned on. 
. . . .. 6. Speed o f  feeders was ad jus ted  . u n t i l  des i red  ma te r ia l .  temper- ' 

a tu re  en te r i ng  the'pump was reached. 

7. The system was a1 lowed I$ run  f o r .  several minutes a t  t h i s  

. . c o n d i t i o n  t o  ensure equ i l i b r i um.  

8. Conveying ra tes ,  motor l oad  readings, and temperatures were 

measured. . . 

RESULTS AND DISCUSSION : 

Ambient-Temperature Tests . 

Two types o f  'KMAC were tes ted  i n  a Type M Ful le r -K inyon pump a t  

ambient  temperature. .   he two types, vary ing  s l  i g h t l y  i n  chemical 

.composit ibn, a re  des ignated by run, numbers ( ~ u n  211 and Run 225). 

Tables 1-3 present  . r e s u l t s  o f  t he  conveying tes ts .  Observations 

regarding the  e f f e c t s  o f  t he  n i t rogen  volumetr ic  f l o w  r a t e  w i l l  be 

discussed f i r s t ,  fo l lowed by a d iscuss ion  o f  ma te r i a l  a t t r i t i o n  observed 

du r ing  conveyi ng. 

Conveyab i l i t y  o f  KMAC. As discussed, the  ambient-temperature t e s t s  
. . . .. . . . .  . were designed t o .  opt imize the  opera t ing  parameters o f  the  Ful1e.r.-'K.inyon ' . . .  ' 

pump by. s tudying the  e f f e c t s  o f  volumetFic f l ow  rate'"  ( i n  terms o f  p ickup . . .'! 
. . 

v e l o c i t y )  'and of conveying ' r a t e  (capaci ty) .  As the  data i n  Table 1 

show, the  program deviated somewhat from the o r i g i n a l  o b j e c t i v e  of. 
-. 



Table 1 

Resul ts  o: Conveying Tests a t  Ambient ~ e m ~ e r a t u ' i e '  
. . . . 

Lirie supply di ne Pickup Conveying Motor input . .  - - - 

length  Flow r a t e  pressure przssure v e l o c i t y  capaci ty  ' Shaft  power (hp) power . Obser- . . 
( f t )  scfrn. acfm (ps ig )  (2s ig)  ( f t / rnin)  ( lb/min)  . High Avg Low (hp) vat ion 

'Run 225 KMAC 

4,123.2'8 

4 ,123 .28  . 

3 ,596 .84  

1 ,203 .21  

1 ,012 .75  

808.95 

Run 211 KMAC 

2 ,604 .04  

2 ,117 .07  

1 ,631 .78  

1 ,343 .66  

926 .'I9 

65'1.81 

a Discharge hous ing ,  stanhard r i g h l ;  screw nunber, 116-81-4-1126; 111rmher.of w e i g h t s ,  0 ;  number o f  spacers ,  0 ;  number of 
nozzles, 7 ;  nozz l e  s i z e ;  0 .63  i n . ;  l i n e  diameter, 4 . 0  i n .  



main ta in ing  a constant ' l i n e  pressure and vary ing  the  p ickup v e l o c i t y .  

Instead,  Ful l e r  al'lowed. the 1 i n e ,  pressure t o  vary and operated the  pump 

a t  i t s  maximum volumetr ic  capac i ty  (i. e. , the  h i g h e s t  volume o f  ma te r i a l  

t h a t  the  pump can pass i n . a  g iven t ime) w i t h  ad jus tab le  p ickup v e l o c i t y .  

This  approach was taken i n  order  t o  study the  e f f e c t s  o f  gas. f l o w  r a t e  

on pump power usage by observing the  change i n  l i n e  pressure. Previous 

t e s t i n g  has shown t h a t  the power consumption'of the  pump i s  p.roportiona1 

t o  the  l i n e  pressure drop aga ins t  it. ~ur the rmore ,  Zenz and Othmer 

(1960) have shown' t h a t ,  f o r  a constant  .ma te r i a l  load ing  (termed 

"capac i ty "  i n .  t h i s  repo r t ) ,  it i s  poss ib le  t o  determine when ma te r ia l  i s  

beginning t o  s a l t a t e  i n  the pipe. F igure  7 shows t h a t  as the  p ickup 

v e l o c i t y  i s  decreased, the  pressure drop i n  the  conveying system w i  11 

a l so  decrease u n t i l  mater ia1,begins t o  s e t t l e  i n  the  pipe. As expla ined 

i n the  i n t r ~ d ~ c t o r y '  sect ion,  once t h i  s s e t t l  i ng commences, t he  e f f e c t i v e  

cross-sect ional  area o f  the  p ipe  is ' reduced,  r e s u l t i n g  i n  an increase i n  . . 

pressure drop. 

Table 1 and Figures 8 and 9.. show t h a t ,  as the  v e l o c i t y  decreased, 

t he  1 i ne pressure decreased correspondingly , u n t i  1 s l u g  f l o w  was 

v i s u a l l y  observed i n  observat ions 7 and, 18. This  t r e n d  was observed f o r  
. . 

bo th  Runs 211 and 225. Observat ion 1 showed t h a t  the  h ighes t  l i n e  

pressure occurred w i t h  the  h ighes t  vo lumetr ic  f l ow  ra te .  For Run 225 

KMAC, s lug  f l ow  was observed below a v e l o c i t y o f  approximately 1,500 f t /  

min. As v e l o c i t i e s  were decreased below t h i s  po in t ,  increases i n  1 i n e  

pre'ssure and power .consumption were observed. . S i m i l a r l y ,  f o r  Run 211 

KMAC, s lug  f l ow  was observed a t  and below-. a v e l o c i t y  02 1,200 f t /min.  

The s l  i g h t ,  d i f f e r e n c e  between these two observed " s e t t l  i ng" v e l o c i t i e s  

can be explained by the  f a c t  t h a t  Run 211 WAC had a l a r g e r  p r o p o r t i o n  

o f  f i n e  p a r t i c l e s ,  which general l y  r e q u i r e  less  energy f o r  conveying. 

These r e s u l t s  a rc  consistent. w i t h  those o f  Zenz and Othmer. 

KMAC can be conveyed a t  v e l o c i t i e s  , as low as 665 f t / m i  n (see 

observat ion 20); i f  no't lower. Presumably, t h i s  n ~ a t e r i a l  can ibe. con- . , 
veyed a t  v e l o c i t i e s  i n  the range o f  300 f t /m in ;  however, t h i s  o f f e r s  no 

advantage regarding power consumption by the pump. Figures 10 and I1 

show t h a t  i n  terms o f  the.pumpl's power usage, i t  i s  most advantageous t o  

design the co'nveying system w i t h  j u s t  enough v e l o c i t y  t.n main ta in  the 



Figure 7 
Schematic Representation of Fluid/Soli.ds 

Flow Characteristics in Horizontal Transport 
(Zenz and Othmer, 1960) 



Figure 8 
Line Pressure at Various Velocities at 

Constant Material Loading 
(Run 225 KMAC) 
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Figure 9 
Line. Pressure at Various Velocities . . 

for a Constant Material Loading 
(Run 211 KMAC) 
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Figure 10 
Effect of Pickup Velocity on Power 

Consumption (Run 225 KMAC) 
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Figure 1.1 
Effect of Pickup Velocity' on 

' . Power Consumption (Run 211 .KMAC) 
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mate r ia l  p a r t i c l e s  i n  suspension, w i thou t  c rea t ing .  the  ' excessiwe pres- 

sure drop associated w i t h  h igh  v e l o c i t y .    he optimum pickup v e l o c i t y  

.for Run 225 KMAC i s  be l ieved t o  be approximately 1,500 f t /m in ,  s ince 

minimum power was consumed a t  t h i s  p o i n t  (see Figure 10). Below t h i s  

v e l o c i t y ,  s l  ug f l ow  and increased pressure drop were observed. S i m i  1 a r  

observat ions suggested that the p ickup v e l o c i t y  f o r  Run . 211 - KMAC can be 

opt im ized a t  approximately .1,300 f t /m in .  .However, i f  one system i s  

being used t o  convey both types o f  M A C ,  then conveying both types 

( e i t h e r  i n d i v i d u a l l y  o r  together)  a t  1,500 f t / m i n  would no t  be a d e t r i -  

ment. Having one f l ow  r a t e  would be more convenient when changing 

mater ia ls .  

A t t r i t i o n  o f  the  Ma te r ia l .  Apparent p a r t i c l e  a t t r i t i o n  was 

observed du r ing  the  ambient t es t s .  Table 2 summarizes the  r e s u l t s  o f  

the  conveying c h a r a c t e r i s t i c s  observed dur ing  the  study o f  mater i 'a l  

breakage. Fol lowing each pass o f  t he  mater ia l  through the  conveying 

system, approximately one-half  o f  the  ma te r ia l  was re turned t o  the feed 

b in .  One-quart samples were then withdrawn from the  b i n  f o r  p a r t i c l e -  

s i z e  analyses. Results o f  the  s i z e  analyses are l i s t e d  i n  Table 3. 

F u l l e r  measured the  p a r t i c l e  s i z e  o f  ' t he  samples by us ing  the  d ry  

mesh screen method. The data i n  Table 3 show t h a t  t he re  was apparent 

a t t r i t i o n  du r ing  the  f i r s t  cyc le  o f  operat ion.  However, r e s u l t s  from 

pre.vious s tud ies  o f  KMAC p a r t i c l e - s i z e  d i s t r i b u t i o n  performed by A i r  

products and Chemicals, Inc. ,' using the  wet Mic ro t rac  technique, i n d i -  

cate t h a t  a t t r i t i o n  d i d  no t  occur (Table 4).  The data f o r  Runs 225BC, 

2 2 5 ~ ,  2256, and 2251 i n d i c a t e  t h a t  t he  median p a r t i c l e - s i z e  d i s t r i b u t i o n  

fa1 1s w i t h i n  a reasonably narrow range, i ..e. , 25-45 pm. The median 

p a r t i c l e - s i z e  d i s t r i b u t i o n  c i t e d  i n  O 1  Leary' s repor t1 agrees we1 1 w i t h  

the  mean p a r t i c l e  s izes  measured f o r  a run  225 KMAC sample a t  a l a t e r  

date.2 The sample s tud ied  was obta ined a f t e r  i t  had passed throuqh f i v e  

cyc les  i n  t he  Ful ler -Kinyon pump system. Table 5 presents t h e  r e s u l t s :  

sample 3 and i t s  repeat  had almost t he  same mean diameters i n  a l l  f i v e  
-. - . . 

1 
J. R. O " ~ e a r ~ ,  " P a r t i c l e  Size and Bu lk  .Densi ty  , o f  KMAC," E t e r n a l  ICRC 
Memorandum, .January 6, 1981. . 

