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LOW SULFUR COAL OBTAINED BY CHEMICAL DESULFURIZATION 
FOLLOWED BY LIQUEFACTION 

R .  A. Meyers and J .  W .  Hamersma 

TRW Systems and Energy, Rcdondo Beach, Cal i forn ia  90278 

R .  M. Baldwi?, J .  G .  Handwerk, J .  H .  Gary, 3 .  I). Golden 

Checi cal and ?etroleum Refici n g  Engineering Departmect 
o f  the  Coloradc School of Mines, Golden, Colorado 80401 

The su l fu r  content of coa l ,  near ly  a l l  of which i s  emitted 

as  su l fu r  oxide during combustion i s ,  on the  average, about equally 

d i s t r ibu ted  between two chemical forms, inorganic ( i r o n  Dyrites) and 

organic s u l f u r .  

A n  unconventional approach f o r  near t o t a l  removal of the 

p y r i t i c  s u l f u r  conten t  of coal was recent ly  reported by Meyers 

i n  t h i s  journa l" ) .  

a regenerable aoueous f e r r i c  so lu t ion  a s  out l ined  i n  eqs 1 and 2 

fi 
This new technique involves treatment of coal w i t h  

( 2 )  

FeS2 + 4.6 Fe2 (S04)3 + 4.8 H20 -+ 10.2 FeS04 + 4.8 H2S04 + .8S (1)  

2.4 O2 + 9.6 FeS04 + 4.8 H2S04 -f 4.8  Fe2(SO4l3 + 4.8  H20 ( 2 )  

. followed by a separa t ion  of generated elemental s u l f u r  and iron su l f a t e , '  

Subsequent labora tory  inves t iga t ions  demonstrated t h a t  the process could 

reduce the s u l f u r  conten t  o f  30-40% of the U.S. Appalachian coal 

reserves t o  t h e  0.7 t o  0.8% su l fu r  leve l  needed t o  meet the Ambient 
Air Qua l i ty  Act (3) . 

Coal l iquefac t ion  (Figure lA), t he  c a t a l y t i c  or non-catalytic 

hydrogenation of coal in a coal derived so lvent  t o  produce a u t i l i t y  

fuel!4) has been demonstrated t o  remove in the range of 40-60% or more of 

the organic s u l f u r  from coal by conversion to hydrogen s u l f i d e ,  and t o  be 

capable o f  removing near ly  a l l  of the inorganic su l fu r  and most of the 
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ash if a su i tab le  means f o r  f i l t r a t i o n  o f  the micron-sized 

residue from the viscous l i q u e f i e d  coal could be developed. 

the f i l t r a t i o n  technology necessary t o  accomplish the de-,as 

norganic 

To date, 

i n g  o f  the 

l i q u e f i e d  coal and l i m i t e d  organic s u l f u r  reduct ion have been the major 

problems associated 'w i th  l ique fac t ion ,  p a r t i c u l a r l y  w i th '  the non- 

c a t a l y t i c  version, known as so lvent  r e f i n e d  coal .  

We have invest igated the combination o f  the Meyers Process w i t h  

a s i m p l i f i e d  form o f  coal l i q u e f a c t i o n  (Figure 1B) i n  order t o  begin t o  

devise a p o t e n t i a l l y  economical, v iab le  combined process. 

the f i l t r a t i o n  s tep i s  e l iminated so t h a t  desu l fu r iza t ion  i s  e f f e c t e d  by a 

combination o f  f i r s t ,  f e r r i c  i o n  leaching t o  remove p y r i t i c  s u l f u r  and 

second, hydrogenation t o  remove a s i g n i f i c a n t  por t ion  o f  the organic s u l f u r  

as hydrogen su l f ide .  

ash content less the p y r i t e  which has been removed. This ash, which i s  a lso  

a p o l l u t a n t  when coal i s  combusted i n  a power p lan t ,  can be removed by 

ava i lab le  e l e c t r o s t a t i c  p r e c i p i t a t i o n  and bag house techniques a f t e r  

combustion but p r i o r  t o  emission i n t o  the atmosphere(5). 

I n  our approach, 

The product coal, however, contains the normal coal 

We selected two coals, from the Muskingum (Ileiggs Creek No. 9 seam) 

and the Camp (Yy No. 9 seam) mines, f o r  our invest igat ions as representat ive 

o f  the two major coal basins east o f  the Miss iss ipp i  River, the Appalachian 

and Eastern I n t e r i o r .  

Samples o f  run-of-mine coal (6)  were cleaned t o  remove rock f rac t ions  i n  order 

t o  represent the product normally obtained from mines a f t e r  coal p r e p a r a t i ~ n ( ~ ) .  

The two mines are among the la rges t  i n  the U.S. 

