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Low-rank c o a l s  (LRCa), brown, l i g n i t i c ,  and subb i tminous  c o a l s  canpr i se  about 
half  of t h e  world's c o a l  reserves.  I n  many developing c o u n t r i e s  they c o n s t i t u t e  
t h e  majori ty,  and i n  some cases, the o n l y  carbonaceous r e s e r v e s  i n  s u f f i c i e n t  
supply t o  be of economic signif icance.  While LRCs a r e  a s  v a r i e d  i n  canposi t ion 
as the  coun t r i e s  i n  which they a r e  located, they share one major impediment to  
widespread ccmnercial use  - high inheren t  moisture which ranges from 25 t o  65%. 
This makes t r a n s p o r t a t i o n  cos ts  p r o h i b i t i v e  and has  r e l e g a t e d  LRCs mainly to 
l o c a l  use o r  t o  mine mouth power generation. These mois ture  l e v e l s  have a l s o ,  
until r ecen t ly ,  excluded t h e s e  feedstocks frm considera t ion  i n  t h e  developing 
coal-water s l u r r y  o r  more a p p r o p r i a t e l y ,  c o a l - w a t e r  f u e l  (WF) a p p l i c a t i o n s ,  
despi te  t h e  fact,  that LRCs almost always a r e  f a r  cheaper and f a r  more- r e a c t i v e  
than their bituminous counterparts .  

There a r e  nmerous low temperature drying technologies avai lable  c m e r c i a l l y .  
Most u s e  h o t  f l u e  g a s e s  t o  e v a p o r a t e  t h e  coal  mois tu re .  The final product  
moisture is dependent on feed  s i z e  and residence time a t  temperature.( 1) Due t o  
t h e  low t e m p e r a t u r e s  used,  t h e s e  p r o c e s s e s  a r e  t h e  l e a s t  e x p e n s i v e  and a r e  
p r e f e r r e d  if t h e  d r i e d  p r o d u c t  is t o  be used immedia te ly .  However, s i n c e  t h e  
d r y i n g  t e m p e r a t u r e s  a r e  t o o  low t o  c a u s e  permanent  changes  i n  t h e  coa l  
s t r u c t u r e ,  t h e  d r i e d  c o a l s  a r e  porous  and h y d r o p h i l i c ,  and r e a d s o r b  t h e  l o s t  
m o i s t u r e . ( l )  The u n t r e a t e d  d r i e d  p r o d u c t  i s  a l s o  s u s c e p t i b l e  t o  spontaneous  
heat ing  and excess ive  f i n e s  generation. 

If L R C s  a r e  d r i e d  a t  t e m p e r a t u r e s  a b o v e  abou t  240 C, t h e  b a s i c  chemica l  and 
physical  c o a l  c h a r a c t e r i s t i c s  begin t o  change. Decarboxylation occurs and C02 
is evolved.(l) Much of t h e  c o a l ' s  a d d i t i o n a l  v o l a t i l e  ma t t e r ,  t a r s  and oils, 
a r e  a l s o  l i b e r a t e d  and migra te  t o  t h e  c o a l ' s  s u r f a c e .  If t h e  t a r s  a r e  n o t  
s t r i p p e d  d u r i n g  d r y i n g ,  t h e y  remain on t h e  coal f u r t h e r  r e d u c i n g  t h e  coal's 
a b i l i t y  t o  ho ld  water. Product s t a b i l i t y  e s p e c i a l l y  towards fines generation 
and spontaneous  combust ion  is  a l s o  of concern. Methods f o r  m i t i g a t i n g  these 
problems include: coat ing  t h e  coa l  wi th  r e s idua l  t a r  o r  o i l ;  d ry ing  only  l a r g e r  
lump coal;  o r  producing b r i q u e t t e s  o r  pellets from d r i e d  pu lve r i zed  coal .  

A new non-evaporative drying technique i n  which t h e  s t r u c t u r e  of  LRC i s  a l t e r e d ,  
has been developed by the  Energy and Mineral Research Center (EMRC), Universi ty 
o f  North Dakota. Hydrothermal , - rocess ing,  more commonly known a s  hot-water  
d r y i n g  (HWD),  r e p r e s e n t s  3 r.a:ar b reak th rough  i n  t h e  s c i e n c e  of c o a l  d r y i n g  
while s o l v i n g  t h e  s t a b i l i t y  croolems by producing a s a f e ,  eas i ly  transported 
liquid. 



Tna initial s t u d i e s  and coa l  s p e c i f i c  WD tests were perfomed i n  autoclaves. 
(1,2) Proof of  concept and technical f e a s i b i l i t y  was been demonstrated i n  t h e  
EMRC 2.5 tpd process development unit (PW) described prev iously.(3) Lacs from 
the U.S. coal producing regions of the  West, Gulf Coast and Alaska, a long  with 
those f ran Aus t ra l i a ,  Canada, t h e  Phil 1 i pines  and Yugoslav i a  have  been converted 
i n t o  CWFs. I n  the PDU a u t i l i t y  gr ind  of LRC (90% minus 200 mesh) is treated a s  
a d i l u t e  s l u r r y  a t  coal specific temperatures beginning a3 low a s  240 C and t h e  
corresponding s a t u r a t e d  steam pressure  f o r  l e s s  than 5 minutes.(3) The d i l u t e  
s l u r r y  is depressurized p r i o r  t o  concentra t ion  v i a  a c m e r c i a l  continuous s o l i d  
bowl centrifuge. 