2 ' ' ~ a r t i c . l e  S i r e  Analys is  o f  KMAC Sampler." Memorandum f r o m  W. W. 
Stawasz ( A i r  Products) t o  Y.  K .  Bhide (ICRC), November 24, 1982. 



Tab le  2  

Conveying C h a r a c t e r i  s t i c s  Observed d u r i n g  

S t u d y  o f  M a t e r i a l  ~ r e a k a ~ e ~  

L i n e  supp ly  L i n e  P ickup  conveyi  n b  Moto r  i n p u t  
l e n g t h  F l ow  r a t e  p ressu re  p r e s s u r e  v e l o c i t y  capac i  t y  S h a f t  power (hp) power' Obser-  
( f t )  . sc fm ac fm . . (psig).  ( p s i g )  ( f t / m i n )  ( . lb/min) High Avg . Low (hp) 

. . 
v a t i o n  

Run 225 KMAC 

600 ' 109.8 86.3 4 - 4  989.47 100 .T 7 7 27 .1  14 
. . Run 211  KMAC 

1 
a  D i s c h a r g e  I ~ o u s i n g ,  s t a n d a r d  r i g h t ;  screw l~lrrnher, 116-8 1-4-1126; ~luell,er o f  w e i g h t s ,  0;  numbcr o f  spacers ,  0 ;  numtjer o f  
' n o z z l e s ,  7 ;  11ozzle s i z e ,  0.63 in. ; ,  l i n e  diameter . ,  4.0 i n .  



Table 3 

A t t r i t i o n  Resul ts--Percentage Passing Various Mesh Sizes 

, 
Bu l  k 

Mesh s i z e  d e n s i t y  

Cond,i t i  on 325 200 - , 150 100 6 5 48 3 5 (1 b / f t 3 )  

Run 225 KMAC 

Fresh. 

A f t e r  1 s t  pass. 

A f t e r  2nd pass 

A f t e r  3rd pass 

h) 
A f t e r  4tf7 pass 

rD 
A f t e r  5 t h  pass 

Run 211 KMAC 

Fresh 

A f t e r  1 s t  pass 

A f t e r  2nd pass 

A f t e r  3rd pass 

A f t e r  4 t h  pass 

A f t e r  5 t h  pzss 



. . Table 4 

' Summary of Material-Balance Results for KMA? 

Samp 1 e 
no. Run no. 

Particle size 
5 0% 

K M A C ~  
(% cresol 

( ~ m >  % (88 I J ~  insol uble) 

a Deashing solvent free. 
b~verage of three or more samples. 
C 
From O'Lea'ry; see footnote .l to the text. 



Table 5 

Particle-Size Distribution of Run 225'KMAC 

Using a Microtrac ~ n a l ~ z e r ~ ' ~  

Particle size by distribution (pm) 
Calculated Volume mean ' 10% smal- ' 50% smal- 90% smal- % at - ~ 

surf ace area diameter ler. than ler than ler than 22 1.rm 
-- - 

Sample 3 

Cycle 1 0.480 

Cycle 2 0.485 

Cycle 3 0.479 

Cycle 4 0.481 

Cycle 5 0. 47.9 

Average 0.481 

Sample 3 (repeat) 

Cyc 1 e .1 0.524 

Cycle 2 0.506 

Cycle 3 0.478 

Cycle 4 0.467 

Cycle 5 - 0.457 

Average 0.467 

Sample 4 

Cycle 1 0.640 

Cycle 2 

Cycle 3 

Average 
Sample 5 

Cycle 1 

Cycle 2 

Cycle 3 

Average 

a 10-min sonification, 400-sec sample time. 
'~rom Stawasr loentarandurn; see footnote 2 to th.text. 
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cycles. . The average mean diameter was 34.2-38.8 y m ,  almost midway i n  

the  range repo r ted  by OILeary. 

These c o n f l i c t i n g  r e s u l t s  suggest t h a t  t he  p a r t i c l e  s izes  measured 

. du r i ng  the  F u l l e r  t e s t s  were i n c o r r e c t  and t h a t  no major a t t r i t i o n  

occurred. . One exp lanat ion  f o r  t h e  d i f f e rence  between the  s i z e  o f  the  

reference KMAC p a r t i c l e s  and , t h a t  o f  samples from the  nex t  f i v e  passes 

i s  t h a t  t he  reference sample had been. s tored before  be ing  measured. 

KMAC agglomerates w.hen s to red  f o r  a long time. Thus, t he  KMAC t h a t  was 

.recycled i n  t h e  Ful  ler -Kinyon system was actual  l y  c lose  t o  i t s  o r i g i n a l  

p a r t i c l e  s i z e  .(compare Tables 4 .and 5 ) ,  and had no t  broken down. 

Accounting f o r  Ma te r i a l  Losses. Table 6 summarizes the  ' d i s t r i b u -  

t l o n  u f  nld.Ler.-ial i n  t he  conveying systbm. T h i ~  t a b u l a t i o n  was made i n  

order  t o  approximate the q u a n t i t y  o f  ma te r i a l  l o s t  from dust  c o l l e c t i o n ,  

from be ing  l e f t  i n  the conveying l i n e ,  o r  from o ther  losses. 

A f t e r  observat ion 1, approximately 1UO l b  o t  KMHC remained i n  the 

r e c e i v i n g  b i n  throughout t h e  t e s t .  During observat ions 1 through 9, 

9 l b  o f  KMAC was l o s t  t o  dus t  c o l l e c t i o n .  When the  p ickup v e l o c i t i e s  

are lowered, ma te r i a l  i s  expected t o  drop from the  n i t r o g e n  stream and 

l a y  i n  t he  pipe. As seen i n  Table 6 f o r  Runs 225 and 211 KMAC, some 

mate r ia l  remained i n t h e  conveyi ng 1 i ne. 

Fo l l ow ing  observat ion 26, t he  conveying l i n e  was dismantled approx- 

~ m a t e l y  40 f t  from the  p ickup p u i r i t  and inspected f o r  mcltcr ial  bui ldup.  

A res idue approximately 1/4-in. t h i c k  was observed. A s i m i l a r  t e s t  was 

performed 30 f t  from the  end o f  t h e  conveying system; the  res idue va r ied  

from 1/8 t o  3/4 i n .  t h i c k .  ' It i s  speculated t h a t  t he  ma te r ia l  was 

moving i n  waves through the  conveying l i n e .  

E l  e v a t e d - ~ e m ~ e r a t u r e  Tests 

The' o b j e c t i v e  o f  t h i s  phase o f  t e s t i n g  was t o  determine i f .  KMAC 

could be conveyed a t  e leva ted temperatures. Resul ts  a re  l i s t e d  i n  

Table 7. 

Runs 225 and 211 KMAC were tes ted  a t  several temperatures and feed 

rates.  ~ e s u l  t s  and observat ions f o r  each ma te r ia l  were' s imi  l a r ,  and the  

d iscussion of each has been combined here t o  avo id  r e p e t i t i o n .  Note 

t h a t  once t h e  temperature. o f  n i t r o g e n  en te r i ng  the  suspension preheater 



' 'Table 6 

D i s t r i b u t i o n  o f  Runs'211 and.225 KMAC i n  the  

F u l l  er -Ki  nyon Pump Conveying System 

Weight (Ib.) a t  observat ion number 

1-9 , 10- 14 15-21. 22- 2 6  

S t a r t  1,047 1,308 . 965 800 

Reading. on 1 oad c e l l  a t  960 1,290 . ' 980 800 
conclus ion 

Tare weight o f  r e c e i v i n g  0 100 140 140 
b i n  as i nd i ca ted '  on 
load c e l l  

Actual  weight a t  conclus ion 960 . 1;190 840 660 

Loss t o  dust  c o l l e c t i o n  ' 9  16 11 7 

S p i l l o v e r  t o  sample drums 

L e f t  i n  conveyi ng 1 i ne 



Table 7 -  . . 
. . 

, . R e s u l t s  o f  Elevated-Temperature Tests  

 ater rial- N i t r o g e n  N i t r o g e n  
,temperat.ure . f l o w  r a t e  f l o w  r a t e  L i n e  . Conveying ' Motor  

. . e n t e r i n g  to. .  p r e h e a t e r  f o r  convey ing '  p r e s s u r e  r a t e  amperage 
pump ( O F )  (s.cfm) (scfrn) ( ~ s i g )  ( I  b / h r )  1 .  2 3 

Run 225 KCIAC 

189 575 ' . 4 1  2 2,310 
. . 

17 14 15 
2G.1 ' S / S  41 1 l., 584 1 G  12 14 

. . .  
. ~ " n . 2 1 1  KMAC 

431 . . 620 4 1  1 1,740 . . 15 12 . 16 ' 

446 . 620 4 1 1 1,080 1.5 22, 16' . 
467 620 4 1  < 1  ' 531 15 12 16 
480 '620 4 1  (2' 531 15 12 . , I 6  
500 fi7fl " 11 1 4 LU 13 i o  15 

. 551  . . 620 4 1 < 1 350 . . 13 . 10 15 



. . 

reached apprdximately 850°F, the  on l y  hay t o  r a i s e  the  ma te r ia l  temper- 

a t u r e  f u r t h e r  'was t o  lower the  feed r a t e  i n t o  the  preheater ,  i . e . ,  

reduce the  ma te r ia l  -to-gas mass r a t i o . '  

. A t  each' pump i n l e t  temperature, motor 1 oads (amperages) were read. 
. . 

A t  a l l  temperatures, no signs o f  ma te r i a l  s t i c k i n g  were observed. The . 

motor load never increased, which would have i nd i ca ted  b ind ing  o r  s t i c k -  

i n g  i n  . t he  pump and/or conveying 1 ir ie. The 1 i n e  ,' pressure never . 

increased du r ing  t e s t i n g ,  lead ing  t o  the  deduction' t h a t  ma te r i a l  d i d  no t  

b u i l d  up on the  conveying 1 i n e  wa l ls .  This  deduct ion was v e r i f i e d  upon 
. . 
equipment d i  sassembl y. Both t h e  pump and conveying 1 i ne were inspected 

f o r  ma te r i a l  bui ldup.  No measurable accumulation ( less  than 1/32 i n .  ) 

was observed i n  t he  conveying l i n e .  W i t h i n  the  pump, there  was approx- 

ima te l y  a 1/32- t o  1/16-in. bu i l dup  on t h e  i n l e t  hopper w a l l s  and screw 

f l i g h t s .  However, t h i s  bu i ldup i s  t y p i c a l  o f  most pump app l i ca t i ons ,  

and 'was he re l y  a b u i l d u p  o f  f i n e  powde.r, ra the r  than s t i c k y  ma te r ia l .  

Thus, bui1du.p i n  the  pump cou ld  be e a s i l y  brushed o r  vacuumed o f f ,  

l eav ing  no residue. Overa l l ,  then, measurable ma te r i a l  bu i ldup d i d  no t  

r e s u l t  du r i ng  conveying o f  KMAC up t o  temperatures o f  approximately 

550°F. Thus, a F u l l  er-Kinyon conveying ,system should no t  be hindered by 

conveying KMAC a t  such temperatures. 

