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This r e p o r t  covers t h e  a c t i v i t i e s  f o r  t h e  Exxon C a t a l y t i c  Coal G a s i f i c a t i o n  
Development Program dur ing  t h e  quar te r  January 1 - March 31, 1979. Th i s  work i s  
being performed by t h e  Exxon Research and Engineering Company (ER&E) and i s  sup- 
por ted  by the  Uni ted States Department o f  Energy under Contract  No. ET-78-C-01-2777. 

The h i g h l i g h t s  o f  t h i s  r e p o r t  are summarized below: 

Bench Scale Research and Development 

I n i t i a l  r e s u l t s  from t h e  one-gal lon d iges te r  show t o t a l  potassium 
recover ies  o f  over 90% w i t h  l ess  than one hour residence t ime as compared w i t h  
two hours used i n  t h e  C a t a l y t i c  Coal G a s i f i c a t i o n  Study Design. 

P re l im ina ry  runs have been made u s i n  t h e  s i n g l e  tank leaching u n i t  which 
show t h a t  l a r g e  amounts o f  d iges ted  char 9 >25%) are  c a r r i e d  out  o f  leaching 

' t a n k s  opera t ing  a t  reasonable s u p e r f i c i a l  v e l o c i t i e s .  Water washed char d i d  
n o t  c a r r y  over t o  t h i s  extent .  
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Char combustion screening s tud ies  were completed. Resul ts  show t h a t  bu lk  
i t y  o f  t h e  char does increas ing  dur ing  combustion and both  s u l f u r  and 
ssium may be q u a n t i t a t i v e l y  re ta ined  on t h e  char under selected combustion 
i t i o n s .  

Studies were i n i t i a t e d  t o  determine the  e f f e c t s  o f  v a r i a b l e  pH and 
potassium i o n  concent ra t ion  o n ' t h e  amount o f  c a t a l y s t  remaining on t h e  
char. 

Construct ion o f  a bench apparatus t o  study reac t i ons  o f  product and 
r e c y c l e  gas i n  furnace and heat exchanger tubes was completed and checkout of 
t h e  apparatus was begun. The computer program t o  analyze t h e  da ta  from t h e  
u n i t  was w r i t t e n  and debugged. 

m Process Development U n i t  Operations 

A Sta r tup  and I n i t i a l  Operat ion Schedule, a Checkout Test  Plan, and an 
I n i t i a l  S ta r tup  Plan were developed f o r  t h e  Process Development U n i t  (PDU). 
The PDU w i l l  be s ta r ted  up i n  a sequent ia l  manner, w i t h  the  g a s i f i c a t i o n  
system being s t a r t e d  up on a once-through bas i s  f i r s t .  The gas separat ion 
system w i l l  be s t a r t e d  up next, fol lowed by t h e  c a t a l y s t  recovery system. A 
three-day Operator T r a i n i n g  School was completed. Coal was success fu l l y  
c i r c u l a t e d  through t h e  coal  handl ing system. The automatic coal feed system 
i s  undergoing i n i t i a l  t e s t i n g ,  and f l u i d i z a t i o n  t e s t s  are being performed on 
t h e  coal  t h a t  has been fed  t o  t h e  g a s i f i e r .  

The programmable c o n t r o l l e r ,  which handles va lve  sequencing, alarming, 
and o the r  miscel laneous func t i ons  on t h e  PDU, was programmed and checkout was 
completed on the  coa l  feed, gas feed, and f i l t e r  systems. 



Char product ion  operat ions i n  t h e  F l u i d  Bed G a s i f i e r  (FBG) were completed. 
S u f f i c i e n t  char was made f o r  PDU s t a r t u p  as w e l l  as f o r  c a t a l y s t  recovery 
process v a r i a b l e  experiments and .bench scale k i n e t i c  s tudies.  The degree of 
o x i d a t i o n  o f  t h e  coal  i s  be l ieved t o  be t h e  major reason f o r  t h e  d i f f e r e n c e  i n  
char d e n s i t y  observed du r ing  t h e  present FBG operat ions and those under the  
predevelopment program (Contract  No. E(49-18) -2369) . - 

Work cont inued on d e f i n i n g  t h e  cause o f  t h e  breakdown o f  char  and l ime 
dur ing  d i g e s t i o n  i n  t he  pro to type c a t a l y s t  recovery u n i t .  It was concluded 
t h a t  both t h e  l ime and char p a r t i c l e s  are f r a g i l e  and w i l l  break down t o  f i n e s  
i f  handled roughly.  Removal o f  t h e  potassium from t h e  char by water washing 
does no t  cause the  char p a r t i c l e s  t o  d i s in teg ra te .  Mod i f i ca t i ons  were made t o  
t h e  d iges te r  t o  p rov ide  b e t t e r  mix ing  than before  and t o  minimize p a r t i c l e  
breakdown. 

The p re fe r red  processing sequence f o r  c a t a l y s t  recovery i n  t h e  PDU has 
been i d e n t i f i e d .  It cons i s t s  o f  two stages o f  mix ing  tanks and s o l i d - l i q u i d  
separat ion devices i n  ser ies .  Th is  system w i l l  be capable o f  opera t ing  i n  a  
water wash mode o r  a  d i g e s t i o n  fo l l owed  by water wash mode. I n  t h e  d iges t i on  
mode a  90% c a t a l y s t  recovery should be achieved f o r  recyc le  back t o  t h e  
c a t a l y s t  a d d i t i o n  u n i t .  The h igh  r e c y c l e  r a t e  w i l l  a l low t h e  de tec t i on  of 
b u i l d u p  o f  t r a c e  compounds i n  t h e  c a t a l y s t  recyc le  loop. 

Data A c q u i s i t i o n  and Cor re la t i ons  

A se r i es  o f  experiments were c a r r i e d  ou t  i n  t h e  c o l d  model t o  evaluate 
t h e  performance o f  t h e  s o l i d s  feed and t h e  f i n e s  r e t u r n  systems of t h e  PDU. 
Recommendations we.re made regarding purge l oca t i ons  and gas r a t e s  through 
them. Mod i f i ca t i ons  have been made t o  t h e  cyclone and t h e  i n t e r s e c t i o n  
b lock o f  t h e  PDU as a  r e s u l t  o f  these studies.  

The o f f - l i n e  data r e c o n c i l i a t i o n  program f o r  t h e  PDU has been developed, 
debugged, and tes ted  us ing a  se t  o f  s imulated data. This  program provides a  
t o o l  f o r  ob ta in ing  cons i s ten t  and r e l i a b l e  da ta  from PDU operat ions.  

Advanced Study o f  t h e  Exxon C a t a l y t i c  Coal G a s i f i c a t i o n  Process 

A replacement gas chromatograph system has been purchased f o r  t h e  f i x e d -  
bed bench scale g a s i f i c a t i o n  u n i t .  D e l i v e r y  o f  t he  replacement u n i t  w i  11 be 
i n  June. K i n e t i c  data w i l l  be obta ined i n  a  m i n i - f l u i d  bed g a s i f i c a t i o n  u n i t  
u n t i l  t h e  i n s t a l l a t i o n  o f  t h e  new gas chromatograph. 

Bench scale t e s t s  confirmed t h a t  t h e  change i n  c a t a l y s t  f rom K C03 t o  ? KOH was not  responsib le f o r  t he  d i f f e rences  i n  f l u i d i z e d  bed dens i t  es between 
t h e  present and the  predevelopment operat ions o f  t h e  FBG. Tests a lso  showed 
t h a t  uni form c a t a l y s t  impregnation of p a r t i c l e s  l a r g e r  than 20 mesh e l im ina ted  
t h e i r  tendency t o  agglomerate. Work was i n i t i a t e d  t o  determine a  s e n s i t i v e  
measure o f  t h e  ox ida t i on  l e v e l  o f  t h e  coal .  

Engineering Research and Development 

Work was completed on a  rev ised o f f s i t e s  f a c i l i t i e s  d e f i n i t i o n  and 
cos t  est imate t o  update the  CCG Commercial P lan t  Study Design prepared 
du r ing  t h e  predevelopment program. Th i s  update inc ludes a  more d e t a i l e d  study - 
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o f  water treatment and reuse opt ions  and a f l u e  gas d e s u l f u r i z a t i o n  (FGDS) 
study design f o r  a l ime scrubbin.g system. For a p ioneer commercial p l a n t  
feed ing  I l l i n o i s  No. 6 coa l  and producing 257 b i l l i o n  Btu/SD SNG, t h e  updated 
investment est imate i s  1,530 M$ and t h e  updated gas cos t  i s  6.18 $/MBtu. 
These economics are on a January, 1978 cos t  basis,  and r e f l e c t  100% e q u i t y  
f i nanc ing  and a 15% c u r r e n t  d o l l a r  DCF r e t u r n .  The investment i s  down 7%.and 
t h e  gas cost  i s  down 4% from t h e  Predevelopment Program Study Design. Revised 
cos t  es t imat ing  t o o l s  f o r  m a t e r i a l s  handl ing equipment and t h e  use o f  l ime 
scrubbing f o r  FGDS were t h e  main f a c t o r s  leading t o  cos t  reduc t ions .  

The Coal D e v o l a t i l i z a t i o n  Impact Study has been completed. Resu l ts  
i n d i c a t e  g a s i f i e r  volume savings can be achieved i f  d e v o l a t i l i z a t i o n  y i e l d s  
are h igher  than those assumed f o r  t h e  CCG Study Design. G a s i f i e r  volume 
savings can a l so  be achieved b y  feeding t h e  coal h igher  i n  t he  g a s i f i e r  bed. 
S i g n i f i c a n t  deb i t s  would be incur red  i f  h igher  feedpoints r e s u l t e d  i n  t h e  
product ion  of t a r s  o r  hydrocarbons heavier  than CHq i n  t h e  g a s i f i e r  e f f l u e n t .  

A l abo ra to ry  guidance study has been made t o  est imate t h e  economic 
impact o f  evaporat ing d i  l u t e  c a t a l y s t  so lu t i ons  from c a t a l y s t  recovery t o  
concentrat ions s u i t a b l e  f o r  d i r e c t  a d d i t i o n  t o  t h e  g a s i f i e r  feed coal .  The 
incremental gas cos t  f o r  concent ra t ing  a 10% (wt )  KOH s o l u t i o n  i s  about 0.12- 
0.19 $/MBtu, o n l y  2-3% o f  t h e  CCG Study Design gas cost .  The use of d i l u t e  
c a t a l y s t  so lu t i ons  w i l l  reduce t h e  number o f .  stages requ i red  f o r  c a t a l y s t  
recovery. Studies w i l l  be conducted l a t e r  i n  t h e  program t o  f i n d  t h e  optimum 
balance between evaporat ion cos ts  and c a t a l y s t  recovery investment. 

Work cont inued on t h e  engineer ing process improvement study t o  eva lua te  
an i n t e g r a l  steam reformer t o  p rov ide  heat i npu t  f o r  t h e  g a s i f i e r .  I n i t i a l  
eva lua t ions  i n d i c a t e  i ncen t i ves  f o r  opera t ing  a t  h igh  reformer c o i  1 o u t l e t  
temperature o f  1500°F and h igh  steam conversion o f  49%. 

A b r i e f  i ncen t i ve  study o f  an a l t e r n a t i v e  two-stage g a s i f i c a t i o n  concept 
was completed dur ing  t h e  f i r s t  quar ter .  Process economics i n d i c a t e  an incen- 
t i v e  f o r  staged g a s i f i c a t i o n ,  b u t  add i t i ona l  1 aboratory da ta  are requ i red  
t o  develop a b e t t e r  est imate o f  t h e  incent ive .  

Systems modeling cont inued w i t h  t h e  o b j e c t i v e  o f  developing m a t e r i a l  and 
energy balance t o o l s  which w i l l  reduce t h e  e f f o r t  requ i red  t o  do engineer ing 
s tud ies  under t h e  present cont rac t .  A m a t e r i a l  balance model f o r  t he  c a t a l y s t  
recovery system was completed. Work i s  cont inu ing  on t h e  development o f  a 
mater i  a1 and energy balance model f o r  t he  CCG reac to r  system. 

A c t i v i t i e s  cont inued i n  t h e  engineering technology programs: 

- A d e t a i l e d  summary o f  t h e  proposed mater i  a l s  eva lua t ion  program f o r  
t h e  PDU was completed. The e i g h t  cor ros ion  racks t o  be i n s t a l l e d  i n  
t h e  PDU were f a b r i c a t e d  and assembled. 

- Experimental da ta  needs were de f ined f o r  vapo r - l i qu id  e q u i l i b r i a  
i n  sour water lc  a t a l y s t  systems. 

- Important phys ica l  and thermodynamic p rope r t i es  o f  c a t a l y s t  s o l u t i o n s  
were i d e n t i f i e d  and a 1 i t e r a t u r e  search i s  underway. - - -- -- - . - 
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- Evaluat ion o f  a l t e r n a t i v e s  f o r  s o l i d - l i q u i d  separat ions i n  c a t a l y s t  
recovery i s '  con t inu ing .  Laboratory f f l t r a t  i o n  equipment i s  under 
cons t ruc t i on  and a  second labo ra to ry  u n i t  has been designed t o  
q u a n t i f y  t h e  a t t r i t a b i l  i t y  o f  char p a r t i c l e s .  

- A program has been developed t o  o b t a i n  and cha rac te r i ze  l i q u i d  and 
s o l i d  waste samples from t h e  PDU t o  i d e n t i f y  p o t e n t i a l  e f f l u e n t  
q u a l i t y  problems i n  a  commercial p lan t .  
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a LABORATORY PROCESS RESEARCH AND DEVELOPMENT -- 

1. Bench Scale Research and Development 
(Report ing Category C01) 

1.1 Cata lys t  Recovery Studies 

Construct ion o f  t h ree  bench u n i t s  described i n  t h e  October-December, 1978 
Q u a r t e r l y  Report has been completed and s t a r t u p  has begun. These u n i t s  are a 
one-gal l o n  char-1 ime d iges ter ,  a  char leaching system, and a f l u i d i z e d  bed 
char combustion reac to r .  Process v a r i a b l e  data from t h e  d i g e s t i o n  and leaching 
systems has been obtained, and screening s tud ies  have been completed on t h e  
char .combustion reac tor .  

Digest i o n  

Construct ion o f  t h e  one-gal lon char- l ime d iges te r  descr ibed i n  t h e  
October-December, 1978 Q u a r t e r l y  Report was completed i n  February. Th is  u n i t  
can heat i t s  s l u r r y  contents from 150°F (below d i g e s t  i o n  r e a c t  i o n  temperatures-) 
t o  300°F i n  3 minutes and t o  400°F i n  approximately 20 minutes. The reac to r  
w i l l  coo l  down from 400°F t o  150°F i n  15 minutes. Reactor temperature and' 
residence t ime can the re fo re  be measured more accura te ly  than was poss ib le  i n  
t h e  b igger  100 g a l l o n  pro to type c a t a l y s t  recovery u n i t .  The d i g e s t e r  i s  a lso 
designed t o  i n v e s t i g a t e  e f f e c t s  o f  a g i t a t i o n  and l ime p a r t i c l e  s i z e  on potas- 
sium recovery from char. 

Table 1.1-1 presents i n i t i a l  process v a r i a b l e  r e s u l t s  from t h i s  u n i t .  
The f o l l o w i n g  p r e l i m i n a r y  observat ions may be made based on these data: 

a A potassium recovery o f  92% i s  poss ib le  a t  a d i g e s t i o n  temperature o f  
325"F, 15 minutes residence time, and CaIK molar r a t i o  o f  1.06 w i t h  
cont inuous a g i t a t i o n  as stiown by Run A .  

a Digest ion  a t  400°F w i t h  no a g i t a t i o n  y i e l d s  t o t a l  potassium recover ies  
o f  95% and 96% (Runs C and 0). Therefore, a g i t a t i o n  may no t  be 
necessary f o r  potassium s o l u b i l i z a t i o n .  

F igu re  1.1-1 i s  a p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  c h a r l l i m e  s o l i d s  
before and a f t e r  d i g e s t i o n  f o r  Run C. The p l o t s  show t h a t  t he  weight of 
p a r t i c l e s  smal ler  than 10.microns increases from 25% t o  43% du r ing  d iges t i on .  
These . f i ne  p a r t i c l e s  are p r e s e n t l y  being analyzed t o  determine t h e  f a c t o r s  
accounting f o r  t he  increase i n  f i n e  p a r t i c l e s  dur ing  d iges t i on .  

Leaching 

S ing le  tank leaching runs were made t o  generate fundamental in fo rmat ion  
t o  be used i n  es t ima t ing  the  performance o f  t he  s ix-stage leach ing  u n i t  
discussed i n  t h e  October-December, 1978 Q u a r t e r l y  Report. Data from t h e  
s ix -s tage u n i t  w i l l  be used t o  a s s i s t  i n  designing leaching tanks f o r  t h e  PDU 
c a t a l y s t  recovery system. F igure  1.1-2 i s  a diagram o f  t h e  s i n g l e  tank 

- -+ 
leaching u n i t .  F igures  1.1-3 through 1.1-5 present t he  r e s u l t s  o f  runs made 
i n t h i s -un-i-t-.-- 



Table 1  . I - 1  

D iges t i on  Process Va r i ab le  Resu l t s  

Reactor Lime O v e r a l l  K+ 
Reactor Residence Mesh Recovery, 

Run Ca/K Temperature, 'F Time, min. A g i t a t i o n  - - Size - x (wt )  

15 225 RPM* 20 x 50 92 .O 

30 225 RPM* 20 x 50 93.6 

I 
N 
I C 1.03 400' 30 NO -325 95.0 

A g i t a t i o n  

D  . 1.05 400' 60 . No 20 x 50 96 .O 
A g i t a t i o n  

L 

* Dur ing t ime  o f  r e a c t  i o n  



FIGURE 1.1-1 

PARTICLE S I Z E  DISTRIBUTION OF RUN C 
BEFORE AND AFTER DIGESTION 



FIGURE 1.1-2 

SINGLE TANK LEACHING U N I T  
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The mater i  a1 used, t o  generate F igures  1.1-3 and 1.1-4 was char-1 ime 
s o l i d s  from d i g e s t i o n  runs. These f i g u r e s  show t h e  s o l i d s  car ryover  increased 
w i t h  increased potassium concent.rat i o n  i n  t h e  leaching 1 iqu id .  Increas ing  
s o l i d s  concent ra t ion  i n  t h e  s l u r r y  between 8-15% s o l  i d s  appears t o  have a 
minor ef fect  on s o l i d s  carryover .  F igure  1.1-5, a run  w i t h  undigested char, 
shows a great  reduc t i on  i n  t h e  char car ryover  a t  comparable s u p e r f i c i a l  
v e l o c i t i e s .  Th is  cou ld  be because d i g e s t i o n  produces smal ler  p a r t i c l e  s i z e  
m a t e r i a l  which overf lows t o  a greater  ex ten t  than t h e  l a r g e r  undigested char  
p a r t i c l e s .  A second poss ib le  explanat ion f o r  t h e  reduced char car ryover  f o r  
t h e  runs i n  F igu re  1 . l - 5  i s  t h a t  water was used f o r  leaching. 

Combustion 

F l u i d i z e d  bed char combustion screening s tud ies  were completed i n  
February. These s tud ies  were undertaken t o  determine t h e  f e a s i b i l i t y  o f  
burn ing char p r i o r  t o  leaching t o  enhance c a t a l y s t  recovery by  increas ing  t h e  
char bu l k  dens i ty .  

Table 1.1-2 presents representa t ive  da ta  which show t h a t  t h e  char bu l k  
dens i t y  does increase dur ing  combustion. Combustion was a t  a temperature 
below 1800°F i n  a1 1 cases. As can be seeen from t h e  table,  t h e  bu lk  d e n s i t y  o f  
t h e  char p a r t i c l e s  increased 0.3-0.4 g/cc dur ing  combustion. 

Table 1.1-2 

Char Bulk Dens i ty  (g /cc)  

Before Combustion A f t e r  Combustion 

S u l f u r  and potassium r e t e n t i o n  on combusted char has a l so  been deter -  
mined. Table 1.1-3 i s  a summary o f  t he  r e s u l t s .  S u l f u r  i s  re ta ined  on 
combusted char a t  temperatures as h igh  as 1600°F. These r e s u l t s  may i n d i c a t e  
t h a t  f l u e  gas, d e s u l f u r i z a t i o n  would n o t  be needed f o r  a char burner.  Potas- 
sium re ten t . i on  on I l l i n o i s  No. 6 combusted char was found t o  be dependent on 
i n i t i a l  combustion temperature. When i n i t i a l  char combustion occurs a t  
temperatures l e s s  than 1270°F, over  90% o f  t h e  potassium on char i s  re ta ined  
f o r  most runs. However, when i n i t i a l  combustion occurs a t  1450°F o r  higher,  
o n l y  60-70% o f  t h e  potassium present  on t h e  char i s  re ta ined  on t h e  combusted 
char. 



FIGURE 1.1-3 

LEACHING TANK CARRYOVER AT 8 %  SOLIDS LOADING 

798-6-7-8 Super f i c ia l  L i n e a r  Veloc i ty  of Leach ing L iqu id  ( c m l m i n )  



FIGURE 1.1-4 

LEACHING TANK CARRYOVER AT 15% SOLIDS LOADING 

Superficial Linear Velocity of Leaching Liquid (cmlmin) 



FIGURE 1.1-5 

LEACHING TANK CARRYOVER AT 10 % SOLIDS LOADING 
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S u l f u r  and Potassium Retent ion During Char Combustion 

I n i t i a l  F i n a l  (x: ( w t )  % ( w t )  
Temp. (OF) Temp. (OF) S u l f u r  Retained Potassium Retained 

Future work w i l l  focus on the  f o l l o w i n g  areas: 

- Completion of t h e  s i n g l e  tank leaching s tud ies  o f  d iges ted  char- 
l ime s l u r r i e s .  

- S ing le  tank leach ing  s tud ies  us ing  undigested char.  

- Add i t i ona l  d i g e s t i o n  runs t o  i n v e s t i g a t e  the  theo ry  t h a t  d i g e s t i o n  
reac t ions  produce f i n e  p a r t i c l e s .  

1.2 Cata lyst lChar E q u i l i b r i u m  Studies 

The proposed PDU c a t a l y s t  recovery procedure uses a batch counter-  
cu r ren t  mu l t  i p l e -con tac t  leaching system (October-December, 1978 Q u a r t e r l y  
Report) .  I n  t h i s  system, t h e  s o l i d s  produced by hydrothermal d i g e s t i o n  o f  
spent g a s i f i e r  char are subjected t o  con tac t i ng  w i t h  aqueous leaching so lu t i ons  
o f  vary ing  c a t a l y s t  (potassium ion)  concentrat  ions. 

Bench scale s tud ies  were r e c e n t l y  i n i t i a t e d  t o  determine t h e  e f f e c t s  o f  
v a r i a b l e  pH and potassium i o n  concent ra t ion  on t h e  amount o f  c a t a l y s t  remaining 
on t h e  char, The e q u i l i b r i u m  concent ra t ion  o f  potassium on d iges ted  char, 
undigested char, and f i n e s  w i l l  be determined as a f u n c t i o n  o f  potassium 
concentrat  i on  i n  so lu t i ons  o f  constant  pH and as a f u n c t i o n  o f  t h e  pH o f  
s o l u t i o n s  o f .  constant  potassium concentrat  ion. Data w i  11 be obta ined a t  room 
temperature and a t  t he  s o l u t i o n  b o i l i n g  temperature. Th is  fundamental informa- 
t i o n  w i l l  be used i n  bo th  t h e  PDU and t h e  commerci a1 CCG c a t a l y s t  recovery . 
system process d e f i n i t i o n .  

1.3 Gas Phase Reactions Study 

Construct ion o f  t h e  Gas Phase React ions U n i t  (F igu re  1.3-1) was completed 
du r ing  January. The apparatus was mod i f i ed  t o  inc lude a r a p i d  quench of t h e  
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reac to r  product gas t o  prevent poss ib le  e q u i l i b r a t i o n  o f  t h e  gas a t  tempera- 
t u res  lower than t h a t  o f  t h e  furnace r e a c t i o n  zone. A feed gas rotameter was 
a lso added t o  doublecheck f o r  a change i n  t h e  number o f  moles o f  gas due t o  
r e a c t i o n  i n  t h e  furnace. The computer program t o  analyze t h e  da ta  from t h e  
experimental apparatus was a lso  w r i t t e n  and debugged. Th is  program c a l c u l a t e s  

w the  e q u i l i b r i m  composit ion o f  t h e  furnace feed gas i f  s h i f t  alone o r  bo th  
s h i f t  and methanation reac t i ons  were to.occur ,  and expresses t h e  ac tua l  gas 
composit ion as a percentage approach t o  these l i m i t s .  

The p ipe  f o r  t h e  reac to r  was rece ived and t h e  r e a c t o r  f a b r i c a t e d  du r ing  
January. The r e a c t o r  and i t s  i n t e r n a l s  a.re shown i n  F igu re  1.3-2. The p i p e  
i s  36" long, w i t h  the  middle 18" encased i n  t h e  furnace. The remainder i s  
exposed t o  a l l ow  f o r  r a d i a t i v e  coo l i ng  o f  t h e  f langes, which are l i m i t e d  t o  
1175°F a t  525 ps ig .  A r n u l l i t e  (ceramic) l i n e r  prevents contact  o f  t h e  gas 
w i t h  the  reac to r  wa l ls .  

Water f o r  process steam i s  metered through a  1/8" tube.  which r i s e s  
i n s i d e  the  r e a c t o r  t o  w i t h i n  t h e  heated sect ion, then doubles back t o  t h e  
bottom o f  t h e  reac tor .  A s in te red  metal f i l t e r  d isperses t h e  gas a t  t h e  tube 
end. This  c o n f i g u r a t i o n  should a l low t o t a l  b o i l o f f ,  w h i l e  t h e  1/16" m u l l i t e  
beads packed i n  the  bottom h a l f  o f  t h e  r e a c t o r  should d i s t r i b u t e  t h e  steam 
across the  reac to r  c ross-sec t ion  and prov ide  a  l a r g e  heat t r a n s f e r  area t o  
b r i n g  t h e  steam t o  r e a c t o r  temperature. 

The b o t t l e d  Hz/CO/CH4 gas m ix tu re  en ters  t h e  reac to r  through a  1/4" 
tube ending i n  a  s in te red  metal f i l t e r  about f o u r  inches below t h e  r e a c t i o n  
zone. This  a l lows space f o r  t he  gas and steam t o  mix w h i l e  min imiz ing  exposure 
t o  t h e  p o t e n t i a l l y  c a t a l y t i c  steam c o i l .  The r e a c t i o n  zone i s  a  f o u r  inch  
sec t i on  i n  t h e  center  of t h e  furnace where temperature c o n t r o l  i s  most accurate. 
This  zone w i l l  be f i l l e d  w i t h  m u l l i t e  beads o r  w i t h  a l l o y  w i r e  mesh t o  t e s t  
t he  c a t a l y t i c  e f f e c t s  o f  d i f f e r e n t  a l l oys .  Immediately above t h e  r e a c t i o n  
zone i s  an endplate t o  minimize mix ing  i n  t h e  dead space above t h e  r e a c t i o n  
zone and t o  p o s i t i o n  t h e  1/811 product  gas l i n e  which leads t o  t h e  quencher. 

I n i t i a l  attempts t o  heat the  r e a c t o r  revealed t h a t  a maximum temperature 
o f  1400°F ( i ns tead  o f  t h e  1600°F requ i red  f o r  t he  study)  cou ld  be a t t a i n e d  i n  
t h e  r e a c t i o n  zone. Th is  was a t t r i b u t e d  t o  excessive heat l o s s  from t h e  
reac to r  f langes which had been l e f t  uninsulated. The r e a c t o r  i n s t a l l a t i o n  was 

' mod i f ied  by adding more i n s u l a t i o n  and by  i n s t a l l i n g  a  smal l  heater  on t h e  
bottom extension o f  t h e  reac tor ,  b u t  t h e r e  was no s i g n i f i c a n t  increase i n  
r e a c t i o n  zone temperature. A d i f f e r e n t  e l e c t r i c  furnace was then i n s t a l l e d  
and r e s u l t e d  i n  dependable r a p i d  heatup o f  t h e  r e a c t i o n  zone t o  t h e  requ i red  
temperature. 

With t h e  equipment now operat ional ,  experimental  runs w i l l  begin. The 
s h i f t  r e a c t i o n  w i l l  be s tud ied  as a f u n c t i o n  o f  temperature and amount of 
metal  i n  contact  w i t h  the  gas stream. 
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LABORATORY PROCESS RESEARCH AND DEVELOPMENT 

2. Process Development Unit Operations 
(Reporting Category C02) 

3.1 PDU Startu~ and Initial O~erations 

Startup and Initial Operation Schedule 

Figure 2.1-1 presents a time line for construction, startup, and initial 
operations during 1979. 

The gasification section will be completed 'and started up in a once- 
through operation before construction of the gas separation section is 
completed. This will allow smooth operation of the gasifier to be achieved 
before the acid gas removal, molecular sieve cleanup, and cryogenic distilla- 
tion systems are started up. Recycle gas to the gasifier will be simulated by 
blending hydrogen and carbon monoxide from trailers during this period. 

