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Chemical Coal Cleaning Assessments at Gulf 

R. R. ODER*, B. N. MURTHY, AND E. L. MCCINNIS 
GULF RESEARCH k DEVELOPMENT COMPANY 
P. 0. DRAWER 2038 
PITTSBURGH, PENNSYLVANlA 15230 

ABSTRACT 

Extensive work has been conducted a t  Gulf Research 6 Develop- 
ment Company over t h e  pas t  5 yea r s  t o  a s ses s  t h e  f e a s i b i l i t y  of 
commercializing chemical coa l  c leaning  technologies.  Elements of 
t h i s  work a r e  reviewed i n  t h i s  paper. It is concluded t h a t  t h e  use  
of chemical cleaning w i l l  await t h e  development of markets f o r  
premium coals  and t h e  start  of new market-oriented s t r a t e g i e s  by 
coa l  companies. The t rend  by e l e c t r i c  u t i l i t i e s  toward t h e  use  of 
more e f f i c i e n t  f u e l s  and t h e  need t o  pay out  high c o s t  c o a l  r e se rves  
may fo rce  coa l  companies t o  develop premium f u e l s  f o r  improving 
market share. S ign i f i can t  use  of chemical methods i n  coa l  prepara- 
t i o n  is a d i s t i n c t  p o s s i b i l i t y  i n  t h e  f u t u r e  because of developments 
now under way i n  t h e  use of coa l  as an  a l t e r n a t i v e  hydrocarbon 
feedstock i n  chemicals and f u e l s  appl ica t ions .  The p o t e n t i a l  f o r  
chemical prepara t ion  of l o r r a s h  and l o r r s u l f u r  coa l  f o r  t hese  new 
app l i ca t ions  is discussed. 

INTRODUCTION 

I n t e r e s t  i n  t h e  development of chemical methods t o  prepare 

c l ean  s o l i d  coa l  i s  based on the  be l i e f  t h a t  new oppor tun i t i e s  w i l l  

extend t h e  use  of coa l  beyond i t s  t r a d i t i o n a l  boundaries of metal- 
l u r g i c a l  and steam appl ica t ions .  I f  s o l i d  c o a l  is t o  be s u b s t i t u t e d  

f o r  o i l  and gas in electric power genera t ion  and f o r  o t h e r  carbon 

feedstocks i n  high-quality chemicals app l i ca t ions ,  
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1372 ODER, MURTHY, AND McGINNIS 

there  w i l l  be a market f o r  highly re f ined  coa l  whose value w i l l  be 

determined by f a c t o r s  o the r  than hea t  content alone. Values a n t l c i -  
6 pated f o r  t hese  feedstocks exceed t h a t  of steam coa l  (about $1.5/10 

Btu o r  $36/ t )  by a l a r g e  amount, thus allowing considerable l a t i t u d e  

f o r  technology development i n  t h e  prepara t ion  of q u a l i t y  feedstocks 

from raw coal.  

Recently, two i n t e r e s t i n g  t rends  have emerged i n  t h e  develop- 

ment of chemical coa l  c leaning  technology. F i r s t ,  emphasis i s  now 

being placed more on developing deashing technology than  on desul- 

fu r i za t lon .  There appears t o  be oppor tuni t ies  f o r  coa l  i n  the  

s l u r r y  and tu rb ine  f u e l s  markets which r equ i r e  a s h  l i m i t s  achievable 

by chemical methods. Since these  new f u e l s  are expected t o  be 

valued comparable t o  f u e l  o i l  i n  t h e  $3.5-4.5110 Btu range, t he re  

i s  a r e a l i s t i c  opportunity t o  develop chemical methods f o r  preparing 

t h e  clean coa l  components. Since t h e  market f a c t o r s  appear t o  be 

more a t t r a c t i v e  and b e t t e r  defined f o r  deashing than f o r  desu l fur i -  

za t ion ,  it is easy t o  r a t i o n a l i z e  deashing research. Minerals i n  

coa l  f o r  the  m o s t  p a r t  are d i s t i n c t  from the  coa l  s t r u c t u r e  so t h a t  

they a r e  r ead i ly  removed by chemical a t t ack .  Fur ther ,  t h e  inorganic  

chemistry of coa l  deashing i s  b e t t e r  understood than  the  organic 

chemistry of coa l  t h a t  has a major r o l e  i n  coa l  desu l fur iza t ion .  