An important  p o i n t  t o  note i s  t h a t  KMAC i s  combustible, which was 

demonstrated dramat ica l - ly  d u r i n g  these tes ts .  A t  t he  conclus ion o f  t he  

elevated-temperature runs,' the  n i t rogen  supply was shut o f f ;  however, 

t he  baghouse fan  cont inued t o  p u l l  ambient a i r  i n t o  the dus t  co l . lec tor .  

S u f f i c i e n t  heat remained i 'n t he  baghouse t o  i g n i t e  the  KMAC i n  t he  

presence o f  oxygen. Subsequently, a l l  o f . t h e  bags were l o s t .  

Therefore, caut ion  must be exerc ised .dur ing shutdown o f  t he  con- 

veying system. Since. a l l  the  components, such as the  pump, cyclones, 

. . and baghouse, have been heated s u b s t a n t i a l l y  du r ing  operat ion,  they 

become .a source o f  i g n i t i o n  f o r  any KMAC remaining i n  o r  around the  

system. Therefore, the  n i t rogen  should be f lowed cont inuously  a f t e r  t he  

feed i s  stopped, u n t i l .  the  temperature . o f  the  equipnient and yemaining . . 
- .  . .. . . .  

ma te r i a l  has reached safe 1,evels. . ' 



CONCLUSIONS . . 
---= 

. . 
. . 

. The r e s u l t s  of the  F u l l e r - ~ i n ~ o n  pump t e s t s  l ead  t o  t h e  f o l l o w i n g  
. . 

concl u s i  ons: 

1. The Ful le r -K inyon pump i s  'a  f e a s i b l e  'means, o f  conveying KMAC 

a t  temperatures up t o  550°F. 

2. KMAC .can be conveyed s a t i s f a c t o r i l y  a t  a p ickup v e l o c i t y  o f  

3 .  P a r t i c l e  a t t r i t i o n  i s  n o t  be l ieved t o  be a problem. 

4. Measurable ma te r i a l  bu i l dup  was n o t  observed i n  e i t h e r  the  

pump o r  conveying 1 i n e  'whi l e  KMAC was conveyed a t  temperatures . 

up t o  550°F. 



CONVEYING KMAC IN A BLOWTANK CONVEYING SYSTEM 

(PROGRAM' 13 . 3  . 3  ) 

The. F u l l  er -Ki  nyon pump t e s t s  described i n .  the  preceding sec t ion  

showed t h a t  KMAC' i s  r e l a t i v e l y  easy t o  convey, i n  the  sense t h a t  r e l a -  

t i v e l y  1 ow conveying v e l o c i t i e s  are  possib le.  Lowering the  v e l o c i t y  

reduces system power consumption. Duri'ng the  pump t e s t s ,  an a i r  

v e l o c i t y  a t  the  conveying l i n e  entrance ( the  p ickup v e l o c i t y )  o f  1,500 

f t / m i n  y i e l d e d - t h e  l e a s t  pressure drop i n  the  conveying l i n e  and l e a s t  

power consumption. Although t h i s  v e l o c i t y  i s  n o t  the b e s t  f o r  a l l  KMAC 

conveying systems, i t  serves as a reference p o i n t  f o r  s i z i n g  - o ther  

methods, i nc lud ing  blowtank conveying. Unless the  system designed f o r  

t he  demonstration p l a n t  va r i es  d r a s t i c a l l y  from t h a t  tes ted ,  t he  1,500- 

f t / m i n  v e l o c i t y ,  w i  11 y i e l d  s a t i s f a c t o r y  r e s u l t s .  It should b e  noted 

t h a t  t h i s  v e l o c i t y  i s  n o t  c r i t i c a l  ; opera t ing  a t  +20% o f  t h a t  r a t e  w i  11 

n o t  d r a s t i c a l l y  a l t e r  conveying c h a r a c t e r i s t i c s .  

A1 though t h e ,  Ful ler -Kinyon pump t e s t s .  showed t h a t  e leva ted temper- 

a tu res  would no t  impede conveyance a f t e r  t he  KMAC.was i n  the  conveying 

1 ine ,  Ful l e r  speculated . t h a t  problems might be encountered i n  the  blow- 

tank  system. Operat ing a t  h igh  temperatures might  enhance the  tendency 

o f  the  KMAC p a r t i c l e s  t o  s t i c k '  t o  themselves, which cou ld  cause blockage 

o f  the  blowtank. Normal l y  , once blockage has occurred, ' i t  i s  d i f f i c u l t  

t o  q u i c k l y  break up the  s o l i d  p a r t i c l e s  and cont inue conveying. 

Thus, t he  design o f  t h e  blowtank ' t e s t s  was based on r e s u l t s  from 

t h e  ~ u l l e r - ~ i n ~ o n  pump t e s t .  KMAC was conveyed a t  temperatures up t o  

550°F a t  p ickup ve , l oc i t i es  ranging from 1,000 t o  1,500 f t /min.  Any 

blockage i n  the  blowtank was detected by mon i to r ing  the  '1 i n e  pressure., 

Dur ing conveying, a drop i n  t h e  l i n e  pressure i n d i c a t e d  t h a t  ma te r i a l  

was .. . n o t  being fed  i n t o  the  .conveying l i n e .  Then, i f  the  amount o f  

ma te r i a l  received d i f f e r e d  from the  amount loaded i n t o  the  tank, t he  



system.. was checked f o r  6,loc'kage. . Discharge .blockage was monitored by 
' checking f b r  a steady r i s e  i n  tank  pressure wh i l e  there  was no l i n e -  , . 

pressure drop,.. f n d i c a t i n g  t h a t  no f l o w  o f  s o l i d s  was occu r r i ng  i n  t he  

. . . . system. 
. . 

The s tudy ' s  . ob jec t i ves  . were the  same as those o f  the  Fu l le r -K inyon 

pump'. t e s t :  . . 

1. Study.  prob.lems t h a t  might  be encountered when conveying KMAC 

from a b l  owtank a t  temperatures up. t'o 5 5 0 ~ ~ .  

2. ' Determine the amount o f  mater ia l .  a t t r i t i o n  ( o r  p a r t i c l e  

breakage) dur ing  conveyance through the blowtank system. 

APPARATUS AND 'PROCEDURE 
. . 

. . . . 
. -. Feed' System t o  the  Blowtank 

The system used t o  heat KMAC was b a s i c a l l y  the same as t h a t  used 

f o r  the Fu l le r -K inyon pump , t e s t s .  I n  the  blowtank t e s t s ,  KMAC was 

withdrawn by vacuum from the  drums and dropped through a r o t a r y  feeder 

i n t o  the  screw feeder b ins  (F igure 12). The screw feeders i n j e c t e d  the  

ambient-temperature KMAC i n t o  a suspension preheater,  through which ho t  

. n i t rogen .  flowed.. The n i t rogen  was heated t o  as h igh  as 850°F i n  an 

i n d i r e c t l y  f i r e d .  preheater.  Regulat ion o f  the  n i t rogen  f l ow  r a t e  i s  

descr ibed . . . i n  the f o l l o w i n g  sect ion.  

The heated ' n i t r ogen  entered an 8- i n .  -diameter suspension preheater  , 
where i t contacted the  ambient-temperature KMAC. A f t e r  reachi  ng equi-  

1 i bri'um temperature, the KMAC/ni t rogen , m ix tu re  entered a r e f r a c t o r y -  
. . 

1  i hed cyclone, which separated the  n i t rogen  from, the  heated KMAC. The 

n i t r o g e n  was vented through a Plenum Pulse dus t  c o l l e c t o r ,  and t h e  KMAC 

was dropped through dual t i p p i n g  valves i n t o  the blowtank. The drop l e g  

t o '  the  tank  was i nsu la ted  w i t h  2- in .  ca ic ium s i  1 i c a t e  insu1at.io.n. 

Thermocouples, , . i n s t a l  1  ed a t  t he  l oca t i ons  shown i n  F igure  12, 

monitored the  f o l l o w i n g  temperatures, which were d isp layed on a d i g i t a l  

readout: n i t rogen  temperature a t  preheater  e x i t ;  n i t r ogen  temperature 

be fbre  con tac t i ng  WAC; temperature o f  n i  ~ ~ o ~ ~ ~ / K M A c  m ix tu re -  j u s t  a f t e r  

. con tac t ;  temperature o f  n i  t r o g e n / X ~ ~ c  'mixture ente,r i  ng cyclone ; n i t rogen  

temperature a f t e r  b e i n g  separated by cyclone; preheater enclosure a t  



Figure 12 
Apparatus for Blowtank Test . . 
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preheater  e x i t ;  KMAC temperature i n  bottom o f  blowtank; temperature o f  

KMAC c n t c r i  ng b l  owtank. 
. . 

Blowtank and Conveying L ine 

A f t e r  the  blowtank had been f i l l e d ,  the  KMAC was conveyed h o r i -  

z o n t a l l y  f o r  approximately 50 f t  i n  3- in .  schedule 40 pipe. The KMAC 
3 then passed through two l o n g .  rad ius  (R/D = 12) bends and was conveyed 

approximately 50 f t  t o  a  ,discharge cyclone. Tota l  conveying d is tance 

was about 105 ft. 

Gaseous n i t r o g e n  was used t o  convey the  KMAC. Because the  n i t rogen  

was s tored i n  a  l i q u i d  s ta te ,  it was f i r s t  .passed through a  steam 

vapor izer .  The steam vapor izer  was used i n  l i e u  o f  a standard 

convect ion-type heat  exchanger because the  standard exchanger cou ld  no t  

p rope r l y  vapor ize t h e  n i t r o g e n  a t  the  f l o w  ra tes  tested.  The n i t rogen  

used t o  heat t he  KMAC was regu la ted  and measured as fo l l ows  (see 

F igure  13). N i t rogen gas entered the system a t  90-100 p s i g  and 

immediately passed through a  F isher  se r i es  99 gas regu la to r ,  which 

lowered t h e  supply pressure o f  t he  conveying system t o  50 ps ig.  Down- 

stream o f  t he  se r ies  99 r e g u l a t o r  was a  meter ing f l o w  o r i f i c e  used t o  

bo th  regu la te  and measure the  a i r - f l o w  volume. The gas regu la to r  

regu la ted  on l y  pressure,, n o t  volume, thus necess i ta t i ng  the  use o f  some 

o the r  vo'lume-Control device. Pr*essur'.e Laps s t r a t e g i c a l l y  placed on cach 

s ide  o f  t he  o r i f i c e  were connected t o  a  mercury manometer, thus i n d i -  

c a t i n g  the  pressure drop, AP, across the  o r i f i c e .  The gas fl 'ow r a t e  was 

c a l c u l a t e d  as shown i n  the  sample c a l c u l a t i o n s  . i n  Appendix 2. 