Data on CWFs made from f o u r  North American L R C s  f o l l o w i n g  hydrothermal 
processing are presented i n  Table  1. All of these coals are from a c t i v e  mines 
and represen t  some of the  l a r g e s t  p o t e n t i a l  resources i n  North America. These 
coals  are typical of high q u a l i t y  low s u l f u r  LRCs. All responded favorably t o  
HWD producing OrlFs with energy d e n s i t i e s  o v e r  50% higher than possible with  t h e  
raw coal .  The maximum s o l i d s  concentra t ion  was t h e  dry s o l i d s  load ing  i n  a CWF 
t h a t  would flow without  ass is tance .  

Table 1. HWD, LRCa and their CWF proper t i e s  (dried a t  -330 C) 

COAL MINE Indian Head Martin Lake Usibelli Blk.Thunder 
LOCATION N. Dakota Texas Alaska Wyoming 
RANK Lig. Lig. Subbit Subbit. 

COAL ANALYSES 
Equil . Moist. ( Raw 33.0% 31.6% 

11 (HWD) 12.1% 
Fuel Ratio (Raw) 1.10 

tt (HWD) 1.09 
Carbon ( Raw 1 60.3% 

11 (HWD) 64.6% 
Hydrogen (Raw) 3.8% 

11 (HWD) 4.6% 
S u l f u r  ( Raw 1 .O% 

11 (HWD) 0.7% 
Ash ( Raw) 15.6% 

II (HWD) 13.9% 
CWF ANALYSES 
Max.Conc.% (Raw) 40.5% 

11 (HWD) 58.3% 
CWF(Btu/lb) (Raw) 4,100 

r l  (HWD) 6 300 
MASS & ENERGY BALANCES (MAF Basis) 
Dry Coal Rec. (wt%) 87% 
Energy Rec. ( % I  9 4% 

Water is present  i n  LRCs i n  b a s i c a l l y  t h r e e  forms, free water on t h e  s u r f a c e  and 
i n  t h e  pores, chemically bonded t o  carboxyl  o r  ca t ion ic  moiet ies ,  and hydrates 
of mineral m a t t e r ,  Fig. 1. During HWD, water is  removed v i a  e x p a n s i o n  and 



e ~ p u l ~ i o n  by C02. Decarboxylation not on ly  remov es hydrophyll  i c  sites but  l e a d s  
t o  an i n c r e a s e d  energy  d e n s i t y  of t h e  CWF by r i d d i n g  t h e  c o a l  of oxygen 
f u n c t i o n a l i t i e s . ( l )  The l a r g e s t  c o n t r i b u t o r s  t o  a s t a b l e ,  non- readsorb ing  
p a r t i c l e  are t h e  e v o l v e d  t a r d o i l s .  T a r s  a r e  m a i n l y  hydrophobic  and i n  a 
pressurized aqueous environment tend t o  remain on t h e  c o a l  i n  a unifolmity not  
possible wi th  any o t h e r  means of coat ing  t h e  d r i e d  coa l ' s  r e a c t i v e  surface. The 
uniform t a r  coa t ing  e f f e c t i v e l y  seals t h e  pores a g a i n s t  moisture readsorption,  
Fig. 1 1 . 2  The o v e r a l l  process, which s i m u l a t e s  o r  induces c o a l i f i c a t i o n ,  can 
be represented as  removing t h e  inherent  moisture and reus ing t h i s  moisture a s  
t h e  v e h i c l e  so lven t .  For sane high moisture c o a l s  the process may even become a 
n e t  p roducer  o f  water .  I n  g e n e r a l  t h e r e  is  l i t t l e  ash r e d u c t i o n  d u r i n g  HWD. 
However, i n  c o a l s  wi th  high a l k a l i  concentrat ions.  the  a l k a l i s  a s soc ia ted  with 
t h e  c a r b o x y l  g roups  are r e l e a s e d  i n t o  t h e  aqueous  phase  and can be removed by 
washing d u r i n g  t h e  f i n a l  mechanica l  d e w a t e r i n g  s t e p ,  g i v i n g  a p r o d u c t  w i t h  a 
much lower f o u l i n g  p o t e n t i a l .  