While chemical deashing is  expected t o  be expensive, i t s  r i s k  i s  no t  

perceived a t  t h i s  t i m e  t o  be as high as t h a t  of chemical desu l fur i -  

za t ion .  

6 

Secondly, t he re  is  a renewed e q h a s i s  on developing a l te rna-  

t i v e s  t o  hydrogen-based methods f o r  "l iquefying" the  coal.  This 
r ed i r ec t ion  appears t o  be caused by t h e  r e a l i z a t i o n  t h a t  e f f e c t i v e  

desu l fu r i za t ion  requi res  ex tens ive  d i s rup t ion  of t h e  coa l  s t r u c t u r e .  

The hope i s  t h a t  lov-sulfur and l o r a s h  s o l i d  coa l  products can be 

prepared through in te rmedia te  s o l u b i l i z a t i o n  without loss of u s e f u l  

coa l  cha rac t e r i s t i c s .  Since carbonaceous coa l  components of some 
low-rank coa ls  e x h i b i t  a wide range of s o l u b i l i t i e s  i n  water, caus- 

t i c ,  and a lcohols ,  ox ida t ive  depolymerization(') and c a u s t i c  s o h -  
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b i l i z a t i o n ( 2 )  are being explored f o r  t h e i r  po ten t i a l  i n  preparing 

c lean  s o l i d  coal. The ideas behind these approaches are t h e  

improved r e a c t i v i t y  of coa l  in t h e  l i q u i d  phase and the  p o s s i b i l i t y  

of p rec ip i t a t ing  use fu l  s o l i d  coal products f r e e  from mineral mat- 
t e r .  

Work being ca r r i ed  out a t  Gulf Research over the  pas t  5 years  

t o  assess the  f e a s i b i l i t y  of commercializing chemical coa l  cleaning 

technologies is reported i n  t h i s  paper. I n  comparing estimated 

cos ts  of c lean  fue l s  prepared with chemical methods wi th  present 

value of steam coals ,  we have concluded t h a t  the use of chemical 

cleaning w i l l  await t he  development of markets f o r  premium coals  and 

t h e  start  of new, marke ta r i en ted  s t r a t e g i e s  by coa l  companies. The 

trend by electric u t i l i t i e s  toward the  use of more e f f i c i e n t  f u e l s  

and the  need t o  pay out high-cost coa l  reserves may force  coa l  

companies t o  develop premium fue l s  f o r  improving market share. 

S igni f icant  use of chemical methods i n  coa l  preparation is a dis- 

t i n c t  p o s s i b i l i t y  i n  the  fu tu re  because of developments now under 

way i n  the  use of coa l  as an  a l t e r n a t i v e  hydrocarbon feedstock i n  

chemical and f u e l  appl ica t ions  and because of impending l e g i s l a t i o n  

t o  cont ro l  s u l f u r  r e l ease  t o  the  atmosphere. The po ten t i a l  f o r  

chemical preparation of low-ash and l o r s u l f u r  coal f o r  these  appl i -  

ca t ions  is discussed. 

CURRENT STATUS OF TECHNOLOGY 

The primary motivation f o r  developing chemical coa l  cleaning 

methods i n  the  U.S. has been the  need t o  remove organic s u l f u r  from 

Eas te rn  coals. The conventional coa l  cleaning methods a r e  l imi ted  

t o  removing inorganic s u l f u r  forms and are based on separa t ing  coal 

from mineral matter containing p y r i t i c  s u l f u r  by t h e i r  s p e c i f i c  

grav i ty  differences.  