Downstream o f  the  o r i f i c e  was a  F isher  type 657ED diaphragm 

ac tuator ,  used t o  regu la te  the  pressure drop across the  o r i f i c e  and thus . . 

t he  f l ow  volume. Opening the  ac tua tor ,  which i s  s i m i l a r  t o  a  c o n t r o l  

va lve,  increased the  volume o f  f l a w  td the  system. This increase was 

measured- by t h e  AP across the  o r i f i c e .  -The ac tua to r  rece ived a  s igna l  

from the  pressure t a p  downstream o f  t he  o r i f i c e .  The n i t rogen  f l o w  was 

f i r s t  f e d  through a    is her type 67 volume regu la to r ,  t o  reduce the  load 

pressure t o  t h a t  of the a c t u a t o r ' s  opera t ing  range (usua l l y  5-40 ps ig) .  

A F isher  se r i es  98LD pressure r e l i e f  va lve,  loca ted  upstream of the  

3~ = r ad ius  of curva ture  of bend; D =" diameter of Lube. 
40 



Figure 13 
Flow Control and Measurement System 
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actuator  (see F igure  13)', sensed the  pressure d i f f e r e n t i a l  across the  

. o r i f i c e  and opened o r  closed, .a l low ing the  proper pressure t o  be app l i ed  

t o  the  ac tua to r .  Thus, t he  ac tua to r  was n o t  a f f e c t e d  by changes i.n back 

pressure and accura te ly  c o n t r o l l e d  the  pressure d i f f e r e n t i a l  o f  the  

o r i f i c e .  The n i t r o g e n  supply was now completely regu la ted  and was 

i n j e c t e d  i n t o  the  preheater .  

The n i t r o g e n  used t o  convey KMAC was regu la ted  and measured sim- 

i 1 a r l y .  However, t he  diaphragm ac tuator  and i t s  c o n t r o l  1  i ng devices 

were replaced by a  manual l y  operated globe valve. 

Both t h e  1  i n e  and tank  pressures were monitored on a  B a i l e y  c h a r t  

recorder.  The pressure taps f o r  these readings are  a l so  .shown i n  

F igure 12. 

The conveying r a t e  was determined by d i v i d i n g  the  q u a n t i t y  of 

ma te r i a l  conveyed by the  run  time. The run t ime s t a r t e d  when the  d i s -  

charge va lve  was opened, i n i t i a t i n g  conveying, and cont inued un.t i  1 the 

1  i n e  pressure re tu rned  t o  the  "no-load" 1  i n e  pressure (i. e. , t h e  pres- 

sure observed from t h e  f l o w  o f  n i t rogen  only) .  

The blowtank (shown i n  F igure  14) i s  48 i n .  i n  diameter, and has an 
3 approximate volume o f  25 f t  . The tank  was designed t o  w i ths tand 100- 

p s i g  i n t e r n a l  pressure a t  500°F, and was h y d r o s t a t i c a l l y  tested.  t o  

150 p s i g  according t o  ASME Code V I I I  design c r i t e r i a .  . 

As F igure  14 ill us t ra tes ,  the  n i t rogen  was conveyed t o  the  blowtank 

system i n  a  2- in.  p ipe ;  t he  f l ow  was then s p l . i t  between the  tank  and the 

conveying 1  i ne. . A  hand-operated valve ( # I )  adjusted the  p r o p o r t i  on o f  

n i t rogen  added. i n t o  the  tank. Normnlal l y ,  t h i s  va lve  was ad jus ted  du r ing  

conveying u n t i l  t he  -p ressure  gauge upstream o f  the  va lve  read 2-3 p s i g  

h igher  than the  l i n e  pressure. I n  a  f i e l d  i n s t a l ' l a t i o n ,  once t h i s  
' 

adjustment i s  pei-formed, t h i s  hand va l ve  stiould never r e q u i r e  read jus t -  

ment. 

N i t rogen entered t h e  tank through th ree  1 - i n .  i n t e r n a l  diameter 

( i . d . )  r i n g  mani fo lds.  Each mani fo ld  was f i t t e d  w i t h  a  va lve  t h a t  cou ld  

stop the  f l o w  ' i f  necessary. From each mani fo ld,  t he  n i t r o g e n  f lowed 

through s i x  1/4-in. p ipe  nozzles. The nozzles were d i r e c t e d  toward the  

blowtank discharge, and prov ided p a r t i a l  ae ra t i on  o f  the  ma te r ia l  i n  the  

tank', f a c i  1  i t a t i  ng discharge. The volume o f  n i t rogen  en te r i ng  the  tank 

was measured w i t h  a  3/4- in.  f l ow  o r i f i c e .  

4 2 



Figure 14. 
Blowtank for KMAC Conveying 
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The blowtank was equipped w i t h  several valves. As i n d i c a t e d  i n  

F igure  14, F u l l e r  one-way S-K valves were used as discharge, i n l e t ,  and 

vent  valves. These a i r -opera ted  valves, i d e n t i c a l  except f o r  t h e i r  

s i ze ,  have d i scs  t h a t  s l i d e  perpend icu la r ly  t o  the  f l ow  o f  m a t e r i a l  and 

are  pos i t i oned  on beveled seats when closed (see F igure  15).  They 

d i f f e r  from b u t t e r f l y  valves i n  t h a t  they do not  obs t ruc t  t he  f l ow  o f  

ma te r i a l .  These S-K valves are e i t h e r  on o r  o f f  and do no t  regu la te  

f low. The ae ra t i on  va lve  was a  2- in .  Demco a i  r -operated b u t t e r f l y  

va l  ve. 

Both t h e  discharge va lve  and aerat io 'n va.lve were connected t o  

.Mercoid pressure switches. The swi tch  connected t o  the  ae ra t i on  valve 

contro' l  led t h e  discharge o f  ma te r i a l  from the  tank by c l o s i n g  the  valve 

a t  a  s e t  pressure. As t h e  l i n e  pressure dropped t.n a second se t  p o i n t  

on the swi tch,  the  va lve  was reopened and mater ia l  was again fo rced i n t o  

the  conveying l i n e .  By .changing the  se t t i ngs  o f  t h e  pressure swi tch,  

the  system cou ld  be operated a t  d i f f e r e n t  l i n e  pressures and, therefore,  

capac i t ies .  For t h i s  t e s t ,  the  va lve  c losed a t  7 p s i g  and reopened a t  

5 ps ig.  

Another Mercoid swi tch  was connected t o  the  discharge valve. Th.is 

sw i tch  was s e t  a t  a  s l i g h t l y  'h igher pressure than t h a t  c o n t r o l l i n g  the  

ae ra t i on  valve. I f  the  l i n e  pressure cont inued t o  increase a f t e r  the  

ae ra t i on  va lve  was :closed, t h i s  swi tch closed t h e  discharge valve.  

, Normal l y  , the  discharge val 've'  w i  11 - 'not c lose du r ing  conv,eyi ng; however, 

should i t  happen, t h e  va lve  w i l l  c lose  a t  8 p s i g  and 'reopen a t  6 ps ig .  

The i n l e t  va lve  was opened a f t e r  ' the blowtank h'ad been re1 ieved of 

pressure. 'I'he vent valve, connected t o  a  dust  c o l l e c t o r ,  was opened 

p r i o r  t o  opening t h e  i n l e t  valve. The vent ing  system a l so  prov ided a 

passage f o r  t he  a i r  being d isp laced by the  ma te r ia l  en te r i ng  the  tank. 

'The normal sequence o f  opera t ion  consis ted of t he  f o l l o w i n g  steps: 

1. Vent va lve  opened. 

2. I n l e t  va lve  opened. 

' 3. Ma te r i a l  f i l l e d  blowtank u n t i l  the  l e v e l  i n d i c a t o r  was 

actuated. 



Figure 15 
Fuller Co. One-Way S-K Valve 
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I n l e t  valve closed. 

Vent valve closed. 

For continuous operation: aerat ion and discharge valves 

opened, blower was running. For i n t e rm i t t en t  operation: 

blower began running. 

Line pressure increased as mater ia l  was being conveyed. 

Line pressure decreased as blowtank was emptied. 

Low-pressure switch act ivated. 

Discharge valve closed. 

Aeration valve closed. 

Vent valve- opened, a l lowing the remaining pressure i n  the tank 

t o  escape ( r e fe r  t o  step I). 
I n l e t  valve opened and the e n t i r e  cyc le  was repeated ( r e fe r  t o  

step 2). 

This sequence i s  t yp i ca l  o f  automatic blowtank operation. However, 

any o r  a l l  of the valves could be operated manually i n  order t o  deviate 

from the  above sequence. 

Note t h a t  a t h i r d  Mercoid switch was set  a t  o r  near the no-load 

l i n e  pressure i n  order t o  close the discharge and vent valves (see 
. -  . F ~ C P S  10 and 11). . . . ,  - 

. . 
- - --  - - -- - - --: - -  - 

- - - - - - 

Procedure 

The t e s t  procedure comprised 12 steps: 

1. Nitrogen f low r a t e  t o  the preheater was s'et. 

2. Fuel t o  the preheater was turned on.. 

3. Whi 1 e the preheater was reaching the desired temperature, the 

KMAC was ~ d ~ ~ ~ m - c o n v e y e d  i n t o  feed b ins .  

4. I n l e t  and vent valves t o  the blowtank were opened. 

5. A f t e r  the  n i t rogen reached the desired temperature, the screw 

feeders were turned on. 

6. The feeder speed was adjusted u n t i l  the KMAC enter ing the 

blowtank ( a t  p o i n t  #8) had reached the desired temperature. 



7. KMAC was f e d  u n t i l  t he  blowtank l e v e l  i n d i c a t o r  actuated the 

c l o s i n g  o f  t he  i n l e t  va lve  o r  u n t i l  t he  observer f e l t  there  

was enough ma te r ia l  i n  t he  tank  f o r  a conveying run. 

8. I n l e t  and vent valves were closed, if the  system was operated 

manual ly. 

9. Nit rogen was tu rned on f o r  conveying. 

10. Aerat ion and discharge valves were opened. Conveying was now 

i n  progress. 

11. Readings on the  pressure gauges and manometer (across o r i f i c e  

measuring the  f l o w  t o  the  tank) were recorded. 

12. When the  tank  and 1 i n e  pressure re turned t o  a no-load condi- 

t i o n ,  steps 3-11 were repeated a t  a new WAC temperature. 

RESULTS AND DISCUSSION 

Results are summarized i n  Tables 8 and 9. The temperatures i n  

Table 8 were' cor rec ted  f o l  lowing c a l  i b r a t i o n  o f  t he  thermocouples. 