The catalyst recovery system will be constructed while the gas separation 
system is coming on line. 

By use of this stepwise startup procedure of the entire PDU system, the 
most efficient use may be made of the technical, operating, and construction 
personnel. It has the added benefit of debugging and establishing operation 
of one system at a time so that reliable operations may be built up sequentially 
during the startup period. 

Checkout Test Plan 

Unit checkout of the PDU has begun. The Checkout Test Plan is presented 
in Table 2.1-1. Step 1, hydrostatic testing, has been completed for all 
vessels, including the gasifier. 

Initial Startuo Plan 

Initial startup operations began with full shift coverage after a three 
day Operator Training School. Mechanical construction is being concentrated 
on the gasification section and operators are checking equipment as it 
becomes avai 1 able. 

The steps and procedures for the PDU Initial Startup are outlined in , 

Table 2.1-2. These steps are being integrated with the Checkout Test Plan 
wherever possible in order to complete the startup of the gasification section 
as soon as possible. Item 1, gas flow testing, has been started concurrently 
with gas pressure testing (Item 2 of the Checkout Test Plan) and is essentially 
complete. 

Item 2, cold solids circulation, has begun,. Coal has been transported 
by automatic control from the Coal Preparation 'Unit (CPU) approximately 600 
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Table 2.1-1 

Checkout Test Plan f o r  t h e  PDU G a s i f i c a t i o n  Sect ion 

Sumnary o f  Steps C r i t e r i a  f o r  S a t i s f a c t o r y  Performance 

1. Hydros ta t i c  T e s t i n g  - A l l  systems l i q u i d  f i l l e d  w i t h  water. Hydro- No ruptures,  cracks, o r  leaks. 
s t a t i c  Test Pressure = 

(1-112) x (Design Pressure a t  Design Temperature) x . 

(A l lowable Stress f o r  M a t e r i a l  a t  Ambient Temperature) 
'(Allowable Stress f o r  M a t e r i a l  a t  Design Temperature) 

- 2. Gas Pressure T e s t i n  - S i m i l a r  t o  above. A l l  p ipe  and tub ing '  j o i n t s  No leaks. 
t o  be t e s t e d  w i t h  ?quid leak de tec to r .  Flanges t o  be wrapped w i t h  
tape and a  p i n h o l e  t e s t e d  w i t h  leak de tec to r .  

3. Comnissioning and Checkout o f  Equipment Inspec t ion  by q u a l i f i e d  t e c h n i c a l  
a. Pro r m a b l e  C o n t r o l l e r  person t o  determine proper func t ion -  

'Bu;n-in" o f  e l e c t r o n i c s  t o  e l i m i n a t e  i n i t i a l  f a i l u r e s .  Check ing  o f  a l l  systems. 
each c i r c u i t  i n t e r n a l l y  on CRT f o r  proper programming a c t i o n  
by  f o r c i n g  inpu ts  t o  s imu la te  s i g n a l s  from t h e  f i e l d ,  and 
observe a c t i o n  o f  output  on CRT. Check each system f o r  proper 
i n t e g r a t e d  f u n c t i o n  r e s u l t i n g  f rom i n d i v i d u a l  c i r c u i t s .  

b. Checkout of Block Valves 
A l l  b lock va lves must be checked v i s u a l l y  i n  t h e  f i e l d  f o r  
proper open/close operat ion,  fo rced  f r o m  t h e  programmable 
c o n t r o l l e r .  I n  sequenced double b lock valves, v e r i f y  tandem 
opera t ion  o f  both valves t o  be sure o f  proper  w i r i n g  o f  
ac tua t ion  s igna l  through l i m i t  switches o f  t h e  o ther  valve. 

.c. Checkout o f  Alarm Systems 
V e r i f y  from alarm sensors i n  t h e  f i e l d  o r  o t h e r  source, through 
a l l  associated c i r c u i t s ,  t o  t h e  alarm i n  t h e  c o n t r o l  room. 
V e r i f y  analog alarms from analog c o n t r o l l e r s ,  through cur ren t  
t o  con tac t  c losure  devices t o  alarm. Check alarms i n  bo th  t h e  
alarm annunciators and graphic  d isp lay ,  i n c l u d i n g  redundancy 
i n  graphic  d i s p l a y  l i g h t s  when spec i f i ed .  

V e r i f i c a t i o n  o f  opera t ion  i n  f i e l d  as 
fo rced  from programmable c o n t r o l l e r .  

V e r i f i c a t i o n  o f  complete c i r c u i t  func-  
t i o n  f o r  each i n d i v i d u a l  alarm. 

d. Graphic D isp lay  V e r i f i c a t i o n  from source t o  each 
' V e r i f y a t e l y  100 s t a t u s  l i g h t s  ( i n  a d d i t i o n  t o  t h e  l i g h t .  
alarm l i g h t s )  i n d i c a t i n g  open b lock valves, motors and pumps, 
pressure switches and o ther  miscel laneous s t a t u s  l i g h t s .  

e. Analog C o n t r o l l e r s  
Check a l l  w i r i n g  on loop diagrams against  i n s t a l l e d  w i r i n g  t o  be 
sure t h e  sensor, c u r r e n t  t o  con tac t  c l o s u r e  device, and 3-pen 
recorder  are p r o p e r l y  looped on t h e  i n p u t  s igna l ,  and t h e  ou tpu t  
s igna l  operates t h e  f i n a l  c o n t r o l  device. Set i n i t i a l  t u n i n g  
constants  as s p e c i f i e d  by  instrument engineer. 

f. Temperature C o n t r o l l e r s  
l h e c k  f o r  Proper ranae and type. V e r i f y  output  w i r i n a  o f  tem- 
pera tu re  controllers-(TIC) and tempera t i re  l i m i t  s w i t i h e s  (TL) 
through power re lays ,  heater  breakers, power c o n t r o l l e r s  and 
f i e l d  w i r i n g  t o  heaters by i n d i v i d u a l  vo l tage  checks a t  heaters. 
Check analog a c t i o n  o f  T IC 'S  and o n / o f f  a c t i o n  o f  TL's. 

V isual  w i r i n g  check. Observe opera- 
t i o n  o f  f i n a l  c o n t r o l  dev ice by 
manual ly a d j u s t i n g  t h e  output  a t  t h e  
c o n t r o l l e r .  

I n d i v i d u a l  vo l tage  checks i n  f i e l d .  
Later ,  as heaters are turned on, check 
c o n t r o l l e r  thermocouples and o t h e r  
s k i n  couples on analog m u l t i p l e x e r  as 
heaters warm up. 



Table 2.1-2 

PDU I n i t i a l  S t a r t u p  

1. Pressur ize t h e  G a s i f i c a t i o n  System w i t h  N i t rogen  

Uleck a l l  f low, pressure and AP c o n t r o l l e r s  w i t h  f l o w i n g  n i t rogen .  S t a r t  up and check opera t ion  o f  
compressors. Pressure and f l o w  c o n t r o l  must be smooth and c o n t r o l l e r s  must be tuned f o r  s t a b l e  opera t ion  
a t  des ign c o n d i t i o n s  o f  t h e  u n i t .  

2. Cold S o l i d s  C i r c u l a t i o n  w i t h  N i t rogen  

Demonstrate a b i l i t y  t o  handle s o l i d s  through dense-phase s o l i d s  t ranspor te rs ,  lockhoppers, feed l i n e s ,  
f l u i d i z e d  bed reac to r ,  char  wi thdrawal  systems, and f i n e s  f i l t e r s .  Th is  i s  t o  be done w i t h  char so l ids .  
us ing n i t r o g e n  only ,  a t  pressures up t o  3500 kPa a t  anbient temperature. Inc ludes automatic opera t ion  
of lockhopper swing and f i l l  systems, feed lockpots, char  withdrawal,  and f i n e s  f i l t e r s  automatic swing 
and emptying systems. 

3. Heatup o f  Reactor Systen 

I n i t i a l  c o n d i t i o n i n g  o f  heaters a t  low temperatures (below 80'C) may proceed dur ing  Step 2 above. When 
completed, t h e  reac to r  should be depressured f o r  s a f e t y  w h i l e  t h e  heaters are brought up t o  design 
temperatures. The TL's and TIC'S should be stepped up i n  50'C increments d u r i n g  t h i s  p e r i o d  t o  avoid 
sudden overheat ing o f  t h e  r a d i a n t  ce ran ic  heaters. F i n a l  t u n i n g  o f  t h e  c o n t r o l l e r s  should be done a t  
design,temperatures. Each heater  must respond t o  process upsets and changes i n  set  p o i n t  w i thou t  
c y c l i n g .  Tuning should be opt imized t o  p rov ide  s table,  slow response, r a t h e r  than  b o r d e r l i n e  on c y c l i n g .  

4. So l ids  C i r c u l a t i o n  w i t h  N i t rogen  a t  Design Temperature 

Th is  i s  t h e  f i n a l  checkout o f  t h e  u n i t  p r i o r  t o  in t roduc ing  g a s i f i c a t i o n  streams. A l l  con t ro l ,  alarm, and 
sensing equipment should be f u n c t i o n i n g  r e l i a b l y  at  t h i s  p o i n t .  Operators should be f a m i l i a r  and con f iden t  
w i t h  t h e  opera t ion  o f  t h e  u n i t  and able t o  handle upsets i n  a safe manner. A l l  automatic sequencing 
equipment should be f u n c t i o n i n g  w i t h  o v e r r i d e  c a p a b i l i t y  e a s i l y  a v a i l a b l e  where spec i f i ed .  A l l  problems 
o f  i ns t runen t  o r  mechanical na tu re  should be solved dur ing  t h i s  r e l a t i v e l y  sa fe  per iod  of u n i t  operat ion.  

5. Star tup  o f  Stream Generat ion Systen 

During Steps 2, 3, and 4 above, t h e  steam generat ion system may be s t a r t e d  and debugged. Th is  i s  done 
o f f - l i n e  w i thou t  feeding steam t o  t h e  g a s i f i e r .  The vapor izer  may be operated a t  design temperature and 
pressure w h i l e  t h e  steam i s  go ing t o  t h e  condenser. Th is  permi ts  t u n i n g  t h e  vapor i ze r  c o n t r o l s  o f f - l i n e .  
Smooth, r e l i a b l e  opera t ion  must be achieved w i t h  no de tec tab le  c y c l i n g  o f  l i q u i d  l e v e l  o r  pressure. 

6. Feed Coal, Steam, and Syngas t o  t h e  G a s i f i e r  

- T h i s  completes t h e  i n i t i a l  s t a r t u p  o f  t h e  g a s i f i c a t i o n  sect ion.  Syngas i s  used once-through which a l lows  
t h e  g a s i f i c a t i o n  sec t ion  t o  be checked ou t  w i thou t  t h e  necess i t y  o f  running t h e  MEA absorbers, molecular  
sieves, o r  cryogenic d i s t i l l a t i o n  equipment. Th is  begins t h e  shakedown opera t ion  and v a r i a b l e s  s tudy 
p e r i o d  w i t h  simulated syngas recyc le .  P re l  iminary m a t e r i  a1 balance data should be a v a i l  able, and da ta  
logging by t h e  computer should be debugged by t h i s  time. 



feet  t o  t he  storage hopper on t h e  PDU, LH-3. The r o t a r y  feeder, t h e  Ca ta l ys t  
Add i t i on  U n i t  (CAU), and t h e  t ranspor te r  t h a t  1 i f . t ~  t h e  ca ta lyzed coal  from 
t h e  ground l e v e l  t o  t he  surge hopper on t h e  12th f l o o r ,  LH-1, have a l l  been 
operated successful  ly. 

The automatic coa l  feed system i s  c u r r e n t l y  undergoing i n i t i a l  s t a r t u p  
t e s t s  us ing n i t rogen  as the  t r a n s p o r t i n g  f l u i d .  F l u i d i z a t i o n  t e s t s  are a l so  
being performed on the  coa l  t h a t  has been f e d  t o  t h e  g -as l f i e r .  These t e s t s  
are necessary t o  help determine bed f l u i d i z a t i o n  c h a r a c t e r i s t i c s ,  se t  pressure 
tap  f l ow  rates,  and r e a l i s t i c a l l y  t e s t  downstream p o r t i o n s  o f  t h e  u n i t  such as 
the  automatic f i n e s  f i l t e r  system and t h e  g a s i f i e r  char withdrawal valves. 
A l l  t e s t s  have been conducted a t  ambient temperature us ing  n i t r o g e n  as the  
t ranspor t i ng  f l u i d .  

P r o g r m a b l e  C o n t r o l l e r  

The PDU uses a programmable c o n t r o l l e r  t o  handle va lve  sequencing, 
alarming, and o the r  miscel laneous func t ions  i n  t h e  f o l l o w i n g  systems: 

r Cata lys t  Add i t i on  U n i t  

Coal Feed System 

Char Withdrawal System 

Gas and Steam Feed System 

F i  1 ter/Scrubber System 

As shown i n  F igu re  2.1-2, t he  programmable c o n t r o l l e r  takes inputs  from 
t h e  f i e l d ,  s imulates r e l a y  c i r c u i t s  from t h e  programmed log i c ,  and ac t i va tes  
t h e  appropr iate outputs i n  t h e  f i e l d .  Changing t h e  l o g i c  changes the  r e l a y  
ac t i on  w i thout  c o s t l y  hardware changes. The programmable c o n t r o l l e r  uses 
re1  ay 1  anguage and requ i res  very  1  i t t l  e  maintenance o r  opera tor  t r a i n i n g .  

The general f unc t i ons  o f  t h e  programmable c o n t r o l l e r  on the  PDU are: 

r Sequencing double b lock  va lves  

r Switching b a r a l l e l  t r a i n s  on'and o f f  l i n e ;  regenera t ing  the  
o f f - 1  i n e  t r a i n  

Const ra in ing  o v e r r i d e  a c t i o n  

r Emergency shutdowns o f  i n d i v i d u a l  systems 

r Automating i t e r a t i v e  batch processes ( l ockpo ts )  . 

Input  and output  s igna l  s  were assigned f o r  e x i s t i n g  systems. Programmed 
l o g i c  was checked du r ing  c o l d  operat ions f o r  t h e  coal  feed, gas feed, and 
f i l t e r  .systems. 
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2.2 Char Product ion i n  F l u i d  Bed G a s i f i e r  (FBG) 

110 v .  

Approximately 3000 l b s  o f  char have been produced i n  t h e  FBG f rom 11 1 i n o i s  
No. 6 coa l  bo th  f o r  PDU s t a r t u p  and f o r  c a t a l y s t  recovery studies.  These 
recovery s tud ies  are being c a r r i e d  o u t  i n  bench scale and pro to type char 
d iges te rs  and leaching tanks t o  o b t a i n  design and o p e r a b i l i t y  da ta  f o r  a PDU 
c a t a l y s t  recovery u n i t  . 

Table 2.2-1 summarizes r e s u l t s  o f  t h e  recent  FBG operat  ions. The char 
d e n s i t y  i n i t i a l l y  was low compared t o  d e n s i t i e s  observed dur ing  predevelopment 
con t rac t  s tudies.  Several d i f f e r e n c e s  i n  t h e  present opera t ion  and t h a t  of 
t h e  predevelopment con t rac t  were i d e n t i f i e d  and inves t iga ted .  These d i f f e r -  
ences are l i s t e d  below: 



Table 2.2-1 

Recent FBG O ~ e r a t  ions 

Predevelopment 
Char Proper t ies  I n i t i a l  Present Per iod  

F l u i d i z e d  bed densi ty ,  l b / f t 3  7 11 11-20 
Bulk dens i ty ,  1  b / f  t 3  15 2  1  22- 28 

D i f fe rences i n  Operat ion Poss ib l y  A f f e c t i n g  Bed Dens i ty  

New batch o f  coal  
D i f f e r e n t  mesh s i z e  ranges i n  coa l  

0 KOH vs K2CO3 c a t a l y s t  
Poss ib le  d i f f e rences  i n  a i r  exposure 

The f i r s t  operat ions, s t a r t i n g  i n  October, 1978, used coal  feed which was 
ground t o  -8 mesh and contained approximately 35 w t . %  o f  p a r t i c l e s  f i n e r  than 
100 mesh. This  was a  departure from p r i o r  operat ions i n  1977 us ing  -8 t o  + I00  
mesh s i z e  coal.  I t was determined t h a t  i n c l u s i o n  o f  t h e  f i n e s  i n  t h e  feed 
coal  caused the  bed t o  con ta in  a  l a r g e  p o r t i o n  o f  f i n e s  which cou ld  lead t o  a  
low f l u i d i z e d  bed dens i ty .  

A new g r i n d  o f  -8 t o  + I00  mesh was made using a  f r e s h  batch o f  coal.  
When t h i s  coal  was f e d  t o  t h e  u n i t ,  severe f e e d l i n e  and r e a c t o r  p lugg ing  
occurred immediately. It was found i n  l abo ra to ry  d e v o l a t i l i z a t i o n  t e s t s  t h a t  
t he  l a r g e r  p a r t i c l e s ,  approximately 8  t o  16 mesh, were swe l l i ng  and becoming 
p l a s t i c .  P a r t i c l e s  l ess  than 20 mesh d i d  no t  swe l l  de tec tab l y  on d e v o l a t i l -  
i z a t i o n .  It was determined t h a t  t h e  f i n a l  screen on the  Ca ta l ys t  A d d i t i o n  
U n i t  (CAU) had been changed t o  6  mesh r a t h e r  than t h e  8  mesh used i n  the  
predevelopment operat ions.  The 8  mesh screen had r e j e c t e d  a  s i g n i f i c a n t  
p o r t i o n  o f  t he  8  t o  16 mesh p a r t i c l e s  dur ing  t h e  predevelopment runs so t h a t  
t he  severe p lugging d i d  n o t  occur a t  t h a t  t ime. A screen was then i n s t a l l e d  
on t h e  CAU t o  r e j e c t  a l l  p a r t i c l e s  l a r g e r  than 16 mesh. The opera t ion  o f  t h e  
FBG on t h e  new coa l  was immediately v e r y  good w i t h  no p lugg ing  o r  b r i d g i n g  i n  
t h e  g a s i f i e r .  However, t h e  bed d e n s i t y  was s t i l l  low. Th is  showed t h a t  
n e i t h e r  f i n e s  i n  t h e  feed nor  t he  i n c l u s i o n  o f  8  t o  16 mesh p a r t i c l e s  were t h e  
pr imary cause o f  low char  dens i ty .  

Another d i f f e r e n c e  from t h e  predevelopment operat  ions was t h e  use of KOH 
c a t a l y s t  i n  p lace  o f  K  CO3.. To t e s t  t h i s  as a  poss ib le  cause of low f densi ty ,  K2C03 was app i e d  t o  t h e  coal.  No measurable d i f f e rence  i n  char 
d e n s i t y  was found. 

The ca ta lyzed coa l  was then d e l i b e r a t e l y  air-exposed i n  bo th  t h e  CAU a t  
normal cond i t i ons  (350°F max.) and i n  b a r r e l s  p r i o r  t o  load ing  i n  t h e  FBG. 
Th is  r e s u l t e d  i n  h igher  bed d e n s i t i e s  and i s  now thought t o  be t h e  p r i n c i p a l  
d i f f e r e n c e  between recent  and p r i o r  operat ions.  



The FBG operated dur ing  t h e  month o f  February w i t h  a i r  exposed feed i n  
o rde r  t o  produce an i nven to ry  of h igh  densi ty ,  h igh  conversion char f o r  
c a t a l y s t  recovery studies.  FBG operat ions have now been concluded. 

I n  summary, several quest ions have been r a i s e d  i n  t h i s  work and are not  
y e t  completely answered. The coal  - c a t a l y s t  i n t e r a c t  ions o f  soak time, c a t a l y s t  
concent ra t ion  i n  t h e  so lu t ion ,  and p a r t i c l e  s i z e  as w e l l  as t h e  e f f e c t  o f  
o x i d a t i o n  need f u r t h e r  i nves t i ga t i on .  A bench scale program i s  underway t o  
he lp  def ine these i n t e r a c t  ions. 

2.3 P i l o t  P lan t  Cata lys t  Recovery Studies 

Prototype Cata lys t  Recovery U n i t  Operations 

The Prototype Ca ta l ys t  Recovery Un i t ,  shown i n  F igu re  2.3-1, cons i s t s  o f  
a  d igester ,  leaching tank, and c i r c u l a t i n g  pmp.  Char and 1  ime feed are added 
t o  KOH s o l u t i o n  i n  the  d i g e s t e r  and the  s o l i d s  are kept  suspended by  an 
a g i t a t o r  and a  c i r c u l a t i n g  pump. A f t e r  d iges t ion ,  t h e  s l u r r y  i s  pumped by t h e  
c i r c u l a t i n g  pump i n t o  the  leaching tank. The s o l i d s  are then leached w i t h  
e i t h e r  a  ho t  KOH s o l u t i o n  o r  water. 

As discussed i n  t h e  October-December, 1978 Q u a r t e r l y  Report, runs w i t h  
t h e  pro to type u n i t  have shown a  l a r g e  s o l i d s  car ryover  i n  t he  s o l u t i o n  leav ing  
t h e  leaching tank. I n  add i t ion ,  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  s o l i d s  
i n  t he  over f low from t h e  leach ing  tank (F igure  2.3-2) shows t h a t  approximately 
80% ( w t )  o f  t he  s o l i d s  are l ess  than 10 microns i n  diameter. F igure  2.3-2 
a lso  shows t h a t  f i n e  p a r t i c l e s  are separated from t h e  s o l i d s  i n  t h e  leach ing  
tank and are c a r r i e d  ou t  o f  t h e  system s ince  t h e  d igested s o l i d s  charged t o  
t h e  leaching tank have a  p a r t i c l e  s i z e  d i s t r i b u t i o n  between t h e  over f low 
s o l i d s  and those remaining i n  t he  tank. These observat ions l e d  t o  a  program 
t o  i d e n t i f y  the  source o f  t h e  l a r g e  number o f  f i n e s  which comprised t h e  bu lk  
o f  t h e  overf low from t h e  leaching tank. 

F igu re  2.3-3 i s  a  p l o t  o f  a  t y p i c a l  p a r t i c l e  s i z e  d i s t r i b u t i o n  f o r  t h e  
char feed mixed w i t h  the  1  ime (a1  1 -325 mesh) f e d  t o  t h e  d i g e s t e r  and t h e  
s o l i d s  a f t e r  d i g e s t i o n  w i t h  bo th  t h e  a g i t a t o r  and t h e  pump operat ing.  The 
f i g u r e  shows tha t ,  al though 26% o f  t h e  s o l i d s  f e d  t o  t h e  d iges te r  are l e s s  
than 10 microns, a f t e r  d i g e s t i o n  61% o f  them are. From t h i s  r e s u l t ,  i t  i s  
c l e a r  t h a t  many small p a r t i c l e s  are being made i n  t h e  d i g e s t i o n  step. These 
p a r t i c l e s  may come from two sources; e i t h e r  they  are made by t h e  d i g e s t i o n  
process i t s e l f ,  o r  they  are a  r e s u l t  o f  p a r t i c l e  breakdown from a g i t a t i o n  of 
t h e  d i g e s t i o n  mix ture .  To reduce p a r t i c l e  breakdown, a  new c e n t r i f u g a l  pump 
designed t o  minimize p a r t i c l e  breakdown was i n s t a l l e d .  This  pump moves t h e  . 
f l u i d  and p a r t i c l e s  by c r e a t i n g  a  vor tex w i t h  a recessed impe l le r .  P a r t i c l e s  
i n  t h e  f l u i d  should no t  contac t  t h e  impe l l e r  and t h e r e f o r e  avoid t h e  resu . l t i ng  
h igh  st resses t h a t  would break them down. F igure  2.3-4 shows a  p l o t  o f  t h e  
c h a r l l i m e  p a r t i c l e  s i z e  d i s t r i b u t i o n  a f t e r  d i g e s t i o n  w i t h  t h e  a g i t a t o r  and t h e  
new c i r c u l a t i n g  p m p  i n  constant  operat ion.  I n  addi t ion,  t h e  l ime feed i s  
la rger ,  -20, +50 mesh cut; so a l l  p a r t i c l e s  are i n i t i a l l y  g rea te r  than 
10 microns. It can be seen t h a t  t h e  p a r t i c l e s  are broken down u n t i l  about 704; 
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are l ess  than 10 microns. A comparison o f  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n s  
a f t e r  d iges t i on  o f  F igures 2.3-3 and 2.3-4 shows t h a t  t h e  new pump r e s u l t s  i n  
more breakdown o f  p a r t i c l e s  than'  t h e  o r i g i n a l  pump. F igure  2.3-4 a l so  shows 
the  p a r t i c l e  s i z e  d i s t r i b u t i o n  a f t e r  d i g e s t i o n  w i t h  t h e  new pump runn ing  o n l y  
when necessary t o  keep t h e  s o l i d s  suspended (minimum punping). Th i s  shows 
t h a t  l e s s  than 25% o f  t h e  s o l i d s  i s  l ess  than 10 microns w i t h  t h e  minimum 
amount of pumping, w h i l e  approximately 70% i s  l ess  than 10 microns w h i l e  us ing  
a pump cont inuously .  F igu re  2.3-4 a lso  shows t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  
of t h e  s o l i d s  be fore  and a f t e r  d i g e s t i o n  b u t  w i thou t  pumping. Only t h e  
ag i ta to r ,  t u rn ing  a t  140 RPM, i s  p rov id ing  mix ing.  This  case represents a 
p r a c t i c a l  minimum o f  p a r t i c l e  breakdown w i t h  t h i s  equipment. Th i s  shows t h a t  
o n l y  15% o f  t h e  p a r t i c l e s  i s  l ess  than 10 microns compared w i t h  60 t o  70% 
us ing  a  c i r c u l a t i n g  pump opera t ing  cont inuously  and about 25% w i t h  t h e  minimum 
amount o f  pumping. Thus, i t  appears t h a t  t h e  c i r c u l a t i n g  punp i s  causing 
ex tens ive  p a r t  i c l e  breakdown. 

Some form o f  energy i npu t  t o  t h e  d iges te r  i s  necessary, however, t o  
prevent the  s o l i d s  from s e t t l i n g .  The o the r  r e a d i l y  ava i l ab le  mean f o r  
suspending t h e  s o l i d s  i s  us ing an a g i t a t o r .  However, t h e  a g i t a t o r  p r e s e n t l y  
i n  t h e  d iges te r  does not  p rov ide  enough m ix ing  t o  suspend t h e  so l i ds .  The 
minimum pumping runs  i n  F i g u r e  2.3-4 cannot be dup l i ca ted  because t h e  l ime  and 
char s e t t l e  and p lug  t h e  d ischarge l i n e .  This  i nd i ca tes  t h a t  b e t t e r  m ix ing  i s  
needed than can be suppl ied b y  the  e x i s t i n g  a g i t a t o r .  

To prevent t h e  s o l i d s  from s e t t l i n g  w h i l e  min imiz ing  p a r t i c l e  breakdown 
due t o  ag i ta t i on ,  t h e  d i g e s t e r  design has been improved t o  p rov ide  b e t t e r  
a g i t a t i o n  by  impe l l e r  alone. As s ta ted  above, t h e  pro to type d iges te r  had an 
impe l l e r  t u r n i n g  a t  140 RPM and a  c i r c u l a t i n g  p m p  t o  keep t h e  s o l i d s  i n  
suspension. Although f o u r  b a f f l e s  are loca ted i n  t h e  vessel t o  improve 
mixing, an i n t e r n a l  c o i l  which i s  used f o r  heat ing  and c o o l i n g  minimizes 
t h e i r  e f f e c t  by c r e a t i n g  dead zones and a l lows s o l i d s  t o  s e t t l e  t o  t h e  bottom 
o f  t he  vessel, which r e s u l t s  i n  p lugging t h e  discharge l i n e .  Increased 
a g i t a t i o n  w i l l  keep the  s o l i d s  suspended, b u t  w i l l  break down t h e  p a r t i c l e s .  

The f i r s t  s tep  i n  t h e  m o d i f i c a t i o n  o f  t h e  d iges te r  was t o  rep lace t h e  o l d  
b a f f l e s  w i t h  new b a f f l e s  which have a  gap between the  vessel w a l l  and t h e  
b a f f l e  i n  o rder  t o  e l i m i n a t e  dead zones. The next  step was t o  rep lace t h e  
e x i s t i n g  impe l l e r  w i t h  an impe l l e r  b e t t e r  designed t o  suspend t h e  so l i ds .  A 
v a r i a b l e  speed d r i v e  was a lso  i n s t a l l e d .  The f i n a l  s tep i n  t h e  d iges te r  
m o d i f i c a t i o n  consis ted o f  removing t h e  heat ing/cool  i n g  c o i l .  Quick heatup, as 
descr ibed i n  t he  July-September, 1978 Q u a r t e r l y  Report, i s  a c t u a l l y  l ess  
necessary than a  w e l l  mixed reac to r  from an operab i l  i t y  p o i n t  of view. 
E l e c t r i c a l  heaters on t h e  ou ts ide  o f  t h e  d i g e s t e r  w i l l  p rov ide  t h e  necessary 
heat input .  Cool ing w i l l  be provided by a smal l  c o i l  loca ted  e n t i r e l y  i n  
t h e  vapor space above t h e  l i q u i d  so t h a t  t h e  c o i l  w i l l  no t  d i s t u r b  t h e  
f l u i d  c i r c u l a t i o n .  