Chemical coa l  cleaning methods mainly re ly  on breaking down t h e  

bonds tha t  connect organic s u l f u r  groups t o  t h e  coa l  molecules. 
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1374 ODER, MURTHY, AND McGINNIS 

Because chemical processes,  i n  comparison with conventional benef i- 

c i a t i o n  methods, are expensive, t h e i r  development has been slow and 

has not progressed beyond t h e  labora tory  o r  p i lo t -p lan t  stage.  

Table I lists the  prominent processes of cur ren t  i n t e r e s t .  

l i s t  does not include high temperature pyrolytic/hydrogenation 

processes t h a t  s u b s t a n t i a l l y  change t h e  chemical s t r u c t u r e  and 

c h a r a c t e r i s t i c s  of coal. 

(1-7) me 

A l l  of the  processes shown i n  Table I u s e  some l e v e l  of f i n e  

grinding of coa l  t o  increase  su r face  a rea  f o r  exposing organic  

s u l f u r  t o  the  reagents.  Acid treatment and water wash t o  remove 

90-95% of the  mineral matter i s  genera l ly  recommended by t h e  process 

developers. 

GULF WORK 

Chemical coa l  cleaning s t u d i e s  a t  Gulf have emphasized lcw-cost 

approaches t o  removing s u l f u r  and mineral matter from coal  e x i s t i n g  

in the  Company's Western Kentucky and I l l i n o i s  reserves.  Severa l  

processes have been evaluated as pa r t  of our research  a c t i v i t i e s ,  

represent ing  considerable d i v e r s i t y  i n  approach t o  s u l f u r  removal. 

This paper d iscusses  th ree  approaches t o  dry chemical desu l fur iza-  

tion: 

1. AirfSteam Cleaning of Coal--effective a t  removal of 

p y r i t i c  s u l f u r .  

2. The Nitrogen Dioxide Process--effective i n  removing 

organic  s u l f u r .  

3. Molten Alka l i  and Acid Treatment--effective in 

removing both s u l f u r  and ash. 

1. Air/Steam Cleaning of Coal 

The air/steam process is a dry method f o r  converting s u l f u r  t o  

gaseous The process i s  believed t o  be one of t h e  
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1376 ODER, MURTHY, AND McGINNIS 

simplest approaches t o  c o a l  d e s u l f u r i z a t i o n ,  and was optimized a t  

t h e  bench scale. With use  of magnetic methods fo l lowing  t h e  a i r /  

steam r e a c t i o n ,  97% of  p y r i t i c  s u l f u r  has  been removed from West 

Kentucky No. 6 c o a l  c o n t a i n i n g  p y r i t e s  of  10-20 micron mean p a r t i c l e  

diameters .  There is no f i r m  evidence  of o r g a n i c  s u l f u r  removal. 

Experiment a1 

A schematic  diagram of t h e  r e a c t o r  is shown i n  F igure  1. The 

u n i t  c o n s i s t s  of a 2" t h i n - w a l l e d  fixed-bed r e a c t o r ,  surrounded by a 

118" x 4' c o i l .  The t r e a t i n g  gases  are passed through t h e  c o i l  

before  e n t e r i n g  t h e  r e a c t o r .  The r e a c t o r  c o n t a i n i n g  c o a l  could be 

immersed in and l i f t e d  o u t  of a f luid-bed h e a t i n g  b a t h  at  w i l l .  The 

r e a c t o r  e f f l u e n t  passes  through a n  i n t e r m e d i a t e  t r a p  where l i g h t  

hydrocarbon is  condensed. The gases  then  pass  through a scrubber  

which conta ins  30% hydrogen peroxide s o l u t i o n  t o  conver t  s u l f u r  

d i o x i d e  t o  s u l f u r i c  ac id .  T h i s  o o l u t i o n  is analyzed f o r  s u l f a t e .  

Uncondensed g a s e s  are analyzed f o r  COS, HzS, S02, and CS2. 