Problems Encountered 

Preheater. A very i n t e r e s t i n g  observat ion was a c c i d e n t a l l y  d is -  

covered du r ing  the  f i r s t  few t e s t  runs. When the  blowtank f o r  run  4 was 

being loaded, a sharp pressure r i s e  was noted i n  the  suspension pre- 

heater.  The pressure increase was enough t o  fo rce  the  hoses and f l u i d  

from the water manometers t h a t  were measuring the  pressure below and 

above the  feed p o i n t  i n  t he  preheater.  As discussed i n  the  sec t i on  on 

t h e  Ful ler -Kinyon pump, a r i s e  i n  pressure i nd i ca tes  a r e s t r i c t i o n  i n  

t he  p ipe,  prov ided the  f l o w  r a t e  has n o t  been a l te red .  Therefore, when 

the  pressure r i s e  was noted,. simple deduct ion l e d  t o  the  conclus ion t h a t  

t he  f l ow  through the  preheater  was .becoming r e s t r i c t e d .  0isassemb.ly 

showed t h a t  t he  KMAC had adhered t o  the  preheater wa l l s ,  b u i l d i n g  up a 

l a y e r  t h a t  even tua l l y  f i l l e d  the  e n t i r e  cross-sect ional  area o f  the  

preheater.  Large, b r i  ttl e chunks o f  KMAC were subsequently removed.. 

Near ly  t he  e n t i r e  l eng th  of the  preheater  had some bu i l dup  o f  KMAC on 

t h e  wa l l s ,  w i t h  most loca ted  near t h e  feed point. .  



Table  8  

Flow Rate C o n d i t i o n s  fo'r Runs 1-8  

Convey- . 

N i  t r o g e n  L i n e  P ickup Flow r a t e  i n g  r a t e  KMAC temp. 
Run , KM'AC f l o w  ' r a t e  p ressu re  v e l o c i t y  t o  t a n k  ( t p h )  . . . i n t o  t a n k  
no. no. (scfrn) ( p s i g )  (ft/rni n)  (scfm)  (appro:<. ) ( O F )  

a . . 
~ e m ~ e r a t u r e  a t  bot tom of  b lowtank .  



When t h i s  p lugging was observed., the  temperature below the  feed 

p o i n t  was approximately l,lOO°F, whereas t h a t  above the  feed p o i n t  was 

915OF. Because the  KMAC feed r a t e  cou ld  n o t  be p r e c i s e l y  measured i n  

these experiments, determining the  exact  KMAC temperature was impos- 

s i b l e .  During the t e s t i n g  o f  KMAC sample 211, the  temperature below the  

feed p o i n t  reached . approximately 1 ,'020°F. A t  t h i s  temperature, KMAC 

a l so  b u i l t  up on the  wa l l s ,  a l though n o t  t o  the  ex ten t  noted e a r l i e r .  A 

3/8-in. - t h i c k  bu i ldup,  . extending from 8 i n .  below the  feed p o i n t  t o  

6 i n .  above the  feed p o i n t ,  i. e. , the  h o t t e s t  area occupied by the  KMAC, 

was removed from t h e  preheater w a l l s  a t  the  conclus ion o f  t he  t e s t .  The 

KMAC en te r i ng  the  blowtank was est imated a t  580°F. ' T h e .  r e s t  o f  the 

preheater  was f r e e  o f  bui ldup.  Therefore, i t i s  be l ieved t h a t  the  

c r i t i c a l  p o i n t  where the  KMAC becomes adhesive i s  between 580°F ( the  

temperature o f  the  KMAC en te r i ng  the  blowtank) and 775OF ( the  temper- 

a tu re  above the  preheater  feed p o i n t ) .  Note t h a t  the temperature above 

the  feed p o i n t  i s  t h a t  o f  t he  nitrogen/KMAC mixture;  t he  exact KMAC 

temperature i s  unknown. 

Blowtank and Conveying Line. I n  a d d i t i o n  t o  the  chunks o f  KMAC 

found p lugg ing  the  suspension preheater,  l a r g e  (approximately 4 t o  

5 i n . )  agglomerations o f  KMAC were subsequently found i n  the  blowtank. 

These s o l i d  pieces completely stopped the  discharge o f  ma te r i a l  from the 

tank. Chart record ings o f  l i n e  and tank  pressure show t h a t  t he  tank 

pressure rose r a p i d l y  when the conveying cyc le  s tar ted,  w h i l e  the l i n e  

pressure remained a t  a no-load cond i t i on ,  thus i n d i c a t i n g  a blockage o f  

t he  tank  discharge. The KMAC agg lomerations were discovered a f t e r  the  

t a n k  was al lowed t o  se t  overn igh t  f o l l ow ing  the  p lugging o f  the  suspen- 

s ion  preheater.  Conceivably, t h e  KMAC cou ld  have i g n i t e d  w h i l e  i t .  was 

h e l d  i n  the  tank; however, no evidence o f .  burn ing (smoke s t a i n s  o r  b u r n t  

p a i n t )  was not iced. Since the  same t h i n g  could happen , i n  a f i e l d  

i n s t a l  1 a t i o n ,  necessary precaut ions should .be taken.  Unfortunately, .  

whether t he  KMAC agglomerated because of h igh  temperatures; as i t d i d  i n  

t he  preheater,  o r  whether i t  i g n i t e d  and adhered i s  unknown. I n  e i t h e r  

case, t h i s  was the  o n l y  inc idence o f  problems occur r ing  i n  the  tank  o r  

du r ing  conveying. 



Run 225 KMAC was successful  l y  co'nveyed, i n  Run #6, a t  temperatures 

(going i n t o  the  tank)  o f ,  470°F. During the  f i r s t  f o u r  runs, the  tem- 

pera ture  of the  KMAC en te r i ng  the  tank was n o t  measured. 

Dur ing Run 6, t h e  1 i n e  pressure was 3 ps ig ,  and 85 scfm o f  n i t rogen  

was used, r e s u l t i n g  i n  a s u p e r f i c i a l  v e l o c i t y  a t  the  conveying l i n e  

entrance o f  a'pproximately 1,455 f t /min.  No conveying problems were 

observed nor  was any KMAC bu i l dup  noted i n  the  conveying l i n e  o r  d i s -  

charge cyclone. Approximately 7.2 t p h  was conveyed du r ing  t h i s  run. 

Run 211 KMAC was success fu l l y  conveyed a t  tank i n l e t  temperatures 

up t o  580°F. During Run 8, LI1e i l l l e t  temperatul-c ' var ied  from 550 t o  

SRO°Fi At these ternperqtures, ::no aqqlomeration problems were observed 

e i t h e r  i n  the  m a ~ e r i a l '  discharge from t h e ,  blowtank, o r  i n  t he  conveying 

' l i ne .  When the  blowtank was disassembled, a t h i n  ( l ess  than 1/32 i n . )  

coa t i ng  o f  KMAC was found on t h e  inner  tank wa l ls .  . T h i s  was n o t  the  

burnt-on bu i ldup seen i n  the  preheater ,  b u t  was a powder t h a t  cou ld  be 

e a s i l y  brushed 'from the  wa l l s .  Examination o f  the  conveying l i n e  a l so  

d i d  n o t  reveal  any bu i l dup  o f  KMAC. The screen analyses descr ibed i n  

t h e  nex t  sec t i on  show t h a t  some p a r t i c l e - t o - p a r t i c l e  adhesion was 

pro'bably p resent  d u r i n g  Run 8.  However, no l a r g e  agglomerations of KMAC 

were observed. . . 

A t t r i t i o n  

I n v e s t i g a t i o n  o f  .KMAC a t t r i t i o n  du r ing  . . t h i s  t e s t  d i d  n o t  t r u l y  

i n d i c a t e  what would occur . i n  a standard f , i e l d  i n s t a l l a t i o n .  Dur ing the  

cllrrent. t-est., t.he KMAC was exposed t o  two p o t e n t i a l  Sources o f  attrlLiurr 

t h a t  would n o t  be present  i n  a f i e l d  system. F i r s t ,  t he  KMAC was 

vacuumed from drums. Because the  KMAC was conveyed o n l y  a s h o r t  

d is tance from the  drums, no appreciable a t t r i t i o n  should r e s u l t  from 

t h i s  operat ion;  however, t he  f a c t  t h a t  the  vacuuming was done should be 

kept  i n  mind. 

Second, t h e  most severe source o f  a t t r i t i o n  n o t  d i r e c t l y  r e l a t e d  t o  

the  blowtank system i s  be l i eved  t o  be the  screw feeders used t o  charge 

the  suspension preheater.  The screw feeder ' s  opera t ion  creates a 

c e n t r i f u g a l  f o rce  t h a t  causes t h e  p a r t i c l e s  t o  g r i n d  aga ins t  each o ther .  

However, a t t r i t i o n  from t h i s  source should no t  be nea r l y  as g rea t  as 



t h a t  from the  screw o f  a Fu l le r -K inyon pump. The pump operates a t  1,200 - 
rpm','whereas the screw feeders i n  t h i s  t e s t  o p e r a t e a t  speeds from 80 t o  

400 rpm. . A t  such slower speeds, t h e  c e n t r i f u g a l  fo rces  c r e a t i n g  f r i c -  

t i o n  are  n o t  as severe and a t t r i t i o n  i s  expected t o  be lower. 

N e g l i g i b l e  a t t r i t i o n  i s  expected i n  the  suspension preheater,  due 

t o  a combination o f  t he  sho r t  conveying d is tance (18 ft) a n d  the  reduced 

w a l l  - t o - p a r t i c l  e f r i c t i o n  i n  v e r t i c a l  co.nveyi ng. 

KMAC samples were c o l l e c t e d  from the  drums before each t e s t  run  and 

tw ice  du r ing  the  run  a t  the  discharge po in t .  The r e s u l t s  a re  tabu la ted  

i n  Table 9. Keep i n  mind t h a t  these were random samples, a n d  ,absolute 

agreement from sample t o  sample ma'y n o t  be present.  O f  course, t he  more 

samples, t h e  greater  the  l e v e l  o f  conf idence ( s t a t i s t i c a l )  i n  the 

r e s u l t s .  

The f i r s t  i n t e r e s t i n g  observat ion i s  t he  l a r g e  v a r i a t i o n  i n  the  

p a r t i c l e  s i z e  o f  the  feed from run  t o  run. This does n o t  p a r t i c u l a r l y  

apply t o  Run 211 KMAC, b u t  an extremely l a r g e  variance can be seen i n  

Run 225 KMAC. For example, i n  Run 31, on ly  43% o f  t he  sample passed a 

325 mesh screen, b u t  i n  Run 2, nea r l y  80% passed 325 mesh. ' The reason 

f o r  t h i s  var iance i s  uncertain. Many drums conta ined agglomerations 

resembling cement c l i n k e r ;  perhaps the  drum sample i n  Run 1 w a s  

unusual ly  laden. Such agglomerations o r  'chunks o f  ma te r i a l  w i l l  be 

e l im ina ted  a t  the  S R C - I  Demonstrat ion.Plant.  