Several bench sca le  experiments were performed t o  f u r t h e r  d e f i n e  why d 
l a r g e  q u a n t i t y  of small p a r t i c l e s  i s  being generated i n  d iges t ion .  As 
mentioned prev ious ly ,  f i n e  l ime  p a r t i c l e s  c o n t r i b u t e  t o  t h e  f i n e s  problem. An 
experiment was r u n  t o  i n v e s t i g a t e  the  breakdown..of t h e  l ime p a r t i c l e s .  Lime 
w i t h  a  s i z e  d i s t r i b u t i o n  o f  -20 + 100 mesh was placed i n  a beaker w i t h  water 





and s t i r r e d  a t  approximately 120 RPM f o r  two hours. The mix ing  done i n  t h i s  
experiment i s  q u i t e  mi ld ,  as i nd i ca ted  by the  f a c t  t h a t  the  s t i r r e r  t i p  
v e l o c i t y  was about 0.4 f t l s e c  w h i l e  t h e  d iges te r  a g i t a t o r  t i p  v e l o c i t y  i s  9.9 
f t l s e c .  F igure 2.3-5 shows t h e  r e s u l t s  o f  t h i s  experiment. Although 20% 
o f  t h e  l ime was i n i t i a l l y  l e s s  than 10 microns, approximately 70% was l e s s  
than 10 microns a f t e r  such r e l a t i v e l y  m i l d  a g i t a t i o n .  

A  bench scale experiment was performed t o  determine p a r t i c l e  breakdown of 
t h e  char due t o  t h e  removal o f  potassium. Char was placed i n  water, l e f t  
overn ight ,  and g e n t l y  f i l t e r e d  w i t h  a  l a r g e  amount o f  water. Potassium 
recovery i n  t h i s  experiment was comparable t o  t h a t  obta ined i n  prev ious water 
wash experiments us ing  l a r g e  amounts o f  water. A p a r t i c l e  s i z e  d i s t r i b u t i o n  
of t h e  char be fore  and a f t e r  w a s h i n g l f i l t e r i n g  i s  shown i n  F igu re  2.3-6. The 
d i s t r i b u t i o n  shows a  very  small increase i n  t h e  amounts o f  f i n e  p a r t i c l e s .  
Th is  means t h a t  removal o f  t h e  potassium f rom t h e  char does no t  i t s e l f  cause a  
s i g n i f i c a n t  p a r t i c l e  breakdown. 

The l ime breakdown experiment was repeated us ing t h e  washed/ f i l te red  char 
t o  determine char p a r t i c l e  breakdown. F igure  2.3-7 shows the  r e s u l t s  o f  t h i s  
experiment. I n i t i a l l y ,  n e a r l y  a l l  o f  t h e  char i s  g rea ter  than 10 microns. 
A f t e r  t h e  experiment, about 50% i s  l ess  than 10 microns. Comparing t h e  a f t e r  
mix ing  curves o f  bo th  F igure  2.3-5 and F igu re  2.3-7 shows t h a t  w h i l e  l ime i s  
apparent ly  more f r a g i l e  than char, char  p a r t i c l e s  are f r a g i l e  enough so t h a t  
g rea t  care  i s  needed t o  avoid excessive a g i t a t i o n  whenever possib le.  

I n  summary, experiments i n  t h i s  qua r te r  show excessive p a r t i c l e  breakdown 
does occur i n  t he  d i g e s t e r  when us ing  a  pump. I n  addi t ion,  bo th  the  char and 
l ime are f r a g i l e  and break down r e l a t i v e l y ' e a s i l y .  F i n a l l y ,  removal o f  t h e  
potassium from t h e  char by water washing does not  cause the  char p a r t i c l e s  t o  
break down. 

Future work w i l l  focus on t h e  mod i f ied  d iges te r  t o  see i f  t h e  changes 
mentioned e a r l i e r  have reduced p a r t i c l e  breakdown. 

2.4 PDU Cata lys t  Recovery Design 

Work has begun on t h e  design o f  t h e  c a t a l y s t  recovery system f o r  t h e  PDU. 
Th is  system must be able t o  meet several c r i t e r i a .  F i r s t  i t  must demonstrate 
r e c y c l e  o f  90% o f  t h e  t o t a l  potassium fed  t o  t h e  g a s i f i e r s .  Th is  l a r g e  
r e c y c l e  r a t e  should a l l ow  any p o t e n t i a l  bu i l dup  problems t o  be i d e n t i f i e d  a t  
an e a r l y  date. Secondly, t h e  system must be f l e x i b l e  enough t o  a l l ow  opera t ion  
i n  bo th  a  water wash o n l y  and a  d i g e s t i o n  fo l lowed by  water wash mode and a lso  
be able t o  handle f i n e  char p a r t i c l e s .  F i n a l l y ,  i t  i s  des i rab le  t o  have a  
system w i t h  an uncomplicated f l o w  p lan  t o  ensure ease of operat ion.  

F igu re  2.4-1 shows t h e  processing scheme t h a t  was i d e n t i f i e d  as t h e  
p r e f e r r e d  c a t a l y s t  recovery system f o r  t h e  PDU a t  t h e  beginning o f  t he  
c u r r e n t  cont rac t .  I t cons i s t s  o f  a  l ime d i g e s t i o n  step fo l lowed by a  counter  
c u r r e n t  water wash us ing  leach ing  tanks. These tanks act  as an upf low f i x e d  
bed leacher t o  wash t h e  d iges ted  char w i t h  p rog ress i ve l y  weaker so lu t i ons  o f  
KOH. The leaching s o l u t i o n  i s  pumped i n t o  t h e  bottom o f  t h e  tank and f l ows  



FIGURE 2.3-5 

BREAKDOWN OF COARSE L I M E  PARTICLES 
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FIGURE 2.3-7 

BREAKDOWN OF WASHEDIFILTERED CHAR 
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upwards through the  bed o f  suspended char p a r t i c l e s .  The upward v e l o c i t y  o f  
t h e  l i q u i d  keeps t h e  s o l i d s  suspended, w h i l e  t h e  s e t t l i n g  v e l o c i t y  o f  t h e  
p a r t i c l e s  prevents them from being c a r r i e d  o u t  o f  t h e  tank. Any s o l i d s  t h a t  
do no t  have a s u f f i c i e n t  s e t t l i n g  v e l o c i t y  t o  remain i n  t h e  leach ing  system 
w i l l  be c a r r i e d  ou t  i n  t h e  over f low from t h e  r i c h  leaching tank. These s o l i d s  
are captured by a p o s i t i v e  s o l i d l l i q u i d  separat ion device such as a f i l t e r  o r  
cent r i fuge,  then r e s l u r r i e d  w i t h  water i n  a f i n a l  washing step. The r i c h  
l i q u o r  from t h e  separat ion device i s  t he  recovered c a t a l y s t  s o l u t i o n  which 
w i l l  be concentrated t o  20% ( w t )  K+ i n  an evaporator be fore  being sent t o  
c a t a l y s t  add i t ion .  Spent s o l i d s  leave t h e  system as a d r y  cake. 

As mentioned e a r l i e r ,  t h i s  was t h e  p re fe r red  PDU c a t a l y s t  recovery 
system a t  t h e  beginning o f  t h e  cu r ren t  cont rac t .  To examine t h e  o p e r a b i l i t y  
o f  t h i s  concept, a  f u l l  PDU sca le  d i g e s t e r  and leaching tank were constructed 
and operated dur ing  1977 and 1978. Th is  p ro to type equipment y i e l d e d  important 
m a t e r i a l  balance and p a r t i c l e  s i z e  d i s t r i b u t i o n  da ta  as w e l l  as p rov id ing  
informat i o n  on leaching tank performance. 

The f i r s t  s tep i n  t h e  design o f  t h e  PDU c a t a l y s t  recovery system 
i s  t o  perform a ma te r ia l  balance around t h e  proposed f l o w  plan. The m a t e r i a l  
balance determines whether a g iven con f i gu ra t i on  w i l l  meet t h e  goal o f  90% 
c a t a l y s t  recyc le .  I n  add i t ion ,  it g ives  in fo rmat ion  concerning re1  a t i v e  f l o w  
rates,  equipment size, evaporat ion requirements, and make-up ra tes .  This  
in fo rmat ion  can he lp  determine whether t h e  system i s  f e a s i b l e  f o r  PDU. 

Table 2.4-1 l i s t s  t h e  important bas i s  items used i n  t h e  PDU c a t a l y s t  
recovery m a t e r i a l  balance. Many o f  t h e  items, such as the  s o l i d s  loading t o  
t h e  d iges te r  and the  expected p a r t i c l e  s i z e  d i s t r i b u t i o n ,  are based on t h e  
performance o f  t he  FBG dur ing  t h e  predevelopment cont rac t .  The performance of 
t h e  d iges te r  and leaching tanks  are based on the  da ta  gathered i n  t h e  pro to type 
and bench scale un i t s .  The bas i s  l i s t e d  i n  Table 2.4-1 was used o n l y  t o  
ob ta in  approximate o v e r a l l  potassium recover ies  and stream ra tes ,  n o t  f o r  
s p e c i f i c  equipment design. Actual design w i l l  be based on maximum o r  minimum 
bas i s  valves t o  a l l ow  f l e x i b i l i t y  i n  u n i t  operat ion.  

From an o p e r a b i l i t y  standpoint,  t h e  most important bas i s  i tem i s  t he  
p a r t i c l e  s i z e  d i s t r i b u t i o n  expected i n  t he  s l u r r y  feed t o  t h e  water wash 
sect ion.  Th i s  w i l l  determine t h e  ease w i t h  which s o l i d - l i q u i d  separat ions can 
be accompl ished. For these mater i  a1 balances i t  was assumed t h a t  no p a r t i c l e  
degradat ion occurred anywhere ou ts ide  o f  t he  g a s i f i e r ;  t h a t  i s ,  no degradat ion 
o f  char and overhead f i n e s  was assumed t o  occur i n  t h e  char s l u r r y  pots, t h e  
s l u r r y  l e t  down valves, o r  i n  t he  d iges te r  i t s e l f .  Any l ime  added t o  t h e  
d iges te r  i n  excess o f  t h a t  needed t o  f r e e  Tnsoluble potassium i n  t h e  hydro- 
thermal reac t  ions i s  assumed t o  go t o  f i n e  p r e c i p i t a t e s  o f  CaC03 o r  Ca(OH)2. 
These assumptions on p a r t i c l e  degradat ion. a re  d e l i b e r a t e l y  op t im i  s t i c .  Any 
c o n f i g u r a t i o n  which i s  unsuccessful i n  recover ing t h e  des i red  amount o f  
potassium from t h i s  r e l a t i v e l y  coarse p a r t i c l e  s i z e  d i s t r i b u t i o n  w i l l  no t  be 
acceptable as the  ac tua l  PDU system. 

Unfor tunate ly ,  as Table'2.4-1 shows, even t h i s  o p t i m i s t i c  p a r t i c l e  s i z e  
d i s t r i b u t i o n  i s  t oo  f i n e  t o  be t r e a t e d  successfu l ly  i n  leach ing  tanks. 
I n  t he  pro to type leaching tank i t  was not  poss ib le  t o  r e t a i n  p a r t i c l e s  smal ler  



Table 2.4-1 

Basis Itm 

r Sol ids loading t o  digester 

- 25 l b s l h r  bottons char - 10 l b s l h r  overhead f ines - 12 l b s l h r  CaO 

r Catalyst forms i n  feed t o  d igester  

- Catalyst loading o f  24% ( u t )  on char and f h e s  f ed  
t o  digester 

- Other soluble f o n s  
I: Total  K* 

K to3 59.55 
6.77 

Su l fur  forms 3.68 
Total  r a t e r  soluble 

- Yater Insoluble forms % Tota l  K* 

U lS iOq  25.50 
KFeS 4.50 
Totaf water insoluble 

r Digester Perfornance 

- 9BX o f  t o t a l  K+ a s s m d  soluble a f t e r  d igest ion f o r  
one hour a t  3OO'F 

- Ilo p a r t i c l e  b r e a k d m  assuned i n  d igester  

Leaching tank performance 

- Sol ids c a r r p v e r  

Assme a l l  pa r t i c l es  less  than 75 II are ca r r i ed  
out  i n  r i c h  leaching tank c a r r p v e r  

+ 15% o f  bottoms char i s  less than 75 u 

t Assune a l l  CaO not needed t o  react  w i th  mineral  
matter i s  car r ied  out  o f  r i c h  leaching tank 

+ Assune a l l  g a s i f i e r  overhead f i nes  caught i n  secondary 
cyclone are car r ied out  o f  r i c h  leaching tank 

Performance o f  so l  i d / l  i qu id  separation devices 

+ k s m e  so l i ds  r i c h  strean contains 3OX ( u t )  so l i ds  

Technical B a c k u p l b w n t s  

Based on perfomance o f  FBG so l i ds  removal system. 

I n  d igest ion case only.  Results i n  r Ca/K r a t i o  o f  1.0. 

Based on m a l y s i s  o f  FB6 char ud f i n e s  

Based on bench and prototype wrk. 

This assmption i s  opt imis t ic  and w i l l  be m d i f i e d  before 
t he  f i n a l  design o f  t he  ca ta l ys t  recovery sys tm  i s  com- 
pleted. Past d igest ion runs have shown severe p a r t i c l e  
degradation. However. at tenpts t o  modify t he  digester 
t o  reduce t h i s  degredation are being made. 

Based on performance o f  bench and prototype scale scale 
leaching tanks 

Consistent r i t h  p a r t i c l e  slzes obtained i n  FB6. 

Consistent r i t h  theory t ha t  unused l iw forms f i n e  CaCOj 
and Ca(0H)z prec ip i ta tes .  

Based on p a r t i c l e  s ize  d i s t r i bu t i ons  On Overhead f ines 
obtained i n  FBG 

Based on opt irni s t  i c  guess a t  best performance o f  
f l  l t e r s  o r  centr i fuges 

+ Assure so l ids  lean stream contains no so l ids  



than 75 IJ i n  diameter. Yet 15% o f  t he  PDU bottoms char and a l l  o f  t h e  cyc lone 
f i n e s  are expected t o  be sma l l e r . t han  75 IJ. I n  add i t ion ,  most o f  t h e  l ime 
t h a t  does not  reac t  i n  t h e  d i g e s t e r  should be present as a  f i n e  p r e c i p i t a t e .  
The r e s u l t  i s  t h a t  approximately 50% o f  t h e  s o l i d s  f e d  t o  t h e  leach ing  tanks 
should be f i n e  enough t o  be c a r r i e d  ou t  t h e  top  o f  t h e  f i r s t  stage. 

Th i s  means t h a t  h a l f  o f  t h e  s o l i d s  i n  t h e  system w i l l  see o n l y  one stage 
o f  water washing. Potassium recover ies  o f  90% would be poss ib le  o n l y  a t  ve ry  
d i l u t e  recovered c a t a l y s t  s o l u t i o n  concentrat ions.  I n  add i t ion ,  any f u r t h e r  
p a r t i c l e  degradat ion i n  t he  d i g e s t e r  o r  char s l u r r y  va lves would render t h i s  
system inoperable. Because o f  these unexpected problems w i t h  f i nes ,  i t  was 
decided not  t o  use leach ing  tanks as t h e  c a t a l y s t  recovery system f o r  t h e  PDU. 
Instead, a  search was begun f o r  a  simple system t h a t  would be capable o f  
hand9ing f i n e  p a r t i c l e s .  

Two such systems were proposed: 

D iges t i on  fo l lowed by  one stage water wash. 

D iges t i on  fo l lowed b y  counter  cu r ren t  water wash us ing  mix ing  tanks and 
separators. 

Both systems r e l y  upon an e f f e c t i v e  so l  i d / l  i q u i d  separat ion device t o  
separate the  washed char from t h e  leaching so lu t i on .  A t  t h i s  t ime i t  i s  no t  
known what type o f  device w i l l  be used t o  perform t h i s  serv ice.  However, 
several poss ib le  choices i n c l u d i n g  f i l t e r s ,  cent r i fuges ,  and hydroclones are 
being inves t iga ted .  

D iaes t ion  Followed bv  One Staae Water Wash 

F igure  2.4-2 shows t h e  f l o w  p l a n  f o r  t h i s  conf igura t ion .  The d igested 
s l u r r y  i s  d i l u t e d  i n  a l a r g e  s l u r r y  tank t o  such a  low c a t a l y s t  concent ra t ion  
t h a t  t he  s o l i d s  d i sca rd  stream f rom t h e  subsequent separa t ion  device has o n l y  
a smal l  f r a c t i o n  o f  t h e  t o t a l  potassium. The recovered c a t a l y s t  s o l u t i o n  i s  
then concentrated i n  an evaporator and sent t o  c a t a l y s t  add i t ion .  

Th i s  system i s  probably t h e  s implest  t h a t  cou ld  be devised. Only one 
so l  i d -1  i q u i d  separat ion i s  requi red.  However, recovered c a t a l y s t  s o l u t i o n  
concentrat ions are o f  necess i ty  ve ry  low. To achieve 90% recovery of t h e  
t o t a l  potassium t h e  concent ra t ion  would have t o  be approximately 0.5% ( w t )  
K'. This  r e s u l t s  i n  an excessive evaporat ion du ty  i n  o rder  t o  achieve t h e  
20% ( w t )  K+ s o l u t i o n  needed i n  c a t a l y s t  addi t ion.  One poss ib le  method of 
decreasing t h i s  d u t y  i s  t o  use a d d i t i o n a l  stages o f  separators and mix ing  
tanks. 

D iqes t ion  Followed by  a  Counter Current  Water Wash Usinq M ix inq  Tanks and 
Separators 

F igure  2.4-3 g ives  t h e  f l o w  p lan  f o r  t h i s  con f i gu ra t i on .  At t h i s  time, 
i t  i s  t he  pre fer red  c o n f i g u r a t i o n  f o r  t h e  PDU c a t a l y s t  recovery system. 
Each stage o f  t h e  counter  cu r ren t  wash cons i s t s  o f  a  mix ing  tank fo l lowed by a  
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s o l i d - l i q u i d  separat ion device. Thus t h e  d i g e s t e r  serves as t h e  mix ing  tank 
f o r  t h e  f i r s t  stage. The s o l i d s  s l u r r y  l eav ing  t h e  d iges te r  i s  f e d  t o  a  
s o l i d - l i q u i d  separat ion device. -The s o l i d s  lean stream from t h i s  device i s  
t he  recovered c a t a l y s t  s o l u t i o n  which i s  sent t o  an evaporat ion s tep  t o  be 
concentrated t o  'a 20% (w t )  K+ so lu t i on .  The s o l i d s  r i c h  stream f rom t h e  
separator  i s  sent t o  t he  mix ing tank f o r  stage 2  where it i s  s l u r r i e d  w i t h  
t h e  s o l i d s  lean stream from t h e  separator  on stage 3. Th is  counter  c u r r e n t  
processing cont inues u n t i l  t h e  f i n a l . s t a g e  where the  water condensed i n  t h e  
evaporator i s  added t o  t h e  mix ing tank along w i t h  any makeup water requi red.  
Th i s  c o n f i g u r a t i o n  i s  i d e n t i c a l  t o  t h e  one used i n  t h e  1977 CCG s tudy design. 

Table 2.4-2 presents the  r e s u l t s  o f  t he  m a t e r i a l  balances performed 
on t h i s  system. Recovered c a t a l y s t  s o l u t i o n  concentrat  i ons -  o f  1, 4, and 
10% . ( w t )  K+ were examined. For a  concent ra t ion  o f  1% ( w t )  K+, t h e  des i red  
recovery can be obtained i n  o n l y  two stages. 

For a  concent ra t ion  o f  4% (w t )  K+, f i v e  stages are requi red.  However, 
t h e  evaporat ion cos ts  are g r e a t l y  reduced over those f o r  t h e  1% (wt cases. 1 To' o b t a i n  a  recovered c a t a l y s t  s o l u t i o n  concentrat  i o n  o f  10% (wt )  K , s ix teen 
stages would be requi red.  

While i t  i s  important  t o  o b t a i n  h igh  potassium concent ra t ion  i n  t h e  
recovered c a t a l y s t  s o l u t i o n  f o r  t he .  commerci a1 p l a n t  t o  save on evaporat ion 
costs, i t  i s  not  e s s e n t i a l  t o  do so i n  t h e  PDU. The goal f o r  t h e  PDU i s  t o  
demonstrate c a t a l y s t  chemist ry  a t  a  recovery l e v e l  t y p i c a l  o f  t h a t  p ro jec ted  
f o r  commercial operat ion.  This  goal can be met w h i l e  recover ing  d i l u t e  
so lu t ions .  Add i t i ona l  da ta  on the  impact o f  h igher  concentrat ions on per- 
formance of t h e  s o l i d - l i q u i d  separat ion device w i l l  be obta ined o f f - l i n e .  

Fu ture  work w i l l  be d i r e c t e d  a t  ob ta in ing  da ta  necessary t o  design 
these separators and a t  ob ta in ing  a  d e t a i  l e d  mater i  a1 balance around t h i s  
system. 



Table 2.4-2 

SUMMARY OF MATERIAL BALANCE RESULTS FOR 
SEPARATORS AND M I X I N G  TANKS IN SERIES* 

, Recovered 
Cata lys t  
So lu t i on  Number 

Concentrat ion, o f 
Case - % (wt )  K+ S t  ages 

Recovery, 
% o f  To ta l  

K+ 

Required Water 
Evaporat ion Rate . 

t o  Obta in 20% (wt)  
K+ Concentrat ion, 1 b l h r  

76 7 

78 1 

783 

783 

162 

Makeup 
Water, 
1 b l h r  

* A l l  cases assume 30% (wt )  s o l i d s  i n  s o l i d s  r i c h  streams. 



LABORATORY PROCESS RESEARCH AND DEVELOPMENT 

3. Data A c q u i s i t i o n  and Cor re la t i ons  
(Report ing Category C03) 

3.1 Cold Model Studies 

'The c o l d  model o f  t h e  process development u n i t  (PDU) has been used i n  
experiments designed t o  evaluate the  performance o f  t he  s o l i d s  feeding and 
f i nes  r e t u r n  systems o f  t h e  PDU. A diagram o f  t h e  model i s  shown i n  F igu re  
3.1-1. The dimensions o f  t h e  c o l d  model are t h e  same as t h e  PDU except t h a t  
t h e  model g a s i f i e r  i s  14 f e e t  i n  he igh t  compared t o  t h e  85 f o o t  PDU. Th is  
he igh t  d i f f e r e n c e  should no t  a f f e c t  s o l i d s  f l o w  s tud ies  i n  t h e  model. 

PDU So l i ds  Feed System 

I n  t h e  PDU, coa l  i s  f ed  t o  the  reac to r  i n  a  c y c l i c  manner from a  lockpot  
w i t h  a  volume o f  0.1 f t 3 .  F i r s t  t he  lockpot  i s  f i l l e d  from above. The 
contents o f  t h e  lockpot  then f l o w  through a  v e r t i c a l  l i n e  i n t o  a  45" feed l i n e  
and f i n a l l y  i n t o  t h e  reac to r .  The coa l  feed r a t e  i s  c o n t r o l l e d  by  t h e  frequency 
o f  t he  feed cyc le.  F igure  3.1-2 i s  a  diagram o f  t h e  feed system o f  t h e  c o l d  
model. Dimensions o f  t h e  model feed system are s i m i l a r  t o  those o f  t h e  PDU 
except t h a t  t h e  l eng th  o f  t h e  3/4" feed l i n e  i s  much longer i n  t h e  PDU. 

Cold Model Feed System Studies 

The f i r s t  experiments conducted were t o  determine whether s o l i d s  from 
t h e  reac to r  cou ld  be kept  from backing up i n t o  t h e  feed l i n e .  The e f f e c t s  of 
bed he igh t  above t h e  feed po in t ,  s u p e r f i c i a l  gas v e l o c i t y  i n  t he  reac to r  and 
gas purge r a t e  t o  t h e  feed l i n e  were examined. 

The d is tance t h a t  t h e  s o l i d s  backed up f rom t h e  reac to r  i n t o  the  feed 
l i n e  was measured f o r  reac to r  bed he igh ts  o f  2, 3-1/2, 5, 6-1/2, and 8 feet  
above t h e  feed po in t .  The s u p e r f i c i a l  gas v e l o c i t y  i n  t h e  reac to r  was 0.45 
f t / s e c  f o r  each case. Higher bed he igh ts  fo rced  s o l i d s  f a r t h e r  up t h e  feed 
l i n e  when t h e r e  was no gas purge; however, a  low f l o w  o f  gas purged t o  t h e  
feed l i n e  from a  t a p  loca ted a t  t h e  upper end o f  t h e  45" sec t i on  of t h e  l i n e  
e f f e c t i v e l y  e l im ina ted  t h e  problem f o r  a l l  t h e  bed he igh t  s tudies.  F igure  
3.1-3 shows t h e  d is tance t h e  s o l i d s  backed up from t h e  reac to r  as a  f u n c t i o n  
of bed he igh t  above t h e  feed p o i n t  and purge r a t e  t o  t h e  feed l i n e .  

A  second se t  o f  experiments was c a r r i e d  ou t  w i t h  a  decrease i n  t h e  
r e a c t o r  s u p e r f i c i a l  v e l o c i t y  from 0.45 f t / s e c  t o  0.11 f t / sec .  The decreased 
s u p e r f i c i a l  v e l o c i t y  reduced t h e  s o l i d s  backup i n  t h e  feed l i n e .  The problem 
cou ld  be c o n t r o l l e d  i n  these cases by  ma in ta in ing  a  low gas purge r a t e  t o  t h e  
feed l i n e  as before. F igu re  3.1-4 shows t h e  r e s u l t s  o f  experiments f o r  two 
r e a c t o r  s u p e r f i c i a l  gas v e l o c i t i e s  w i t h  a  bed he igh t  above t h e  feed p o i n t  of 8  
f e e t  . 

The r e s u l t s  of these experiments i n d i c a t e  t h a t  t h e  problem o f  s o l i d s  
moving from the  r e a c t o r  i n t o  t h e  feed l i n e  can be c o n t r o l l e d  by ma in ta in ing  a  



FIGURE . - 3.1-1 - - - 

COLD MODEL OF G A S I F I C A T I O N  REACTOR SECTION OF P D U  





.. FIGURE 3.1-3 

PURGE GAS REQUl REMENTS TO PREVENT SOL1 DS FROM 
BACKING U P  INTO FEED LlNE 

EFFECT OF BED HEIGHT 

0 -  Bed Height 8 Feet Above 
Feed Point  

0- Bed Height 2 Feet Above 
Feed Point  

f t (Reactor Superf icial  Velocity = 0.45 Ec 
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FIGURE 3.1-4 

PURGE GAS REQUIREMENTS TO PREVENT SOLIDS FROM 
BACKING UP INTO FEED LlNE 

EFFECT OF SUPERFICIAL VELOCITY I N  THE REACTOR 

Superf ic ia l  Gas Velocity 
In Reactor 

(Bed Height Above Feed Po in t  = 8 Feet ) 

SUPERFICIAL VELOCITY OF FEED LINE PURGE GAS 
(FTISEC)  



gas purge so t h a t  t he  s u p e r f i c i a l  gas v e l o c i t y  through t h e  314" l i n e  i s  at 
l e a s t  0.2-0.3 f t / sec .  

Lockpot Operat ion 

As mentioned e a r l i e r ,  s o l i d s  feed r a t e  i s  c o n t r o l l e d  by t h e  frequency o f  
t h e  feed cyc le.  A ca ta lyzed coal  feed r a t e  o f  115 l b s l h r  ( t h e  PDU design 
bas i s )  would r e q u i r e  one complete feed c y c l e  every 140 seconds i f  t h e  lockpot  
f i l l e d  and emptied completely du r ing  t h e  cyc le.  Experiments were c a r r i e d  ou t  
t o  determine how t o  operate t h e  feed system i n  o rder  t o  achieve t h e  necessary 
c y c l e  t ime. I n i t i a l  experiments were designed t o  determine t h e  l eng th  o f  t ime 
t o  empty t h e  lockpot  under d i f f e r e n t  opera t ing  cond i t ions .  

The lockpot  would no t  empty when t h e  bottom valve was opened unless t h e r e  
was a  gas purge d i r e c t l y  t o  t h e  lockpot  o f  about 8  ACFH. A t  t h i s  low purge 
r a t e  t h e  lockpot  dra ined e r r a t i c a l l y  and occas iona l l y  would n o t  empty com- 
p l e t e l y .  When the  purge r a t e  t o  t h e  lockpot  was increased above 8  ACFH, n o t  
o n l y  d i d  t h e  t ime requ i red  t o  empty the  lockpot  decrease b u t  a l so  t h e  repro-  
d u c a b i l i t y  o f  d u p l i c a t e  runs improved because t h e  lockpot  d ra ined more smoothly. 
Purge l o c a t i o n  was very  important i n  these experiments. A gas purge t o  t h e  
feed l i n e  below t h e  lockpot  was not  as e f f e c t i v e  as a  d i r e c t  purge t o  t h e  
lockpot .  F igure  3.1-5 shows how an increase i n  gas purge r e s u l t s  i n  a  decrease 
i n  the  t ime requ i red  t o  empty t h e  lockpot .  

