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I n t r o d u c t i o n  

Dur ing t h e  l i q u e f a c t i o n  o f  low rank coals ,  t h a t  i s  subbituminous o r  
lower, t h e  ca lc ium humates i n  t h e  coa l  decompose t o  form calc ium carbonate s o l i d s .  
These s o l i d s  have been i d e n t i f i e d  i n  t h e  r e a c t o r  s o l i d s  from p i l o t  p l a n t  runs and 
cou ld  be a s i g n i f i c a n t  o p e r a t i o n a l  problem i n  commercial s i zed  equipment. The 
purpose o f  t h i s  paper i s  t o  present  ou r  o p e r a t i n g  experience and proposed s o l u t i o n s  
t o  t h i s  problem as i t  app l i es  t o  the  Exxon Donor Solvent ,  o r  EDS, Process. The 
u n i t s  used i n  the  EDS development program range f rom 3 gram batch r e a c t o r s  t o  a one 
ton-per-day process development u n i t .  

I n  t h e  EDS Process, which i s  shown i n  F igu re  1, crushed coa l  i s  s l u r r i e d  
w i t h  a hydrogen donor r e c y c l e  so l ven t  and l i q u e f i e d  i n  a t u b u l a r  up f l ow  r e a c t o r  t o  
which molecular  hydrogen has been added. The l i q u e f a c t i o n  o p e r a t i n g  c o n d i t i o n s  are 
about 840°F and 2000 ps ig .  The l i q u e f a c t i o n  r e a c t o r  product  i s  separated i n t o  a 
l i g h t  hydrocarbon gas stream, t h e  spent so l ven t ,  which i s  r e c y c l e d  and upgraded i n  
a c a t a l y t i c  hydrogenat ion u n i t ,  t h e  t o t a l  l i q u i d  product  and a r e s i d u a l  bottoms 
s l u r r y  which i s  processed i n  a F l e x i c o k e r  t o  produce process f u e l  and some add i -  
t i o n a l  l i q u i d  product. The ash r e s i d u e  f rom t h e  F l e x i c o k e r  i s  l a n d f i l l e d .  The 
p l a n t  i s  b a l a n c e d  i n  t h a t  t h e  s o l v e n t ,  h y d r o g e n  and p r o c e s s  f u e l  needed a r e  
generated by  t h e  process. For an I l l i n o i s  No. 6 b i tuminous coa l  app rox ima te l y  2.7 
b a r r e l s  o f  l i q u i d  are produced per t o n  o f  d r y  c o a l .  L i q u i d  y i e l d s  f rom a balanced 
p l a n t  process ing lower rank c o a l s  are l e s s  because o f  t h e i r  lower carbon con ten t .  

Source o f  Calcium Carbonate Deposi ts  

Most o f  t h e  ca l c ium i n  low rank coa ls  i s  i n  t h e  form o f  s a l t s  o f  humic 
ac ids.  These ca lc ium humates a r e  rep resen ted  i n  F i g u r e  2. These humates decompose 
i n  t h e  l i q u e f a c t i o n  r e a c t o r  t o  form ca lc ium carbonate. The exact  mechanism f o r  
ca l c ium carbonate fo rma t ion  i s  not  known, b u t  a l l  o f  t h e  components o f  t h e  ca l c ium 
carbonate w i t h i n  t h e  dashed l i n e s  are r e a d i l y  a v a i l a b l e .  The ca l c ium i s  i o n i c a l l y  
bonded t o  c a r b o x y l i c  ac id  and sometimes pheno l i c  groups i n  t h e  coa l .  S ince these 
groups are weak acids, t h e  ca l c ium can be ion-exchanged. There a re  a l so  o t h e r  
ca l c ium s a l t s  present i n  c o a l .  C a l c i t e  and gypsum are found predominate ly  i n  
h i g h e r  rank coals ,  b i tuminous and above, and are s t a b l e  under l i q u e f a c t i o n  cond i -  
t i o n s .  The t h r e e  coa ls  s tud ied  i n  g rea tes t  d e t a i l  f o r  ca l c ium carbonate d e p o s i t i o n  
are:  a Wyoming subbituminous coa l  f rom t h e  Wyodak mine, a Nor th  Dakota l i g n i t e  f rom 
t h e  I n d i a n  Head Mine and a Texas l i g n i t e  f rom t h e  B i g  Brown Mine. 