As t h e  data i n  Table 9 show, drawing a d e f i n i t i v e  conclus ion 

regard ing  KMAC a t t r i t i o n  i s  very d i f f i c u l t .  I n  some cases,, f o r  example, 

Runs 2, 3, and 7, t he  a t t r i t i o n  i s  small: i n  general,  on ly  an 8% 

increase i n  the  q u a n t i t y  o f  ma te r i a l  passing 325 mesh was observed, w i t h  

t:he increases being l ess  f o r  l a r g e r  mesh sizes. The r e s u l t s  o f  o the r  

runs such as Run 1 lead one t o  b e l i e v e  t h a t  a t t r i t i o n  i s  appreciable--a 

43% increase i n  t he  amount o f  ma te r i a l  passing 325 mesh was noted. This  

increase i s  no t  be l ieved t o  be t y p i c a l  o f  t he  system's operat ion,  b u t  

r a t h e r  a r e s u l t  o f  the  l a c k  o f  agglomerations i n  the  samples taken a t  

t h e  product  discharge. This  does n o t  mean t h a t  the  agglomerations 'were . '  

broken up.; it means t h a t  they .were n o t  present  i n  t he  random sample's 

taken. I n  Runs 4 and 8, an ac tua l  decrease i n  t h e  q u a n t i t y  o f  ma te r i a l  

. . passing the  var ious mesh s izes  was ev ident .  Note t h a t  these two runs 



Table. 9 
. . 

Attri t f o n  Tes t  Results f o r  B lob tank  System. ' .  

Bulk  
. . 

dens i t y  . . % m a t e r i a l  passing v.arious mesh sizes. 

Run ( I  b / f t 3 )  28 ' change 6 5  Change 150 Change 200 Change 325 Change 

1 Feed 24.8 97.2 : 80.5 62.4 . 54.1 43.0 

Product 21.2 100.0 +2:8 - N/A N/A N;/A . N/A 92.0 +37.9 86.0  t43 .0  

2 Feed 24.4 90 .1  . !  92.3  84 :6 80.8  71.2 
, . 

Product 19.9  100.0 +l. 9 . 93.2  +0.9 . 86.4 +l. 8 81.9 . +I.$ 79.6 t 8 . 4  

3 ' ~ e e d  21.6 99.1  96.5 89.6 81.0  67.2 

Product 22.2 98.1  -1 .0  - 96.2  - 0 . 3  88. B . -0 .8  .82.3 +I. 3 75.8, t8 .6  

b7 97.3 87.8  81.0  ru 4 Feed 20.0  100.0 71.5 

Product 2 9 . 1  . 95.2 -4.8 92.0 -5 .3  83.. 3 - 4 . 5  75 -5 .6  58.7 -12.8 

5 Feed. 25.4 

Product 23.8  93.4 +O. 5 98.1 +O. 3 96.3 +0.6 . 8 5 . 9  +2.1  73.1 +6.5 

6 Feed 

Product 25.9 100.0 +1.5  . 97.2 +2.3  87.8 +2.4 78.4 t 6 . 9  60.5 +8.7  

7 Feed 23.7 100.0 98.7 . 90.7 81.4 64. i 

Product 26.4 100.0 0 .0  100. 0 +I.  3 96.9 +6.2 90.0 +8.6 71.9 +7 .9  

8 Feed . 22.7 100.0 100.0 93.3 83.7 65.4 

Product 28 .5  100.0 0 .0  100.0 0 . 0  92.9 -0.4 82.7 -1 .0  63 .3  - 2 . 1  . 



were conducted a t  t he  h ighest  temperatures tested,  which cou ld  have 

caused KMAC adhes.ion, as p rev ious l y  d i  scussed. These r e s u l t s  1 ead one 

t o  be l i eve  t h a t  t he  KMk p a r t i c l e s  ' d i d  begin t o  adhere. t o  each o ther .  

-Note t h a t  i n  bo th  Runs 4 and 8, t he  b u l k  'dens i ty  o f  ' the mater ia l .  

increased s i g n i f i c a n t l y ,  i n d i c a t i n g  t h a t  t he  p a r t i c l e s  may have jo ined,  

thus. e l  i m i  n a t i  ng voids between them. The ma te r ia l .  appeared b r i t t l e  even 

a f t e r  p a r t i c l e - t o - p a r t i c l e  adhesion. 

I n  genera l , . the  use o f  a blowtank system apparent ly  does n o t  r e s u l t  

i n  appreciable ma te r i a l  a t t r i t i o n  a t  temperatures below t h a t  o f  KMAC 

adhesion, approximately 575-77S°F. ~ b o v e  the  adhesion temperature, 

a t t r i t i o n  o f  i n d i v i d u a l  p a r t i c l e s  i s  impossible t o  determine because o f  

t he  l a r g e r  s izes  o f  the  KMAC j o i n t  p a r t i c l e s  (more than one p a r t i c l e  

joined).  

' . CONCLUSIONS 

. , 

From the  re'su-1 t s  and d iscussion,  i t  can be concluded t h a t :  

1. A blowtank can be used t o  convey Kerr-McGee ash concentrate a t  

temperatures up t o  550°F.. 

2. The KMAC becomes adhesive a t  some temperature .between 580 and 

77S°F, was observed t o  be b r j t t l e  a f t e r  adhesion, and cou ld  be 

broken eas i l y .  

3. D i r e c t l y  measuring mater i  a1 a t t r i t i o n  was d i f f i c u l t  because 

the  feed cqnpps i t ion  v a r i e d  and the  sample was smal l '  (s ta-  

ti s t i c a l  l y  speaking). . I n  a d d i t i o n  ; - .  a t  temperatures above 

550°F, t he  a t t r i t i o n  o f  i n d i v i d u a l  p a r t i c l e s  was impossible t o  

determine due t o  i n t q r p a r t i c - l  e adhesion. 



COMPARISON OF FULLER-KINON PUMP AND BLOWTANK 

. ' The Ful l e r -K i  nyon pump and b l  owtank can be compared i n  terms o f  

operat ional  advantages and disadvantages. 'Test r esu l t s  show t h a t  both 

pieces o f  equipment can be used t o  convey KMAC up t o  550°F. The deter- 

mining f ac to r  i s  which " n i t  w i l l  o f f e r  b e t t e r  . long-run performance. 

Both systems have several advantages. When fed from a constant 

h,eiqht o f  mater ia l ,  , the  Ful ler-Kinyon pump i s  capable o f  essen t ia l l y  

constant-vo I ume del  ivery .  Should la rge c l~u r~ks  . u r  rsoi~st icky material  

make t h e i r  way i n t o  the pump, the screw i s  normally capable o f  pu lve r i z -  

i n g  and conveying them. ' I n  contrast', the t es t s  showed t h a t  the same 

,large chunks could cause blockage o f  the discharge i n  the  blowtank, 

ac tua l l y  stopping the conveying process. 

.The Fu'l 1 er-Ki nyon pump operates - cont inuously , and can :be ' f ed .  a t  any 

r a t e  up to. i t s  maximum wi thout  shutdown. On the other hand, the' blow- 

tank i s  a batch process, w i t h  d iscre te  f i l l  and discharge cycles. 

~ u r i  ng f i 1 1 i ng o f  the b l  owtanks , no conveyi n g  occurs ; dur i  n g  cdnveyi ng , 
' no fill i n g  occurs. However, two p a r a l l e l  blowtanks can be used, pro- 

v id ing  a f a i r l y  .continuous conveying process. 

The F u l l  er-Ki nyon pump and, dual b l  owtank systems would operate a t  

essen t i a l l y  the same conveying l i n e .  pressure and gas rate.  .The Fu1le1.- 

K i  nyon pump would requ i re  a motor t o  d r i ve  the pump .screw (-125 hp) and 
. . . .  . a r o t a r y  feeder (-3 hp). . 

1n the design o f  the , S R C - I  Demonstration Plant ,  as i n  many other .. . .  

designs; the amount o f  headroom a p,iece o f  equipment requires may be a 

major considerat ion. Unless special foundations and a p i t  are. bu i  1 t t o  

lower the blowtank below ground l eve l ,  the Ful ler-Kinyon pump o f f e r s  a 

d i s t i n c t  headroom .advantage. The pump, . equipped w i t h  a r o ta r y  feeder 

and c u t o f f  va lve ,  i s  approximately 9 f t  high; the blowtank spec i f i ed  by 

. . I C R C  i s  approximately 22 f t  high. 

  not her f ac to r  t o  be considered i s  the heat loss from ,the KMAC. I r i  . 
. : .  . 

the blowtank 'system, the mater ia l  ' w i l l  probably lose heat through the 

'vent dur ing the f i . l l i n g  cycle. Since the mater ia l  s i t s  i n  the tank 

.du-ring . f i l l i n g ,  there i s  more t ime dur ing which heat can be l o s t .  I n  

the pump, the KMAC i s '  he ld  f o r  a very shor t  time. 
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From the  standpoint  .of mechanical re1 iabl.1 i t y ,  the  blowtank o f f e r s  

the  advantage o f  having few moving p a r t s .  A t y p i c a l  problem o f  t h e  

blowtank system involves wear o f  t h e  S-K discharge valve seat  and d isc.  

This  type o f  valve, as .discussed p rev ious l y ,  d i f f e r s  from a b u t t e r f l y  

valve. The flow' o f  ma te r i a l  i s  n o t  'obs t ruc ted  except dur ing  opening o r  

c los ing ;  t he re fo re ,  i t  normal l y  takes several years be fore  any s i g n i  f- 

i c a n t  wear i s  evident.  The S-K va lve  i s  q u i t e  simple t o  r e p a i r ;  i f  the  

p a r t s  a re  on hand, most r e p a i r s  take l ess  than 1-2 hr .  I f  the  va lve  

cannot be repa i red  by the  customer, an exchange program can be arranged 

w i t h  F u l l e r .  I n  t h i s  program, the  customer. returns the  va lve  and F u l l e r  

w i l l  - immediately send an a1 ready re fu rb i shed  valve a t  a cos t  much lower 

than t h a t  o f  a new valve. Other problems t h a t  are occas iona l ly  

experienced are  clogged pressure taps (desp i te  purging),  which lead t o  

erroneous t r i g g e r i n g  o f  the  pressure switches. 

