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INTRODUCTION 

Most bituminous c o a l s  mined near  Eas te rn  populous a r e a s  a r e  caking .  
Yet t hese  are t h e  a r e a s  which r e q u i r e  l a r g e  q u a n t i t i e s  of high-Btu p ipe -  
l i n e  gas.  Our o b j e c t  has been t o  f ind  a p r a c t i c a l  way t o  conve r t  t hese  
s t rong ly  caking  c o a l s  t o  noncaking f u e l  s u i t a b l e  f o r  f ixed-bed g a s i f i c a t i o n - -  
a pre l iminary  s t e p  i n  making p i p e l i n e  gas .  A fixed-bed g a s i f i e r  a p p l i c a b l e  
t o  production of s y n t h e s i s  gas con ta in ing  methane has  been used commercially 
in seve ra l  p a r t s  of t h e  world.  

In  prev ious ly  r epor t ed  experiments we have converted caking  c o a l s  of 

2 1  1/8-l%-inch s i z e  t o  noncaking c o a l  char by t r e a t i n g  i t  f o r  3 hours  i n  a 
s t a t i c  bed,L/ c o a l  of 18-100 Tyler  mesh f o r  5 minutes i n  a f l u i d i z e d  bed,- 
and c o a l  of 4-8 Tyle r  mesh f o r  2 seconds i n  f r e e  f a l l . ? /  Nitrogen and 
carbon d iox ide ,  steam, o r  a mixture of a l l  t h ree  with small amounts of 
oxygen was t h e  h e a t i n g  and t r e a t i n g  gas i n  these  s t u d i e s .  

In  r e c e n t  exper imenta l  work we have converted s t r o n g l y  caking  b i -  
tuminous c o a l  from t h e  Pit tsburgh-seam of 114-3/8 inch s i z e ,  i n  a d d i t i o n  
t o  c o a l  of  4-8 Tyler  mesh, t o  a noncaking form i n  about 2 seconds by 
dropping i t  through a coun te rcu r ren t  flow of steam con ta in ing  oxygen. 
I n  a l l  cases  t h e  t r e a t e d  or decaked c o a l s  had a f r ee - swe l l ing  index (FSI) 
of 2 .0  o r  l e s s ,  which i s  i n d i c a t i v e  of a weakly-to-noncaking c o a l .  
Furthermore,  when t h e  t r e a t e d  c o a l s  were exposed t o  hydrogen a t  600' C 
and atmospheric p re s su re  f o r  5 minutes they  showed l i t t l e  or no tendency 
t o  cake. 

APPARATUS 

The exper imenta l  work was done in  t h e  p i l o t  p l an t  shown i n  f i g u r e  1; 
a schematic flow diagram of the  system i s  shown i n  f i g u r e  2 .  The system 
con ta ins  a steam gene ra to r ,  feed and r ece ive r  hoppers ,  a screw feede r ,  
and a t rea tment  v e s s e l .  This v e s s e l ,  c a l l e d  a t r e a t e r ,  i s  a 2-inch 
d iameter ,  schedule  80 p ipe ,  20 f e e t  long, and made of 304 s t a i n l e s s  s t e e l .  
It i s  surrounded by 16  i n d i v i d u a l l y  con t ro l l ed  e l e c t r i c  h e a t e r s  t h a t  
compensate f o r  r a d i a t i o n  l o s s  and supply a d d i t i o n a l  h e a t  when needed. 
The main supply of hea t  f o r  the  t rea tment  i s  from steam; a l i t t l e  comes from 
p a r t i a l  ox ida t ion  of t h e  coa l .  Temperature i s  measured by thermocouples 
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Figure 1. A View of t h e  P i l o t  P l a n t  for  Decaking Coal. 
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l o c a t e d  a t  6 - ,  12 - ,  and 16- foot  l e v e l s  o f  t h e  t r e a t e r .  I n  some e a r l y  ' 

t e s t s  a s p i r a l  r o d ,  shown i n  f i g u r e  2 ,  was i n s e r t e d  i n t o  t h e  t r e a t e r  I 
t o  i n c r e a s e  t h e  c o a l - t o - g a s  c o n t a c t  t i m e ,  bu t  c o a l  p a r t i c l e s  tended t o  
s t i c k  t o  t h e  s p i r a l  r o d ,  and it was removed. 