I d e n t i f i c a t i o n  o f  Calcium Carbonate Problem 

During t h e  second q u a r t e r  o f  1975, a screening s tudy was completed 
on t h e  Wyoming subbituminous c o a l .  I n s p e c t i o n  o f  t h e  r e a c t o r s  used i n  these 
runs  revea led  ca lc ium carbonate d e p o s i t i o n  as w a l l  sca le.  S ince t h i s  was n o t  
a problem s p e c i f i c  t o  t h e  p i l o t  u n i t s  used, ca l c ium carbonate d e p o s i t i o n  cou ld  
have a s i g n i f i c a n t  impact on t h e  o p e r a t i o n  o f  a comnercial u n i t .  A s tudy  was 
then  i n i t i a t e d  t o  i d e n t i f y  t h e  magnitude o f  t h i s  d e p o s i t i o n  problem. 
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The bench s c a l e  and p i l o t  u n i t s  used i n  t h e  ca lc ium carbonate d e p o s i t i o n  
s tudy  range f rom 3 gram batch  tube au toc lave  r e a c t o r s  t o  a one ton-per-day P i l o t  
P lan t .  Each o f  these u n i t s  p l a y s  an i n t e g r a l  p a r t  i n  t h e  t e s t i n g  o f  s o l u t i o n s  t o  
t h e  ca lc ium carbonate problem. Some so lu t i ons  can e a s i l y  be t e s t e d  i n  the  batch 
reac to r ;  whereas o t h e r  s o l u t i o n s  must be t e s t e d  i n  a f l o w  u n i t .  The l i q u e f a c t i o n  
produc t  f r o m  t h e  ba tch  r e a c t o r  i s  separated w i t h  a hydrocarbon s o l v e n t  wash and the  
r e s i d u e  i s  analyzed f o r  c a l c i u m  carbonate by  X-ray d i f f r a c t i o n  and thermo-gravi-  
m e t r i c  ana lys i s .  I n  t h e  f l o w  u n i t s ,  t h e  r e s i d u a l  bottoms can be t e s t e d  s i m i l a r l y  
as i n  t h e  batch case. But more impor tan t ly ,  t h e  r e a c t o r  s o l i d s  f rom these u n i t s  
can be analyzed f o r  p a r t i c l e  s i ze ,  ca lc ium carbonate conten t  and ca lc ium carbonate 
growth p a t t e r n s  and c r y s t a l  forms. The l a r g e r  u n i t s ,  t h e  50- and 100-pound-per-day 
Recycle Coal L i q u e f a c t i o n  U n i t s  (RCLU) and t h e  one ton-per-day Coal L i q u e f a c t i o n  
P i l o t  P lan t  (CLPP), a r e  comple te ly  i n t e g r a t e d  p i l o t  p l a n t s  w i t h  d i s t i l l a t i o n  and 
r e c y c l e  so lvent  hydrogenat ion  sec t ions .  A smal le r  Once-Through Coal L iquefac-  
t i o n  Un i t  (OTCLU) uses a s imu la ted  r e c y c l e  s o l v e n t  and has no d i s t i l l a t i o n  or 
so lvent  hydrogenat ion f a c i  1 i t i e s .  

Types o f  Deposi t  Forms 

Calcium carbonate  d e p o s i t i o n  occurs as s c a l e  on t h e  l i q u e f a c t i o n  r e a c t o r  
w a l l  and f r e e - f l o w i n g  s o l i d s  o r  o o l i t e s .  Wall sca le  i s  v e r y  easy t o  de tec t  i n  t h e  
l i q u e f a c t i o n  r e a c t o r  s o l i d s  by  i t s  c h a r a c t e r i s t i c  shape. O o l i t e  s o l i d s  are par -  
t i c l e s  o f  t h e  coa l  m i n e r a l  mat te r ,  c lays ,  s i l i c a s ,  e tc . ,  which have a un i fo rm l a y e r  
o f  c a l c i u m  carbonate growing  around them. These o o l i t e s  a re  p redominate ly  concen- 
t r a t e d  i n  mesh si,ze f r a c t i o n  one s i ze  l a r g e r  t h a n  t h e  feed coa l .  For  example, i n  
t h e  smal l  p i l o t  p l a n t s  which use minus 100 mesh coal ,  t h e  o o l i t e s  a re  concentrated 
i n  t h e  50 t o  100 mesh s ize .  S i m i l a r l y ,  f o r  t h e  l a r g e  p i l o t  p l a n t  u s i n g  minus 30 
mesh coal ,  t h e  o o l i t e s  a re  concent ra ted  i n  t h e  16 t o  30 mesh range. These o o l i t e s  
would be expected t o  grow l a r g e r  d u r i n g  much longer  runs, because t h e y  would no t  be 
swept ou t  o f  t h e  r e a c t o r  by  t h e  normal f l u i d  f l o w .  