The Ful ler -Kinyon pump may be subjected t o  screw wear. F r i c t i o n  

between the  screw and ma te r ia l  can wear the  screw f l i g h t s ,  causing a 

subsequent reduc t ion  i n  the  conveying ra te .  The screw's wear r a t e  i s  a 

d i r e c t  f u n c t i o n  o f  the  coarseness and abrasiveness o f  t he  ma te r ia l  be ing  

conveyed. I f  requi red,  a spec ia l  hard-surface coa t i ng  can be app l i ed  t o  

t h e  screw f l i g h t s  t o  reduce the  wear ra te .  I n  t h e  case o f  WAC con- 

veyance, no spec ia l  problems are  expected w i t h  the  screw wear ra te .  For 

ma te r i a l s  such as WAC, the  usefu l  1 i f e  o f  a screw w i l l  vary from 1 year 

t o  several years,  depqnding .on the  frequency o f  use. As was t G e  case 

w i t h  S-K valves, F u l l e r  a l so  has a.pump screw exchange program, 

From an operat ional  v iewpoint ,  t h e  Ful ler -Kinyon pump w i l l  be l e s s  

suscept ib le '  t o  blockage due t o  overs ize  mater ia l .  Should l a r g e  

p a r t i c l e s  o f  WAC' enter  .o r  agglomerate w i t h i n .  t he  tank, t he  blowtank 

discharge wi l l .become clogged. Therefore, the  pump i s  be l ieved t o  o f f e r  

t he  advantage t h a t  i t  can operate under more severe v a r i a n c e s  o f  

ma te r i a l  feed, i n  terms o f  temperature and p a r t i c l e  s ize .  This  p o i n t  

must be c a r e f u l l y  considered f o r  a manufactur ing process t h a t  operate's 
. . 

cont inuously .  . . 

Ove ra l l ,  comparison o f  bo th  t e s t s  leads t o  the  f o l l o w i n g  con- 
- .- elusions: 

d.. 



1.' E i t h e r  the  Fu l le r -K inyon pump o r  a blowtank i s  capable o f  

conveying h o t  KMAC (up t o  550°F). 

2. The Fu l le r -K inyon pump i s  no t  very suscept ib le  t o  .blockage. 

I n  con t ras t ,  t he  blowtank system, even i f  fed  w i t h  screened 

ma te r ia l ,  cou ld  be blocked by mater ia l  . t h a t  agglomerated 

w i t h i n  the  tank. 

3. The blowtank system w i l l  r equ i re  more headroom than . the  

~ u l  l e r - # i  II~UI:I pump system. 

4.  h he Fu l le r -K inyon pump w i l l  r e q u i r e  more power than a dual 

blowtank system (assuminy Llsat each .uses thc  same. p ipe  

: i n t e r n a l  d i a ~ e t e r  and 1 i n b  pressure).  
. . 

5. Ma te r i a l  a t t r i t i o n  i s  expected t o  be lower i n  t he  blowtank 

system. 

6 :  b eat l oss  from the  KMAC may be greater  i n  t he  blowtank system. 

Technical 1 y , no  c l  e'ar-cut advantage seems to ex1 s t ruri e i t h e r  

system; both can convey KMAC t o  t h e  g o s i f i c r  s a t i s f a c t o r i l y  Hnwever, 

t h e  r e s u l t s  do ' ind icate t h a t  t he  Fu l le r -K inyon pump .system i s  more. 

r e l i a b l e  than the  blowtank system. : This was subs tant ia ted  by a study 

r ~ c e n t l  y c0mg1 e ted  by t h e  German company GKT, whi c h  compared both  

systems t e c h n i c a l  l y  and economical l y  (see Appendix 3). I n  addi t ' ion t o .  

con f i  r m i  ng F u l l  e r '  s. concl us i  ons , GKT po i  nted ou t  t he  f o l  1 o w i  ng addi - 
t i onal advantages t o  F u l l  er-Ki nyon pumps: 

O Ful le r -K inyon pumps. have been used t o  t r a n s p o r t  ma te r i a l s  more 

abrasive than KMAC. . . 

. O  Ful le r -K inyo"  pumps are  no t  as h igh  as blowtank conveying 

systems, so they w i l l  nee-d l ess  s tee l  support. Also, because 

of t h e i r  sho r te r  he igh t ,  l a r g e  in termediate bunkers t h a t  feed 



the  conveying system can be i n s t a l l e d ,  which w i l l  a l l o w  

opera t ing  personnel : t o  swi..tch over t o  a  standby u n i t  i f  any 

r e p a i r s  a re  needed. 
0 '  Ful ler -Kinyon pumps are more re1 i a b l e  because they have fewer 

moving p a r t s  t o  erode; regu la r  inspect ion  and maintenance are 

e a s i l y  performed. 

O The seal i n g  surfaces . o f  valves i n  a  blowtank opera t ing  a t  

420°F may be un re l i ab le .  

GKT a lso  suggested designing the  t ranspor t  o f  KMAC w i t h  n i t rogen  

us ing a  r a t i o  o f  0.8-0.9 1b o f  KMAC/scfm o f  n i t rogen.  This r a t i o  i s  

based on t h e i r  i n d u s t r i a l  experience i n  moving b u l k  mater ia ls .  

F i n a l l y ,  comparison o f  c a p i t a l  and opera t ing  costs shows t h a t  the  % 

est imated 'e'quipment and annual c a p i t a l  costs seem t o  be h igher  f o r  the  

blowtank system,, wh i l e  the  u t i l i t i e s . . c o s t s  f o r  the  Ful ler-Kinyon,pump 

are higher.  The' o v e r a l l  d i f f e r e n c e  i n  costs,  i n c l u d i n g  opera t ing  and 

c a p i t a l  costs,  favors the' pump system . by on ly  $ 1 0 , 0 0 b / ~ e a r  (see 

Appendix 3, p. 8). .Thus, the  economics of the  two conveying systems do 

no t  d i f f e r  d ramat ica l l y .  

Based on F u l l e r ' s  study and GKT's work, I C R C  favors i n c l u d i n g  the  

Ful ler -Kinyon pump i n  the  Base1 i n e  Design . f o r  the  S R C - I  Demonstration 

Plant .  
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Sample Ca lcu la t ions  f o r ,  Ful  ler -Kinyon Pump Tests 

Determinat ion.  o f  Vol umetr ic  Flow Rate 

scfm = K[PU x (AP) 0.85]4 

where K = empi r i ca l  constant  determined through o r i f i c e  c a l i b r a t i o n  

( K  = 5.71 f o r  3/4-in. o r i f i c e )  ' .  >, 

PU = absolute pressure upstream o f  o r i f i c e  (ps ia )  

AP = pressure drop (percent  from c h a r t  recorder)  

I f  Pu = 30 p s i a  and AP = 30, then the  f l o w  r a t e  i s :  

scfm = 5.71[(30 + 14.7) x (30) 0-  8s1)1 = 162 

Determinat ion o f  Pickup V e l o c i t y  

I f  the  l i n e  pressure (PL) = 1 0  p s i g  and 162 scfm i s  used a t  10O0F: 

acfm = scfm x [PStd/(PL + 14.7)] x (Tl ine/Tstd) 

= 162 x C14.7 ps ia / ( lO + 14.7 ps ia ) ]  x ( 5 6 0 ~ ~ / 5 3 0 ~ R )  

= 102 cfm 

Then: 

p ickup v e l o c i t y  = acfm/pipe area 

- - 102/[n(4 i n .  12/4] 

144 i n .  '/ft2 



Appendix 1 (Continued) 

Power Input  t o  Motor 

A t ' 4 9 0  V ,  60 amps, and a power fac to r  o f  40.: 

horsepower used = v o l t s  x amps x power x 3 x 0.00134 hp/W 100 



Appendix 2 

Sample Ca lcu la t ions  f o r  Blowtank Conveying System 

Flow Rate t o  Conveying System 

scfm = K(PU x AP)+ 

where K = empi r ica l  constant determined through c a l i b r a t i o n  

(= 4.98 fo r  +- in.  o r i f i c e )  

Pu = upstream pressure (ps ig )  

AP = pressure drop across o r i f i . c e  (psi), '  

I f  Pu = 45 p s i g  and AP = 5 p s i  as i n  Run 6, then the  f l ow  r a t e  i s :  

scfm = 4.98[(45 + 14.7)  x 51% = 86 

Pickup V e l o c i t y  

Given a 1 i n e  pressure (PL) o f  3 p s i g  and a temperature o f  100°F: 

= 75 acfm 
I . . 

Then: 

ve l o c i  t y  = acfm/;ir'ea o f  p ipe  
. . 

= 75/[n(3 in.12/4] 

144 i n .  2/ft 2 .  ' 



Appendix 2 (Continued) 

Flow Rate t o  Tank 

The o r i f i c e  used was designed and ca1,ibrated by Bethlehem Steel 

Co rp. 
2 scfm = 0. 3659YDp (P~AP/T)'  

where Y = empir ical  constant based on rati'o o f  o r i f i c e  diameter t o  p ipe 

diameter 
. . 

D; 2; .pipi diameter 

PU = upstream pressure (psig) 
. '. 

AP  = pressure drop (inches H20) . . 
. . 

T ' = upstream temperature (OR)  
. . 

. . 

For Run 6, PU = 5 p s i g  and AP = 22 i n .  H20: . 

2 ', scfn = 0.3659(29.1)(2.06) {[(5 + 14. 7)(22)]/560°~t4 = 37.5 

. .  . 
Conveying Rate 

, This r a t e  i s  nn ly  approximate, because some WAC w i l l  be l e f t  i n  the 
. . 

feed b i n  between runs. For. R u n  G ,  458 l b  o f  'WAC was loaded.' From the 

char t , recorder ,  1.9 min elapsed from the s t a r t  o f  the conveying cyc le  u n t i l  
' 

t he  1 i ne pressure returned t o  a .no-load condi t ion.  Therefore: 
. .  



Appendix 3 . . ' 

GKT's Engineering Review of 'Fuller Reports 
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The Fuller Company has conducted studies for ICRC : 

with respect to the feasibility of pneumatic conveyinc 

of Kerr-~c~ee Ash Concentrate. The results of these 
studies are presented.by Fuller in two reports dated 

April and June 82. GKT reviewed these doc-uments under 

the following aspects: 

. . \ .  . 

(i ) ' , OperationalJ reliability; f iexibility and safefy 

(ii) .Sys.tem selection recommendation 

(iii)' Capital and qpcrating cost comparison between 
. . 

system alternatives. 

B e  The following report presents the results' of GKT's 
. - 3 0  .- review incorporating GKT's' experiences from many 

. - 31 
32 - operating plants using both types of system, pneum. 
33 - pumps and blow tanks, for conveying coal dust from 
34 - .  

. 35 the coal dust preparation unit to the coal gasification 
36 - unit. 
37 - 
38 1- The detailed results .of the Fuller Reports have 

' 

. . ' 

'been reviewed by GKT. GKT did not find. deviations 

of the details in these reports which- could lead to 

a.change of the general conclusions 'and recommendations 
. . 

4 7 .  . . .. . . : . .  . . . 
. . 

. 

! . 
. . 

NAME vz-dfl$ffg , . , DATE I 



- - - -  
&"eutmn lir ~ ~ 1 . 0 n o l o ~ .  m b ~ (  R'e p o r t 

- 
I GKT 1 

. ~OJECT SRC- I Dem0~1. , 

Principly it can be stated that both systems, pneun. pump and . 
blow tank, represent a proven technology for the purpose of 

conveying dry bulk materials over a horizontal and/or vertical 

distance of several.hundred feet. The general application of 

these systems for conveying Kerr McGee Ash Concentrate at 

elevated temperatures 5 0 0 ~ ~  ( 2 6 0 ~ ~ )  has been proven by Fuller , 

Company during the, test performed. 