As shown i n  F igu re  3.1-2, a f t e r  t he  s o l i d s  leave t h e  lockpot,  they  t r a v e l  
through the  feed l i n e  and i n t o  t h e  reac tor .  The f i r s t  p a r t  o f  t h e  l i n e  i s  
v e r t i c a l  w i t h  an i n s i d e  diameter o f  2-518". I t  then goes through a  45" bend 
and i n t o  an eccen t r i c  reducer where the  l i n e  i s  reduced t o  314" ID. 

Experiments were conducted i n  t he  c o l d  model t o  determine how f a s t  t h e  
s o l i d s  would move through t h e  feed l i n e  and i n t o  an a c t i v e l y  f l u i d i z e d  bed. 
The feed l i n e  on t h e  P l e x i g l a s  model i s  s i x  f e e t  long, which i s  cons iderab ly  
shor te r  than t h a t  o f  t h e  PDU. The longer feed l i n e  i n  t he  PDU should n o t  have 
a  s i g n i f i c a n t l y  h igher  res i s tance  t o  s o l i d s  f l o w  than t h e  feed l i n e  i n  t h e  
model because most of t h e  res i s tance  t o  s o l i d s  f l o w  r e s u l t s  from bends and 
c o n s t r i c t i o n s  i n  t he  l i n e  and t h e  res i s tance  o f  s o l i d s  f l o w  i n t o  t h e  f l u i d i z e d  
bed. These e f f e c t s  are present i n  bo th  t h e  c o l d  ~ d e l  and t h e  PDU. 

It has a l ready been shown t h a t  s o l i d s  w i l l  back up from t h e  f l u i d i z e d  bed 
i n t o  t h e  feed l i n e  unless a  smal l  gas purge i s  maintained. When feed ing  
s o l i d s  i n t o  t h e  reactor ,  a  h igher  purge r a t e  o f  a t  l e a s t  12 ACFH was needed. 
This  i s  more than t h e  minimum purge requ i red  t o  empty t h e  lockpot .  I f  t h e  
purge r a t e  was below 12 ACFH, t h e  s o l i d s  d i d  n o t  move i n t o  t h e  r e a c t o r  
from t h e  314" sec t i on  o f  t h e  feed l i n e  as f a s t  as they  dra ined from t h e  
lockpot  and so t h e  l e v e l  o f  s o l i d s  i n  t h e  feed l i n e  rose. Frequent ly  t h i s  
r e s u l t e d  i n  compaction and b r i d g i n g  o f  s o l i d s  which caused the  feed l i n e  t o  
plug. 

A t  purge r a t e s  i n  t h e  range o f  12 t o  18 ACFH, t h e  s o l i d s  moved through 
t h e  feed l i n e  and i n t o  t h e  r e a c t o r  i n  spur ts .  Above 18 ACFH t h e r e  was enough 
gas moving w i t h  t h e  s o l i d s  t o  keep the  m a t e r i a l  f rom compacting and main ta in  
smooth s o l i d s  f low.  F igure  3.1-5 shows t h e  t ime requ i red  t o  empty the  lockpot  

-J and t o  c l e a r  t he  feed l i n e  f o r  a  range o f  gas purge r a t e s  from 10 t o  70 ACFH. 
Higher purge r a t e s  gave greater  s o l i d s  mass f l o w  r a t e s  i n t o  t h e  reac tor .  



FIGURE 3.1-5 

PURGE GAS REQUIREMENTS FOR FEEDING SOLIDS INTO THE PDU 

A- Time Required t o  Empty Lockpot 
(Cold  Model ) 

.-Time Required to  Empty Lockpot 
and Clear Feed L ine  (Cold Model) 

Note: Purge  Rate = 10 ACFH 
Gives a Superf ic ia l  f t 
Velocity of 0.9= 
Through  t h e  
314" Feed L ine  

( ACFH ) 
-44- 



Recommend a t  ions f o r  PDU Operat i o n  

The r e s u l t s  from t h e  c o l d  mddel have i nd i ca ted  t h a t  i t  should be poss ib le  
t o  achieve smooth operat ions and t h e  requ i red  coa l  feed r a t e s  t o  t h e  PDU by 
supplying gas purges t o  t h e  feed system. When t h e  lockpot  i s  being f i l l e d  o r  
t h e  bottom lockpot  va lve  i s  closed, purge gas must en ter  d i r e c t l y  i n t o  t h e  
feed l i n e  below t h e  lockpot  a t  a  r a t e  o f  a t  l e a s t  2.5 ACFH (0.25 f t / s e c )  t o  
keep s o l i d s  from moving f rom t h e  r e a c t o r  up i n t o  t h e  feed l i n e .  When t h e  
bottom lockpot  va lve  i s  opened t o  feed so l i ds ,  a  gas purge d i r e c t l y  i n t o  t h e  
lockpot  i n  t h e  range o f  20-60 ACFH i s  needed t o  d r a i n  s o l i d s  f rom t h e  pot .  
Once t h e  so l  i ds  are ou t  o f  t he  lockpot,  a gas purge i s  requ i red  t o  feed t h e  
s o l i d s  i n t o  the  f l u i d i z e d  bed. This  gas can be supp l ied  through t h e  lockpot  
purge i f  the  bottom lockpot  va lve remains open. 

PDU Fines Return Svstem 

As demonstrated by past opera t ions  of f l u i d  bed c a t a l y t i c  coa l  g a s i f i c a t i o n  
p i l o t  p lan ts ,  s o l i d  p a r t i c l e s  are en t ra ined i n  t he  gas stream leav ing  t h e  
reac tor .  These p a r t i c l e s  are genera l l y  l e s s  than 50 microns i n  diameter and 
have a  h igher  carbon content  than char i n  t h e  f l u i d i z e d  bed. The d i f f e r e n c e  
i n  t he  carbon content  o f  t h e  two types o f  char can be a t t r i b u t e d  t o  r e l a t i v e l y  
low res idence- t imes f o r  t h e  smal ler  p a r t i c l e s  which leave t h e  r e a c t o r  more 
q u i c k l y  than l a r g e r  p a r t i c l e s .  The f i n e  char c a r r i e d  overhead i n  t h e  gas 
stream comes from two sources. Pa r t  o f  i t  i s  char from f i n e  feed coal  par-  
t i c l e s ,  wh i l e  t h e  r e s t  i s  t h e  product o f  a t t r i t i o n  o f  l a r g e r  p a r t i c l e s  i n  t h e  
f l u i d i z e d  bed. This  f i n e ,  h igh  carbon char should be re turned t o  t h e  r e a c t o r  
f o r  f u r t h e r  g a s i f i c a t i o n  t o  achieve a  h igher  o v e r a l l  carbon conversion and 
h igher  process e f f i c i e n c y .  

On the  PDU, t h e  system t o  r e t u r n  t h e  f i n e  char t o  t h e  reac to r  cons i s t s  o f  
a cyclone, d ip leg ,  i n t e r s e c t i o n  b lock and a  t r a n s f e r  l i n e  as shown i n  F i g u r e  
3.1-1. The cyclone and d i p l e g  are no t  i n s i d e  t h e  reac to r  due t o  i t s  r e l a t i v e l y  
small diameter. The f a c t  t h a t  t h e  cyclone and d i p l e g  are ex te rna l  t o  t h e  
reac to r  r e s u l t s  i n  a  spec ia l  design f o r  t h e  d i p l e g  r e t u r n  which i s  charac- 
t e r i s t i c  o f  smal ler  f l u i d i z e d  bed un i t s .  A t  t h e  bottom o f  t he  d i p l e g  i s  an 
i n t e r s e c t i o n  b lock from which a  t r a n s f e r  l i n e  leads back t o  t h e  reac tor .  The 
t r a n s f e r  l i n e  begins a t  an angle 60" from t h e  ho r i zon ta l ,  goes through a  15" 
bend and enters  t h e  r e a c t o r  a t  45" from t h e  ho r i zon ta l .  

The design o f  t h e  f i n e s  r e t u r n  system i s  such t h a t  t he  r a t e  o f  f i n e s  
r e t u r n  t o  t h e  bed should be c o n t r o l l e d  by pressure balance. I f  the  s o l i d s  i n  
t h e  d ip leg,  i n t e r s e c t i o n  b lock,  t r a n s f e r  l i n e ,  and reac to r  are p r o p e r l y  
f l u i d i z e d ,  t he  system should behave l i k e  a  manometer. As f i n e  char f a l l s  i n t o  
t h e  d i p l e g  from t h e  cyclone, t h e  l e v e l  o f  s o l i d s  r i s e s  i n  t h e  d ip leg ,  causing . 

an increase i n  s t a t i c  pressure at t he  bottom o f  t h e  d ip leg .  I f  t h i s  pressure 
i s  g rea ter  than t h a t  a t  t h e  p o i n t  a t  which the  t r a n s f e r  l i n e  en te rs  t h e  
reactor ,  then t h e  f i n e s  should m o v e . f r m  t h e  d i p l e g  i n t o  t h e  reac to r .  

Cold Model Fines Return Svstem Studies 

The c o l d  model i s  equipped w i t h  a  f i n e s  r e t u r n  system l i k e  t h e  one pre- 
v i o u s l y  described. I n t e r n a l  dimensions o f  t he  model are nea r l y  i d e n t i c a l  t o  

.. - -_ L=- those o f  t h e  PDU except t h a t  t h e  length  o f  t h e  d i p l e g  i s  approximately 14 feet  



compared t o  t h e  70 f o o t  d i p l e g  on the  PDU. I n i t i a l  experiments on the  model 
were designed t o  i n v e s t i g a t e  s o l i d s  f l ow  behavior  i n  t h e  d i p l e g  and t r a n s f e r  
l i n e .  

D ip leg  Operat ion. 

The f i n e s  i n  t h e  d i p l e g  should be f l u i d i z e d  s l i g h t l y  above minimum 
f l u i d i z a t i o n  i f  they are t o  f l o w  smoothly through t h e  i n t e r s e c t i o n  b lock  and , 
i n t o  t h e  t r a n s f e r  l i n e .  Too l i t t l e  purge gas i n  t h e  c o l d  model r e s u l t e d  i n  
s o l i d s  slumping, compacting, and b r i d g i n g  i n  t h e  d ip leg,  causing s o l i d s  f l o w  
t o  stop. Once t h i s  occurred, i t  was d i f f i c u l t  t o  r e e s t a b l i s h  a  f l u i d i z e d  
s t a t e  i n  t h e  d ip leg .  Sudden increases i n  gas f l o w  caused p lugs o f  s o l i d s  t o  
move up the  d ip leg  l i k e  a  p is ton .  Th is  behavior was accompanied by an increase 
i n  pressure drop which was c h a r a c t e r i s t i c  o f  f l o w  through a  packed bed. The 
most successful  procedure f o r  r e f l u i d i z i n g  compacted s o l i d s  was t o  s low ly  
increase and decrease t h e  gas f l o w  t o  t h e  d ip leg .  Th is  r e s u l t e d  i n  a  smooth 
t r a n s i t i o n  from a  packed t o  a  f l u i d i z e d  bed. Excess gas f low ing up t h e  d i p l e g  
l e d  t o  s lugging i n  t h e  bed o f  f i n e s .  

The gas f l ow ing  through t h e  d i p l e g  must pass through t h e  base of t h e  
cyc lone and ou t  the  top  w i t h  t h e  gas from t h e  reac tor .  The o r i g i n a l  cyc lone 
design c a l l e d  f o r  a  t h r o a t  diameter o f  13/16", as shown i n  F igu re  3.1-6. Th i s  
would mean t h a t  t h e  s u p e r f i c i a l  gas v e l o c i t y  o f  t h e  d i p l e g  purge gas would be 
t e n  t imes greater  through t h e  cyc lone t h r o a t  than through t h e  2-5/8" I D  
d ip leg .  Experiments were c a r r i e d  ou t  t o  determine whether cyclone performance 
was a f fec ted  by  t h e  d i p l e g  purge gas passing through t h e  cyclone. 

D ip leg  purge r a t e s  above 3  ACFH r e s u l t e d  i n  cyclone plugging. Beginning 
a t  t h e  t h r o a t  o f  t h e  cyclone, t h e  polypropylene powder c lung t o  t h e  w a l l s  of 
t h e  cyclone cone and accumulated t h e r e  u n t i l  i t  plugged completely.  The 
cyc lone d i d  no t  p lug  when t h e . d i p l e g  purge r a t e  was below about 3  ACFH. These 
r e s u l t s  i n d i c a t e  t h a t  gas f l o w i n g  up through t h e  cyclone does a f f e c t  cyclone 
performance. The t o t a l  purge gas r a t e  t o  t h e  d i p l e g  should be kept  t o  a  
minimum du r ing  opera t ion  o f  t h e  PDU t o  avoid h igh  s u p e r f i c i a l  gas v e l o c i t i e s  
a t  t h e  cyc lone t h r o a t  which would i n t e r f e r e  w i t h  cyc lone performance. 

A  change was made i n  t h e  cyclone design f o r  t h e  PDU based on these 
experiments. The t h r o a t  diameter was increased from 13/16" t o  1-1/8", r e -  
ducing t h e  gas s u p e r f i c i a l  v e l o c i t y  by n e a r l y  one-half  i n  t h e  t h r o a t  of 
t h e  cyclone. Th i s  should reduce t h e  frequency o f  cyc lone plugging. 

Trans fer  L i n e  Operat ion 

So l i ds  must t r a v e l  up t h e  i n c l i n e d  t r a n s f e r  l i n e .  t o  r e t u r n  t o  t h e  
r e a c t o r  from t h e  d ip leg .  Gas must be f e d  i n t o  t h e  t r a n s f e r  l i n e  t o  keep t h e  ' 

p a r t i c l e s  moving i n  o rder  t h a t  they  w i l l  f l o w  back i n t o  t h e  reac tor .  Gas was 
supp l ied  t o  t h e  t r a n s f e r  l i n e  a t  var ious  r a t e s  and t h e  behavior o f  t h e  s o l i d s  , 

i n  t he  i n c l i n e d  tube was observed. 

Gas s u p e r f i c i a l  v e l o c i t i e s  below about 0.20 f t / s e c  i n  t h e  t r a n s f e r  1  i n e  
r e s u l t e d  i n  stagnant s o l i d s  along t h e  e n t i r e  l eng th  o f  t h e  l i n e .  As t h e  
s u p e r f i c i a l  gas v e l o c i t y  was increased, s o l i d s  a c t i v i t y  increased along 
t h e  t o p  o f  t h e  t r a n s f e r  l i n e  w h i l e  s o l i d s  i n  t h e  bottom o f  t h e  l i n e  remained 
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s ta t i ona ry .  So l ids  i n  t o p  h a l f  o f  t h e  60' sect  i o n  o f  t he  l i n e  began t o  s lug  
a t  a s u p e r f i c i a l  gas v e l o c i t y  o f  about 0.3 f t / s e c .  Slugs broke up a t  t h e  
angle between the  60" and 45" sec t ions  and s o l i d s  i n  t h e  45" s e c t i o n  were 
motionless. Gas v e l o c i t i e s  o f  about 1-2 f t / sec  were requ i red  t o  e l i m i n a t e  
zones o f  stagnant s o l i d s  along t h e  bottom of t h e  t r a n s f e r  l i n e .  At  these gas 
v e l o c i t i e s ,  t h e  s o l i d s  slugged up t h e  l i n e  and then f lowed back down t h e  
bottom o f  t h e  l i n e .  General ly,  t h e  s o l i d s  a c t i v i t y  i n  t h e  60" p a r t  o f  t h e  
t r a n s f e r  l i n e  was g rea te r  than t h a t  i n  t h e  45' p a r t  o f  t h e  l i n e .  

I n t e r s e c t i o n  Block Studies 

Recent experiments on the  c o l d  model were designed t o  determine how t o  
c o n t r o l  d i p l e g  and t r a n s f e r  l i n e  f l u i d i z a t i o n  simultaneously by vary ing  purge 
gas r a t e s  and loca t ions .  The purge gas can en te r  t h e  system a t  any o f  f i v e  
l o c a t i o n s  i n  the  i n t e r s e c t i o n  b lock.  A diagram o f  t h e  i n t e r s e c t i o n  b lock w i t h  
t h e  purge loca t ions  numbered 1  through 5  i s  shown i n  F igu re  3.1-7. Based on 
t h e  experiments described above, most o f  t he  gas en te r i ng  t h e  f i n e s  r e t u r n  
system a t  t h e  i n t e r s e c t i o n  b lock should t r a v e l  up t h e  t r a n s f e r  l i n e .  High gas 
f l o w  r a t e s  are requ i red  i n  t h e  s lop ing  l i n e  t o  e l i m i n a t e  zones o f  stagnant 
so l i ds .  Purge gas f l o w  t r a v e l i n g  up t h e  v e r t i c a l  d i p l e g  should be kept  t o  a  
low va lue  t o  avoid i n t e r f e r e n c e  w i t h  cyclone performance b u t  should be 
enough t o  keep the  s o l i d s  i n  t h e  d i p l e g  f l u i d i z e d .  

Each o f  the i n t e r s e c t i o n  block purges i s  equipped w i t h  a  s l i d i n g  tube 
t h a t  can be moved i n t o  t h e  i n t e r s e c t i o n  b lock as i nd i ca ted  i n  F igu re  3.1-7. 
S l i d i n g  t h e  tube i n t o  t h e  i n t e r s e c t i o n  b lock t o  d i f f e r e n t  p o s i t i o n s  r e s u l t s  i n  
d i f f e r e n t  gas f l o w  pat te rns .  

Purge l o c a t i o n  #3 gave t h e  bes t  c o n t r o l  o f  f l o w  up e i t h e r  t h e  d i p l e g  o r  
t h e  t r a n s f e r  l i n e  bu t  no t  t o  bo th  simultaneously. When the  tube was extended 
beyond t h e  entrance t o  t h e  d ip leg ,  most o f  t h e  gas went i n t o  t h e  t rans fe r  l i n e  
and t h e r e  was l i t t l e  s o l i d s  motion i n  t h e  d ip leg .  When t h e  tube was r e t r a c t e d  
t o  t h e  w a l l  (as shown i n  F igu re  3.1-7), most o f  t h e  purge gas f lowed up t h e  
d ip leg .  Purge l o c a t i o n  #2 produced gas f l o w  pa t te rns  s i m i l a r  t o  l o c a t i o n  #3 
b u t  c o n t r o l  was not  as good. Most o f  t h e  purge gas f lowed up t h e  t r a n s f e r  
l i n e  i n  t h e  most extended tube pos i t ion ,  b u t  t he re  was i n t e r m i t t e n t  s lugging 
i n  t h e  d i p l e g  which d i d  no t  occur when purge l o c a t i o n  #3 was used. Purges #1 
and #4 suppl ied purge gas o n l y  t o  t h e  v e r t i c a l  d i p l e g  a t  a l l  tube extensions. 
Purge #5 gave l i t t l e  c o n t r o l  o f  f l ow  up t h e  t r a n s f e r  l i n e .  Most o f  t h e  purge 
gas f lowed up the  d i p l e g  when t h e  tube was extended t o  g rea te r  than 1/3 o f  t h e  
maximum extension i n t o  t h e  i n t e r s e c t i o n  b lock.  

These r e s u l t s  i n d i c a t e  t h a t  purge l o c a t i o n  i s  important  i n  c o n t r o l l i n g  
f l u i d i z a t i o n  o f  t h e  f i n e s  r e t u r n  system. A purge d i r e c t l y  i n t o  t h e  base of 
t h e  t r a n s f e r  l i n e  i s  requ i red  t o  supply h igh gas f l o w  r a t e s  t o  t h e  t rans fe r  
l i n e  w h i l e  a l low ing n e g l i g i b l e  amounts o f  gas i n t o  t h e  d ip leg .  Required f low 
t o  t h e  d i p l e g  can be supp l ied  from o the r  purge l oca t i ons  i n  t h e  i n t e r s e c t i o n  
b lock.  

On t h e  bas i s  o f  t h e  above work, t h e  PDU i n t e r s e c t i o n  b lock has been 
modi f ied  t o  p rov ide  purge l oca t i ons  which should c o n t r o l  f l o w  of purge gas 
t o  t h e  d i p l e g  and i n t e r s e c t i o n  b lock.  
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Future work on t h e  c o l d  model of t h e  PDU w i l l  i nc lude  more experimenta- 
t i o n  on the  f i n e s  r e t u r n  system t o  evaluate response o f  t h e  system t o  u n i t  
pressure upsets. 

3.2 O f f - l i n e  Data Reduction and R e c o n c i l i a t i o n  

The o f f - 1  i n e  da ta  reconc i l  i a t  i o n  program f o r  t h e  PDU has been developed, 
debugged, and tes ted  us ing a  se t  o f  simul ated data. Th i s  program provides a  
t o o l  f o r  ob ta in ing  cons i s ten t  and re1  i a b l e  da ta  from PDU operat ions.  To 
perform t h i s  analysis,  t h e  program accepts raw operat ions da ta  from d i f f e r e n t  
sec t ions  o f  t h e  PDU, processes the  data, and then generates d e t a i l e d  stream 
repo r t s  f o r  use i n  co r re la t i ons ,  commercial p l a n t  study design, and s imu la t i on  
studies.  The program was w r i t t e n  so t h a t  c a l c u l a t i o n s  o f  d i f f e r e n t  models o f  
PDU operat ions such as once-through o r  r e c y c l e  can be c a r r i e d  o u t  w i t h  
t h e  same program. The program can a lso  be used t o  r e c o n c i l e  operat  ions 
da ta  from o the r  c a t a l y t i c  g a s i f i c a t i o n  p i l o t  p lan ts .  The opera t ion  o f  t h e  
da ta  r e c o n c i l i a t i o n  program i s  summarized as fo l lows.  

I n ~ u t  Data 

Two types o f  i npu t  data, r e c o n c i l a b l e  and nonreconc i l iab le ,  must be 
submitted t o  execute t h i s  program. Reconci lable data are gas and s o l i d  f l o w  
r a t e s  and composit ions which w i l l  be adjusted t o  s a t i s f y  t h e  m a t e r i a l  balance 
cons t ra in t s .  Nonreconc i l iab le  da ta  are the  stream and u n i t  temperatures and 
pressures. 

R e c o n c i l i a t i o n  Alqor i thm 

The r e c o n c i l i a t i o n  a1,gorithm i s  an i t e r a t i v e  procedure which makes minimal 
adjustments t o  the  process da ta  t o  s a t i s f y  t h e  cons t ra in t s .  I n  each i t e r a t i o n ,  
a  new set  o f  reconc i led  da ta  i s  determined through the  use o f  redundant da ta  
and t h e  knowledge o f  t h e  r e l i a b i l i t i e s  o f  inst rumentat ion.  The i t e r a t i o n  
procedure i s  cont inued u n t i l  a  se t  o f  se l f - cons i s ten t  values i s  obtained. 

Report ing o f  Data 

A complete l i s t i n g  o f  t h e  measured and reconc i led  values o f  a l l  recon- 
c i l a b l e  va r iab les  w i l l  be reported. The repo r t  a lso  l i s t s  t h e  r e l i a b i l i t i e s  
associated w i t h  t h e  measured values and t h e  percent changes between t h e  
measured and reconc i led  values. Th i s  r e p o r t  aids t h e  users i n  de tec t i ng  
erroneous measured data. 

The reconc i led  da ta  w i l l  be used i n ' t h e  f o l l o w i n g  ca l cu la t i ons :  

a G a s i f i c a t i o n  and methanat i o n  r e a c t  i o n  r a t e s  

8 React ion equi l i b r i u n  constants 

a G a s i f i e r  f l u i d  bed p r o p e r t i e s  

a S o l i d  entrainment 

8 Carbon and steam conversions 



The results will be put in a detailed report, together with the following 
informat ion: 

Unit conditions and performance 

Unit material balances 

Gas and solid stream compositions 

Solid particle size distributions 

Catalyst distribution 



LABORATORY PROCESS RESEARCH AND DEVELOPMENT 

4. Advanced Study o f  t h e  Exxon C a t a l y t i c  Coal G a s i f i c a t i o n  Process 
(Report ing Category C04) 

4.1 K i n e t i c s  o f  G a s i f i c a t i o n  and D e v o l a t i l i z a t i o n  

A l abo ra to ry  program i s  i n  progress t o  expand t h e  k i n e t i c  da ta  base f o r  
g a s i f i c a t i o n  o f  I l l i n o i s  No. 6 coa l .  K i n e t i c  da ta  w i l l  be obta ined i n  t h e  
1200-1350°F temperature range. Experiment a1 s tud ies  are being made i n  a bench 
scale f i x e d  bed g a s i f i c a t i o n  u n i t .  D e t a i l s  o f  t h i s  u n i t  can be found i n  t h e  
July-September, 1978 Q u a r t e r l y  Report. 

As repor ted  i n  the  October-December, 1978 Q u a r t e r l y  Report, a  se r i es  o f  
shakedown runs was made a t  1300°F and 500 p s i g  us ing  I 1  1 i n o i s  No. 6 char w i t h  
a c a t a l y s t  loading o f  2 m  ( w t )  potassium carbonate on d r y  coal .  The purpose of 
these runs was t o  check t h e  o p e r a b i l i t y  o f  t h e  u n i t  be fore  i n i t i a t i n g  t h e  
temperature study. During t h e  data workup f o r  these runs, a problem w i t h  the  
gas analyses was discovered. The sum o f  t h e  unnormalized composit ions o f  t h e  
i n d i v i d u a l  product gases was s i g n i f i c a n t l y  l e s s  than 100%. 

Two poss ib le  causes o f  t h i s  low t o t a l  were: 

(1) i n c o r r e c t  c a l i b r a t i o n  gas analysis,  and 

(2)  non l i nea r  response o f  t h e  gas chromatograph w i t h  respect t o  gas 
composit ion. 

Samples o f  product gas were c o l l e c t e d  dur ing  subsequent runs and analyzed 
on a mass spectrometer as w e l l  as on several o the r  gas chromatographs on s i t e .  
A comparison o f  t h e  r e s u l t s  from t h e  o n - l i n e  gas chromatograph w i t h  those from 
t h e  o the r  systems ind i ca ted  a n o n l i n e a r i t y  i n  t h e  o n - l i n e  ana lys is  w i t h  
respect  t o  hydrogen concentrat ion.  Th is  n o n l i n e a r i t y  was confirmed through 
t h e  ana lys is  o f  gas s m p l e s  o f  known hydrogen composit ion on t h e  o n - l i n e  
u n i t .  

Although the  i nco rpo ra t i on  o f  a non l inear  hydrogen response f a c t o r  i n t o  
th.e da ta  workup procedure r e s u l t e d  i n  unnormalized product gas analyses 
t o t a l i n g  e s s e n t i a l l y  loo%, t h e  f i n a l  r e s u l t s  i nd i ca ted  a much lower gasi -  
f i c a t i o n  r a t e  than t h a t  obta ined du r ing  t h e  predevelopment phase o f  c a t a l y t i c  
g a s i f i c a t i o n  research (Contract  No. E(49-18)-2369). As a r e s u l t  o f  these 
observat ions, t h e  e n t i r e  gas chromatograph system was again checked f o r  gas 
leaks. Several leaks were found throughout t he  gas chromatograph s m p l  i n g  
system as w e l l  as a mal func t ion ing  thermal c o n d u c t i v i t y  de tec tor .  The 
e n t i r e  gas chromatograph sampling and de tec t i on  system was then r e b u i l t .  A 
new thermal c o n d u c t i v i t y  de tec to r  as w e l l  as new automatic swi tch ing  valves 
were i n s t a l l e d  i n  t h e  u n i t .  New chromatographic columns were a l so  i n -  
s t a l l e d  i n  accordance w i t h  t h e  gas chromatograph manufacturer 's spec i f i ca t i ons .  
The s t a b i l i t y  o f  t he  gas chromatograph's response', un for tunate ly ,  was not  
s i g n i f i c a n t l y  increased f o l l o w i n g  t h e  replacement o f  t he  items mentioned above. 



I n  addi t ion,  var ious  e f f o r t s  t o  se rv i ce  t h e  u n i t  by t h e  manufacturer have n o t  
been successful . 

I n  view o f  t h e  r e c u r r i n g  problems w i t h  the  o n - l i n e  gas chromatograph as 
w e l l  as the  lack  o f  success by t h e  manufacturer i n  s e r v i c i n g  t h e  instrument, a  
new gas chromatograph system has been purchased f o r  t h e  f i x e d  bed u n i t .  The 
experimental  program using t h e  h igh  pressure f i x e d  bed u n i t  w i l l  resume 
f o l l o w i n g  t h e  d e l i v e r y  and i n s t a l l a t i o n  o f  t h e  new chromatograph. 