The predominant fo rm o f  t h e  ca lc ium carbonate growth does depend on 
t h e  coal  from which i t  was formed. With t h e  Wyoming subbi tuminous coal ,  t h e  
w a l l  sca le  formed i s  p r i m a r i l y  v a t e r i t e  which i s  r a r e l y  found i n  nature.  The 
growth on the  o o l i t e s  i s  p r i m a r i l y  c a l c i t e  and some w a l l  scale, a t  t imes, i s  
a l s o  c a l c i t e .  For N o r t h  Dakota l i g n i t e ,  on t h e  o t h e r  hand, s c a l e  and o o l i t e s  
i n  t h e  f i r s t  stages o f  t h e  r e a c t o r  a re  always c a l c i t e  and i n  the  l a t t e r  stages 
of t h e  r e a c t o r  sodium magnesium carbonate ( e i t e l i t e ) .  The forms o f  t h e  ca lc ium 
carbonate depos i ts  f o r  t h e  Texas l i g n i t e  are e s s e n t i a l l y  t he  same as those f o r  t h e  
Wyoming c o a l .  

Most o f  o u r  o p e r a t i n g  e x p e r i e n c e  w i t h  l o w  r a n k  c o a l s  has  been t h e  
process ing  o f  Wyoming coa l  i n  t h e  50 pound-per-day RCLU p i l o t  p l a n t .  A f t e r  a 
r u n  i n  t h i s  u n i t  t h e  r e a c t o r  i s  removed and dra ined o f  s o l i d s  and r e s i d u a l  coa l  
s l u r r y .  Methyl  e t h y l  ke tone washes and sometimes mechanical sc rap ing  a re  needed t o  
remove t h e  scale.  The t o t a l  s o l i d s  a r e  t o l u e n e  washed t o  remove excess so lvent ,  
d r i e d  and sieved. For t h e  RCLU u n i t ,  t h e  w a l l  sca le  i s  p l u s  50 mesh. O o l i t e s  a re  
50 t o  100 mesh. Minus 100 mesh m a t e r i a l  i s  unreacted feed coa l  o r  coa l  minera l  
m a t t e r  which has no t  y e t  formed o o l i t e s .  The ranges o f  accumulat ion o f  c a l c i u m  
carbonate c o n t a i n i n g  s o l i d s  f o r  t h e  t h r e e  coa ls  s t u d i e d  a re  shown i n  Table 1. The 
accumulat ion i s  r e p o r t e d  as pounds per 100 pounds o f  coa l  fed  t o  compensate f o r  t h e  
v a r i a t i o n s  i n  r u n  l eng th .  The o n l y  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  t h r e e  coa ls  i s  
t h a t  t h e  Texas l i g n i t e  produces more o o l i t e s  than t h e  Wyoming coa l .  The o o l i t e  
accumulat ion f o r  t h e  Nor th  Dakota l i g n i t e  i s  no t  a v a i l a b l e  because i t  was no t  
p o s s i b l e  t o  a c c u r a t e l y  s ieve  t h e  r e a c t o r  s o l i d s .  The d e p o s i t  accumulat ion i s  
unaffected by changes i n  most l i q u e f a c t i o n  process v a r i a b l e s ,  such as, temperature, 
space v e l o c i t y ,  s o l v e n t  q u a l i t y ,  so lvent  b o i l i n g  range and hydrogen gas r a t e .  
Dur ing  h i g h  pressure  o p e r a t i o n s  (2500 vs. 1500 ps ig )  t he re  was a s i g n i f i c a n t  i n -  
crease i n  o o l i t e  and w a l l  s c a l e  accumulation. 
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Scanning E l e c t r o n  Microscope (SEM) photographs have prov ided i n v a l u a b l e  
i n f o r m a t i o n  about t h e  r e a c t o r  s o l i d s  recovered from t h e  f l o w  u n i t s .  Most o f  the  
o o l i t e s  have surfaces o f  c a l c i u m  carbonate.  Th is  i s  i d e n t i f i e d  b y  an X-ray spec- 
t rometer  which i s  an i n t e g r a l  p a r t  o f  t h e  SEM. Some o o l i t e s  have s u r f a c e s  o f  i r o n  
s u l f i d e  c r y s t a l s  which are  again i d e n t i f i e d  by t h e  X-ray. The i r o n  s u l f i d e  surface 
i s  much more i r r e g u l a r  i n  appearance than t h e  ca lc ium carbonate surface. Cross 
s e c t i o n s  O f  these 001 i t e s  r e v e a l  more i n f o r m a t i o n  about the  c a l c i u m  carbonate 
growth.  These c ross  s e c t i o n s  show t h a t  c a l c i u m  carbonate growth occurs on seeds of 
t h e  coa l  minera l  m a t t e r .  There i s  a l so  evidence o f  i r o n  s u l f i d e  growth on the  
m i n e r a l  m a t t e r  seeds. The seed m a t e r i a l  can be i r o n  s u l f i d e  i t s e l f ,  s i l i c a  o r  
c lays  o r  any pa r t  o f  t h e  coa l  minera l  mat te r .  The i r o n  s u l f i d e  growth i s  v e r y  
r e g u l a r  and c r y s t a l l i n e  whereas the  c a l c i u m  carbonate growth i s  more even ly  d i s -  
tr i buted. 