1 



236 

The cleaned coals were then chemical ly desul fur ized u t i l i z i n g  the 

Meyers Process and r e s u l t e d  i n  93-98% removal of p y r i t i c  su l fu r .  

o f  each chemically desu l fu r ized  coal and two samples o f  each untreated coal 

were subjected t o  i d e n t i c a l  and t y p i c a l  batch type coal ’  l i que fac t i on  con- 

d i t i ons ( * )  one hour residence t i m e  i n  4 t o  1 weight r a t i o  o f  solvent t o  coal. 

The f i l t r a t i o n  step was omit ted (Figure l e )  and the solvent was recovered. 

The resu l ts  are tabu la ted  i n  Table 1. 

Two samples 

Expts. 2 and 4, i n  which coal containing 

p y r i t e  was charged t o  t h e  reac tor  and Expts. 1 and 3, which had been chemical ly 

desul fur ized p r i o r  t o  hydrogenation , show very s i m i l a r  organic s u l f u r  

reduct ion and heat content increase. I n  a l l  cases the small amount o f  

s u l f a t e  sur fu r  present i n  the coal  was destroyed during the hydrogenation 

Rrocess. 

. _ -  . 

We conclude t h a t  (i) the presence o r  absence o f  p y r i t e  does n o t  

ma te r ia l l y  a f f e c t  e i t h e r  the  hydrogenation o f  organic s u l f u r  o r  the uptake 

o f  hydrogen by the coal matr ix as re f l ec ted  i n  the  organic s u l f u r  and b t u  

changes, respect ively;  ( i i )  near ly a l l  of the p y r i t e ,  when present i n  the  

coal  samples (Expts. 2 and 4 ) ,  i s  converted under the hydrogenation 

condit ions t o  i r o n  s u l f i d e  and hydrogen s u l f i d e  as i n  eq 3, 

FeS + H2 9 FeS + H2S 
2 

as has been shown fo r  mineral  p y r i t e  under s i m i l a r   condition^(^); and 

(iii) the two coal samples, although from d i f f e r e n t  coal basins, behaved 

s i m i l a r l y  under hydrogenation condi t ions.  

(3 )  
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It i s  notable t o  p o i n t  ou t  t h a t  the Ky. No. 9 (Camp) coal was 

.reduced t o  0.85% t o t a l  s u l f u r  (Expt. 3) w i t h  a heat content increase t o  

14156 btu, by the combination o f  chemical desu l fu r iza t ion  and hydrogenation, 

meeting the requirement o f  0.6 l b  sulfur/106 b tu  establ ished by the Federal 

Ambient A i r  Q u a l i t y  Act f o r  power p l a n t  f u e l  f o r  new s ta t ionary  sources. 

Thus, t h i s  coal could meet the federal standard u t i l i z i n g  the combined process 

It therefore appears t h a t  a combination o f  the Meyers Process w i t h  
'> 

a s i m p l i f i e d  form o f  coal l ique fac t ion ,  as described i n  Figure l B ,  i s  

techn ica l l y  feasible f o r  the  desu l fu r iza t ion  o f  coal t o  meet p o l l u t i o n  contro l  
1 
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I t  occurred to  us t h a t  the f i l t r a t i o n  step i n  coal l iquefac t ion  could 
a l so  be eliminated by ex t rac t ion  of i ron  su l f ide  w i t h  hydrochloric 
acid following l i que fac t ion .  However we have found t h a t  hydrochloric 
ac id ,  i n  environmentally unsound amounts (about 1% W / W ) ,  remains w i t h  
coal a f t e r  t rea tment  even a f t e r  exhaustive washing w i t h  bo i l ing  water. 
A matrix of 1-hour s u l f u r i c  acid leaches t o  remove i r o n  s u l f i d e  was 
attempted a f t e r  i t  was found t h a t  1N s u l f u r i c  ac id  dissolved pure iron 
su l f ide  in near quan t i t a t ive  yields: However we f o u n d  no decrease 
i n  t o t a l  s u l f u r  f o r  the Camp coal from E x p t .  4 and only a s l i g h t  
decrease f o r  the Muskingum coal from E x p t .  2,  a f t e r  ex t rac t ion  w i t h  
e i t h e r  1N, 3N o r  12N s u l f u r i c  acid.  T h u s ,  i t  does not appear f eas ib l e  
t o  chemically remove iron su l f ide  a f t e r  l iquefac t ion  as a method f o r  
production of low s u l f u r  f u e l .  

The finding t h a t  res idua l  s u l f a t e  is  destroyed during h drogenation, 
together w i t h  t h e  known high r e a c t i v i t y  of elemental su f fu r  w i t h  
hydrogen, i nd ica t e s  t h a t  the elemental s u l f u r  and iron s u l f a t e  removal 
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steps o f  the Meyers Process could poss ib ly  be deferred t o  the 
hydrogenation step as a fu r ther  combined process s i m p l i f i c a t i o n .  
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