I n  t h e  in te r im,  k i n e t i c  da ta  w i l l  be obta ined i n  a m i n i - f l u i d  bed 
g a s i f i c a t i o n  u n i t .  A schematic o f  t h i s  u n i t  i s  shown i n  F i g u r e  4.1-1. The 
reac to r  p o r t i o n  o f  t h e  u n i t  cons i s t s  o f  a 114" I.D. quar tz  U-tube i n s i d e  a 
ho t  s t e e l  b lock.  Water i s  fed  t o  t h e  U-tube us ing a smal l  sy r inge pump and i s  
vaporized i n  t he  reac tor .  Ceramic beads are placed i n  the. i n l e t  l e g  o f  t h e  
U-tube t o  enhance the  vapor i za t i on  process and he lp  d isperse  t h e  f l ow .  Argon 
c a r r i e r  gas i s  a lso fed  t o  t h e  u n i t  i n  order  t o  p rov ide  good f l u i d i z a t i o n  o f  
t h e  char sample. The e x i t  gases from t h e  reac to r  f l o w  i n t o  an o x i d i z e r  where 
a l l  carbon species are converted t o  carbon d iox ide .  A f t e r  condensing any 
unreacted steam, t h e  gas stream i s  bubbled through a sodium hydroxide s o l u t i o n  
where the  amount o f  t o t a l  carbon converted i s  au tomat i ca l l y  moni tored us ing 
the  change i n  c o n d u c t i v i t y  o f  t h e  so lu t i on . -  I n i t i a l  s tud ies  w i l l  be made 
using I l l i n o i s  No. 6 char produced by t h e  F l u i d  Bed G a s i f i e r  (FBG) e a r l i e r  
t h i s  year. 

4.2 Cata lys t  Reactions. w i t h  Coal and Ash 

As repor ted  i n  t h e  October-December, 1978 Q u a r t e r l y  Report, t h e  F l u i d  Bed 
G a s i f i e r  (FBG) had been operated successful  l y  du r ing  t h e  predevelopment 
con t rac t  (1977) on a feedstock o f  potassium carbonate (K2C03) ca ta lyzed 
I l l i n o i s  No. 6 coal .  During t h e  l a s t  qua r te r  o f  1978, ope ra t i on  w i t h  a new 
car load o f  I l l i n o i s  No. 6 coa l  and w i t h  potassium hydroxide (KOH) as t h e  

I 
c a t a l y s t  was accompanied by some i n i t i a l  o p e r a b i l i t y  problems as w e l l  as a 
lower f l u i d i z e d  bed d e n s i t y  than was experienced i n  t h e  predevelopment work. 
Operations were improved by removing t h e  l a r g e  (+I6 mesh) p a r t i c l e s  from t h e  
feed coa l  and f l u i d i z e d  bed dens i t y  was increased by exposing the  ca ta lyzed 
coal  t o  a i r  p r i o r  t o  load ing  i n  t h e  FBG. 

Bench scale s tud ies  were i n i t i a t e d  t o  address quest ions i n v o l v i n g  t h e  
e f f e c t  o f  va r i ab les  i n  c a t a l y s t  impregnation on both  agglomeration and t h e  
bu lk  d e n s i t y  o f  t he  d e v o l a t i l i z e d  coal .  Areas i nves t i ga ted  were: 

FBG operat ions Support 

+ Analyses o f  raw coa ls  
+ Ca ta l ys t  impregnation o f  raw coa l  s ieve f r a c t i o n s  
+ E f f e c t  o f  changing c a t a l y s t  on bu lk  d e n s i t y  

Test  f o r  Measure o f  Ox ida t ion  o f  Coal 
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FBG Operat ions Support 

Analyses o f  raw coa l s  

Samples o f  coa l  from bo th  t h e  predevelopment (1977) and 1978 opera t ions  
were submit ted f o r  microscope analys is .  Petrographic  ana l ys i s  showed t h e  two 
samples t o  have s i m i l a r  maceral composit ions and minera l  ma t te r  content.  The 
major d i f f e r e n c e  between t h e  predevelopment and t h e  c u r r e n t  supply  i s , t h a t  t h e  
o l d e r  coa l  has a h ighe r  re f l ec tance . .  Th i s  may be due t o  e i t h e r  d i f f e r e n t  
types o f  v i t r i n i t e  o r  a h ighe r  o x i d a t i o n  l e v e l  o f  t h e  o l d e r  coa l .  Since i t  i s  
uncommon f o r  samples from t h e  sane mine t o  have d i f f e r e n t  types  o f  v i t r i n i t e ,  
t h e  h ighe r  r e f l e c t a n c e  suggests t h a t  t h e  o l d e r  coa l  i s  more h i g h l y  ox id ized .  
Th i s  d i f f e r e n c e  i n  o x i d a t i o n  l e v e l  i s  conf irmed by t h e  elemental  ana l ys i s  
shown i n  Table 4.2-1 which shows t h a t  t h e  predevelopment coa l  has a s i g n i f i -  
c a n t l y  h igher  oxygen conten t  than  t h e  1978 coa l .  

Table 4.2-1 

Elemental Ana lys is  o f  Untreated FBG Feed Coals 

Analyses on d r y  coa l  bas i s  

Mo is tu re  
SO3 Free Ash 
C-H Residue 
V o l a t i l e  Ma t te r  
B t u l l  b 
C 
H 
N 
0 
S 
Spy r i t  i c  
Ssul f a t e  

:8;g~:::  AS^ E 1 ement s 
P205 
Si02 
Fe203 
A1 203 
Ti03 
CaO 
MgO 
'(20 
Na20 

Predevelopment Coal ( 1977) 1978 Coal 

2.77 
10.28 
9.40 

43.47 
12280 
69.32 
4.94 
1.09 
9.73 
4.24 
1.66 
0.03 
2.59 



The d i f f e r e n c e  i n  o x i d a t i o n  l e v e l  agrees w i t h  t h e  observed increase i n  
bed d e n s i t y  us ing ca ta lyzed coal  which was air-exposed p r i o r  t o  load ing  i n  t h e  
FBG, b u t  t h e  r e s u l t  i s  inconc lus ive  s ince  t h e  o x i d a t i o n  l e v e l  o f  t h e  o l d e r  
coa l  cou ld  have changed du r ing  storage. The e f f e c t  o f  o x i d a t i o n  l e v e l  on char 
d e n s i t y  and agglomeration i s  t he re fo re  being s tud ied  on sanples whose h i s t o r y  
can be b e t t e r  def ined. It i s  essent ia l ,  therefore,  t o  have a s e n s i t i v e  . 

measure o f  t h e  l e v e l  o f  o x i d a t i o n  o f  coal  sanples. 

Cata lys t  impregnation . o f  raw coa l  s ieve f r a c t i o n s  

Prev ious ly  repo r ted  a n a l y t i c a l  data (October-December, 1978 Q u a r t e r l y  
Report )  shows t h a t  t he  l a r g e  (+20 mesh) p a r t i c l e s  i n  t he  1978 FBG feed coal  
had a lower c a t a l y s t  load ing  than the  remainder o f  t h e  feed. Laboratory chars 
prepared from these p a r t i c l e s  showed a h igh  degree o f  agglomeration. The 
study described below was perfonned t o  address the  quest ion  o f  whether o r  no t  
t h e  low c a t a l y s t  load ing  was t h e  cause o f  agglomeration o f  t h e  l a r g e  p a r t i c l e s  
du r ing  d e v o l a t i l i z a t i o n .  

A sample o f  uncat,alyzed FBG feedstock was d i v ided  i n t o  s ieve f r a c t i o n s .  
Po r t i ons  of t he  i n d i v i d u a l  f r a c t i o n s  were then t r e a t e d  w i t h  e i t h e r  KOH o r  
K2CO3 c a t a l y s t .  The l abo ra to ry  procedure f o r  c a t a l y s t  impregnat i o n  
simulated t h a t  used i n  t h e  Ca ta l ys t  Add i t i on  U n i t  (CAU) o f  t h e  FBG. I n  t h i s  
procedure, t h e  coal  was mixed w i t h  a 30% (wt)  c a t a l y s t  s o l u t i o n  i n  t h e  appro- 
p r i a t e  q u a n t i t y  t o  r e s u l t  i n  a f i n a l  c a t a l y s t  loading on t h e  coal  equ iva len t  
t o  15% (wt )  K2CO3.  Analys is  o f  t h e  s ieve  f r a c t i o n s  t r e a t e d  i n  t h i s  manner 
showed t h a t  each f r a c t i o n  had t h e  same c a t a l y s t  loading.  

The m ix tu re  was then d r i e d  under n i t rogen  and t h e  t r e a t e d  coal  samples 
were charred i n  t he  labora tory .  The chars were examined f o r  agglomeration and 
t h e i r  loose bu lk  d e n s i t i e s  measured. The r e s u l t s  are shown i n  Tables 4.2-2 
and 4.2-3 below. 

Table 4.2-2 

Sieve Cut 

KOH Catalyzed FBG Feedstock 

Loose Bulk Dens i ty  
o f  Char (g /cc)  Agg 1 omerat i o n  



Table 4.2-3 

K2CO3 Cata lyzed FBG Feedstock 

Loose Bu lk  D e n s i t y  
Sieve .Cut o f  Char ( g l c c )  Agg 1  omerat i o n  

The l a c k  o f  agglomeration, p a r t i c u l a r l y  f o r  t h e  +20 mesh p a r t i c l e s ,  suggests 
t h a t  uni form c a t a l y s t  impregnat ion would a l l o w  t h i s  s i eve  s i z e  t o  be i nc l uded  
i n  t h e  r e a c t o r  feed. I n  add i t i on ,  t h e  observed loose  b u l k  d e n s i t i e s  have 
v i r t u a l l y  t h e  same va lue  f o r  chars f rom coa l  o f  a l l  p a r t i c l e  s i z e s  and f o r  
equ i va len t  load ings  o f  b o t h  KOH and K2C03 c a t a l y s t s .  

Ef fect  o f  changing c a t a l y s t s  on b u l k  d e n s i t y  

A t  equimolar  K+ loadings,  KOH and K2CO3 a re  known t o  be equ i va len t  
g a s i f i c a t i o n  c a t a l y s t s .  The p o s s i b l e  e f f e c t  o f  changing t h e  c a t a l y s t  on t h e  
FBG f l u i d i z e d  bed d e n s i t y  was i n v e s t i g a t e d  b y  de te rmin ing  t h e  l oose  b u l k  
d e n s i t i e s  o f  c o a l s  and t h e i r  chars ca ta l yzed  by  e i t h e r  K2CO3 o r  KOH. 

Samples o f  raw c o a l  f rom t h e  c u r r e n t  g r i n d  and t h e  predevelopment 
g r i n d  were impregnated w i t h  e i t h e r  KOH o r  K2CO3 and d r i e d  under vacuum. 
C a t a l y s t  load ings  equ i va len t  t o  15% ( w t )  K2CO3 were used f o r  a l l  cases. 
The loose  bu l k  d e n s i t i e s  o f  t h e  raw and ca ta l yzed  coa l s  a re  presented i n  Tab le  
4.2-4. A lso  i nc l uded  a re  b u l k  d e n s i t i e s  o f  chars produced i n  a  l a b o r a t o r y  
m u f f l e  f u rnace  f rom b o t h  t h e  l a b o r a t o r y  prepared ca ta l yzed  coa l s  and FBG feed 
coa l s  prepared b y  t h e  C a t a l y s t  A d d i t i o n  U n i t  (CAU) opera ted  i n  c o n j u n c t i o n  
w i t h  t h e  FBG. A1 1  chars  were produced, by h e a t i n g  a t  1300°F under n i t r o g e n  i n  
t h e  m u f f l e  f u rnace  f o r  t h r e e  minutes. 

Tab le  4.2-4 

~ e n c h  Scale Loose Bulk  D e n s i t i e s  ( g l c c )  

Predevelopment 
Coal Cur ren t  Coal 

Sample - Co a 1 - Char - Coal - Char 

Unt rea ted  .66 -- .63 -- 
K2C03 t rea ted ,  1  abo ra to r y  .76 .56 .80 .60, .60 
KOH t rea ted ,  1  abo ra to r y  . 72 .58 .68 .55,.55 
K2CO3 t rea ted ,  CAU 

sampled, 6/22/77 .81, .79 .64 -- - - 
_ ,  I KOH t rea ted ,  CAU sampled 

11/25778-- -- - - .79,.74 .64 



The data  show t h a t  c a t a l y s t  impregnation increases t h e  bu l k  d e n s i t y  of 
t h e  coa l  as expected. The densit , ies o f  t h e  raw coals, b o t h  un t rea ted  and 
catalyzed, are the  same f o r  both' t h e  predevelopment and t h e  cu r ren t  coals .  
The d e n s i t i e s  of t he  chars are a lso not  s i g n i f i c a n l y  d i f f e r e n t  f o r  d i f f e r e n t  
c a t a l y s t s  o r  d i f f e r e n t  car loads o f  coa l .  The d e n s i t i e s  o f  t h e  coa ls  and chars 
produced by c a t a l y s t  impregnat i o n  on t h e  p i l o t  p l a n t  CAU are s l  i g h t l y  h igher  
than t h e  d e n s i t i e s  o f  t h e  l abo ra to ry  prepared samples. Th is  may be due t o  
v a r i a t i o n  o f  t he  c a t a l y s t  load ing  on t h e  CAU t r e a t e d  samples. Overal l ,  t h e  
loose bu l k  d e n s i t i e s  o f  these samples support t h e  conclus ion t h a t  changing t h e  
c a t a l y s t  i s  no t  d i r e c t l y  respons ib le  f o r  t h e  lower ing o f  t h e  FBG bed dens i ty .  

The observed value o f  t h e  bulk  dens i t y  o f  t h e  d e v o l a t i l i z e d  coal  (0.55 
g/cc)  i s  h igher  than t h a t  repor ted  f o r  t h e  FBG reac to r  bottom char a t  low 
conversion (0.28 g/cc), suggesting t h a t  m u f f l e  furnace char may not  be d i r e c t l y  
comparable t o  reac to r  char. 

Test f o r  a  Measure o f  Ox ida t ion  o f  Coal 

The agglomeration p rope r t i es  o f  coal  dur ing  d e v o l a t i l i z a t i o n  and t h e  
d e n s i t y  o f  t he  g a s i f i e r  bed appear t o  depend on both the  presence o f  c a t a l y s t  
and the  ex ten t  o f  o x i d a t i o n  o f  t h e  coals. Therefore, a  s e n s i t i v e  measure o f  
t h e  o x i d a t i o n  l e v e l  o f  coal  samples i s  being sought. 

The l i t e r a t u r e  a v a i l a b l e  on coa l  o x i d a t i o n  i nd i ca tes  t h a t  a  number o f  
qua1 i t a t  i v e  and semi -quant i t a t i v e  procedures are a v a i l  able. These inc lude 
element a1 ana lys is  f o r  oxygen by neutron ac t i va t i on ,  i n f r a r e d  spectroscopy, 
nuclear  magnetic resonance spectroscopy, f r e e  swe l l  i ng index, so 1  ub i 1 i t y  and 
pH measurements, reac t  i on  w i t h  organic dyes, microscopic re f lec tance,  com- 
p o s i t i o n  o f  gases produced du r ing  d e v o l a t i l i z a t i o n ,  r e a c t i v i t y  under l i q u e -  
f a c t i o n  condi t ions,  and thermal content  analys is .  Most o f  t h e  above are known 
t o  be q u a l i t a t i v e  o r  i n s u f f i c i e n t l y  s e n s i t i v e  t o  small changes i n  o x i d a t i o n  
l e v e l .  

Two methods were selected f o r  t h e  i n i t i a l  s tudies.  These are neutron 
a c t i v a t i o n  ana lys is  f o r  oxygen and thermal content  analys is .  

Samples have been prepared from unoxid ized I l l i n o i s  No. 6 coa l  samples by 
exposing them t o  a i r  under vary ing  cond i t ions .  These samples have been 
submitted f o r  analys is  and t h e  r e s u l t s  w i l l  be described i n  a  f u t u r e  repo r t .  



5. Engineering Research and Development 
(Report ing Category C20) 

Engineering research and development s tud ies  are being c a r r i e d  ou t  
under t h e  C a t a l y t i c  Coal Gas i f i ca t i on  (CCG) Process Development Contract  i n  
conjunct  i o n  w i t h  t h e  l abo ra to ry  bench-scale research and process development 
u n i t  (PDU) operat ions.  Th is  work inc ludes both  engineering and cos t  s tud ies  
t o  evaluate process improvements and t o  guide t h e  con t i nu ing  l abo ra to ry  
programs, and engineer ing technology programs t o  develop fundamental process 
and equi pment technology t o  suppo'rt t h e  l abo ra to ry  and engineer ing e f f o r t s .  
The o v e r a l l  o b j e c t i v e  o f  t h e  engineering work i s  t o  d e f i n e  t h e  conceptual 
commercial CCG process a t  t h e  end o f  t h e  con t rac t  p.eriod. 

The engineer ing research and development work under the  CCG Process 
Development Contract  i s  d i v ided  i n t o  f o u r  major subtasks: 

Cost Reduct i o n  and Laboratory Guidance Studies 
Systems Model i ng 
Process D e f i n i t i o n  
Engineering Technology Studies 

During t h e  per iod  covered by t h i s  repor t ,  t h e  engineering e f f o r t s  focused on 
t h e  f i r s t ,  second, and f o u r t h  sub-tasks. Work on t h e  Process D e f i n i t i o n  i s  
n o t  scheduled un t  i 1 January, 1980. 

5 . 1  Cost Reduction and Laboratory Guidance Studies 

CCG Commercial P lan t  Study Design - O f f s i t e s  Revis ion 

A C a t a l y t i c  Coal G a s i f i c a t i o n  Commerci a1 P lan t  Study Design was prepared 
dur ing  t h e  l a t t e r  p a r t  o f  t h e  CCG Process Predevelopment Program which was 
completed i n  January, 1978 under Contract  No. E(49-18)-2369. The r e s u l t s  of 
t h e  "CCG Study Design '  a re  documented i n  t h e  F i n a l  P ro jec t  Report f o r  t h a t  
con t rac t  (FE-2369-24). Th i s  was a d e t a i l e d  study i n v o l v i n g  subs tan t i a l  
engineering e f f o r t s  on mater i a1 and energy balances, equipment spec i f i ca t ions ,  
and investment cos t  es t imat ing .  

O f f s i t e s  f a c i l i t i e s  ( i n c l u d i n g  ma te r ia l s  handling, u t i l i t i e s ,  and general 
o f f s i t e s )  c o n s t i t u t e d  40% o f  t h e  t o t a l  p l a n t  d i r e c t  and i n d i r e c t  investment 
cos t  f o r  t he  CCG Study Design. Although considerable e f f o r t  was invo lved i n  
spec i fy ing  t h e  o f f s i t e s  f a c i l i t i e s  f o r  t h e  Study Design, f o r  t h e  most p a r t  
these areas were s tud ied  i n  l e s s  engineering depth and s p e c i f i e d  i n  l ess  
d e t a i l  than t h e  ons i tes  process sect ions. Because the  ons i tes  and o f f s i t e s  
design work proceeded a t  t h e  same time, some incons is tenc ies  developed between 
t h e  f i n a l  ons i tes  u t i l i t i e s  demands and the 'es t ima ted  demands used i n  speci-  
f y i n g  t h e  u t i l i t i e s  sect ions. Also, t h e  process wastewater r a t e  used i n  
s i z i n g  t h e  wastewater t r e a t i n g  f a c i l i t i e s  was underestimated. A p r e l i m i n a r y  
p l a n t  l ayou t  was used i n  spec i f y i ng  common o n - s i t e  f a c i l i t i e s  and o f f - s i t e  



p i p i n g  f o r  u t i l i t i e s  d i s t r i b u t i o n  and f o r  i n d u s t r i a l  sewers. A f i n a l  look 
a t  the  p l a n t  layout  i nd i ca ted  t h a t  these requirements were probably over- 
e s t  imated. 

I n  view o f .  these fac tors ,  a rev ised o f f s i t e s  f a c i l i t i e s  d e f i n i t i o n  
and cos t  est imate was prepared t o  f i r m  up t h e  CCG Study Design i n  t h i s  
important  area. The rev ised Study Design w i l l  serve as t h e  "base case" f o r  
screening s tud ies  t o  evaluate new data, process improvements, and optimum 
process cond i t i ons  under t h e  present Process Development Contract.  As a 
r e s u l t  o f  t h e  o f f s i t e s  rev i s ion ,  t h e  accuracy o f  such screening s tud ies  w i l l  
b e  improved. 

Most o f  t he  changes i n  t h i s  o f f s i t e s  r e v i s i o n  were simply adjustments 
t o  equipment s izes  t o  co r rec t  f o r  incons is tenc ies  between the  i n i t i a l  and 
f i n a l  u t i l i t i e s  demands and p l a n t  l ayou t  requirements. However, more extensive 
changes were made i n  two sect ions. F i r s t ,  i n  t h e  wastewater t r e a t i n g  sect ion, 
more d e t a i l e d  cons idera t ion  was g iven t o  water q u a l i t y  and reuse opt ions  t o  
b e t t e r  d e f i n e  t r e a t i n g  needs and f u r t h e r  reduce p l a n t  makeup and e f f l u e n t  
water ra tes .  Second, t h e  f l u e  gas desu l f  u r i t a t  i on  (FGDS) process was changed 
f rom a regenera t ive  system us ing  sodium carbonate t o  a once-through system 
us ing  l ime scrubbing. This  change al lowed i n t e g r a t i o n  o f  l ime scrubbing 
o f f s i t e s  w i t h  o ther  CCG p l a n t  o f f s i t e s .  For example, l ime  r e c e i p t  f o r  FGDS 
was i n teg ra ted  w i t h  l ime r e c e i p t  f o r  o n s i t e  c a t a l y s t  recovery, which uses l ime 
as feed t o  Ca(OH)? d iges t i on .  Common absorbers were u t i l i z e d  t o  handle f l u e  
gas from t h e  o f f s i t e  b o i l e r s ,  t h e  feed coal  dryers, and t h e  c a t a l y s t  a d d i t i o n  
dryers, a l l  o f  which are coa l  f i r e d .  I n  add i t i on  t o  these i n t e g r a t i o n  advan- 
tages, t h e  technology and cos ts  f o r  l ime (and 1 imestone) scrubbing are b e t t e r  
de f i ned  today than f o r  regenera t ive  FGDS. 

I n  general, t h e  rev i sed  Study Design was prepared us ing t h e  same approaches 
as t h e  e a r l i e r  Predevelopment Program Study Design. Except f o r  t h e  change i n  
t h e  FGDS process described above, t h e  p r o j e c t  bas is  i s  t h e  same. The ons i tes  
process bases and m a t e r i a l  and energy balances are a lso  unchanged. U t i l i t i e s  
balances were updated t o  r e f l e c t  t h e  f i n a l  ons i tes  demands and t h e  demands of 

. t h e  rev i sed  o f f s i t e s  f a c i l i t i e s .  Equipment l i s t s  f o r  t h e  rev ised o f f s i t e s  
were developed by engineers speci a1 i z i n g  i n  o f f  s i  t e s  design. D i r e c t  equipment 
cos ts  were est imated us ing  t h e  same techniques and cos t  bases used f o r  Exxon's 
commercial p ro jec ts .  I n d i r e c t  costs were est imated based on recent  experience 
w i t h  l a r g e  p ro jec ts .  Contingencies were inc luded i n  t h e  t o t a l  investment 
est imate, a l so  based on Exxon p rac t i ces  f o r  ac tua l  p ro jec ts .  

The rev i sed  investment f o r  t he  CCG Study Design i s  presented i n  Table 
5.1-1. (Th i s  updates Table 4.8-1 o f  t h e  Predevelopment Report FE-2369-24. ) 
The t o t a l  investment i s  1,530 M$ f o r  t h e  pioneer commercial p l a n t  feeding 
I l l i n o i s  No. 6 coa l  and producing 257 b i l l i o n  B tu  per  stream day of SNG 
( s u b s t i t u t e  na tu ra l  gas). This  i s  f o r  a January, 1978 cos t  l e v e l  a t  an 
Eastern I l l i n o i s  l oca t i on .  

The rev ised Study Design investment i s  170 M$ l e s s  than t h e  investment 
est imated dur ing  t h e  Predevelopment Program, a reduc t i on  o f  over 7%. The 
investment changes are broken down by p l a n t  sec t i on  i n  Table 5.1-2, s t a r t -  
i ng  w i t h  t h e  Predevelopment Program Study Design 'investment o f  1,640 MS. 
The key f a c t o r s  which have con t r i bu ted  t o  , t h e  o v e r a l l  investment change are: 



TABLE 5.1-1 

. CATALYTIC COAL CdSIFICATlDN 
COWLRCIAL PLANT STUDY DESIGN 

INVESTMENT FOR PIONEER PLANT 

Basis: January. 1978 I n s t a n t  P l a n t  
Eastern I l l i n o i s  Locat ion 

r 257 B i l l i o n  Btu/Stream Day SNG (HHV Basis)  

P lan t  Section 

ONSITES 

Coal Drying 
Ca ta lys t  Add i t i on  
Reactor System 
Product Gas Cooling and Scrubbing ' 

Sour Water S t r i p p i n g  and h o n i a  Recovery 
Acid Gas Removal and S u l f u r  Recovery 
He thane Recovery System 
Ref r ige ra t ion  
Ca ta lys t  Recovery 
Convnon Onsi te  F a c i l i t i e s  

ONSITES SUBTOTAL 

MATERIALS HANDLING 

Coal Handling and Storage 
Coke/Char Handl i n g  
Chemicals Handl i n g  and Storage 
By-Products Storage and Shipping 
Waste Sol ids Handl i n g  and Disposal 

MATERIALS HANDLING SUBTOTAL 

I ITIL l l IES 

Raw Water/BFW Trea t ing  
Steam Generation and D i s t r i b u t i o n  
Cooling Water 
E l e c t r i c  Power D i s t r i b u t i o n  
Miscellaneous U t i l i t i e s  
Flue Gas Desu l fu r i za t ion  (2)  

UTILITIES SUBTOTAL 237 

GENERAL OFFSITES 

Wastewater-Treating 
Safety  and F i r e  Pro tec t ion  
S i t e  Preparat ion 
M isce l l  aneous Offsi tes 

GENERAL OFFSITES SIJBTOTAL 

TOTAL DIRECT AND INDI?ECT COSTS 1.090 . 100 

PROCESS DEVELOPPENT ALLOWANCE 169 
(25% o f  Onsites D i r e c t  8 I n d i r e c t  Costs) 

PROJECT CONTINGENCY 
(25% o f  Tota l  D i r e c t  8 I n d i r e c t  Costs) 

TOTAL ERECTED COST 1.530 

Notes: - 
(1) Percentage breakdown o f  investment i s  based on t o t a l  d i r e c t  and i n d i r e c t  

costs exc luding process development a l l a rance  and p r o j e c t  contingency. 

(2)  Includes d e s u l f u r i z a t i o n  f o r  f l u e  gases from steam generation (coal -  
f i r e d  b o i l e r s )  and from coal d ry ing  'and c a t a l y s t  add i t i on .  



TABLE 5.1-2 

CCG STUDY DESIGN 
SUMMARY OF INVESTMENT CHANGES 

Investment  
F l i l l i o n  $ 

TOTAL ERECTED COST FOR 
PREDEVELOPMENT PROGRAM STUDY DESIGN 

e. CHANGES I N  TOTAL ERECTED COST. 