The o ther  t y p e  o f  c a l c i u m  carbonate growth i s  wa l l  sca le .  The r e a c t o r  
used i n  t h e  15  pound-per-day OTCLU i s  v e r y  amenable f o r  d e t e c t i n g  sca le .  I t  i s  a 
v e r t i c a l  h a i r p i n  t u b i n g  r e a c t o r  which can be s p l i t  a long i t s  l eng th  f o r  a d e t a i l e d  
i n s p e c t i o n  o f  any sca le  present.  The r e a c t o r  which i s  shown s c h e m a t i c a l l y  i n  
F i g u r e  3 has eleven sec t ions :  s i x  up f low and f i v e  downflow. The graph a t  t he  
bottom o f  F igure  3 i s  a p l o t  o f  t h e  amount o f  ca lc ium i n  t h e  w a l l  s c a l e  versus the  
r e a c t o r  sec t i on  number. Almost a l l  o f  t he  c a l c i u m  carbonate sca le  i s  i n  t h e  f i r s t  
h a l f  o f  the  r e a c t o r . w i t h  t h e  h e a v i e s t  c o n c e n t r a t i o n  i n  the  15 t o  25 minu te  r e s i -  
dence t i m e  range. T h i s  f i n d i n g  has been v e r i f i e d  d i r e c t i o n a l l y  i n  t h e  p i l o t  
p lan ts ,  a l though i t  i s  v e r y  d i f f i c u l t  t o  d e t e c t  t h e  exact l o c a t i o n  o f  sca le  i n  the  
p i l o t  p lan ts .  The SEM can a l so  be used t o  d e t e c t  t h e  s t r u c t u r e  o f  t h e  sca le .  The 
sur face  o f  t he  sca le  which i s  next t o  t h e  r e a c t o r  i s  smooth and i s  m o s t l y  i r o n  
s u l f i d e  and a s l i g h t  amount o f  n i c k e l  s u l f i d e .  Th is  i s  i n d i c a t i v e  o f  t h e  f a c t  t h a t  
t h e  s u l f i d a t i o n  p r o d u c t s  o f  t h e  w a l l  a r e  p r o v i d i n g  g r o w t h  s i t e s  f o r  c a l c i u m  
carbonate.  The process s ide  o f  t h e  sca le  has a sur face  which i s  v e r y  s i m i l a r  
t o  t h a t  o f  t h e  o o l i t e s .  