In a d d i t i o n  t o  measurements of s u l f u r  evolved as gases ,  t h e  

coal s u l f u r  fOKUIS were determined by ASTM D2492 method. The Leco 

method (ASTM D1552) was used f o r  quick de te rmina t ion  of t o t a l  su l -  

f u r .  Values were compared t o  t h o s e  obta ined  by t h e  Eschka method 

(ASTM D3177). Agreement between t h e  methods f o r  measuring t o t a l  

s u l f u r  was w i t h i n  2%. S u l f u r  ba lance  ranged from 87 t o  go%, and 

material balance between 97 and 98% on a moisture-free b a s i s .  The 

ASTM measurement of p y r i t i c  s u l f u r  t a k e n  a l o n e  can be i n  e r r o r  when 

i r o n  oxides  are p r e s e n t  i n  s i g n i f i c a n t  q u a n t i t y  as i s  t h e  case f o r  

t h e s e  experiments. 

Magnetic s e p a r a t i o n  experiments  were c a r r i e d  out  on dry c o a l  

samples employing a F r a n t z  Isodynamic S e p a r a t o r  producing magnetic 

f i e l d s  up t o  20 k i logauss .  

Kesul t s _- 
R e s u l t s  are shown i n  Table  I1 and a r e  t o  be descr ibed  i n  more 

The most impor tan t  process  v a r i a b l e s  a f f e c t i n g  d e t a i l  e l sewhere . (7)  
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c o a l  desu l fu r i za t ion  and coa l  recovery were reac t ion  temperature, 

residence t i m e ,  and the  steam-to-air r a t i o .  The steam-to-coal 

r a t i o ,  a i r  feed r a t e ,  and p a r t i c l e  s ize  of feed  coa l  up t o  8 mesh 

were not found t o  be s i g n i f i c a n t .  

Maxi rnum desu l fu r i za t lon  and recovery of coa l  took p lace  wi th in  

the  300 t o  350°C range. There is an  optimum steam-to-air r a t i o  f o r  

maximum desu l fu r i za t ion  (35% t o t a l  s u l f u r  removed) of coal. Desul- 

f u r i z a t i o n  was enhanced by increas ing  oxygen p a r t i a l  p ressures  t o  a 

s t ean r to -a i r  r a t i o  of 9.7 by weight f o r  r eac t ion  a t  350°C (F ig .  2). 

Our work has ind ica t ed  t h a t  steam plays  a unique r o l e  a s  cata- 
l y s t  i n  promoting dry oxida t ive  desu l fu r i za t ion  of coal. Steam 

appears t o  pene t ra te  the  coa l  and promote access of the  oxygen i n  

t h e  a i r  t o  the  p y r i t e s  f o r  enhancing t h e  reaction. We d id  not 

observe desu l fu r i za t ion  by a i r  wi th  i n e r t  d i l u t i n g  gases  such as N2 
t o  t he  same s i g n i f i c a n t  ex ten t  as wi th  steam. Fur ther ,  moderate 

afrlstearn treatment followed by magnetic s epa ra t ion  appears t o  be an 

a t t r a c t i v e  way t o  remove p y r i t e s  from coal. 

Mild airlsteam treatment leads  t o  conversion of p y r i t i c  s u l f u r  

t o  a highly magnetic form so t h a t  t h i s  method appears t o  be a simple 

and inexpensive way t o  enhance magnetic desu l fu r i za t ion  and deashing 

without us ing  expensive and tox ic  reagents.  ( l  Airlsteam treatment 

w a s  found t o  convert some of t he  p y r i t e  present  t o  oxidized forma 

such as s u l f a t e ,  py r rho t i t e s ,  and possibly magnetite. Additional 

s u l f u r  reductions equivalent t o  0.3-1.1 l b  SO2 p e r  mi l l i on  Btu were 

r e a l i z e d  wi th  use of magnetic s epa ra t ion  following a i r s team treat- 

ment. To ta l  s u l f u r  w a s  reduced from 2.71% t o  1.94 by s teamla i r  

treatment alone. Steamlair  and dry magnetic s epa ra t ion  achieved a 

f u r t h e r  reduction t o  1.52% a t  84% Btu recovery i n  a single-stage 

operation. To ta l  s u l f u r  reduct ions  up t o  56% have been achieved f o r  

t h i s  coa l  i n  combined aidsteam and magnetic sepa ra t ion  treatments 

a t  Btu recover ies  of 84-96% when middling products are included 

(1.8% S,  53% y ie ld ) .  
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1380 ODER, MURTHY, AND McGINNIS 