/ 

Coal - 
Pi t t sbu rgh- seam c o a l  was s e l e c t e d  f o r  t h e  t e s t s  on account  of i t s  

commerc ia l  impor tance ,  i t s  r e p u t a t i o n  a s  a t y p i c a l l y  s t r o n g  caking  c o a l  
and e a s y  a c c e s s  a t  our expe r imen ta l  mine a t  Bruce ton ,  Pa. The maximum 
s i z e  of t h e  c o a l  t r e a t e d  (3/8 i nch )  was,  l i m i t e d  by t h e  i n s i d e  diameter 
t h e  t r e a t e r  (1 .939  i n c h e s ) .  Dur ing  t r ea tmen t  t h e  c o a l  t ends  t o  become 
s t i c k y  w h i l e  s w e l l i n g  t o  about  1-1/2 t imes  i t s  o r i g i n a l  s i z e .  c 

Procedure  

A weighed amount of c o a l  of 4-8  T y l e r  mesh o r  1 /4-3 /8- inch  s i z e  wa 

! 
cha rged  t o  t h e  f eed  hopper and hea ted  r a p i d l y  wi th  steam t o  j u s t  below 
the s o f t e n i n g  t empera tu re  of t h e  c o a l ,  which f o r  P i t t sburgh-seam coal  
350" C .  Th i s  t empera tu re  was p rev ious  ly'/determined a s  t h a t  temperatu 
a t  which a f i x e d  bed o f  c o a l  o f f e r e d  an  i n c r e a s e  i n  r e s i s t a n c e  t o  gas 
flow,. The hea ted  c o a l  was f ed  from t h e  hopper a t  a c o n t r o l l e d  r a t e  by /  
a.. sc rew feede r  i n t o  t h e  20- foot  long  t r e a t e r  where i t  f e l l  f r e e l y  throu  
a c o u n t e r c u r r e n t  f low of steam c o n t a i n i n g  oxygen t o  a r e c e i v e r  where i t  
was quenched w i t h  i n e r t  gas .  The i n e r t  gas  con ta ined  about  88 p e r c e n t /  
n i t r o g e n  and 1 2  p e r c e n t  carbon d i o x i d e .  The f a l l i n g  c o a l  was i n  contac  
w i t h  t h e  steam-oxygen mix tu re  f o r  abou t  2 seconds .  To de te rmine  the 
deg ree  of decak ing ,  che t r e a t e d  c o i l  was exposed t o  hydrogen f o r  5 minu 
a t  600' C .  I f  i t  d i d  n o t  cake  d u r i n g  hydrogen exposure ,  t h e  decaking w 
c o n s i d e r e d  s u c c e s s f u l .  C o r r e l a t i o n  o f  hydrogen-exposure r e s u l t s  with 
f r e e - s w e l l i n g  i n d i c e s  (ASTM T e s t  D-720-57) i n d i c a t e d  t h a t  decaked coa l  
produced from c o a l  of i n i t i a l  h igh  F S I  v a l u e s  was noncaking du r ing  the , ,  
hydrogen  exposure  when i t s  FSI had been reduced t o  1.5 o r  less, and on1 
weakly c a k i n g  when i t s  FSI  was 2 . 0 .  
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R e s u l t s  

T e s t s  7 7 ,  115, 917, and 1028 (Table  1 )  a r e  t y p i c a l  of experiments 
performed t o  d a t e .  I n  t e s t  7 7 ,  2 pounds of 1 /4-3 /8- inch  c o a l  was heate) 
t o  330" C i n  10 minutes  wi th  s t eam.  Before t h e  c o a l  could be t r e a t e d  
e f f e c t i v e l y ,  i t  had t o  be hea ted  t o  j u s t  below i t s  s o f t e n i n g  tenperatur,  
Dur ing  t h i s  p r e h e a t i n g  t h e  c o a l  showed only  a - l o s s  of moi s tu re .  Then 1 

dropped  through the  20 - foo t  long  t r e a t e r  a t  a r a t e  of 60 pounds of c o a l  
per  hour  (3,000 l b / h r - s q  f t ) .  I t  f e l l  through a c o u n t e r c u r r e n t  flow of 
s team c o n t a i n i n g  5.5 mole-percent  of oxygen a t  a n  ave rage  temperature 0 
680" C and 250 p s i g .  The s t eam- to -coa l  weight r a t i o  was 2.0,  and the  I 

; 
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oxygen-to-coal weight r a t i o  was 0.21. Each c o a l  p a r t i c l e  expanded about 
50 percent and f i s s u r e d  as shown i n  f i g u r e  3. The t r e a t e d  c o a l  d id  no t  
cake when exposed t o  hydrogen f o r  5 minutes.  It had a FSI of 1 .0  and 
was considered decaked. Its v o l a t i l e - m a t t e r  con ten t  was 24.9 pe rcen t .  