S o l u t i o n s  t o  Depos i t ion  Problem 

P o t e n t i a l  s o l u t i o n s  t o  ca lc ium carbonate d e p o s i t i o n  t h a t  we have inves- 
t i g a t e d  a re  mechanical o r  chemical  i n  na ture .  The mechanical s o l u t i o n s  t r i e d  are 
s o l i d s  w i thdrawal  and ac id  washing. The t h e o r y  behind s o l i d s  w i thdrawal  i s  t h a t  
s ince  t h e  o o l i t e s  are f r e e - f l o w i n g  s o l i d s  i t  should be v e r y  easy t o  wi thdraw them 
from t h e  l i q u e f a c t i o n  r e a c t o r .  O o l i t e  growth can be c o n t r o l l e d  i f  t h e  withdrawal 
r a t e  i s  h igh  enough so t h a t  t h e  o o l i t e s  do no t  have s u f f i c i e n t  res idence t ime  f o r  
growth.  So l ids  w i thdrawal  has been v e r y  e f f e c t i v e  i n  c o n t r o l l i n g  t h e  growth o f  
o o l i t e s  i n  t h e  one t o n - p e r - d a y  u n i t .  A way t o  c o n t r o l  w a l l  s c a l e  g r o w t h  i s  
p e r i o d i c  ac id  washing o f  t h e  r e a c t o r  w a l l s  d u r i n g  r e a c t o r  shutdowns. Several  
chemicals have been i d e n t i f i e d  as ones which can e f f e c t i v e l y  d i s s o l v e  t h e  c a l c i u m  
carbonate scale.  A combina t ion  o f  s o l i d s  w i thdrawal  and ac id  washing i s  a v e r y  
cos t  e f f e c t i v e  way o f  c o n t r o l  l i n g  c a l c i u m  carbonate depos i ts .  An u n c e r t a i n t y  here  
i s  whether the  sca le  would f l a k e  o f f  t h e  r e a c t o r  w a l l s  and cause o p e r a t i o n a l  
problems dur ing  the  extended runs  (6-12 months) i n  a comnercial  p l a n t .  T h i s  
u n c e r t a i n t y  w i l l  be t e s t e d  du r ing  t h e  o p e r a t i o n  o f  our 250 ton-per-day p i l o t  
p l a n t  now under c o n s t r u c t i o n .  

The e f f e c t  o f  s o l i d s  w i t h d r a w a l  on s o l i d s  a c c u m u l a t i o n  and o o l i t e  
growth i n  t h e  one ton-per-day u n i t  i s  shown i n  Table 2. Dur ing a four -day  run  
w i t h o u t  s o l i d s  w i thdrawal ,  1 /4  percent  o f  t h e  coa l  f e d  remained i n  t h e  r e a c t o r  and 
of t h i s  amount, about o n e - t h i r d  was l a r g e r  than t h e  feed coal ,  t h a t  i s ,  p lus  30 
mesh. Dur ing  a 16-day r u n  w i t h  s o l i d s  wi thdrawal,  o n l y  nine-hundredths o f  one 
percent  of t h e  coa l  remained i n  t h e  r e a c t o r ,  and e s s e n t i a l l y  none of t h e  o o l i t e s  
grew l a r g e r  than the  f e e d  coa l .  Wall sca le  growth r a t e s  were about t h e  same f o r  
bo th  runs .  This sca le  growth would amount t o  about 1 /2  i nch  per year .  
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Chemical s o l u t i o n s  t o  t h e  ca lc ium ca rbona te  depos i t i on  Problem c a n  
be classified as coal pretreatments o r  reactor additives.  Coal pretreatments 
are ion exchanges i n  which the humate calcium which i s  the source of t he  calcium 
carbonate deposition i s  reacted with acids or metal s a l t s .  
s a l t  would, of course, need t o  be s t ab le  in the liquefaction reactor for the 
exchange to be successful.  A generalized mechanism f o r  t h e  ion exchange i s :  

The result ing 

MX -c Mf2 + X-2 

M+2 +?: + -MA-+ Ca+2 

Cat2 t X - 2  + CaX 
t r ’  Where the Ca i s  a representation of the humate calcium. 

The ac ids  t h a t  we h a v e  concen t r a t ed  most on and have been success fu l  in ion 
exchanging with the  calcium a re  su l fur ic  acid and su l fu r  dioxide. The sulfur 
d iox ide  r e a d i l y  d i s s o l v e s  in  the c o a l ’ s  mois ture  and forms s u l f u r o u s  ac id .  
The H S O j  ion then  d i f f u s e s  t h r o u g h  t h e  coa l  pores t o  the s i t e  of t h e  humate 
calcium where i t  exchanges w i t h  the  calcium. Various metal  s a l t s  have a l s o  
been t r ied .  In general ,  bivalent metal s a l t s  exchange very e f fec t ive ly  with 
the  humate calcium. Monovalent metal s a l t s  will  a l so  exchange i f  the resultant 
calcium (CaX) s a l t  i s  very insoluble. For example, sodium carbonate wi l l  exchange 
more e f fec t ive ly  than sodium s u l f a t e  because the  result ing calcium carbonate i s  
more insoluble than calcium su l f a t e .  This inso lubi l i ty  provides an added driving 
fo rce  for  the  exchange, The metal s a l t s  would have a n  added advantage i f  the metal 
were ca t a ly t i ca l ly  ac t ive  i n  l iquefaction. 