StearnlAir Ratio by wt. 

FIGURE 2. 
Effects of Operating Conditions on Coal Lksulfurization and Coal 
Recovery. 
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CHEMICAL COAL CLEANING TECHNOLOGIES 1381 

2 .  The Nitrogen Dioxide Process 

The use of n i t rogen  dioxide f o r  coa l  desu l fu r i za t ion  w a s  f i r s t  

reported by KVB Inc.(12,13) Desul fur iza t ion  by t he  process is 
believed t o  involve t h e  following reac t ions :  

The oxidant i s  recovered from t h e  product gases and oxidized with 

a i r  t o  e f f e c t  i ts regeneration. Nongaseous oxidized-sulfur forms 

a r e  removed from coa l  by water o r  c a u s t i c  washings. The process has 

seve ra l  va r i a t ions  which inc lude  the  use of a c a r r i e r  f o r  the  oxi- 

dant. Kentucky No. 6 cons t i t u t ed  the  p r inc ipa l  coa l  used i n  t h i s  

study. 

Experimental 

The coa l  desu l fu r i za t ion  r eac to r  was s i m i l a r  t o  t h a t  used f o r  

t h e  airlsteam process shown i n  Figure 1. The oxid iz ing  feed  gas was 
a dry mixture containing up t o  2% ni t rogen  dioxide,  t h e  remainder 

being nitrogen. Reactor e f f l u e n t  passed through a t r a p  t o  the  

n i t rogen  analyzer f o r  ana lys i s  of n i t rous  oxide and n i t rogen  diox- 

ide .  A po r t  w a s  provided f o r  gas sampling f o r  gas chromatography. 

Temperature measurements were made i n  t h e  coa l  bed and a t  o ther  

s t r a t e g i c  poin ts  w i th in  t h e  bath. 

Reaction times var ied  between 1 t o  4 h, depending on t h e  gas 

feed  rate and coa l  charged. Sul fur  forms were determined by ASTM 

D 2492, t o t a l  s u l f u r  by t h e  Eschlca method, and nitrogen, carbon, 

hydrogen, and hea t ing  value ana lys i s  by s tandard  procedures. Desul- 

f u r i z a t i o n  determinations,  reported here  are t h e  r e s u l t  of coneider- 

a b l e  work on independent systems and model compounds ( inc luding  NO2 

removal of organic  s u l f u r  from coa l  precleaned by a microbial  proc- 

ess which l e f t  depyr i t ized  coa l  f r e e  from i n t e r f e r i n g  i ron ) .  
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1382 ODER, MURTHY, AND McGLNNZS 

C a u s t i c  l e a c h e s  were c a r r i e d  o u t  a t  100°C u s i n g  a 1N s o l u t i o n  

of sodium hydroxide f o r  1 h. T y p i c a l l y ,  10 g of ox id ized  c o a l  was 

re f luxed  wi th  t h e  c a u s t i c  s o l u t i o n  fol lowed by f i l t r a t i o n ,  aqueous 

washing of t h e  f i l t r a t e ,  and d r y i n g  of t h e  coa l .  