ONS ITES 

Coal D r y i n g  
C a t a l y s t  A d d i t i o n  
Comon Ons i t e  F a c i l i t i e s  
Other  Sec t ions  

MATERIALS HANDLING 

Coal Hand1 i n g  and Storage 
Chemicals Hand l ing  and Storage 
Other  Sec t ions  

Steam Generat ion and D i s t r i b u t i o n  
F lue  Gas D e s u l f u r i  z a t i o n  
Other  Sec t ions  

GENERAL OFFSITES 

Wastewater T r e a t i n g  
O the r  Sec t ions  

TOTAL DIRECT AND INDIRECT COSTS 

PROCESS DEVELOPMENT ALLOWANCE 
PROJECT CONTINGENCY 

TOTAL ERECTED COST FOR REVISED STUDY DESIGN 



Costs are s u b s t a n t i a l l y  lower i n  m a t e r i a l s  hand l ing  sec t ions  ( i n -  
c l ud ing  coa l  d r y i n g  and c a t a l y s t  add i t ion ,  which are grouped w i t h  
t h e  o n s i t e s ) .  The lower investments stem i n  p a r t  f rom modest 
reduc t ions  i n  f a c i l i t i e s  requirements made as p a r t  o f  t h e  o f f s i t e s  
rev i s i ons .  For  example, t h e  e l e c t r o s t a t i c  p r e c i p i t a t o r s  used t o  
remove f i n e s  from f l u e  gases produced i n  t h e  coa l  d rye rs  and t h e  
c a t a l y s t  a d d i t i o n  d ryers  were deleted.  F ines removal f rom these 
f l u e  gases i s  now accompl ished by  v e n t u r i  scrubbers loca ted  i n  t h e  
f l u e  gas d e s u l f u r i z a t i o n  sec t i on  upstream o f  t h e  l ime  absorbers. 
Also, surge coal  s torage s i l o s  were reduced i n  s ize .  However, t h e  
major f a c t o r  which lowered t h e  est imated investment i n  these sec t ions  
i s  improvements i n  t he  methods and cos t  bases used i n  cos t  es t ima t i ng  
ma te r i a l s  hand l ing  equipment, such as s i l o s ,  conveyors, and asso- 
c i a t e d  s t r u c t u r e s  and foundat ions. Exxon's comrnerci a1 experience 
w i t h  m a t e r i a l s  handl ing equipment was q u i t e  l i m i t e d  when t h e  Pre- 
development Program investment es t imate  was prepared i n  l a t e  1977, 
and cos t  es t ima t i ng  t o o l s  were no t  w e l l  developed. Experience s ince  
t h a t  date, i n c l u d i n g  t h e  Exxon Coal L i q u e f a c t i o n  P i l o t  P l a n t  now 

.under cons t ruc t ion ,  has l e d  t o  improved es t ima t i ng  approaches. 
Applying these new t o o l s  shows t h a t  t h e  cos t  est imates f o r  s i l o s  and 
conveyors were t o o  h igh  i n  t h e  e a r l i e r  Study Design. Costs f o r  
common o n - s i t e  f a c i l i t i e s  ( p i p e  racks, u t i l i t y  headers, roads, 
sewers, 1  i g h t i n g ,  e t c . )  are reduced based on t h e  f i n a l  p l a n t  layout .  

Steam generat ion and d i s t r i b u t i o n  has s l  i g h t l y  increased i n  cos t .  
Th i s  i s  due p r i m a r i l y  t o  an upward r e v i s i o n  o f  c o a l - f i r e d  b o i l e r  
cos t  bases, a l so  r e s u l t i n g  from l e a r n i n g  experience s ince  t h e  
prev ious  es t imate  was completed over  a  year ago. B o i l e r  capac i t y  i s  
a c t u a l l y  down 8%, due main ly  t o  lower steam demands f o r  l ime  FGDS. 

The f l u e  gas d e s u l f u r i z a t i o n  f a c i l i t i e s  cos ts  are down as a  r e s u l t  of 
t h e  change from regenera t ive  FGDS t o  l ime  scrubbing. The investment 
shown f o r  FGDS i s  e s p e c i a l l y  low because l ime  r e c e i p t  and hand l ing  
i s  shared w i t h  t h e  ons i t es  c a t a l y s t  recovery system, The investment 
f o r  t h e  shared l ime f a c i l i t i e s  i s  inc luded under chemicals hand l ing  
and storage. Even so, t h e  cos t  f o r  t h e  l a t t e r  sec t i on  i s  lower 
because o f  t h e  new cos t  es t ima t i ng  approaches f o r  s i l o s  and conveyors. 

The investment f o r  wastewater t r e a t i n g  i s  up because o f  t h e  increase 
i n  process wastewater r a t e  and i n  f a c i l i t i e s  f o r  reuse. As a  r e s u l t  
o f  more d e t a i l e d  s tudy o f  water reuse opt ions,  t h e  est imated average 
raw water makeup r a t e  f o r  t h e  CCG Study Design has been reduced from 
7,300 gpm t o  5,600 gpm. 

The percentage add-ons f o r  process development al lowance and p r o j e c t  
cont ingency are down i n  p r o p o r t i o n  t o  t h e  reduc t ions  i n  o n s i t e s  and 
t o t a l  p l a n t  d i r e c t  and i n d i r e c t  costs .  

Thus, o v e r a l l ,  t h e  est imated investment f o r  t h e  CCG Study Design i s  reduced 
f rom 1,640 M$ t o  1,530 .MS. 

Consis tent  w i t h  t h i s  rev i sed  investment, t h e  'cost o f  SNG produced from 
-- L~ 

I l l i n o i s  coal i n  a pioneer  CCG p l a n t  i s  now est imated t o  be about 6.18 $/MBtu 
on a  1978 basis,  as shown i n  Table 5.1-3. (Th i s  updates Table 4.9-2 o f  t h e  



TABLE 5.1-3 

CATALYTIC COAL GASIFICATION 
COMMERCIAL PLANT STUDY DESIGN 

COST OF SNG FROM PIONEER PLANT WITH 100% EQUITY FINANCING 

Basis: r January, 1978 I n s t a n t  P lant .  Eastern I l l i n o i s  Locat ion 
r 257 B i l l i o n  Btu/Stream Day SNG (HHV Basis) 

' 

r 90% Capacity Factor 
r 100: Equi ty  Financing 
r 151 Current D o l l a r  DCF Return 
r Escalat ion Rates: - Operating Costs and By-Product Revenues a t  S%/Year - SNG Revenues a t  6%/Year 
r Tota l  Erected Cost of 1.530 M$ (From Table 5.1-1) 

Requirements 
SNG Cost Components ( A t  F u l l  Capaci ty1 

r I l l i n o i s  No. 6 Coal (Cleaned) 

- To G a s i f i e r s  - To Coal Dryer Fuel - To O f f s i t e  B o i l e r  Fuel 

Subtota l  18.160 STIS0 

r Major Chemicals 

- KOH So lu t ion  (30 wt%) - Lime (971 CaO) t o  Ca ta lys t  Recovery - Lime (97% CaO) t o  FGDS 

Subtota l  

Other Operating Costs 

- Purchased E l e c t r i c  Power - Raw Water - Other Cata lysts  and Chemicals - dages and Bene f i t s  - Sa la r ies  and Bene f i t s  - Labor Overheads and Supplies - Ya te r ia l s  and Overheads - Ash Disposal 

Subtota l  

r By-Product Revenues 

- h n i a  (20 wt%) - S u l f u r  

Subtota l  

r Capi ta l  Charges 

189 5T/SD (Contained) 
1.005 STIS0 

272 STIS0 

U n j t  Costs 
(1978) 

147 Md 2.5 Q/kWh 
5,600 gpm 15 C/k gal 
Many Items 4.7 M$/yr 
980 nen 21 kblmanlyr 
260 Men 25 kS/man/yr 
2 u i  o f  Wages. S a l a r l e i ,  and Benetf t s  
3.3-f Tota l  Erected Cost/Year 
8,400 ST/SD (Wet) 1 $/ST 

231 ST/SD (Contained) 
324 LTISD (2 )  

TOTAL SUBSTITUTE NATURAL W COST (RISP) (3)  

CALL 

Per Above Basis 

160 $/ST 
25 SILT 

SNG Cost Breakdown 
$ / M i l l i o n  Btu (19781 

- - 

Notes: - 
(1) t = lo3. M = lo6. G = 10 9 

(2 )  STISD = shor t  tonslstream day (i.e.. one day's operat ion a t  f u l l  p l a n t  capacity).  LT = long tons. 

(3)  Required i n i t f a l  s e l l i n g  p r i c e  I n  f i r s t  year  o f  p l a n t  operat ion (1978). 



Predevelopment Report  .)  T h i s  gas c o s t  i s  a  r e q u i r e d  i n i t i a l  s e l l i n g  p r i c e  
based on 100% e q u i t y  f i n a n c i n g  w i t h  a  15% c u r r e n t  d o l l a r  DCF r e t u r n .  It was 
assuned t h a t  SNG produc t  revenues w i  11 escal  a t e  a t  6% pe r  year ,  and t h a t  
ope ra t i ng  cos t s  and by-product revenues w i l l  esca la te  a t  5% p e r  year.  On a  
f i nanc ing  b a s i s  o f  70% debt/30% e q u i t y  w i t h  9% i n t e r e s t  on debt, t h e  i n i t i a l  
gas c o s t  i s  4.65 $/MBtu. Th i s  c o s t  i s  a l s o  based on t h e  same DCF r e t u r n  on 
t h e  e q u i t y  and t h e  same e s c a l a t i o n  assumptions. The complete economic b a s i s  
f o r  these  gas cos t s  i s  documented i n  t h e  Predevelopment Report .  

The r e v i s e d  SNG c o s t  i n  t h e  100% e q u i t y  case i s  0.24 $/MBtu l e s s  than  t h e  
gas c o s t  c a l c u l a t e d  d u r i n g  t h e  Predevelopment Program. The changes i n  t h e  SNG 
c o s t  can be summarized as f o l l ows :  

SNG Cost. $/MBtu 

SNG Cost Com~onent 

Co a1 
Major  Chemical s  
Other Operat ing Costs 

- U t i l i t i e s  
- Labor and Re la ted  
- M a t e r i a l s  and Overheads 
- Other 

By-Product Revenues 
C a p i t a l  Charges 
T o t a l  

Predevelopment 
Study Design 

Rev i sed 
Study Design 

Net 
Change 

Lower c a p i t  a1 charges assoc ia ted  w i t h  t h e  drop i n  investment a re  t h e  main 
f a c t o r  c o n t r i b u t i n g  t o  t h e  r e d u c t i o n  i n  gas cos t .  T h i s  i s  p a r t i a l l y  o f f s e t  
by t h e  added c o s t  o f  purchas ing 1  ime ( i n c l u d e d  under "major chemica ls" )  f o r  
t h e  l ime  scrubbing process now used f o r  f l u e  gas d e s u l f u r i z a t i o n .  

Desp i t e  t h e  8% r e d u c t i o n  i n  o f f s i t e  b o i l e r  c a p a c i t y  ment ioned e a r l i e r ,  
t h e  c o a l  t o  b o i l e r  f u e l  i s  up about 3% i n  t h e  r e v i s e d  Study Design. Th i s  i s  
t h e  reason f o r  t h e  smal l  i nc rease  i n  c o a l  c o s t  shown above. The inc rease  i n  
b o i l e r  f u e l  i s  a  r e f l e c t i o n  o f  a  change i n  t h e  approach used t o  es t ima te  
average requi rements f o r  a l l  p l a n t  u t i l i t i e s .  As descr ibed  i n  t h e  Pre- 
development Report, t h e  t o t a l  des ign  c a p a c i t i e s  f o r  CCG Study Design u t i l  i t i e s  
systems inc luded:  ( 1 )  normal requi rements c a l c u l a t e d  f rom t h e  o n s i t e  and 
o f f s i t e  equipment l i s t s ;  ( 2 )  i n t e r m i t t e n t  requi rements a l s o  c a l c u l a t e d  from 
t h e  equipment l i s t s ;  ( 3 )  a1 lowances f o r  es t imated  increases i n  u t i l i t i e s  loads 
as f a c i  1 i t  i e s  d e f i n i t i o n  improves d u r i n g  p r o j e c t  development; and (4 )  an 
a d d i t i o n a l  al lowance f o r  reserve  c a p a c i t y  i n  source f a c i l i t i e s  f o r  s t a r t u p  and 
emergency needs. (Source f a c i  1  i t  i e s  i n c l u d e  o f f s i t e  b o i l e r s ,  BFW t r e a t i n g ,  
c o o l i n g  tower, e t c . )  T h i s  approach i s  c o n s i s t e n t  w i t h  Exxon p r a c t i c e s  f o r  
commercial p r o j e c t s ;  t h e  al lowances f o r  i tems (3 )  and ( 4 )  a re  based on Exxon's 
exper ience f o r  a  broad range o f  commercial process p l an t s .  For  t h e  Predevelop- 
ment Program Study Des'ign, average p l a n t  u t i l  i t  i'es requi rements f o r  ope ra t i ng  



costs were based on the  ca l cu la ted  normal requirements p l u s  t h e  average 
i n t e r m i t t e n t  requirements. For t h e  rev ised CCG Study Design, t h e  allowances 
f o r  est imated increases i n  u t i l i t i e s  loads dur ing  p r o j e c t  development ( i t e m  
( 3 ) )  were a lso  inc luded i n  t h e  average u t i l i t i e s  requirements f o r  opera t ing  
costs. This  i s  cons i s ten t  w i t h  the  experience showing t h a t  such increases do 
occur, on average, i n  ac tua l  p ro jec ts .  Adding these a1 lowances i n  .the rev i sed  
Study Design has increased operat ing cos ts  o n l y  f o r  coal  f u e l  purchased t o  
generate steam i n  t h e  o f f s i t e  b o i l e r s .  U t i l i t i e s  savings r e s u l t i n g  f rom t h e  
use o f  l ime FGDS, more complete u t i l i z a t i o n  o f  a v a i l a b l e  steam i n  noncon- 
densing steam t u r b i n e  d r i ve rs ,  and increased reuse o f  wastewaters have 
o f f s e t  these add i t i ona l  allowances f o r  t h e  o the r  u t  il i t i e s .  Thus the re  h.as 
been no ne t  change i n  the  e l e c t r i c  power requirements (147  MW) and a subs tan t i a l  
reduc t i on  i n  the raw water makeup r a t e  (as noted e a r l i e r ) .  

As discussed i n  t h e  Predevelopment Report c i t e d  e a r l i e r ,  est imates o f  coal  
g a s i f i c a t i o n  costs can vary  w ide ly  depending on t h e  phi losophy used t o  se t  t h e  
process and o f f s i t e s  bases, t he  d e t a i l  o f  t h e  equipment design, and t h e  approach 
t o  the  investment est imate. I n  addi t ion,  t h e  method o f  f inancing,  p l a n t  size, 
coa l  type, and t h e  m a t u r i t y  o f  t h e  technology can have s i g n i f i c a n t  impacts on 
SNG costs. The t ime frame f o r  which cos ts  are presented i s  a lso an important 
f a c t o r .  Thus, c a u t i o n  must be used when comparing these economics w i t h  pub- 
l i s h e d  est imates f o r  o the r  coa l  g a s i f i c a t i o n  processes. A cons i s ten t  comparison 
o f  CCG w i t h  s ta te -o f - t he -a r t  g a s i f i c a t i o n  technology has been made by Exxon 
Research and Engineering Company, and i t  has been concluded t h a t  s i g n i f i c a n t  
i n c e n t i v e  e x i s t s  f o r  development o f  t he  c a t a l y t i c  coal g a s i f i c a t i o n  process. 

Coal D e v o l a t i l  i z a t  i o n  Impact Study 

The o b j e c t i v e  o f  t h i s  study was t o  i n v e s t i g a t e  t h e  impact o f  u n c e r t a i n t i e s  
i n  t h e  amount o f  carbon d e v o l a t i l i z e d  on g a s i f i e r  volume requirements and t o  
i n v e s t i g a t e  the p o t e n t i a l  r i s k s  and b e n e f i t s  o f  a l t e r n a t i v e  coal  feed i n j e c t i o n  
p o i n t s  along the  he igh t  o f  the 'gasa. i f ie r  bed. 

When feed coa l  i s  i n j e c t e d  i n t o  t h e  f l u i d i z e d  bed c a t a l y t i c  gas i f i e r ,  i t  
r a p i d l y  heated and d e v o l a t i l i z e d  i n t o  gas phase species (such as CO, C02, 
, CH4, etc . )  and hydrocarbon l i q u i d s .  It i s  important t o  know t h e  amount 
feed coa l  d e v o l a t i l i z e d  i n  t h e  g a s i f i e r  s ince  t h i s  a f f e c t s  t h e  amount o f  

carbon t o  be g a s i f i e d  and in f luences t h e  k i n e t i c s  o f  t h e  g a s i f i c a t i o n  reac t ions .  
The carbon r i c h  char remaining a f t e r  d e v o l a t i l i z a t i o n  must be gas i f i ed .  
S u f f i c i e n t  residence t ime must be provided i n  t h e  g a s i f i e r  t o  conver t  t h e  
remaining carbon t o  gaseous products. Thus i t  i s  important t o  know what 
f r a c t i o n  o f  carbon i s  d e v o l a t i l i z e d  versus what f r a c t i o n  must be gas i f ied .  
The second important impact o f  d e v o l a t i  l i z a t i o n  i s  the  i n h i b i t i n g  e f fec t  o f  
t h e  d e v o l a t i  1  i z a t  i o n  products on t h e  reac t  i on  r a t e  f o r  g a s i f y i n g  t h e  remaining 
carbon. Thus it i s  important  t o  know t h e  amount o f  feed coal d e v o l a t i l i z e d  
and the  composit ion o f  t h e  d e v o l a t i l i z a t i o n  products. 

Another important cons idera t ion  w i t h  respect t o  d e v o l a t i  1  i z a t  i o n  i s  t he  
l o c a t i o n  o f  the  p o i n t  where feed coa l  i s  i n j e c t e d  i n t o  the  f l u i d  bed. If the  
coal  i s  i n j e c t e d  near t h e  bottom of t h e  bed, r e a c t i o n  o f  t h e  d e v o l a t i l i z a t i o n  
products as they f low through t h e  bed r e s u l t s  i n  e s s e n t i a l l y  no hydrocarbons 
heavier  than methane i n  the  g a s i f i e r  e f f l u e n t .  .This permi ts  t h e  recovery o f  
h igh  l e v e l  heat from t h e  g a s i f i e r  overhead s ince f o u l i n g  o f  heat exchangers 



from heavy hydrocarbons should not  occur. However, i t  a lso  r e s u l t s  i n  t h e  
l a r g e s t  i n h i b i t i o n  e f f e c t  o f  d e v o l a t i l i z a t i o n  products on g a s i f i c a t i o n  r a t e  
s ince these products are present over a.1most t h e  e n t i r e  l eng th  o f  t h e  bed. I f  
the  feed coal  i s  i n j e c t e d  near t h e  top  o f  t h e  bed, h igh  d i r e c t  methane y i e l d s  
from d e v o l a t i l i z a t i o n  may increase the  product gas methane content  above 
e q u i l i b r i u m  leve l s .  The increase would be due t o  i n s u f f i c i e - n t  residence t ime  
t o  re form the  d e v o l a t i l i z e d  methane back t o  e q u i l i b r i u m  leve l s .  The h igher  
d i r e c t  methane y i e l d  would r e s u l t  i n  lower recyc le  gas ra tes .  However, t he re  
would be the  r i s k  o f  heavy hydrocarbons i n  t h e  g a s i f i e r  overhead w i t h  r e s u l t a n t  
f o u l  ing  o f  heat exchange surfaces because o f  i n s u f f i c i e n t  res idence t ime t o  
conver t  them t o  l i g h t  gaseous products. I n  t h e  CCG Study Design, t h e  feed 
coal  was i n j e c t e d  i n t o  t h e  bottom o f  t h e  f l u i d  bed. t o  assure t h e  absence o f  
heavy hydrocarbons i n  t he  g a s i f i e r  e f f l u e n t .  

The Coal D e v o l a t i l i z a t i o n  Impact Study was c a r r i e d  ou t  i n  two par ts .  
F i r s t ,  t h e  impacts o f  changing t h e  amount and composit ion o f  d e v o l a t i l i -  
z a t i o n  products and the  .feed p o i n t  l o c a t i o n  were evaluated i n  a se r ies  o f  
n ine  cases. These cases inc luded th ree  d i f f e r e n t  d e v o l a t i l i z a t i o n  y i e l d s :  

0 Base Case - 17% Carbon Devol a t  i 1 ized ( C C G  Study Design) 

0 In te rmed ia te  Case - 28% Carbon D e v o l a t i l i z e d  

Maximum Case - 36% Carbon D e v o l a t i l i z e d  

Data on the  d e v o l a t i l i z a t i o n  y i e l d  f o r  cata lyzed I l l i n o i s  coal  a t  1300°F 
and 500 p s i a  i n  a g a s i f i c a t i o n  atmosphere i s  l i m i t e d .  The range o f  y i e l d s  
assumed f o r  t h i s  study probably brackets t h a t  which would a c t u a l l y  be obta ined 
i n  a c a t a l y t i c  g a s i f i e r .  

Three d i f f e r e n t  feed p o i n t s  were evaluated f o r  each d e v o l a t i l i z a t i o n  y i e l d :  

Bottom - -  2 f e e t  above t h e  bottom o f  t h e  bed (CCG Study Design Base'Case) 

Middle -- 25-30 f e e t  below sur face o f  f l u i d  bed (FBG experience) 

Top -- 5-10 f e e t  below sur face o f  f l u i d  bed (h igh  feed p o i n t  i ncen t i ve  
case) 

Each o f  these cases was simulated us ing  the  CCG reac to r  model and t h e  same 
g a s i f i e r  coa l  feed as i n  t h e  CCG Study Design. The model was used t o  
determine g a s i f i e r  volume and t h e  approach t o  methanation equ i l i b r i um.  The 
r e s u l t s  o f  these n ine  cases are summarized i n  Table 5.1-4. 

As shown i n  t h e  table,  w i t h  the  coa l  feed p o i n t  near t h e  bottom o f  
t he  g a s i f i e r ,  t h e  p red i c ted  g a s i f i e r  volume f o r  90% carbon conversion i s  
reduced by 10-18% w i t h  the  h igher  coa l  devo la t  i 1 i z a t  i on  y i e l d s .  The approach 
t o  methanation e q u i l i b r i u n  i s  unaf fected f o r  these cases as shown below: 

Oevolat i  1 i z a t  i o n  R e l a t i v e  G a s i f i e r  Approach t o  Methanat i o n  
Model Vo 1 ume Equi 1 ibr ium, OF 

Base 
Intermedi a te  
Max imum 



TABLE 5.1-4 
I 

CATALYTIC COAL GASIFICATION 
COAL DEVOLATILIZATION IMPACT STUDY 

CCG G a s i f i e r  Reactor Model S imu la t i on  Resu l ts  

Approach t o  (1 )  
Height  o f  Bed R e l a t i v e G a s i f i e r  Methanat ion 

D e v o l a t i l  i z a t i o n  Y ie l ds  Coal Feed P o i n t  Above Feed, F t .  Vo 1 ume Equi 1  ibr ium,  'F 
I 

Base Case - 17% C Devol. 
11 

II 

Bottom 
Middle 
To P 

I 
t I n t e rmed ia te  Case - 28% C Devol. Bottom 

I( Midd le  
11 

I 
tn 

TOP 

S" Maximum Case - 36% C Devol. Bottom 
I# Middle 

1 
4 
! 

Note: - 
! 

( 1 )  A p o s i t i v e  va lue  i n d i c a t e s  a d e f i c i e n c y  o f  CH4 r e l a t i v e  t o  equ i l i b r i um,  w h i l e  a  nega t i ve  
va lue  i n d i c a t e s  an excess o f  CH4 r e l a t i v e  t o  e q u i l i b r i u m .  



Also shown i n  Table 5.1-4 i s  t he  e f f e c t  o f  changes i n  the  l o c a t i o n  
of the  coal  feed p o i n t .  With the  base case d e v o l a t i l i z a t i o n  model, p red i c ted  
g a s i f i e r  volume can be reduced.by 10-15% b y  moving t h e  coal  feed p o i n t  up 
from t h e  bot tom.of  t h e  g a s i f i e r  bed as shown below: 

Coal Feed 
Po in t  

Bottom 
Middle 
To P 

Re la t i ve  G a s i f i e r  Approach t o  Methanation 
Vo 1  ume Equ i l ib r ium,  "F 

Feeding t h e  g a s i f i e r  i n  t he  middle o f  t h e  bed can save about 12% 
o f  the  g a s i f i e r  volume w i t h  l i t t l e  e f f e c t  on t h e  approach t o  methanation 
equ i l i b r i um.  The h igher  feed l o c a t i o n  showed l i t t l e  savings i n  volume over  
the  middle feed case w h i l e  showing a  poorer approach t o  methanation equ i l i b r i um.  
The h igher  feed l o c a t i o n  a lso has a  greater  r i s k  o f  t a r  p roduct ion  as discussed 
below. Operat ion o f  t h e  FBG du r ing  t h e  CCG Predevelopment Program w i t h  t h e  
feed 28 f e e t  below t h e  sur face o f  t he  bed showed no t a r s  o r  overhead f o u l i n g .  

A d d i t i o n a l l y ,  i t  appears from t h e  in fo rmat ion  i n  Table 5.1-4 t h a t  t h e  
methane content o f  t h e  g a s i f i e r  overhead cannot be increased above e q u i l i b r i u m  
f o r  a  system which avoids t a r  breakthrough i n  the  g a s i f i e r  e f f l u e n t .  The o n l y  
case showing s i g n i f i c a n t  methane concentrat ions above e q u i l i b r i u m  was. tha t  
w i t h  very h igh  d e v o l a t i l i z a t i o n  y i e l d  and a f e e d ' p o i n t  l o c a t i o n  very near t he  
top  o f  t h e  bed. It i s  u n l i k e l y  t h a t  t he  d e v o l a t i l i z a t i o n  y i e l d  w i l l  be t h i s  
h igh  and i t i s  a lso u n l i k e l y  t h a t  t h e  coal  can be r e l i a b l y  f ed  5-10 fee t  below 
t h e  top o f  t h e  bed w i thou t  f o u l i n g  o f  t h e  overhead heat recovery system. For 
t h e  o ther  e i g h t  cases presented i n  Table 5.1-4, t h e  methane content  of t h e  
g a s i f i e r  overhead i s  near t h e  equi l i b r i m  amount. 

I n  t h e  second p a r t  o f  t h i s  study, t h e  p o t e n t i a l  r i s k s  and bene f i t s  
o f  d i f f e r e n t  coal  feed p o i n t s  were inves t iga ted .  As s ta ted  prev ious ly ,  t h e  
p o t e n t i a l  b e n e f i t  o f  a  h igher  coal  feed p o i n t  i s  a  g a s i f i e r  volume reduc t i on  
o f  10-15%. The r i s k  o f  heavy hydrocarbon breakthrough was q u a n t i f i e d  by 
running heat and m a t e r i a l  balances f o r  a  case w i thout  a  h igh  l e v e l  heat 
recovery system. For  t h i s  case, t h e  g a s i f i e r  e f f l u e n t  was quenched w i t h  
water p r i o r  t o  low l e v e l  heat recovery. For t h i s  case, t h e  amount of SNG 
f i r e d  i n  the  preheat furnace doubles, and t h e  o f f s i t e  b o i l e r s  increase i n  
s i z e  by 3%. Th is  r e f l e c t s  t he  absence o f  t h e  gas-gas exchangers and h igh  
pressure waste b o i l e r s .  These e f f e c t s  decrease p l a n t  thermal e f f i c i e n c y  by  
about 1%. Th is  i l l u s t r a t e s  t h e  s i g n i f i c a n t  r i s k  o f  t a r  i n  t h e  g a s i f i e r  , 

overhead. 

The conclus ions drawn from t h i s  study are summarized below: 

The amount o f  feed coal  d e v o l a t i l i z a t i o n  has a  s i g n i f i c a n t  impact on 
g a s i f i e r  volume requirements. The actual  l e v e l  o f  d e v o l a t i l i z a t i o n  

* 

f o r  a potassium cata lyzed feed coal  a t  1300°F and 500 p s i a  i n  a  
g a s i f i c a t i o n  atmosphere i s  uncer ta in.  Since t h e  k i n e t i c  model used 
f o r  t he  CCG Study Design was conservat ive ( l ow  y i e l d s ) ,  b e t t e r  da ta  

-'--could reduce g a s i f i e r  volume requirements. 



Fou l ing  t h e  h igh  l e v e l  heat recovery system by t a r  breakthrough would 
r e s u l t  i n  a ser ious  economic d e b i t  t o  t h e  process and must be avoided. 

r Moving t h e  coa l  feed p o i n t  h igher  up i n  t h e  f l u i d i z e d  bed cou ld  reduce 
t h e  g a s i f i e r  volume by  10-15%. Tests i n  t h e  PDU must be run  t o  
conf i rm t h i s  savings and demonstrate t h a t  no t a r  breakthrough occurs 
by  r a i s i n g  t h e  coa l  feed po in t .  

I t  appears u n l i k e l y  t h a t  t h e  methane content o f  t h e  g a s i f i e r  overhead 
can be increased above e q u i l  i b r i m  w i thou t  t h e  r i s k  o f  t a r  breakthrough 
and poor approaches t o  methanat i o n  equi 1 i b r i  urn. 

Cryogenic Acid Gas Removal I n c e n t i v e  Study 

As discussed i n  prev ious techn ica l  progress repor ts ,  a  study i s  underway 
t o  evaluate the  economic i ncen t i ves  associated w i t h  us ing  a cryogenic f r a c t i o n -  
a t i o n  scheme f o r  ac id  gas removal i n  t h e  C a t a l y t i c  Coal G a s i f i c a t i o n  process. 
I n  t h i s  study, C02 and H2S i n  the  cooled g a s i f i e r  e f f l u e n t  are removed 
us ing  cryogenic d i s t i l l a t i o n  ins tead o f  phys ica l  absorpt ion as s p e c i f i e d  i n  
t h e  CCG Commercial P lan t  Study Design developed i n  1977 under t h e  CCG Pre- 
development Program. It i s  be l i eved  t h a t  a cryogenic ac id  gas removal process 
may have lower investment and lower energy requirements than a phys ica l  
absorp t ion  system. It i s  a lso  be l ieved t h a t  t he re  may be b e n e f i t s  from t h e  
i n t e g r a t i o n  o f  cryogenic ac id  gas removal w i t h  t h e  cryogenic methane recovery 
sec t i on  o f  the  CCG process. 