Advanced a p p l i c a t i o n s ,  such a s  i n  combust ion  t u r b i n e s  and /o r  d i e s e l  e n g i n e s  
p lace  new demands on t h e  f u e l ' s  ccmbwtion c h a r a c t e r i s t i c s  due t o  t h e  g r e a t l y  
s h o r t e n e d  r e s i d e n c e  times a l l o w a b l e  f o r  combustion. I n s t e a d  o f  t h e  u s u a l  
seconds a v a i l a b l e  i n  conventional  combustors, r eac t ion  times i n  hea t  engines a r e  
measured i n  m i l l i s e c o n d s .  Thus, t o  a c h i e v e  c o m p l e t e  ca rbon  b u r n o u t  w i t h  
b i t m i n o u s  c o a l  water  f u e l s ,  s u p p l i e r s  have gone t o  more c o s t l y  f i n e  g r ind ing  t o  
produce l lmicronizedtl  CWFs. The smaller s ize and much na r rower  p a r t i c l e  size 
d i s t r i b u t i o n s  negate any advantages b i t m i n o u s  c o a l s  might have held o v e r  LRCs 
i n  producing more concentrated CWFs, s i n c e  concentra t ions  i n  the  low 501s are 
t h e  r u l e .  For  advanced a p p l i c a t i o n s ,  t h e  h i g h e r  r e a c t i v i t y  o f  low-rank CWFs 
c o u l d  p r o v e  t o  b e  a dec ided  a d v a n t a g e  o v e r  b i tuminous  CWFs by r e q u i r i n g  less 
grinding t o  reach a size f o r  canp le te  carbon burnout o r  t o  enable  use  i n  higher 
speed engines. 

I n i t i a l  cartbustion test r e s u l t s  support the higher r e a c t i v i t y  of LRC ms, which 
l e a d s  t o  c o m p l e t e  ca rbon  burnout  i n  s h o r t  r e s i d e n c e  times and higher f l ame  
s t a b i l i t y . ( 4 , 5 )  P a r t  of t h e  enhanced r e a c t i v  i t y  i s  shown s c h e m a t i c a l l y  i n  
Figure 2.W High rank c o a l s  go through an agglomerating phase a s  t h e  water is 
evaporated and combustion begins, During t h i s  time micronized c o a l  p a r t i c l e s  can 
agglomerate i n t o  slower burning 1 m p s  many times t h e i r  o r i g i n a l  diameter, which 
was a t t a i n e d  t h r o u g h  c o s t l y  mic ron iz ing ,  The r e v e r s e  is t r u e  f o r  LRCs whose 
enhanced f r i a b i l i t y  a f t e r  HWD y i e l d s  p a r t i c l e s  t h a t  l i t e r a l l y  b r e a k  i n t o  
numerous s m a l l e r  d r i e d  c o a l  p a r t i c l e s  upon f u r t h e r  h e a t i n g .  These h i g h l y  
r e a c t i v e  c o a l  p a r t i c l e s  i g n i t e  r e a d i l y ,  producing a s t a b l e  flame.(4) Tars  t h a t  
sea l  the pores a g a i n s t  moisture readsorption a r e  v o l a t i l i z e d  a t  t h e  incept ion  o f  
combustion and c o n t r i b u t e  f u e l  t o  t h e  f l a m e ,  w h i l e  l e a v i n g  behind t h e  h i g h  
sur face a r e a  d r i e d  LRC. The f a c t  t h a t  t h e  HWD L R C s  s h o u l d  h a v e  excel l e n t  
canbustion p roper t i e s  is a l s o  indica ted  by t h e i r  low fuel r a t i o s ,  Table 1 ,  which 
i n  some cases  a r e  even improved over  those  i n  t h e  raw coal .  

CONCLUSIONS 

Induced c o a l i f i c a t i o n  occurs xhen c o a l  is heated t o  c o a l  s p e c i f i c  temperatures, 
t y p i c a l l y  a b o v e  240 C i n  ar; aqueous phase  a t  p r e s s u r e s  s l i g h t l y  a b o v e  t h e  
s a t u r a t e d  s t eam p r e s s u r e .  ?:?y a d v a n t a g e s  of  hydrothermal processing inc lude ,  
uniform d i s t r i b u t i o n  of t a r s  zqler  t h e  coa l ' s  surface,  i r r e v e r s i b l e  water removal 
w i t h o u t  v a p o r i z a t i o n ,  el:-:nation of much o f  t h e  LRC h y d r o p h i l i c  oxygen 
f u n c t i o n a l i t y ,  removal  2 :  z o l u b l e ,  b o i l e r  f o u l i n g  a l k a l i  c a t i o n s ,  and  
a d a p t a b i l i t y  t o  c o n t i n u o u s  s r o c e s s i n g ,  The r e s u l t i n g  CWF w i l l  r e t a i n  t h e  
e x c e l l e n t  combust ion  c h a r a c t e r i s t i c s  i n h e r e n t  i n  LRCs and w i l l  d i s i n t e g r a t e  



r a t h e r  than agglomerate during combustion giving enhanced flame s t a b i l i t y .  The 
EMRC and Canadian P a c i f i c  Consulting Services, Inc. will be assessing t h e  
appl ica t ion  of t h i s  technology t o  a P h i l l i p i n e  LRC i n  p i l o t - s c a l e  tests, and if 
the r e s u l t s  a r e  f a v o r a b l e ,  wil l conduct a small c o m e r c i a 1  demons t ra t ion  program 
i n  the Phi l l ip ines .  
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Figure 1 Moisture i n  LRCs and Figure 2 Evaporation and i g n i t i o n  
removal v i a  W. sequence of CWF droplets. 
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