Coal pretreatments can be t e s t ed  in the  batch tube autoclave reactor 
because the  form of t h e  calcium has been changed, and i t  i s  only necessary t o  
determine t h e  amount o f  calcium carbonate in the l iquefaction residue. Untreated 
Wyoming coal forms about 40% calcium carbonate on ash. Sodium s u l f a t e  i s  only 
pa r t i a l ly  e f fec t ive  i n  ion-exchanging w i t h  the  calcium. The l iquefaction residue 
contained about 20% calcium carbonate on ash ( the  remaining calcium i s  calcium 
su l fa te ) .  A run in the 15 pound-per-day unit did produce sca le  which confirms t h a t  
sodium su l f a t e  i s  only p a r t i a l l y  e f fec t ive .  Sulfur dioxide t rea ted  coal has only 
about 8% calcium carbonate on the  ash of t he  residue. Ferrous su l f a t e  and su l fur ic  
acid are even more e f f e c t i v e  in exchanging with the calcium. After these pretreat-  
ments there i s  only 1% calcium carbonate i n  t he  res idue  ash. Reactor inspections 
a f t e r  runs in the 15 pound-per-day unit  revealed no sca le  f o r  the su l fu r  dioxide, 
ferrous su l f a t e  and s u l f u r i c  acid pretreatments. Sulfur dioxide and su l fu r i c  acid 
treatments were also successful in preventing sca le  and  o o l i t e  growth in the 
50 pound-per-day RCLU. 

L iquefac t ion  r e a c t o r  a d d i t i v e s  have d i f f e r e n t  proposed mechanisms 
for  success, b u t  i n  general a r e  not f u l l y  e f fec t ive .  Surfactants theore t ica l ly  
Will disperse the  calcium carbonate in to  a f i n e  s i ze  s o  tha t  i t  will  flow o u t  of 
the reactor before forming sca le .  I t  was d i f f i c u l t  t o  find a sur fac tan t  t h a t  was 
s t ab le  under l iquefaction conditions, b u t  when we t r i e d  one tha t  was, i t  had no 
e f f ec t  on sca le  growth. There a re  two types of scavengers used: One t o  t i e  up the 
calcium, f o r  example, co l lod ia l  s i l i c a  t o  form calcium s i l i c a t e ,  and another t o  
scavenge t h e  carbon d i o x i d e ,  f o r  example magnesium ox ide .  Nei ther  of t hese  
materials was e f f ec t ive  in preventing calcium carbonate growth. Another possible 
mechanism f o r  the co l lo id i a l  s i l i c a  t o  work i s  by providing many small s i t e s  for  
the  calcium carbonate growth. This could prevent wall sca le  growth. Addition of 
two weight percent co l lo id i a l  s i l i c a  on coal did reduce sca le  formation in the 15 
pound-per-day uni t  but did n o t  el iminate i t .  Crystal modifiers have been used t o  
s h i f t  the c rys ta l  form from va te r i t e  t o  c a l c i t e  bu t  have had no ef fec t  on scale 
growth. Some reac tor  addi t ives  which have shifted the Wyoming coal wall sca le  from 
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v a t e r i t e  t o  c a l c i t e  are water, hydrogen s u l f i d e  and va r ious  c h e l a t i n g  agents. 
The bas i c  reason f o r  t h e  f a i l u r e  o f  these r e a c t o r  a d d i t i v e s  i s  t h a t  t h e  c a l c i u m  
carbonate fo rma t ion  occurs i n  t h e  pores o f  t h e  coal ,  and r e a c t o r  a d d i t i v e s  reach 
o n l y  t h e  coa l  p a r t i c l e  su r face  a t  bes t .  