Depending on the individual application both systems have 

special references which have to be considered when decidinq 

which one is to be adopted. .Operational reliability, 

flexibility, maintenability arid safety are in particular the 

major criteria for the syster recommendation. 

GKT comes to the conclusion that, for the purpose of -transportin9 

KMAC from the SRC Deashing Area to the Dust Preparation Area a 

system uslng pneumatic pumps should be prefered without - 
wishing to say that the blow tank systemwould be an unaceptable 

a1 ternative, especially where the conveying system has to 

transport the KMAC material into a bunker workin? at elevated 

pressure, for instance 30 psig. 

The aspects which led to GRT's recoGendatjon are discussed 
in this report. The main ones are as follows:' 

- GXTfs pneum. pump experiences with different types I 
of coal dust, which was in several cases more 

abrasive than can be expected for 'the KMAC material 

- Pneum. pumps need less overall height, resulting in 

a lower steel structure , 

- Pnqumatic operational .reliability is high because 

errosion of moving parts is a long term reaction and 

can,be observed during regular inspections, thus 
' . .  BllaJinc planned maintenance. , .  - . 

. 160 : 
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- S e a l i n g  s u r f a c e s  of t h e  v a l v e s  i n  a blow t a n k  

sys'tem o p e r a t i n g  a t  4 2 0 ' ~  a r e  t o  b e  m e t a l  

. . , o n e s .  Meta l  s e a l i n g  s u r f a c e s  a r e  more p r o b l e m a t i c  -' 

i n  s o l i d s  s e r v i c e  t h a n  p l a s t i c  s e a l s  and  s h o u l d  b e  

a v o i d e d  i f  p o s s ' i b l r ,  by u s i n q  a n o t h e r  sys tem.  

When a t t m t i n c  s i m u l a t e  and t e s t  t h e  b e h a v i o r  of KMAC m a t e r i a l  

i n  conveylfig sys k e r n s  at ele'vo,Led t o m p s r a r u r e s ,  one  main 

, d i f f e r e n c e  which c a n n o t  b e  avo ided  between t h e  o r i g i n a l  h o t  

,- 

t 

- 
1 - 

' m a t e r i a l  from t h e  p l a n t  and t h e  m a t e r i a l  t o  b e  t e s ' t e d .  is t h e  

n e c e s s a r y  h e a t i n g - u p  by h o t  n i t r o g e n .  

GKT' 
-1.n ta u ~ ~ r n ~  R e p o r t  ' 

. . 
T h i s  h e a t - u p  p r o c e d u r e  w i l l p r o b a b l y  a i t e r  t h e  p h y s i c a l  t r a n s p o r t  

SHEET 5 OF 

-PROJ. NO 4739 k ' ' 

PpOJECl SRC-I  demo^? . 

b e h a v i o r  of t h e  KMAC m a t e r i a l .  

- n ; l ~ ,  t h e  c o n t e n t  o f  t h e  d e a s h i n g  s o l v e n t  w i l l  b e  g r e a t l y  

r e d u c e d  d u r i n g  h e a t i n q - u p  w i t h  h o t  n i t r o q e n .  To what  e x t e n t  

t h i s  s o l v e n t  removal  w i l l  change t h e  p h y s i c a l  t r a n s p o r t  p r o p e r t i e s  

of t h e  W . C ,  c a n n o t  b e  p r e d i c t e d .  The o r i q i n a l  XMAC f rom t h e  

o p e r a t i n g  Demoplant c o u l d  p o s s i b l y  have  a  h i g h e r  . t e n d e n c y  t o  ' f  om, .I 
b r i d g e s  and a g g l o m e r a t e s  i n  t h e  bunkers .  T h i s  i n t e r r e l a t i o n  must  1 
b e  c o n s i d e r e d  i n  t h e  selection of t h e  KMAC t r a n s p o r t  sys tem.  I 
  here fore a sys tem - less s e n s i t i v e  t o  acjelonre~ a t ea  and 

b r i d g i n g  s h o u l d  b e  s e l e c t e d .  Because t h e  F u l l e r  ~ e ~ o r t , ' t o o ,  

. c lass i f i es  t h e  pneum. pump sys tem a s  less ' s e n s i t i v e  t o  

a g g l o n e r a t i o n  .and b r i d g i n g ,  t h i s  i s  one  a d d i t i o n a l  p o i n t  

i n  f a v o r '  o f  t h i s  s y i t e r . ,  

I59 

Is0 - 
' 
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I t  is  o n l y  due  t o  t h e  l o w e r  c o n s t r u c t i o n  h e i g h t  o f  t h e  

4 . pump ' sys t em i n  ' r e l a t i o n  t o  t h e '  b low t a n k  s y s t e m ,  t h a t  i t  

is  p o s s i b l e  t o  i n s t a l l  s u f f i c i e n t l y  l a r g e  i h t e r m e d i a t e  ' . 

b u n k e r s ,  i n  v i ew o f  t h e  d e s i g n  h e i c h t  o f  t h e  steel 

s t r u c t u r e .  

. I t  is  GKT's o p i n i o n  t h a t  s u f f i c i e n t l y  l a r g e  i n t e r m e d i a t e :  

b u n k e r s  a r e  n e c e s s a r y  i n  o r d e r  t o  a l l o w  t i m e  f o r  . . 

t h e  o p e r a t i n g  s t a f f  t o  r e a c t  by s w i t c h i n g  o v e r  

t o  t h e  s t a n d - b y  u n i t , o r  t o  r e p a i r  f a i l e d  e q u i p m e n t .  
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A s p e c i f i c  a s p e c t  o f  t h e  r e s u l t s  of t h e  F u l l e r  r e p o r t s ,  t h e  

conveying  n i t r o g e n  consumpt.ion o r  s o l i d / n i t r o g e n  r a t i o  

i s  d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  

Knowledge o f  t h e  max. s o l i d / n i t r o g e n  r a t i o  would 
. . 

have  a i l o w e d  a p p l i c s t l a n  o f  ~ h c  tcct r e s u l t s  to t h e  c o m e r c i a l -  

6 i 3 ~  . system.  I t  is  GKT's o p i n i o n  t h a t  a  s o l i a  t o  n i t i o q e n  

-- . .~ 
1 1  - 
. 2  
13 - 

.0.8 t o  0 . 9  pounds/Scf  i s  t e a u i r e d  f a r  the 

s i z e  pump, e q u i v a l e n t  t o  t h e  f i r s t  l i n e  of 

p e r  t a b l e  5 Run 225 .  
. . 

 l low t a n k  tes ts  , . :_ . . .. 

. The b l o y  t a n k  tes ts  have  been performed w i t h  ta knnvying 

GKT 
huuumn hn n o m ~ ~ ~ n o r o g ~  mw 

, s n ~ n  7 OF 

R e p o r t .  P ~ O J . N O :  4 709 k ' 

-- PROJECT SRC-I D e m 0 ~ l ;  

' .  

1 

l i n e  d i s t a n c e  ,of a b o u t  111 f t ; , t e s u l t i n g  i n  a  s o l i d /  - 38 
' 

: !E , . n i t r o g e n  r a t i o  r e p r e s e n t i n g  h i q h  d e n s e  f low c o n d i t i o n s  
,90 a s  per t a b l e  1' Run 1 t o  8. 

42 - I t  is  GKT's o p i n i o n  t h a t  f o r  a  conveyin?  d l s t d ~ ~ s i  of 
43 ' - .  . . a b o u t  800 f t .  i n c l u d i n g  s e i e r a l  e lbows and , d i v e r t e r  . .  . 
44 - .  
45 : v a l v e s ,  r e ' l e v a n t  f o r  t h e  commerci.al'  p l a n t ,  h i q h  
4% . d e n s e  f l o w  c o n d i t i o n s  a r e  n o t  recommendable b e c a u s e  " 1 . . 
'B .; . : .  

s t a b l e  t r a n s p o r t  o o n d i t l o ~ l s  are required f o r  a wide 
I '  5. r a n g e  of p h y s i c a l  p r o p e r t C e s , o f  t h e  KMACmater ia l  s u c h  

r .; a s  b u l k  d e n s i t y ,  t e m p e r a t u r e ,  f l u i d i z i n g  beliaviour. 
52 ] - The s y s t e m  must  b e  c a p a b l e '  'of cornpensatin? f o r  ,exceptional 

. 53 ! - 2 .  . . 
50 . . .  c o n d i t i o n s  i n  c a s e , o f  d i s t u r b a n c e  t o  the u p s t r e a m  u n i t .  - i 

GKT would a l s o  recommend t h e  u s e  o f  a low d e n s i t y  fl'ow 

.. . 
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Capital and operating cost comoarison 

GKT 
Grrrmcmn G nohw~.bno(~gl m~ 

The. following cost estimate can be taken for the 

comparision between the pneum. pump and .the blow 

tank for a 1 4 5 , 4 6 5  Lb/Hr Kerr-McGee conveying 

system. 

PROJECTSRC-I D ~ ~ ~ D ~  R e p o r t  . '  

SHER 6. OF 

PROJ. NO - 47 0 9  A 

Pneum. pump 

( 4  pumps) 

Blow tank - ' 

(4 tanks ) 

Estimated costs for 

equipment 

costs 1 5 1  200.-- DM I . . , - 

Annual api tal 

related costs 

Annual operating 

a) for electr. power 1 I 

. . 
4 5 3  700,- -  DM 835 600,- -  DM 

9 0  740 , - -  Dl: 167 120,- -  DM 

I I 

considered in this cost comparison. i 
, '-REV DEP B Y  , ICHECKED IDEP BY !CHECKED 1 REV a : REV. b ' l REV c : REV. d . REV e I 

NAME bf id  / j 
anrF "'-VA, i r; 

I 
I 

I I 

b) for recirculating 

cooling water 

Total annual costs 

Dl f f erence in 
annual costs 

.- 

In thls cust comparison the higher costs for the structural 

bullding if a blow tank will be installed are not considered. 

The requlred height between bunker outlet and the ground 

level 1s about 4 3  ft for the blow tank system compared to I 
the 15 ft for the pneum. pump system. I 

! 
The required energy for pressurizing the conveyinq nitrogen js 

I 11early the same for both systems, the highe'r nitrogen pressure I 
I 

for the blow tank system will be equalized hy the higher . . 1 
i 

nitrogen quantity for the pnew.. pump, therefore it is not 

4 0 4 0 , - -  DM 

145  9 8 0 , - -  Db1 

GKT mb*. Pom1I.cn 101251. 04300 Ensen 

- 

167 120,- -  Dr: . . 

21 140,--  

( a m .  ~10.000. i f  1 $ = 2 . 1 ~ ~ )  
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