R e s u l t s  

S u l f u r  and n i t r o g e n  c o n c e n t r a t i o n s  of Kentucky No. 6 c o a l  

ox id ized  a t  t empera tures  ranging  from 5 0  t o  350°C w i t h  and wi thout  

follow-on c a u s t i c  l e a c h i n g  are s h w n  i n  F i g u r e  3.  E f f e c t i v e  desul-  

f u r i z a t i o n  r e q u i r e s  300-350°C. Oxidat ion of c o a l  a t  tempera tures  i n  

excess  of 35OoC i n c u r s  e x c e s s i v e  loss of carbon and c o a l  v o l a t i l e $ .  
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1388 ODER, MURTHY, AND McGINNIS 

These r e s u l t s  i nd ica t e  an  a f f i n i t y  of s e l ec t ed  maceral and 

mineral species f o r  caus t i c .  Our r e s u l t s  suggest t h a t  pene t ra t ion  

of t he  v i t r i n i t e  and e x i n i t e  maceral components is followed by a n  

explosive increase  i n  t h e  i n t e r n a l  su r f ace  a rea  f o r  t h i s  coa l  which 

i s  believed t o  be caused by sudden l o s s  of water and v o l a t i l e s  a t  

the  high r eac t ion  temperatures during molten alkali  treatment.  This 
e f f e c t  may a l s o  be observed wi th  use of micravave hea t ing  i n  t h e  

presence of c a u s t i c  but probably would not be observed when process- 

i ng  c a u s t i c  i n  water because of t he  high vapor pressure  of t h e  

process water. 

Apparently, t he  macerals exh ib i t i ng  p l a s t i c  p rope r t i e s  play a 

f u r t h e r  important r o l e  i n  the  desu l fu r i za t ion  process. I n  t h e  

p l a s t i c  state a t  high temperatures, t h e  s o l i d  macerals d isso lve  and 

d i f fus ion  b a r r i e r s  c h a r a c t e r i s t i c  of t h e  s o l i d  state are removed, 

thus  promoting mixing of both organic  and mineral components. The 

ove ra l l  r e s u l t  of t h i s  e f f e c t  i s  improved desu l fu r i za t ion  and more 

e f f e c t i v e  demineralization of t h e  reac ted  c o a l  dur ing  ac id  wash. 

By mechanically removing nonreactive f u s i n i t e s  and o the r  i n e r t  

components from the  process feed, i t  may be poss ib l e  t o  both improve 

t h e  process economics and t o  produce a cleaned coa l  t h a t  i s  even 

lower i n  s u l f u r  and ash  than t h a t  now prepared by T R W .  

E c onomi c s  

Severa l  i nves t iga to r s  have estimated t h e  cos t s  of chemical coa l  

cleaning processes. (2*14915)  Gulf has analyzed and updated these  

es t imates  t o  1982 c o s t s  f o r  a t y p i c a l  coa l  c leaning  p l an t  processing 

2.5 x lo6 t / y r  of run-of-mine mid-Western bituminous coal.  The 

process layouts  considered included a f ront-end phys ica l  benef icia- 

t i o n  p lan t  opera t ing  13.6 h/day and 226 days/yr. Provisions were 

made i n  t h e  ana lys i s  f o r  s tockp i l ing  phys ica l ly  cleaned coa l  which 

could be withdrawn f o r  chemical processing 24 h per  day, 365 days/ 

y r ,  a t  90% capac i ty  f ac to r .  
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Table  I V  

EFFECT O F  OXIDATION ON HEATING VALUES O F  COAL* 

1385 

Recovery Heating 
Heating of Value x ( % 

Oxidat ion  Value,** Oxi d i  zed Re co ver y % 
Temperature, OC Btu/ lb  Coal***, % of Coal) B t u  LOSS**** 

Not Oxidized 14 058 100 14 058 0 

200 13 858 9a 13 581 3.4 

2 25 13 451 97 13 047 7.2 

260 13 374 94 12 572 10.6 

3 00 12 945 91 I 1  780 16.2 

350 12 770 88 1 1  238 20.1 

* Kentucky No. 6 washed and d r i e d  coal. 
** After  o x i d a t i o n .  
* * *  Weight % based o n  charged coa l .  
**** Based on unoxidized coal. 