The o b j e c t i v e  o f  t h i s  study i s  t o  i d e n t i f y  t h e  economic i n c e n t i v e  and 
data  needs f o r  f u r t h e r  research on t h i s  concept. This  work inc ludes t h e  
d e f i n i t i o n  o f  t h e  process f l o w  scheme, d e t a i l e d  heat and m a t e r i a l  balances, 
design o f  t h e  requ i red  equipment, and t h e  development o f  investment and 
ope ra t i ng  costs f o r  t h i s  p l a n t  sect ion. Process economics w i l l  be developed 
and compared w i t h  those o f  t h e  convent ional acid gas removal process used i n  
t h e  CCG Study Design t o  i d e n t i f y  t h e  economic i ncen t i ve  f o r  cryogenic ac id  gas 
removal. 

Previous work done under the  CCG Predevelopment Contract  l e d  t o  t h e  
conclus ion t h a t  carbon d i o x i d e  (C02) f reeze-out  would occur i n  some p a r t  of 
t h e  ac id  gas f r a c t i o n a t i o n  system over the  e n t i r e  range o f  poss ib le  tower 
opera t ing  cond i t ions .  For t h i s  study, i t  has been assumed t h a t  t h e  f reeze-out  
problem can be handled i n  a simple manner w i t h i n  t h e  system. Fur ther  work t o  
determine t h e  ac tua l  e f f e c t  o f  C02 f reeze-out  would,be undertaken i f  t h e  
economics f o r  t h i s  a l t e r n a t i v e  a c i d  gas removal scheme were favorable.  

The proposed cryogenic ac id  gas removal f l o w  scheme incorpora tes  two 
d i s t i l l a t i o n  towers. I n  t h e  f i r s t ,  t h e  Acid Gas F r a c t i o n a t o r  (AGF), C02 and 
H2S are separated from an overhead Hz, CO and CH4 stream. The overhead stream 
i s  then fed  t o  cryogenic methane recovery. The bottoms C02 and HzS stream 
f rom t h e  Acid Gas F rac t  i ona to r  i s  f ed  t o  t h e  second tower, t h e  Ac id  Gas 
S p l i t t e r  (AGS), where t h e  overhead i s  e s s e n t i a l l y  pure C02 and t h e  bottoms 
i s  a 80/20 m i x t u r e  o f  C02/H2S. Th is  bottoms stream i s  then sent t o  s u l f u r  
recovery. 



As discussed i n  prev ious repor ts ,  var ious  process condi t ions,  f l o w  
schemes, and heat integrationlrefrigeration opt ions  were inves t iga ted .  
The a1 t e r n a t  ives were compared. on t h e  bas is  o f  min imiz ing  t o t a l  system 
horsepower requirements. This  i s  be l ieved t o  be t h e  major investment and 
operat ing cos t  parameter i n  cryogenic systems. 

During t h i s  quar ter ,  work was completed on t h e  heat i n t e g r a t i o n 1  
r e f r i g e r a t i o n  scheme f o r  t h e  process. The f i n a l  scheme, as shown i n  F i g u r e  
5.1-1, cons i s t s  o f  t h e  fo l l ow ing :  

a An ex te rna l  t h ree - leve l  cascade r e f r i g e r a t i o n  system u t i l i z i n g  
methane, ethy lene and propylene r e f r i g e r a n t s  prov ides bo th  the  Acid 
Gas F rac t i ona to r  condenser du ty  (-172OF process temperature) and a  
p o r t  i on  o f  t he  feed cool  i n g  duty. 

a A s i n g l e  heat pump loop o f  propylene r e f r i g e r a n t  accomplishes both  the  
condenser and r e b o i l e r  du ty  f o r  t h e  Acid Gas S p l i t t e r .  

a The overhead stream from t h e  Methane Recovery Tower (MRT) i s  used t o  
subcool t h e  methane bottoms product. This  bottoms stream i s  then 
adi  a b a t i c a l l y  expanded t o  prov ide  t h e  r e f r i g e r a t i o n  requirements f o r  
t h e  condenser (-240°F process temperature) and feed c o o l i n g  o f  t h e  
MRT. 

a The remainder o f  t h e  Acid Gas F rac t i ona to r  feed c o o l i n g  i s  accomplished 
by f e e d l e f f l u e n t  heat exchange w i t h  the  methane product, r e c y c l e  gas, 
and C02 vent  gas. 

Work was a lso completed on the  s p e c i f i c a t i o n  o f  equipment f o r  t h e  
Methane Recovery, R e f r i g e r a t i o n  and Acid Gas S p l i t t i n g  Sections. Equipment 
s p e c i f i c a t i o n s  are c u r r e n t l y  being prepared f o r  t he  Acid Gas F r a c t i o n a t i o n  
Sect ion. Costs f o r  t he  Methane Recovery and R e f r i g e r a t i o n  sect ions w i  11 be 
prorated from t h e  corresponding sect ions o f  t he  CCG Study Design. The cos t  
est imate f o r  the  Acid,Gas S p l i t t i n g  sec t i on  i s  c u r r e n t l y  being prepared, and 
work on t h e  Acid Gas F r a c t i o n a t i o n  sec t ion  w i l l  begin as soon as equipment 
s p e c i f i c a t i o n s  are complete. 

When cos t  es t ima t ing  i s  completed, process economics w i  11 be developed 
f o r  comparison w i t h  the  base case CCG Study Design. Completion o f  t h e  study 
i s  expected du r ing  t h e  second qua r te r  o f  1979. 

Evaporat ion o f  Ca ta l ys t  So lu t ions  

A l abo ra to ry  guidance study has been made t o  est imate t h e  economic 
impact o f  evaporat ing d i l u t e  c a t a l y s t  so lu t i ons  from c a t a l y s t  recovery t o  
concentrat ions which are s u i t a b l e  f o r  d i r e c t  a d d i t i o n  t o  t h e  g a s i f i e r  feed 
coal .  These est imates of evaporat ion cos ts  w i  11 be used t o  he lp  assess 
techn ica l  and economic t r a d e o f f  s  i n  t he  c a t a l y s t  recovery sect ion. As 
recovered s o l u t i o n  concent ra t ion  i s  reduced below t h e  l e v e l  i n  t h e  CCG Study 
Design, fewer washing stages are requ i red  t o  achieve t h e  same o v e r a l l  
recovery. Also, t h e  s o l i d - l i q u i d  separat ions are eas ie r  i n  d i l u t e  so lu t ions ,  
due t o  lower v i s c o s i t i e s ,  and i n  t h e  case o f  separat ions based on g r a v i t a t i o n a l  

- - forces (e.g., s e t t l e r s ,  cen t r i f uges ) ,  due t o  l a r g e r  p a r t i c l e - s o l u t i o n  - - --- 
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dens i t y  d i f fe rences.  The p o t e n t i a l  cos t  savings f o r  d i l u t e  so lu t i ons  must 
be weighed against  t he  added costs t o  concentrate t h e  recovered s o l u t i o n  t o .  
t h e  same l e v e l  used i n  t h e  Study Design. 

I n  order  t o  est imate t h e  cos ts  f o r  evaporation, a se r ies  o f  sc'reening 
s tud ies  were c a r r i e d  out.  F igure  5.1-2 shows t h e  general process f lowsheet 
f o r  these screening studies.  It inc ludes a  convent ional,  m u l t i p l e - e f f e c t  
evaporator f o r  concent ra t ing  t h e  c a t a l y s t  s o l u t i o n  and an a i r - f i n  condenser 
f o r  recover ing t h e  evaporated water f o r  recyc le  t o  c a t a l y s t  recovery. The 
m u l t i p l e - e f f e c t  evaporator uses process steam i n  t h e  f i r s t  e f f e c t  t o  concentrate 
t h e  c a t a l y s t  so lu t i on .  Vapor r a i s e d  i n  t h e  f i r s t  e f f e c t  i s  condensed i n  t h e  
second e f f e c t  t o  f u r t h e r  concentrate t h e  remaining so lu t i on .  The vapor from 
t h e  second e f f e c t  i s  then condensed i n  the  t h i r d  e f f e c t ,  and so on. The vapor 
from t h e  l a s t  e f f e c t  i s  condensed i n  t h e  a i r - f i n  condenser. To operate t h e  
evaporator i n  t h i s  manner, t h e  s o l u t i o n  pressure i n  each e f f e c t  i s  maintained 
lower than the  pressure i n  t h e  preceding e f f e c t .  The pressure i n  t h e  l a s t  
e f f e c t  was set  a t  4.5  psia.  This  pressure i s  t y p i c a l  o f  m u l t i p l e - e f f e c t  
evaporators and was selected because i t  gave t h e  lowest combined evaporator- 
condenser area f o r  represent  a t  i v e  cases. 

The process bas i s  f o r  t he  cu r ren t  s tud ies  was se t  based on t h e  CCG 
Study Design. The c a t a l y s t  feed r a t e  t o  t h e  evaporator i s  t h e  same as 
t h e  c a t a l y s t  r a t e  from c a t a l y s t  recovery i n  t h e  Study Design (equ iva len t  t o  
122.8 k l b / h r  o f  KOH). Two c a t a l y s t  s o l u t i o n  concentrat ions, 5  and 10% (wt ) ,  
were considered as feeds t o  t h e  evaporator system. The concentrated product 
from t h e  evaporator i s  a  32.2% ( w t )  KOH c a t a l y s t  so lu t i on ,  which i s  t h e  same 
concent ra t ion  as the  recovered c a t a l y s t  s o l u t i o n  fed  d i r e c t l y  t o  t h e  c a t a l y s t  
addi t i o n l e n t r a i n e d  d ry ing  system i n  the  Study Design. Steam t o  concentrate 
t h e  s o l u t i o n  i n  t he  evaporator i s  p o t e n t i a l  l y  a v a i l  able from two sources. 
Low pressure steam (e.g., 10-30 ps ig )  can be produced from o n s i t e  waste 
heat, and h igher  pressure steam (e.g., 150 ps ig )  can be produced by l e t t i n g  
down h igh  pressure steam from o f f s i t e  b o i l e r s  across non-condensing steam 
t u r b i n e  d r i ve rs .  

To est imate the  economic impact o f  concent ra t ing  t h e  d i l u t e  c a t a l y s t  
so lut ions,  heat and m a t e r i a l  balances were made f o r  each c a t a l y s t  s o l u t i o n  
feed ( 5  and 10% (wt )  KOH) w i t h  each steam source and w i t h  a  v a r i a b l e  number 
o f  e f f e c t s  i n  t he  evaporator. Based on these balances, bo th  o n s i t e  and 
o f f s i t e  equipment was s ized and u t i l  i t y  demands were determined. The number 
o f  para1 l e l  eva o r a t i o n  t r a i n s  was se t  t o  main ta in  i n d i v i d u a l  evaporator area 5 below 32,000 ft ( t h e  approximate maximum commercial s i z e  today) .  The 
incremental investment and opera t ing  cos ts  were est imated based on comparable 
equipment and opera t ing  cos ts  f o r  t he  CCG Study Design. The incremental 
impact on the  gas cos t  was then est imated us ing t h e  CCG Study Design economic 
bas i s  (100% e q u i t y  f inancing,  15% DCF r e t u r n  on investment, January 1978 
cos t  l eve l ,  East I 1  1  i n o i  s  l oca t i on ) .  By min imiz ing  these incremental gas 
costs, t h e  approximate optimum number o f  e f f e c t s  f o r  each feed concent ra t ion  
a t  each steam pressure were selected. The f i r s t  two l i n e s  i n  Table 5.1-5 
summarize . these optimum cases assuming no l i m i t  t o  t h e  a v a i l a b i l i t y  of 30 
p s i g  steam. The range o f  incremental gas cos ts  shown i n  t h e  t a b l e  r e f l e c t s  
t he  s e n s i t i v i t y  o f  t h e  gas cos t  t o  u n c e r t a i n t i e s  i n  t he  evaporator cos ts  and 
t h e  i n c l u s i o n  o f  a  25% process development allowance. 



Figure 5.1 - 2 

FORWARD FEEDING MULTIPLE-EFFECT EVAPORATOR 
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Note: (1) Pressures Are Cascaded So That P1>P2>P3>Pq = 4 . 5  psia 
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TAULE 5.1 - 5 

INCREMENTAL'GAS COST FOR CONCENTRATING 
DILUTE CATALYST SOLl lT IONS BY EVAPORATION 

11 Process Oasis 
ti 
I1 Cata lys t  Feed: 122.8 k 1b/hr KOH (d ry  bas is)  
0 Feed Concentration: 5 w t %  KOH o r  10 w t ' i  KOH 
0 Product Concentration: 32.2 w t %  KOH 
0 Avai lab le  Steam: O f f s i t e  b o i l e r  steam a t  150 ps ig  and/or 

1 ons i te  waste heat steam a t  10-30 ps ig  
i 
I 

Eclonomi c Bas i s 

CCG Study Design producing 257 GBtu/SD SNG 
100% equ i t y  f i n a n c i n g l l 5 I  DCF r e t u r n  . 

5% KOH Feed 10% KOH Feed 
Evapora t o r  Incren~en ta  1 
E f fec ts  @ Steam Gas Cost, 
Pressure, Ps ig  $/MBtu SNG 

5 @ 150 0.17-0.22 

2 @ 30 0.11-0.14 

4 @ 30 0.12-0.16 

Evaporator Steam . . 
Basis 

A l l  O f f s i t e  B o i l e r  
Steam 

"Unl i m i  ted" Waste 
Heat Steam 

"Limited" Waste Heat . 
Steam ( L i m i t  s e t  by 
1977 CCG Study Design) 

t 

Evaporator I ncre111en t a l  
E f fec ts  8 Steam Gas Cost, 
Pressure, Psig $/MBtu SNG 

5 @ 150 0.37-0.47 

2 @ 30 0.25-0.33 

4 @ 30 
0.32-0.46 

5 @ 150 
1 



A comparison o f  t h e  r e s u l t s  f o r  t h e  high-pressure ( o f f s i t e  b o i l e r )  steam 
and u n l i m i t e d  low-pressure steam cases shows t h a t  f o r  bo th  feed concentrat ions, 
t h e  impact on gas cos t  i s  minimized by u t i l i z i n g  t h e  o n s i t e  waste heat t o  
r a i s e  the  requ i red  low-pressure steam. However, eva lua t i on  of t h e  Study 
Design heat balance i nd i ca tes  t h a t  t he re  i s  no t  s u f f i c i e n t  waste heat a v a i l -  
ab le t o  r a i s e  the  low-pressure steam requ i red  t o  operate t h e  evaporator a t  t h e  
optimum cond i t ions .  With t h i s  cons t ra in t ,  e i t h e r  more e f f e c t s  must be added 
t o  the  evaporator t o  make i t  more the rma l l y  e f f i c i e n t  o r  high-pressure steam 
must be used t o  f i l l  t h e  d e f i c i t .  I f  more e f f e c t s  are added t o  t h e  evaporator, 
l ess  steam i s  required, b u t  t h e  incremental gas cos t  w i l l  increase due t o  
h igher  investment charges. I f  o n l y  a few e f f e c t s  are added, t h e  incremental 
gas cos t  increases above t h e  optimum, b u t  i s  s t i l l  l ess  than t h a t  f o r  a l l  
h igh-pressure steam. The l a s t  l i n e  i n  Table 5.1-5 summarized t h e  rough 
optimum cases us ing t h e  low-pressure steam est imated t o  be a v a i l a b l e  based on 
t h e  CCG Study Design heat balance. 

I n  t h e  case o f  5% KOH feed w i t h  l i m i t e d  steam, a l l  a v a i l a b l e  30 p s i g  
steam i s  used i n  a f o u r - e f f e c t  evaporator t o  concentrate about 40% o f  t h e  
t o t a l  feed. Add i t i ona l l y ,  t h e  low- level  waste heat which remains a f t e r  
r a i s i n g  t h e  30 p s i g  steam i s  used t o  r a i s e  10 ps ig  steam. The.10 p s i g  steam 
i s  used i n  a th ree -e f fec t  evaporator t o  concentrate about 30% o f  t h e  feed. 
The remaining feed (30%) i s  concentrated i n  a f i v e - e f f e c t  evaporator w i t h  
h igh-pressure steam. (The incremental gas cos t  o f  us ing  a l l  10 p s i g  steam 
i s  g rea te r  than t h e  incremental gas cos t  o f  us ing a combinat ion o f  10 p s i g  
and 30 p s i g  steam.) I n  t he  case o f  10% ( w t )  KQH feed, t h e  s o l u t i o n  can be 
evaporated t o  32.2% ( w t )  e n t i r e l y  w i t h  30 p s i g  steam i n  a f o u r - e f f e c t  
evaporator.  

The impacts o f  evaporat ing d i l u t e  c a t a l y s t  s o l u t i o n s  on t h e  o v e r a l l  CCG 
process e f f i c i e n c y  and gas cos t  are much less  i f  t h e  s o l u t i o n  from c a t a l y s t  
recovery i s  10% ( w t )  KOH r a t h e r  than 5% (w t ) .  For 10% (w t )  KOH so lu t i on ,  no 
supplemental o f f s i t e  steam i s  required, and thus the  impact on process 
e f f i c i e n c y  i s  s l  i gh t .  The 10% ( w t )  KOH case a lso shows a c l e a r  economic 
i n c e n t i v e  over t h e  5% ( w t )  case. The incremental gas cos t  f o r  concent ra t ing  
t h e  10% ( w t )  s o l u t i o n  t o  32.2% ( w t )  i s  0.12-0.19 $/MBtu, o n l y  2-3% of t h e  
CCG Study Design gas cos t  o f  6.18 $/MBtu. However, evaporat ing more d i l u t e  ' 
s o l u t i o n s  could have a s l i g h t l y  g rea te r  cos t  impact. The incremental gas cos t  
f o r  concent ra t ing  t h e  5% (w t )  s o l u t i o n  i s  0.32-0.46 $/MBtu. 

I n t e a r a l  Steam Reformer Heat I n ~ u t  Studv 

A key fea tu re  o f  t h e  C a t a l y t i c  Coal G a s i f i c a t i o n  process i s  t h e  recyc le  
of CO and H2 t o  t h e  g a s i f i e r .  Th i s  f o rces  the  ne t  products o f  g a s i f i c a t i o n  
t o  be o n l y  CHq and C02 along w i t h  smal ler  amounts o f  H2S and NH3. 
Using t h i s  approach, t h e  o v e r a l l  chemi'stry can be represented as fol lows: 

Coal + Hz0 + CH4 + C02 A H  = 0 

Thus, c o a l  i s  converted t o  methane i n  a s i n g l e  r e a c t i o n  step which i s  
approximately t he rma l l y  neu t ra l .  A small  amount o f  heat input  i s  requ i red  
t o  preheat t he  feed coal, r e c y c l e  gas, and steam t o  r e a c t i o n  temperature, t o  
account f o r  c a t a l y s t  reac t ions ,  and t o  p rov ide  f o r  g a s i f i e r  heat losses. 



I n  t he  1977 CCG Study Design, t h i s  heat i npu t  was suppl i e d  by  heat ing  t h e  
steam and recyc le  gas i n  a  furnace t o  1540°F. Th is  preheat i s  s u f f i c i e n t  t o  
prov ide f o r  the  heat i npu t  requirements l i s t e d  above. The preheat furnace 
design temperature was se t  a t  1575'F t o  a1 low f o r  opera t ing  f l e x i b i l  i t y  and 
con t ro l .  A schematic f l o w  p lan  f o r  t h i s  system i s  shown i n  F i g u r e  5.1-3. 

I n  prev ious Exxon funded work, t h e  concept o f  us ing a  steam reformer f o r  
heat input  was i d e n t i f i e d .  I n  t h i s  concept, a  small amount o f  methane i s  
reformed t o  make add i t i ona l  CO and H2 f o r  feed t o  t h e  g a s i f i e r .  Th is  CO and 
H2 forms methane i n  t h e  g a s i f i e r ,  thus  p rov id ing  bo th  chemical and sens ib le  
heat input .  The use o f  a  reformer prov ides greater  f l e x i b i l i t y  than t h e  base 
case heat input  scheme which uses o n l y  sens ib le  heat f o r  heat input .  The 
reformer cou ld  be e i t h e r  a  small re former opera t ing  i n  p a r a l l e l  w i t h  t h e  
preheat furnace, o r  t h e  reformer cou ld  rep lace the  preheat furnace by reforming 
methane a l ready present i n  t h e  recyc le  gas. Th is  l as t '  a l t e r n a t i v e ,  c a l l e d  an 
I n t e g r a l  Steam Reformer, was shown by prev ious rough screening s tud ies  t o  be 
lower i n  cos t  than a  p a r a l l e l  reformer b u t  was an economic s tando f f  w i t h  t h e  
base case u t i l i z i n g  a  preheat furnace. 

A study was i n i t i a t e d  dur ing  February t o  consider t h e  I n t e g r a l  Steam 
Reformer i n  g reater  depth us ing  t h e  CCG Study Design basis.  A schematic f low 
p lan  f o r  t h i s  system i s  a lso shown i n  F igu re  5.1-3. Work i s  underway t o  
evaluate several a l t e r n a t i v e  processing cond i t i ons  i n c l u d i n g  a  range o f  steam 
reformer c o i l  o u t l e t  temperatures and steam conversions. The CCG r e a c t o r  
system m a t e r i a l  and energy balance model has' been modi f ied  t o  incorpora te  t h e  
steam reforming process o p t i o n  and i n i t i a l  s imulat ions have been c a r r i e d  out .  
I n i t i a l  study r e s u l t s  f o r  reformer c o i l  o u t l e t  temperature and steam conver- 
s ion  are summarized below. 

e Reformer C o i l  Ou t l e t  Temperature - Steam reformer c o i l  o u t l e t  tempera- 
t u r e s  (COT) f rom 1400'F t o  1500°F have been evaluated a t  t h e  base 
case c o i l  o u t l e t  pressure o f  520 ps ia.  A comparison o f  t h e  cases i s  
shown below: 

Basis: 14,490 ST/SD Coal feed t o  g a s i f i e r  
G a s i f i e r  opera t ing  cond i t i ons  o f  1275"F, 500 ps ia.  

Co i l  Ou t l e t  Temperature 1400°F 1500°F % Change 

Recycle Gas Rate, l b  moles/hr 66,300 
Raw G a s i f i e r  Product Rate, 1  b  moles/hr 181,600 
Acid Gas Removal Feed, l b  moles/hr 127,000 
Overa l l  Steam Conversion, % .3 9 
O f f s i t e  Steam Required, 1  b  moles lh r  64,400 
R e l a t i v e  G a s i f i e r  Volume 100 
Reformer Furnace Duty, MBtu 680 

H r 
Net Methane Product, GBtu 252.1 

SD 

The c r e d i t s  f o r  h igher  temperature inc lude reduced gas f l o w  rates,  
reduced steam requirements, reduced furnace duty, e tc .  The d e b i t  f o r  t h e  
h igher  temperature w i l l  be a  h igher  furnace investment. I t  i s  be l i eved  t h a t  
t h e  e red i t s -  of h igher  reformer o u t l e t  temperature o f f s e t  t h e  deb i t s .  





a Steam Conversion - A range o f  o v e r a l l  steam conversions from 41 t o  50% 
was evaluated. These r e s u l t s  are shown below: 

. . 

Basis: 14,490 STISD Coal feed t o  g a s i f i e r ,  
.. Gas i f i e r  opera t ing  cond i t i ons  o f  1275"F, 500 psia, and 

steam reformer c o i l  o u t l e t  temperature o f  1450°F. 

Overa l l  Steam Conversion, % 

Recycle Gas Rate, l b  moles lh r  59,200 53,700 51,300 
G a s i f i e r  Product Rate, l b  moles lh r  163,200 148,000 141,400 
Acid Gas Removal Feed, l b  moles lh r  113,500 109,600 108,100 
O f f s i t e  Steam Required, l b  m l e s l h r  58,600 48,400 44,000 
Reformer Furnace Duty, MBtu/hr 650 630 620 
Re la t i ve  G a s i f i e r  Volume 100 130 160 
Net Methane Product, GBtuISD 253.7 254 .O 254.1 

The c r e d i t s  f o r  h igher  steam conversion i nc lude  reduced gas f l o w  rates,  
reduced steam requirements, reduced furnace duty, e tc .  The d e b i t  f o r  t h e  
h igher  steam conversion w i l l  be h ighe r  g a s i f i e r  investment. It i s  be l ieved 
t h a t  t h e  47% steam conversion case represents the  optimum balance. 

Other process op t ions  f o r  t h e  I n t e g r a l  Steam Reforming Study are c u r r e n t l y  
under evaluat ion.  The g a s i f i e r  product gas stream downstream o f  H2S removal 
( con ta in ing  CH4, CO, H2 and C02) i s  being evaluated as an a l t e r n a t i v e  
steam reformer f u e l  i n  p lace  o f  methane used i n  t h e  base case. Also, t h i s  
same stream i s  being considered as supplemental feed t o  t h e  reformer f o r  
g a s i f i e r  heat i npu t  c o n t r o l  i n  p lace  o f  methane product.  These opt ions  may 
o f f e r  investment and opera t ing  cos t  savings by reducing t h e  feed r a t e  t o  t h e  
C02 removal and cryogenic methane separat ion sect ions o f  t h e  CCG process and 
by increas ing  t h e  n i t r o g e n  purge r a t e  from t h e  r e c y c l e  gas loop. Fol lowing 
s e l e c t i o n  o f  t he  p re fe r red  I n t e g r a l  Steam Reformer process cond i t ions ,  equipment 
design, investments, and economics w i l l  be developed f o r  comparison t o  t h e  CCG 
Base Case.. 

Two Stage G a s i f i e r  Incent  i.ve Study 

I n  the  C a t a l y t i c  Coal G a s i f i c a t i o n  Study Design, a s imple f l u i d i z e d  
bed g a s i f i e r  w i t h  one g a s i f i c a t i o n  stage was used t o  achieve a t a r g e t  carbon 
conversion o f  90%. A previous study done dur ing  t h e  Predevelopment Phase of 
research i nves t i ga ted  t h e  use o f  a second g a s i f i c a t i o n  stage t o  increase 
o v e r a l l  carbon conversion t o  95%. I n  t h i s  study, f i n e s  and char withdrawn 
from t h e  f i r s t  g a s i f i c a t i o n  stage were fed  t o  t h e  second g a s i f i c a t i o n  stage. 

- The pr imary g a s i f i e r  was operated i n  p a r a l l e l  a t  t h e  same temperature. S t e m  
and r e c y c l e  gas from t h e  preheat furnace were f e d  i n  p a r a l l e l  t o  each gasi -  

I 
f i c a t i o n  stage. This  process c o n f i g u r a t i o n  showed o n l y  a smal l  gas cos t  
savings o f  about 0.6% r e l a t i v e  t o  t h e  s i n g l e  stage base case. 

I 

A b r i e f  i n c e n t i v e  study o f  an a l t e r a t i v e  two-stage g a s i f i c a t i o n  concept 
was completed du r ing  t h e  f i r s t  'quar te r .  The two-stage g a s i f i e r  process con- 
f i g u r a t i o n  selected f o r  t h i s  study i s  i l l u s t r a t e d  i n  F igu re  5.1-4. I n  t h i s  
scheme, coa l  i s  f ed  t o  t h e  f i r s t  stage g a s i f i e r  which operates a t  low 

-- - . . 



- FIGURE 5.1-4 
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temperature (1225°F). The coal  i s  f l u i d i z e d  and g a s i f i e d  by product  gas from 
t h e  second stage g a s i f i e r .  A carbon conversion o f  80% i s  achieved i n  t h i s  
f i r s t  stage. The char and f i n e s  from t h e  f i r s t  stage are withdrawn and f e d  t o  
t h e  second-stage g a s i f i e r .  Th is  operates a t  a h igher  temperature (1325°F) t o  
achieve h igh  carbon conversions. Steam and recyc le  gas from t h e  preheat 
furnace are fed  t o  t h e  secondary g a s i f i e r  t o  achieve an o v e r a l l  carbon conver- 
s ion  o f  95% f o r  t h e  two g a s i f i e r  stages. 

Th is  concept d i f f e r s  from t h a t  evaluated i n  t he  predevelopment research 
phase i n  t h a t  t h e  two g a s i f i c a t i o n  stages are operated i n  se r i es  w i t h  respect  
t o  steam and recyc le  gas f low.  Th i s  permi ts  opera t ing  t h e  g a s i f i e r s  a t  
d i f f e r e n t  temperatures. Reduced recyc le  gas r a t e s  are achieved by opera t ing  
the  upper stage a t  a lower temperature (1225°F) and h igh  carbon conversions 
are obta ined by  opera t ing  t h e  bottom stage a t  a h igher  temperature (1325°F). 