SUMMARY 

The major  f i n d i n g s  i n  ou r  l i q u e f a c t i o n  work w i t h  low rank coa ls  a r e  t h a t  
o o l i t e  fo rma t ion  and w a l l  s c a l e  growth are p r i m a r i l y  r e l a t e d  t o  coa l  rank. We have 
detected b o t h  forms of ca l c ium carbonate depos i t s  w i t h  e.very low rank coa l  t e s t e d .  
As long as t h e  ca lc ium i n  t h e  coal  i s  p resen t  i n  t h e  humate form, ca l c ium carbonate 
d e p o s i t i o n  w i l l  occur .  The p h y s i c a l  wi thdrawal  o f  s o l i d s  f rom t h e  l i q u e f a c t i o n  
r e a c t o r  can e f f e c t i v e l y  c o n t r o l  o o l i t e  accumulation and growth b u t  n o t  w a l l  sca le .  
Wal l  sca le  can be removed d u r i n g  r e a c t o r  shutdowns by  a c i d  washing. L i q u e f a c t i o n  
r e a c t o r  a d d i t i v e s  are g e n e r a l l y  i n e f f e c t i v e  i n  c o n t r o l l i n g  ca l c ium carbonate 
depos i t i on .  Coal pret reatment ,  t h a t  i s ,  ion-exchange, can be v e r y  e f f e c t i v e  i n  
a l t e r i n g  t h e  fo rm o f  t h e  ca l c ium s a l t  and thus  p reven t  any type o f  ca l c ium carbon- 
a t e  d e p o s i t i o n  i n  t h e  l i q u e f a c t i o n  r e a c t o r .  
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COAL TYPE 

MINE 

TABLE 1 
RANGES OF CALCIUM CARBONATE SOLIDS ACCUISULAT I ON 

- COAL COMPOSITION, 
WT% DRY COAL 

CALCIUM 
SODIUM 

SOLIDS ACCUMULATION, 
LBS/IOO LBS COAL FED 

TOTAL SOLIDS 
OOLITES 
WALL SCALE 

TOTAL S O L I D S  COMPOSITION, 
WT% 

ASH 
CaC03 
N a 2 M g ( C 0 3 ) 2  

CaC03 FORMS 

WYOMING 
SUBBITUMINOUS 

WYODAK 

1 . 2 2  
.05  

0 . 3 5 - 0 . 5 7  
0 . 0 7 - 0 . 2 7  

0 . 0 0 2 - 0 . 0 0 7  

5 6 - 7 0  
2 4 - 8 3  

CALCITE, 
VATERlTE 

NORTH DAKOTA 
L I G N l  TE 

I N D I A N  HEAD 

1 . 3 1  
. 8 4  

0 . 2 2 - 1 . 1  
NA 

0 . 0 0 5 - 0 . 0 3 5  

5 7 - 6 7  
1 7 - 4 9  
2 4 - 4 6  

CALC I TE 

TEXAS L I G N I T E  

B I G  BROWN 

2.2 
. 0 5  

0 . 4 9 - 2 . 0  
0 . 3 9 - 0 . 4 9  

0 . 0 0 2 - 0 . 0 1 0  

7 8 - 8 2  
6 7 - 7 4  

CALCITE, 
VATER I T E  

TABLE 2 
EFFECT OF S O L I D S  WITHDRAWAL ON SOLIDS ACCUMULATION 

ONE TON-PER-DAY UNIT, WYOMING COAL 

WITHOUT WITH 
SOLIDS WITHDRAWAL SOLIDS WITHDRAWAL 

0 . 2 5  0 . 0 9  I N I T I A L  S O L I D S  ACCUMULATION, 
WTZ OF FEED COAL 

PARTICLE GROWTH 
WTX OF REACTOR SOLIDS LARGER 
THAN FEED COAL 

3 3  1 

WALL SCALE GROWTH , 0 0 1  ,001 1 - , 0 0 1  5 
INCHES/DAY 
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C A T A L Y T I C  

S O L V E N T  
HYDRDGENATION 

P R D D U C l S  OISTILLATION 

I VACUUM I 

F U E L  GAS FLEXICOKING 

FIGURE 1, EDS PROCESS SCHEMATIC 

FIGURE 2 ,  REPRESENTATION OF CALCIUM HUMATES 
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I 
1 

GRAMS 
CALC I UM 

I N  

EXIT 

J 

1 2  3 4 5 6 7 8 9 1011 
REACTOR SECTION N U M B E R  

F I G U R E  3 ,  SCALE DISTRIBUTION IN A 1 5  LB/DAY UNIT 
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