The feed coa l  used f o r  most of t h e  study w a s  28 x 0 mesh. 

Oxidation of f i n e r  coa l  t o  200 mesh d i d  not enhance desu l fu r i za t ion .  

Desul fur iza t ion  achieved with NO2 was not s i g n i f i c a n t l y  g r e a t e r  than 

t h a t  obtained wi th  use of the air/steam method. 

3. Molten Alka l i  Treatment 

The molten alkali  process with ac id  treatment being inves t i -  

gated by T R W  is claimed t o  have one of t h e  h ighes t  s u l f u r  and ash  

removal e f f ic ienc ies . (4)  TWO samples of I l l i n o i s  coa ls  that were 

phys ica l ly  cleaned by Gulf were sen t  f o r  molten a l k a l i l a c i d  wash 

treatment by TRW. The r e s u l t s  of t he  TRW test work are s h a m  i n  

Table V. These results ind ica t e  t h a t  t o t a l  s u l f u r  i n  the  coa l  
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T a b l e  V 

ODER, MURTHY, AND McGINNIS 

- REMOVAL OF SULFUR AND ASH FROM COAL BY TRW (GRAVIMELT) PROCESS 

Heat C o n t e n t  
W e 1  h t  % B t u / l b  

I L l i r m i s  C o a l  Sample  I D  % MAF lb S/106 R t u  2 S, 

r15 Seam 

Gulf 14.42 3.06 1.35 0.01 1.70 11946 13687 2.56 
29084 

Con t r o  1 

G u l f  0.75 0.39 0.08 0.01 0.30 13806 13910 0.28 
29084 0.48 0.51 0.05 0.04 0.42 13615 13678 0.37 

E x t r a c t e d  

G u l f  6 . 8 3  2.86 1.05 0.01 1.80 13215 14118 2.1 6 
29085 

C o n t r o l  
116 Seam 

G u l f  0.37 0.59 0.05 0.01 0.53 13807 13859 0.43 
29085 0.39 0.77 0.06 0.01 0.70 14058 14113 0.55 

E x t r a c t e d  

S t  - Total : ; u l f u r  
Sp = P y r i t i c  s u l f u r  
' js  = S u l f a t e  S u l f u r  
.So = O r g a n i c  S u l f u r  
M A F  : M o l s t u r e -  and Ash-Free  Coal 

samples t r e a t e d  can be reduced by t h e  molten alkali  process  t o  

<0.70% and t h e  a s h  conten t  t o  <0.75%. 

P e t r o g r a p h i c  ana lyses  of t h e  t r e a t e d  samples conducted by Gulf 

(F igure  4 )  i l l u s t r a t e  t h e  e f f e c t  of molten a l k a l i  t rea tment  upon t h e  

maceral and minera l  components. The product  material from t h e  TRW 

t rea tment  shows c o n s i d e r a b l e  p h y s i c a l  d i s t o r t i o n  of t h e  v i t r i n i t e  

and e x i n i t e  macerals and almost  c o n p l e t e  removal of t h e  s u l f i d e  

minerals .  P s e u d o - v i t r i n i t e  and o t h e r  r e l a t i v e l y  nonreac t ive  macer- 

a l s  show minimal evidence of r e a c t i o n  w i t h  t h e  c a u s t i c .  The f u s i -  

n i t e  o r  s e m l f u s i n i t e  macerals remain unreacted and i n e r t  t o  t h e  

molten a l k a l i  t reatment .  
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FI 

a. Before Treatment 

b. After Treatment 

GURE 4 .  Molten Alkali Treatment. Petrographic Analyses of I l l i n o i s  Cc 
Samples. 
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The r e s u l t s  of t h i s  ana lys i s  ind ica ted  t h a t  t h e  1982 investment 

cos t s  of a l l  t he  chemical cleaning processes,  inc luding  front-end 
benef ic ia t ion ,  range from $160 mi l l i on  t o  $260 mill ion.  The "dry" 