TABLE 1.- Condi t ions  f o r  t r e a t i n g  a Pittsburgh-seam 
c o a l  i n  f r e e - f a l l  

S ize  of c o a l  Coa 1 Trea t ing  gas r a t e ,  
Pressure ,  Tyler  f e e d ,  l b /h r  

T e s t  No. P s i g  inch mesh l b l h r  Steam 02 

77 2 50 114 -318 60 120 12.4 
11 5 300 4 -8 50 40 10.4 
917 300 4 -8 40 56 10.4 

1028 330 4 -8 70 40 6.0 

Gas- to-coa l  r a t i o ,  Average Coal hea t  cyc le  Weight l o s s  
l b / h r  r e a c t o r  Temp., Time, of c o a l ,  

T e s t  No. Steam o2 temp.,  'C "C sec  , pct 

77 2.0 0.21 680 330-430 2 15 .3  
115 0.8 .21 560 310-430 2 4 .0  
917 1.4 .26 605 310-430 2 10.2 

1028 0.57 .12 605 310-430 2 6.9 

In t e s t  115, a 4-8 Ty le r  mesh c o a l  was hea ted  t o  310' C i n  10 minutes 
wi th  steam and then  dropped through t h e  t r e a t e r  a t  a r a t e  of 50  pounds of 
c o a l  per hour through a coun te rcu r ren t  flow of steam con ta in ing  12.7 mole- 
percent  oxygen a t  560' C and 300 ps ig .  The steam- and oxygen-to-coal 
weight r a t i o s  were 0.8 and 0.21, r e s p e c t i v e l y .  
very  s l i g h t l y  when exposed t o  hydrogen a t  600" C .  
Its v o l a t i l e - m a t t e r  conten t  was 30.8 pe rcen t .  

The t r e a t e d  c o a l  caked 
It had a FSI of 2 .0 .  

In  t e s t  917 t h e  same s i z e  c o a l  was s i m i l a r l y  hea ted  and then  dropped 
through t h e  t r e a t e r  a t  a r a t e  of 40 pounds of c o a l  per hour .  
t a i n i n g  9.4 mole-percent oxygen flowed coun te rcu r ren t  t o  t h e  c o a l  a t  
605' C and 300 ps ig .  The steam- and oxygen-to-coal weight r a t i o s  were 
1 .4  and 0.25, r e s p e c t i v e l y .  The t r e a t e d  c o a l  d id  n o t  cake when exposed 
t o  hydrogen a t  600' C .  
w a s  26.7 percent .  

Steam con- 

It had a FSI o f  1.5.  Its v o l a t i l e - m a t t e r  con ten t  



a 



I n  t es t  1028, a 4-8 Tyler  mesh c o a l  was s i m i l a r l y  preheated t o  
310" C and then fed  t o  and through t h e  t r e a t e r  a t  a r a t e  of 70 pounds 
of c o a l  per hour. Steam con ta in ing  7.8 mole-percent oxygen flowed 
countercur ren t  t o  the  c o a l  a t  605' C and 330 ps ig .  The steam- and 
oxygen-to-coal weight r a t i o s  were 0.57 and 0.12, r e s p e c t i v e l y .  The 
treat 'ed coa l  caked only s l i g h t l y  when exposed t o  hydrogen a t  600" C .  
It had a FSI of 2.0. Its v o l a t i l e - m a t t e r  con ten t  was 31.9 pe rcen t .  
Analyses of t he  coa l s  before  and a f t e r  t r ea tmen t  a r e  shown i n  Table 2 .  

TABLE 2.-  Analys is  of c o a l  and decaked coa l  

Proximate,  percent  Ul t imate ,  maf, percent Free-  
T e s t  V o l a t i l e  Fixed swe 1 l i n g  

No. Moisture ma t t e r  carbon A s h  H C N 0 S index 

P i t t sbu rgh  - 
seam c o a l  2.0 35.6 54.4 8.0 5.6 84.3 1 .7  7.0 1.4 8.0 

77 0.3 24.9 67.2 7.6 4.5 85.4 1 . 7  7 . 1  1.3 1.0 
115 .3 30.8 63.8 5.1 4.6 84.6 1 .6  7 .5  1.7 2.0 
917 .5 26.7 63.8 9.0 4.9 83.9 1.8 8.2 1.2 1.5 

1028 .6 31.9 62.3 5.2 4.8 84.2 1.8 7 . 7  1.5 2.0 

DISCUSSION 

To e f f e c t i v e l y  a l t e r  or des t roy  t h e  caking  proper ty  of a s t r o n g l y  
caking  c o a l  of s m a l l  lump s i z e  i n  f r e e  f a l l ,  bo th  t r ea tmen t  tempera ture  
and gas composition must be kep t  w i th in  f a i r l y  narrow l i m i t s .  We de- 
caked c o a l ,  which had been preheated t o  310"-330' C ,  i n  a 20-foot t r e a t e r  
i n  2 seconds a t  560'-680' C wi th  steam con ta in ing  5.5-12.7 mole-percent 
oxygen. When e i t h e r  t h e  prehea t  OK r e a c t i o n  tempera ture  was too  low, 
t h e  c o a l  never reached decaking temperature du r ing  the  2 seconds t h a t  
i t  took t o  f a l l  20 f e e t .  Thus t h e  caking  proper ty  of t h e  c o a l  remained 
unchanged. When t h e  r e a c t i o n  temperature was too  h i g h  o r  t h e  oxygen was 
i n s u f f i c i e n t ,  t h e  c o a l  agglonera ted  and plugged t h e  t r e a t e r .  