A summary o f  t h e  process bas i s  and heat and m a t e r i a l  balance i s  prov ided 
i n  Table 5.1-5. The two-stage g a s i f i e r  case was evaluated on t h e  bas i s  o f  t h e  
same coal  feed r a t e  t o  g a s i f i c a t i o n  as the  CCG Study Design. T o t a l  g a s i f i e r  
steam requ i red  increased by 10% w h i l e  t h e  r e c y c l e  gas r a t e  decreased by 12%. 
Due t o  the  lower temperature i n  t he  f i r s t - s t a g e  reac tor ,  t h e  preheat furnace 
c o i l  o u t l e t  temperature decreased from 1543 t o  1500°F. The net  SNG product  
r a t e  increased t o  271.3 GBtuISD (up 5.6%) w h i l e  t h e  o v e r a l l  p l a n t  e f f i c i e n c y  
increased by 3.1%. 

Rough screening economics were developed f o r  t h i s  two-stage g a s i f i c a t i o n  
scheme. As shown i n  Table 5.1-7, t o t a l  investments are up by 5.1% over  t h e  
base case. This  i s  a s l i g h t l y  smal ler  percentage increase than the  increase 
i n  p l a n t  SNG output  (5.6% increase) .  The most s i g n i f i c a n t  investment increase 
i s  associated w i t h  a l a r g e r  f i r s t  stage g a s i f i e r  volume requ i red  f o r  t h e  lower 
reac to r  temperature (1225°F) than t h e  base case and f o r  t h e  a d d i t i o n  of t h e  
separate second stage g a s i f i e r .  Also, steam generat ion investments are 
increased due t o  t h e  increased steam requirements f o r  t h i s  case. 

Process economics are presented i n  Table 5.1-8. The t o t a l  gas cos t  w i t h  
two-stage g a s i f i c a t i o n  i s  2.3% l e s s  than t h e  Study Design cost.  Savings are 
achieved i n  coal, c a t a l y s t ,  and opera t ing  costs. Thus, based on these resu l t s ,  
t he re  appears t o  be an i n c e n t i v e  f o r  staged g a s i f i c a t i o n .  However, a d d i t i o n a l  
research and support ing engineer ing s tud ies  would be requ i red  t o  develop a 
b e t t e r  est imate o f  t h e  i n c e n t i v e  f o r  two-stage g a s i f i c a t i o n .  Add i t i ona l  da ta  
are requ i red  t o  f i r m  up r e a c t i o n  k i n e t i c s  a t  t h e  lower g a s i f i e r  temperature of 
1225°F and a t  carbon conversions over  90%. The cu r ren t  da ta  base a t  these 
cond i t i ons  i s  l i m i t e d  s ince  t h e  F l u i d  Bed G a s i f i e r  (FBG) runs  made du r ing  t h e  
predevelopment research phase were genera l l y  a t  temperatures of 1300'F and 
carbon conversions o f  80-90s. Add i t i ona l  da ta  are a l so  requ i red  t o  a1 low 
b e t t e r  p r e d i c t i o n  of t h e  r a t e  o f  f i n e s  en t ra ined from t h e  pr imary  g a s i f i e r  and 
t h e  a b i l i t y  of t h e  two stage system t o  r e t a i n  and g a s i f y  t h e  f i n e s .  Data on 
lower g a s i f i c a t i o n  temperatures, h igher  carbon conversions and f i n e s  genera- 
t i o n  w i l l  be obta ined as p a r t  o f  t h e  cu r ren t  Process Development Program. 
These data  can then be used f o r  a more d e f i n i t i v e  est imate o f  t h e  i n c e n t i v e  
f o r  a two-stage g a s i f i c a t i o n  system. 



Tab le  5.1-6 

INCENTIVE STUDY FOR TWO-STAGE GASIFICATION 

Reactor System 

Free Carbon Convers i o n  
Pr imary  G a s i f i e r  
O v e r a l l  

Cond i t ions :  
Pr imary    as if i e r s  
Secondary Gas i f  i e r  

Key Stream Rates: 
Coal Feed t o  G a s i f i e r ,  STISD (1 )  
Coal t o  B o i l e r s ,  STISD 
Coal t o  Dryer  Fuel ,  ST/SD 

T o t a l  Coal, STISD 

T o t a l  G a s i f i e r  Steam, MPH 

T o t a l  Recyc le  Rate, MPH 

Preheat Furnace C o i l  
O u t l e t  Temperature, OF 

Net SNG Product Rate, GBtu/SD 

U t i l i t i e s  Requirements: 
E l e c t r i c  Power, MW 
Raw Water, GPM 

O v e r a l l  Thermal E f f i c i e n c y  (2 )  

Two-St age 
Base Case G a s i f i c a t i o n  

"Pr imary" G a s i f i e r  Pr imary  and ,-, 

On ly  Secondary Gas i f  i e r s  

1275OF1500 p s i a  - 1225" F l500  p s i  a 
1325" F/520 ps-i a 

Notes: 

(1)  Two-stage g a s i f i c a t i o n  eva lua ted  on t h e  b a s i s  o f  cons tan t  c o a l  feed  
r a t e  t o  g a s i f i c a t i o n .  

( 2 )  Thermal e f f i c i e n c y  i nc l udes  purchased e l e c t r i c  power (eva lua ted  a t  a 
power p l a n t  hea t  r a t e  o f  8,950 Btu/KWH) and by-products.  



Two Stage G a s i f i c a t i o n  I n c e n t i v e  Study 
R e l a t i v e  Investment Breakdown 

Basis: Base Case T o t a l  Investment = 100 

Ons i tes  

Coal D ry i ng /Ca ta l ys t  A d d i t i o n  
Reactor System 
Product Gas Cool ingIScrubbing 
Sour Hz0 S t r i  p p i  ng/NH3 Recovery 
Ac id  Gas Removal/Sul fur Recovery 
Methane Recovery 
R e f r i g e r a t i o n  
C a t a l y s t  Recovery 
Common Fac i  1 i t  i es 

Ons i tes  S u b t o t a l  

O f f s i t e s  

U t i 1 , i t i e s  
M a t e r i a l s  Hand l ing  
General O f f  s  it es 

O f f s i t e s  Sub to ta l  

Base 
Case 

Two-St age 
G a s i f i c a t i o n  

Process Development Allowance 
725% o f  Ons i t e  D i r e c t  & I n d i r e c t  Cost)  10.8 11.4 

T o t a l  P l a n t  TEC 100.0 105.1 



Table 5.1-8 

Two-Stage G a s i f i c a t i o n  I n c e n t i v e  Study 
Summary o f  Re1 a t i v e  Gas Cost 

Basis:  Base Case T o t a l  Gas Cost = 100 

Gas Cost Components 
Base Two Stage 
Case G a s i f i c a t i o n  

Coal t o  G a s i f i e r s  17.6 16.6 
Coal t o  Dryer  Fue l  0.9 0.8 
Coal t o  O f f s i t e  B o i l e r s  3.4 - 3.5 

Subtot  a1 21.9 20.9 

Major  Chemicals 

KOH S o l u t i o n  ( 3 0  w t .  %) 3.4 3.2 
Lime (97% CaO) - 2.4 - 2.2 

Subto ta l  5.8 5.4 

Other Opera t ing  Costs 

Purchased E l e c t r i c  Power 
Raw Water 
Other  C a t a l y s t s  & Chemicals 
Wages and B e n e f i t s  
S a l a r i e s  and B e n e f i t s  
Labor Re la ted  Opera t ing  Costs 
Investment Re la ted  Op. Costs 
Ash D isposa l  

Sub to ta l  

By-Products C r e d i t s  

C a p i t a l  Charges (1 )  
Re1 a t  i v e  Gas Cost, %/MBtu 

Gas Cost Savings, % 

Note: 

( 1 )  C a p i t a l  charges based on 100% e q u i t y  f i nanc ing ' ,w i t h  15% DCF r e t u r n .  



5.2 Systems Model i n 9  

Systems modeling work i s  being c a r r i e d  ou t  as p a r t  o f  t h e  CCG Process 
Development Program t o  develop mater i  a1 and energy balance t o o l s  which' w i  11 
reduce t h e  engineer ing e f f o r t  requ i red  t o  do screening s tud ies  and process 
d e f i n i t i o n  studies.  A m a t e r i a l  balance model f o r  t h e  c a t a l y s t  recovery system 
was completed du r ing  t h e  f i r s t  quar ter .  Work i s  con t i nu ing  on t h e  development 
of a  ma te r i a l  and energy balance model f o r  t h e  CCG r e a c t o r  system. 

Cata lys t  Recovery ~ a t e r  i a1 Bal ance Model 

Cata lys t  recovery as incorporated i n  t h e  CCG Commercial P lan t  Study 
Design invo lves  "d iges t ion"  o f  g a s i f i e r  char and f i n e s  w i t h  Ca(OH)2 t o  
s o l u b i l i z e  most o f  t h e  c a t a l y t i c  potassium sa l t s ,  fo l lowed by mu l t i - s tage  
countercurrent  leaching w i t h  water t o  remove t h e  so lub le  c a t a l y s t  f rom t h e  
g a s i f i e r  and calc ium so l i ds .  Ma te r i a l  balances f o r  t h i s  system have requ i red  
extensive stage-by-stage hand ca l cu la t i ons ,  as we1 1  as some simp1 i f y i n g  
assunpt ions. The new c a t a l y s t  recovery ma te r i  a1 b a l  ance model has been 
developed t o  perform r i go rous  stage-by-stage c a l c u l a t i o n s  t a k i n g  i n t o  account 
t h e  s o l i d - l i q u i d  separat ion e f f i c i e n c i e s  f o r  i n d i v i d u a l  stages. This  computer 
model w i l l  be used s h o r t l y  i n  screening s tud ies  t o  determine pre fer red  process 
conf igura t ions ,  ope ra t i ng  condi t ions,  and s o l i d - l i q u i d  separat ion methods f o r  
t h e  c a t a l y s t  recovery system. 

F igure  5.2-1 represents one stage i n  t h e  countercur ren t  leaching sequence. 
Each stage invo lves  mix ing  o f  s o l i d s  from a  r i c h e r  (more concentrated) s tage 
w i t h  s o l u t i o n  from a  leaner ( l e s s  concentrated) stage, f o l l owed  by  s o l i d -  
l i q u i d  separat ion t o  produce a  r i c h e r  s o l u t i o n  stream and a  leaner s o l i d s  
stream. The c a t a l y s t  recovery model i s  capable o f  hand1 i n g  these f o u r  streams 
as we l l  as an i n t e r n a l  stream represent ing t h e  feed t o  t h e  s o l i d l l i q u i d  
separat ion device and a  ne t  s ide  feed stream. The l a t t e r  stream would be used 
t o  represent any spec ia l  feeds o r  products t h a t  may be involved.  One example 
i s  Ca(0H)z d iges t i on ,  where calc ium s o l i d s  are added and water i s  consumed 
i n  chemical reac t ions .  P rov i s ion  i s  a lso made w i t h i n  t h e  model t o  r e f l e c t  
adsorpt ion o f  so lub le  potassium s a l t s  on t h e  so l i ds .  

The model i s  capable o f  c a l c u l a t i n g  any one o f  t h e  f o l l o w i n g  th ree  
parameters, w i t h  t h e  remaining two s p e c i f i e d  by  t h e  user: 

Ove ra l l  c a t a l y s t  recovery 

Recovered " r i c h "  s o l u t i o n  concent ra t ion  

p umber o f  washing ( leaching)  stages. 

Varying r i c h  s o l u t i o n  concent ra t ion  i s  equ iva len t  t o  vary ing  wash water 
ra te .  Other requ i red  i npu ts  are the  r i c h  s o l i d s  feed t o  the  f i r s t  ( r i c h e s t )  
stage as w e l l  as the  s o l i d - l i q u i d  separat ion performances and s ide  feed 
streams f o r  a l l  stages. 

The m a t e r i a l  balance r o u t i n e s  i n  t h e  model were v a l i d a t e d  by d u p l i c a t i n g  
t h e  c a t a l y s t  recovery m a t e r i a l  balance f o r  t h e  CCG Study Design. The m a t e r i a l  
balances f o r  so lub le  c a t a l y s t  sa l ts ,  water, and i n s o l u b l e  s o l i d s  a l l  c losed t o  



F i g u r e  5.2-1 

CATALYST RECOVERY MATERl  A L  BALANCE MODEL: 
STAGE CONFIGURATI ON AND STREAMS 

l n t e r n a l  S t ream t o  
So l id -L iqu id  Separat ion 

I- - - - -1 
I I 
I * I 

I 

4 Leaner  S o l u t i o n  
F r o m  Stage J +1 

L e a n e r  Sol ids 
* T O  Stage ~ + 1  

R i c h e r  Solution, 
T o  Stage J-1 

R i c h e r  Sol ids 
F r o m  Stage J-1 

A 

Net  S ide Feed 
S t  ream 

To  Stage J 

Stage J 

( ' M i x e r  a n d  

So l id -L iqu id  

Separa to r  1 



within +0.01%. Numerous t e s t  cases were run t o  validate various material 
bal ance-convergence and output opt ions. After minor modifications to  improve 
the convergence methods, a l l  cases converged sa t i s fac tor i ly .  Computer costs 
per run were very low. The model i s  now avail able fo r  use in engineering and 
laboratory studies of the catalyst  recovery system. 

CCG Reactor System Material and Energy Balance Model 

Development of the updated CCG reactor system model t o  material and 
energy balance ca ta ly t ic  gasif iers  and the associated recycle gas loop 
continued during the f i r s t  quarter of 1979. Updated computer tools  are 
needed t o  allow greater efficiency, f l ex ib i l i t y ,  and consistency in carrying 
out the laboratory guidance studies planned under the current program. 

During the period, def ini t ive plans covering capabi l i t ies ,  options, 
input/output, and basic program logic were developed for  the overall model 
and the individual model blocks. Three main blocks are being programmed t o  
model the heart of the commercial process, the gas i f ie r  i t s e l f :  

The f i r s t  block models the CCG gas i f ie r  solids material and energy 
balance. This block feeds coal and catalyst  and produces "reacting 
coal" ( the  port ion of the solids feed which i s  gasified) and spent 
sol ids (unreacted char, ash, and ca ta lys t ) .  Sol ids stream enthalpies, 
including the e f fec ts  of catalyst-coal react ions, are also calculated. 

The second block feeds the "reacting coal" and the various gaseous 
feed streams and produces an effluent gas a t  specified s h i f t  and 
methanation equil ibr ia .  

The third block car r ies  out the overall gas i f ie r  energy balance. The 
model has the f lexibi  1 i  t y  t o  energy-bal ance other re1 ated reactor 
systems, such as steam reformers. 

This functional breakdown of the gas i f ie r  model into three independent blocks 
will f a c i l i t a t e  modeling of flowsheets or gas i f ie r  configurations different  
from the base case in future lab guidance and process improvement studies. 

The programming of these three model blocks was well along by the end of 
the quarter. The f i r s t  two blocks were programmed and debugged in preparation 
for  validation with the commercial base case ( the  Predevelopment Program Study 
Design). However, modeling of catalyst-coal react ions has been deferred until 
the second quarter. The third block was programmed and debugging was underway. 
Upon completion of t h i s  work these three blocks will be incorporated within 
the framework provided by "COPE", Exxonl s proprietary process network simul a t  ion 
program. The  overall COPE simulation w i  11 model the materi a1 balances for  the 
cleanup and separations steps downstream of the gasif ier ,  and converge the 
overall materi a1 balance and gas i f ie r  energy balance. 

Work during the second quarter of 1979 will include programming of 
catalyst-coal reaction ef fec ts ,  validation of the overall model using the 
CCG Study Design and other selected cases, and document at ion of the model. 
In addition, an optional block will be programmed to incorporate the gas i f ie r  
kinetics/contacting model as updated during the CCG Predevelopment Program. 
This feature will allow calculation of the gas i f ie r  bed s ize  as well as the 
mater i  a1 and energy bal ance. 



5.3 Engineering Technoloqy Studies 

As p a r t  o f  t h e  CCG Process. Development Program, a  coordinated se t  o f  
engineering technology programs i s  being conducted t o  develop fundament a1 
process and equipment technology t o  support t h e  o v e r a l l  l abo ra to ry  and 
engineering process development e f fo r t .  As o f  March, work was underway 
on f i v e  o f  these programs, as described below. A d d i t i o n a l  programs w i  11 be  
i n i t i a t e d  l a t e r  i n  1979. 

Evaluat ion o f  Construct i o n  Ma te r ia l s  f o r  C a t a l y t i c  G a s i f i c a t i o n  

The major o b j e c t i v e  o f  t h i s  engineering technology program i s  t o  assemble 
a  da ta  base on m a t e r i a l s  performance f o r  those p l a n t  sect ions which have 
ma te r ia l s  cons idera t ions  unique t o  c a t a l y t i c  g a s i f i c a t i o n .  The main focus o f  
t h e  program w i l l  be i n - s i t u  m a t e r i a l s  eva lua t i on  i n  t h e  CCG PDU a t  Baytown, 
Texas. 

A d e t a i l e d  summary o f  t h e  proposed m a t e r i a l s  eva lua t i on  program f o r  t h e  
PDU has been prepared. This  summary descr ibes t h e  loca t ion ,  t e s t  type, and 
ma te r ia l s  f o r  each co r ros ion  probe and rack. I n  add i t ion ,  t e n t a t i v e  recom- 
mendations have been made on inspect ion  and stream sampl ing. F i n a l l y ,  
a  program has been o u t l i n e d  f o r  f a i l u r e  ana lys is  o f  se lected components and 
f o r  systematic d e s t r u c t i v e  examination o f  c r i t i c a l  t ub ing  sect ions. 

During the  f i r s t  qua r te r  o f  1979, a l l  e i g h t  co r ros ion  racks t o  be 
i n s t a l l e d  i n  t he  PDU were fabr ica ted ,  assembled, and shipped t o  Baytown. 
The racks and t e s t  m a t e r i a l s  are summarized i n  Table 5.3-1. The two co r ros ion  
probes are a lso l i s t e d .  Fab r i ca t i on  o f  a  second se t  o f  racks and specimens 
w i l l  begin i n  t h e  second quar ter .  

A base l ine  non-des t ruc t ive  t e s t i n g  (NDT) survey o f  t h e  PDU i s  underway. 
The recorded base l ine  da ta  w i l l  be compared t o  NDT readings obta ined du r ing  
PDU opera t ion  t o  mon i to r  metal  l oss  on a  p e r i o d i c  basis .  

An agreement- in-pr inc ipal  was obta ined from DOE f o r  m a t e r i a l s  screening 
t e s t s  f o r  the  CCG process a t  the  Bureau o f  Mines' Tuscaloosa Me ta l l u rgy  
Research Center. To i n s t i t u t e  and d iscuss these proposed tes ts ,  a  j o i n t  
meeting w i t h  DOE and Tuscaloosa was,held i n  March. Tests under d iscuss ion  
would i nvo l ve  'exposure o f  se lected metal and r e f r a c t o r y  specimens t o  simul ated 
CCG process g a s i f i e r  cond i t ions .  The s p e c i f i c  purpose i s  t o  look f o r  evidence 
of mol ten s a l t / s l a g  at tack,  which might be caused by t h e  presence o f  KOH o r  
another potassium s a l t  g a s i f i c a t i o n  c a t a l y s t .  Accelerated r e f r a c t o r y  a t tack  
by a1 k a l  i s  has been documented by Tuscaloosa and o the rs  a t  h igh  temperatures 
(e.g., 1800°F), b u t  has never been expl'ored a t  CCG reac to r  temperatures (ca. 
1300°F). D e f i n i t i v e  p lann ing  o f  an R&D program a t  Tuscaloosa w i  11 take  
p lace i n  t h e  second quar te r .  

Vapor-Liquid Equi 1  i b r i a  i n  Sour Water lCata lyst  Systems 

An engineer ing technology program i s  underway w i t h  t h e  o b j e c t i v e  o f  
developing a  vapor - l i qu id  e q u i l i b r i u m  model app l icab le  t o  t h e  sour water 



TABLE 5.3-1 

Test 

1 .  S i t e  - 

CATALYTIC COAL GASIFICATION 
PDU CORROSION RACKS AND PROBES 

Type - 
o f Coupon 

Loc a t  i on  - Test Type Test Mater ia ls  

Gas i f i e r  -'dense phase Rack Refractory Med. w t .  castable w i t h  and wi thout  
Cyl i nders f i b e r  reinforcement 

Gas i f i e r  .- dense phase . Rack Metal Cyl inders . HK-40, 304 SS, 309 SS 

Gas i f i e r  - dense phase Rack Metal d iscs HK-40, 310 SS, 304 SS, 309 SS, 
304 SS Alonized 

Sour water accumul a to r  Rack Met a1 c y l  i nders Carbon steel ,  304 SS, 316 SS, A l l oy  
20, Monel 400, Titanium 

Sour water accumul a to r  Probe Wire element Carbon s tee l  

Sour water s t r i ppe r  Rack Met a1 Cyl i nders Carbon steel ,  304 SS, 316 SS 

Sour water s t r i ppe r  Rack Metal c y l  inders A l l oy  20, Monel 400, T i tan iun  

Char s l u r r y  pot Rack Metal U-bends Carbon steel,  316 SS, Inconel 600, 
Inconel 625, A1 leghany Ludl urn 29-4 

Char d igester  Rack Metal U-bends Carbon steel,  316 SS, Monel 400, 
' 

Inconel 600, A1 leghany Ludlum 29-4 

Char d igester  Probe Wire element Carbon s tee l  



systems i n  the  CCG Process. The systems f o r  which t h e  model would be used 
inc lude t h e  g a s i f i e r  product gas wet scrubbers and condensate drums and t h e  
sour water s t r i p p i n g  f a c i l i t i e s . .  

Work t h i s  qua r te r  has concentrated on developing an experimental  program 
t o  o b t a i n  vapor - l i qu id  e q u i l i b r i u m  data  t o  support t h e  design o f  equipment f o r  
processing sour water streams. A l i t e r a t u r e  search has i d e n t i f i e d  a v a i l a b l e  
experimental  da ta  on t h e  v o l a t i l i t y  o f  ammonia, carbon d iox ide,  and hydrogen 
s u l f i d e  i n  aqueous so lu t ions ,  i n c l u d i n g  so lu t i ons  con ta in ing  c a t a l y t i c  potassium 
compounds. Pre l  i m i  nary screening o f  t h e  quaternary da ta  (ammoni a-carbon 
dioxide-hydrogen su l f ide-water )  has shown t h a t  they  are o f  poor q u a l i t y  above 
140°F. Accurate high-temperature quaternary da ta  must, there fore ,  be 
obtained. Add i t iona l  da ta  on t h e  v o l a t i l i t y  o f  ammonia, carbon d iox ide,  and 
hydrogen s u l f i d e  i n  aqueous s o l u t i o n s  conta in ing  potassium compounds are a lso  
needed. 

A p r e l i m i n a r y  experiment a1 program has been formul ated f o r  ob ta in ing  
t h i s  data, and a l abo ra to ry  has been asked t o  p rov ide  a  cos t  quotat ion.  
I f  t h e  cos t  i s  acceptable, a  con t rac t  w i l l  be prepared t o  c a r r y  ou t  t h i s  
experimental  work du r ing  t h e  c u r r e n t  year. 

Physical  and Thermodynamic P rope r t i es  o f  Cata lys t  Recovery So lu t ions  

Physical  and thermodynamic p r o p e r t i e s  o f  ca ta l ys t - con t  a i  n ing  streams are 
needed t o  design t h e  equipment i n  the  c a t a l y s t  recovery sec t i on  o f  t h e  CCG 
Process. A b r i e f  review o f  t h e  CCG Study Design i d e n t i f i e d  t h e  most important 
p r o p e r t i e s  as densi ty ,  v i s c o s i t y ,  b o i l i n g  po in t ,  and heat c a p a c i t y  o f  aqueous 
s o l u t i o n s  conta in ing  up t o  30 weight percent o f  potassium compounds. Tempera- 
t u r e s  o f  g rea tes t  i n t e r e s t  range from 60 t o  300°F. A 1  i t e r a t u r e  search f o r  
p r o p e r t i e s  o f  aqueous s o l u t i o n s  con ta in ing  potassium hydroxide o r  potassium 
carbonate has been i n  i t  i ated, and p e r t i n e n t  a r t i c l e s  are being c o l l e c t e d  and 
evaluated. Methods must be developed t o  extend t h e  a v a i l a b l e  da ta  t o  t h e  
h igher  temperatures o f  i n t e r e s t  and t o  so lu t i ons  con ta in ing  several potassium 
compounds. Future e f f o r t s  w i l l  be d i r e c t e d  towards developing such methods. 

S l u r r y  Rheology and S o l i d - L i q u i d  Separat ions f o r  Ca ta l ys t  Recovery 

The ob jec t ives .  o f  t h i s  program are t o  i d e n t i f y  and evaluate a l t e r n a t i v e s  
f o r  s o l  i d -1  i q u i d  separat ions i n  c a t a l y s t  recovery and t o  i n v e s t i g a t e  t h e  
r h e o l o g i c a l  p rope r t i es  o f  char p l u s  c a t a l y s t  s o l u t i o n  s l u r r i e s .  Work i s  
underway t o  evaluate a l t e r n a t i v e  s o l i d - l i q u i d  separat ion devices. Laboratory 
f i l t r a t i o n  equipment i s  under cons t ruc t i on  and w i l l  be used t o  measure f i l t r a -  
t i o n  r a t e s  under a v a r i e t y  o f  opera t ing  cond i t ions .  

I n  t h e  CCG Process, an aqueous s l u r r y  o f  g a s i f i e r  char and f i n e s  i s  
contacted w i t h  l i m e  i n  a  d i g e s t e r  vessel. The so lub le  potassium i s  then 
coun te r - cu r ren t l y  leached from t h e  so l i ds .  The c a t a l y s t  recovery depends on 
t h e  s o l i d - l i q u i d  separat ion e f f i c i e n c y  between leaching stages. This  e f f i c i e n c y  
i s  s t r o n g l y  dependent on t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n .  P re l im ina ry  l a b  da ta  
i n d i c a t e  t h a t  t h e  p a r t i c l e s  are f r a g i l e  and break up dur ing  processing. 
Analyses o f  d iges ted  s l u r r i e s  show subs tan t i a l  amounts o f  s o l i d s  below 5 vm. 



The procedures used i n  the digest ion experiments which produced these sanples 
may have l ed  t o  excessive p a r t i c l e  a t t r i t i o n ,  which may be avoidable i n  a 
commercial system. On the other hand, i f  these ear ly  data prove representative, 
separations based on cen t r i fuga l  o r  g rav i ta t iona l  forces may not be economically 
feasible, and f i l t r a t i o n  o r  agglomeration techniques may be necessary. It can 
already be concluded tha t  p a r t i c l e  a t t r i t a b i l i t y ,  i n  addi t ion t o  i n i t i a l  
p a r t i c l e  size, w i l l  be a key fac to r  i n  establ ishing the s u i t a b i l i t y  o f  alterna- 
t i v e  devices. 

. With t h i s  i n  view, a laboratory u n i t  has been designed t o  quant i f y  
t he  a t t r i t a b i l i t y  o f  char pa r t i c l es  as a funct ion o f  l i q u i d  shear r a t e  and 
potassium content. The device consists o f  concentric cyl inders w i th  the  
inner cy l inder  r o t a t i n g  at  speeds up t o  4000 rpm. This arrangement w i l l  
provide a well-defined annular shear f i e l d  f o r  these fu tu re  a t t r i t i o n  Studies. 

Prel iminary f i l t r a t i o n  data from three batch experiments were analyzed t o  
assess the f e a s i b i l i t y  o f  using non-precoated f i l t r a t i o n  f o r  ca ta lys t  recovery. 
These data were obtained i n  1978 under a separate Exxon-funded program. 
S lu r r ies  containing 20% ( w t )  char and potassiun ion  concentrations o f  e i t he r  
8.5 o r  17% ( w t )  were fed t o  a laboratory-scale vacuun f i l t e r .  The resu l t s  o f  
the  data analysis were as fol lows: 

Prel iminary Batch F i l t e r  Data Evaluation 

Sample 

unwashed char 
i n  17% (wt )  K+ solut ion 

%%& unwashed char 
i n  8:5%.(wt) K+ solut ion 

washed char 
i n  17% ( w t )  K* so lu t ion  

F i l t r a t i o n  Rate 
g a l l h r - f t 2  

Cake Resistance A f te r  
cmlgm I n i t i a l  Ten Minutes 

For a l l  three samples, cake resistances were high r e l a t i v e  t o  the  lo9 cmlgm 
= leve l  t yp i ca l  o f  commercial systems. I n i t i a l  i l t r a t i o n  ra tes calculated 4 from the  data ranged from 3.3 t o  4.9 ga l /h r - f t  . These rates, f a i r l y  low 

f o r  commercial use, f a l l  o f f  t o  less than 0.9 ga l /h r - f t2  a f t e r  ten minutes. 
a 

Based on t h i s  p re l  iminary data evaluation, non-precoated f i l t r a t i o n  
does not appear a t t r a c t i v e  f o r  ca ta lys t  recovery. However, addi t ional  data 
are needed w i th  representative s l u r r i e s  o f  known p a r t i c l e  sizes using di f ferent 
media t o  confirm t h i s  conclusion. Laboratory f i l t r a t i o n  equipment was designed 
and i s  being constructed t o  help obta in  t h i s  information. 
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