processes (TRW, steam/air, and KVB/Gulf) represented l o w  inves t -  

ments, ranging from $160 t o  $185 mill ion.  The higher investments 

f o r  t he  "wet"  processes (e.g., PETC, JPL-2, and GE), i n  t h e  range of 
$180 t o  $260 mi l l ion ,  r e su l t ed  from l a r g e r  p l an t  s i z e s  and 

r e l a t i v e l y  more complex equipment required t o  handle the  l a r g e  

q u a n t i t i e s  of water i n  t h e  coa l  s l u r r i e s ,  

The cos t  of coa l  l o s t  during t h e  c leaning  process w a s  c o n s i d e r  

a b l e  f o r  a l l  processes,  ranging from $24 t o  $36 mi l l i on  per  year. 

t he  o v e r a l l  cos t  of cleaning, estimated f o r  a 20% discounted cash  

flaw r a t e  of r e t u r n  on 100% equ i ty ,  ranged from $1.5 t o  $3/per 

mi l l i on  Btu of product. 

Costs and performance trends f o r  benef ic ia t ion  of high-sulfur 

I l l i n o i s  coa l  are compared a t  t h e  conceptual l e v e l  f o r  s e v e r a l  

technologies ranging from conventional t o  chemical in Figure 5. The 

cos t  f i gu res  of $2.5 t o  4.5 per mi l l i on  Btu inc lude  raw coa l  cost a t  

$1.30/per mi l l i on  Btu and approximately represent  t h e  add i t ion  of 

ac id  ex t r ac t ion  and water wash s t e p s  t o  t h e  chemical c leaning  proc- 

esses t o  reduce ash l e v e l s  t o  <1.5% i n  t h e  product. The product 

f u e l  conceptualized f o r  t h i s  study would be used i n  i n d u s t r i a l  o r  

u t i l i t y  bo i l e r s ,  but no c o s t s  were included f o r  s l u r r y  

prepara t ion .  

The ash  removal d a t a  shown i n  Figure 5 were i n c i d e n t a l  t o  t h e  

primary goal,  which w a s  desu l fu r i za t ion .  Processes developed speci-  

f i c a l l y  f o r  deashing may exh ib i t  a cos t  performance t rend  curve 

d i f f e r e n t  from t h a t  of Figure 5. In comparison, coa l  l i q u i d s  can be 

taken as a re ference  case f o r  chemical coa l  c l ea ing  technologies. 

Our eva lua t ion  ind ica t e s  a considerable p o t e n t i a l  f o r  chemical 

pathways o the r  than high temperature hydrogenation t o  prepare s u i t -  

ab l e  c lean  coal a t  cos t s  considerably below t h a t  an t i c ipa t ed  f o r  

coa l  l i q u i d s  a t  >$6/mill ion Btu;(16) 
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CONCLUSIONS 

Chemical methods, as now developed a t  LLe labora tory  l e v e l ,  can 

prepare coals of q u a l i t y  adequate f o r  coa l  s l u r r y  and tu rb ine  

appl ica t ions .  

Chemical methods w i l l  r equ i r e  development of process technology 

more soph i s t i ca t ed  than now used i n  coa l  preparation. 

Sol id  c lean  f u e l s  prepared by chemical methods may cos t  $2.5- 

4.5/mill ion Btu. Coal l i q u i d s  prepara t ion  w i l l  l i k e l y  involve 

add i t iona l  cos t s  an t i c ipa t ed  a t  >$2.5/million Btu. 

There is an  i n t e r e s t i n g  r a t i o n a l e  evolving towards development 

of nonhydrogen-based coa l  l i que fac t ion  technologies d i r ec t ed  a t  

s o l u b i l i z i n g  c o a l  components f o r  enhanced desu l fu r i za t ion  in t h e  

l i q u i d  s t a t e  and f o r  more e f f e c t i v e  deashing by f i l t r a t i o n .  

Water, caus t i c ,  and a lcohol  systems a r e  being studied. 
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