Resul t s  with 4-8 Ty le r  mesh and 1/4-3/8 inch s i z e  c o a l s  i n d i c a t e  
t h a t  l a r g e r  s i z e  c o a l  would r e q u i r e  h ighe r  tempera ture  and more oxygen. 

This  decaking technique  o f f e r s  promise a s  p a r t  of an  i n t e g r a t e d  
c o a l  pre t rea tment  and h igh  pressure  steam-oxy en c o a l  g a s i f i c a t i o n  

wi th  g a s i f i c a t i o n  should be simple.  Both processes  a r e  at t h e  same 
p res su re  and use t h e  same gases.  The process  would be economical be- 
cause  t h e  steam-to-coal weight r a t i o  f o r  decaking i s  equal  t o  or l e s s  

process  which r e q u i r e s  no-~agglom@rating feed .-/ 5 Inco rpora t ing  decaking 



1/ than  t h a t  r e q u i r e d  by the  commzrcial Lurgi- g a s i f i e r ;  a l s o  t h e  oxygen- 
t o - c o a l  we igh t  r a t i o  i s  l e s s  than  t h a t  r e q u i r e d  i n  t h e  Lurg i  g a s i f i e r .  
Fur thermore ,  the  g a s e s  and t a r s  produced from v o l a t i l e  m a t t e r  i n  t h e  
c o a l  d u r i n g  decak ing  can be fed  d i r e c t l y  t o  t h e  g a s i f i e r  as f u e l ,  thus 
c o i ~ s e r v i n g  ene rgy  and a l s o  s o l v i n g  t h e  problem of e f f l u e n t  o r  o f f -gas  
from t h e  p r e t r e a t m e n t .  The t r e a t e r  might s e r v e  as f eed  lock  hoppers f o r  
p r e s s u r e  ' g n s i f  i e r s ,  t hus  minimiz ing  a d d i t i o n a l  c a p i t a l  inves tment .  

CONCLUSIONS 

A p i l o t - p l a n t  s tudy  h a s  shown t h a t  t h e  cak ing  p rope r ty  of b i -  
tuminous c o a l  of sma l l  lump s i z e  can be a l t e r e d  o r  des t royed  by r ap id ly  
h e a t i n g  t h e  c o a l  t o  o r  through i t s  p l a s t i c  t empera tu re  range  while i t  
fa115 f r e e l y  through a c o u n t e r c u r r e n t  f low o f  h igh - t empera tu re  steam- 
c o n t a i n i n g  oxygen. La rge r - s i zed  p a r t i c l e s  r e q u i r e  more s e v e r e  t r e a t i n g  
c o n d i t i o n s  a s  ev idenced  by a comparison of t r e a t m e n t  of 4-8  mesh and 
1 / 4 - 3 / 8  inch  s i z e s .  Cond i t ions  r e q u i r e d  t o  decake c o a l  could  be met a t  
commercial c o a l  g a s i f i c a t i o n  p l a n t s  wi th  l i t t l e  a d d i t i o n a l  expendi ture  
o f  ene rgy .  However, g a s i f i c a t i o n  p l a n t s  commonly use c o a l  of p a r t i c l e  
s i z e  l a r g e r  t han  were used in  our  s t u d y .  We were l i m i t e d  t o  a maximum 
s i z e  of  3 / 8  i nch  by t h e  s w e l l i n g  of t h e  c o a l  and t h e  d i ame te r  of t h e  
t r e a t e r .  A t r e a t e r  of l a r g e r  d i ame te r  would be r equ i r ed  t o  determine 
t h e  optimum c o n d i t i o n s  f o r  l a r g e r  p a r t i c l e s .  

Because wi th  l a r g e r  s i z e d  p a r t i c l e s  of 3 / 8  i n c h ,  t he  s i z e  of t he  
expanded c o a l  p a r t i c l e  was an a p p r e c i a b l e  p a r t  of t h e  f r e e  tube c r o s s  
s e c t i o n .  A d d i t i o n a l  s t u d i e s  should  be made i n  a l a r g e r  p r e t r e a t e r  t o  
de t e rmine  optimum c o n d i t i o n s  of o p e r a t i o n .  
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