
Laboratory Batch Liquefaction of Low Rank Coals 

A.M. Souby, T.C. Owens, D.E. Severson 

Department of Chemical Engineering , University of North Dakota 

Grand Forks, ND 58202 

I 

INTRODUCTION 

Laboratory autoclave s tudies  of low rank coa ls ,  p a r t i c u l a r l y  l i g n i t i c  coa ls ,  
have been conducted i n  the  Department of Chemical Engineering a t  the  University 
of North Dakota over a period of nearly 15 years. Recent research work i s  focused 
on providing process support da ta  for  the  "surviving" l iquefact ion technologies 
with par t icu lar  emphasis on western low rank.coals. 
program was directed t o  screening several  l iquefact ion solvents. Two solvents  
were selected f o r  subsequent work; one was a d i s t i l l e d  anthracene o i l  ( A O D 1  and 
AOD2) and the second was hydrogenated d i s t i l l e d  anthracene o i l .  

Early work i n  the  current  

One of the object ives  of the  research program is t o  study the  e f f e c t  on 
liquefaction yields  of the  i d e n t i t y  and quant i ty  of mineral const i tuents  of the  
coal. 

Five North Dakota l i g n i t e s  (Beulah, Gascoyne, Zap, Larson, and Velva) , th ree  
Montana or Wyoming subbituminous coals  (Absaloka, Wyodak, and Decker), and a s ingle  
Alaska subbituminous coal  ( I l s ibe l l i )  were invest igated.  Analyses of the coals  and 
of the coal ashes a r e  given in  Tables 1 and 2, respect ively.  The elements of ten 
considered t o  be important in  l iquefact ion a r e  i ron ,  calcium, magnesium, sodium, 
potassium, and su l fur .  There is a considerable body of opinion t h a t  the var ious 
fcrms of iron su l f ides  a r e  the  primary c a t a l y s t s  in  l iquefact ion.  Tables 1 and 2 
show t h a t  the high ash l i g n i t e  (BEU 3)  and subbituminous (ABS 1) a r e  al.so high i n  
both i ron and su l fur ,  while the  calcium and magnesium contents  a r e  i n  the range of 
the other  coals. The sodium leve l  i s  r e l a t i v e l y  high f o r  the  Beulah (BEU 3)  and 
Zap l i g n i t e s ,  and f o r  the  Absaloka coal when it i s  compared with the  other  sub- 
bituminous coals. 

PRODUCT AND SLURRY ANALYSES 

Analyses of l iquefact ion solvent and of react ion products a r e  la rge ly  physical 
i n  nature. Solvent and s l u r r y  a r e  characterized by vacuum d i s t i l l a t i o n  (ASTMD-1160) 
and by dissolut ion of the undis t i l l ab le  portLon i n  tetrahydrofuran (THF). Slurry 
material not soluble i n  THF was considered t o  be ur:onverted l i g n i t e  o r  ash, and 
the ash was determined independently. 

Three d i s t i l l a t e  f rac t ions  were determined i n  t h e  vacuum ( 5  t o r r )  d i s t i l l a t i o n .  
These were the  i n i t i a l  boi l ing point  (IBP) t o  12OoC - l i g h t  o i l ;  12OoC t o  2600 C - 
middle o i l ;  and the  f rac t ion  d i s t i l l e d  above 260°C - heavy o i l .  The THF soluble ,  
but  nondis t i l lable ,  port ion of the product s l u r r y  was ca l led  soluble residuum. 
Condensable vapors t h a t  were discharged with the  reactor  gases were col lected i n  
cold t raps  and a r e  a l s o  considered t o  be l i g h t  o i l s .  
solvents consis t  primarily of mater ia l  i n  the  middle o i l  range. 
poses of data  reduction it was assumed the ash was unchanged during t h e  reaction. 

It w i l l  be noted t h a t  the  
For pur- 

EXPERIMENTAL RESULTS 

Cold charge Autoclave - 
In cold charge autoclava experiments, solvent ,  l i g n i t e ,  and gas (nominally 
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an equimolar mixture of CO and H ) were charged t o  the autoclave. The autoclave 
was heated to  the desired reaction temperature a t  the r a t e  of  approximately 3OC/ 
h n u t e .  When the maximum temperature was reached the power was immediately shut  
o f f .  
dropped t o  400 F. 

Figures 1 and 2 show the e f f e c t s  of maximum reac tor  temperature on the product 
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Reactor gases were discharged through cold t raps  when the reactor  temperature 

d is t r ibu t ion  when using Velva l i g n i t e  i n  the cold charge autoclave. D i s t i l l e d  an- 
thracene o i l  (AOD 1) was used as  the solvent  f o r  the runs presented i n  Figure 1, 
while hydrogenated anthracene o i l  (HAD 29b was the solvent f o r  the data  shown i n  
Figure 2 .  As the temperature exceeds 420 C ,  the  y ie lds  of gas and l i g h t  o i l  in -  
crease,  while the heavier d i s t i l l a t e  y ie lds  decrease dramatically and the overa l l  
conversion is unchanged o r  s l i g h t l y  diminished. This ind ica tes  t h + t  heavier 
products (soluble residuum and heavier d i s t i l l a t e s )  a re  converted t o  l i g h t e r  products, 
bu t  some of the solvent o r  products a re  polymerized, coked, or charred and thus 
rendered insoluble i n  THF. Figures 3 and 4 show the  r e s u l t s  obtained when using 
Absaloka subbituminous coal  a t  the same temperatures and with the same solvents .  
The same general observations can be made although there  a r e  some differences 
apparent between the l i g n i t e  and the subbituminous coal. The r e s u l t s  for  the  
various products of the two types of coal  a r e  shown i n  Figure 5 through Figure 10. 

Figure 5 shows t h a t  the y ie ld  of soluble residuum is  high a t  the lower 
temperatures, but decreases with increasing temperature f o r  the  Absaloka coa l ,  while 
the  soluble residuum yie ld  reaches a maximum a t  about 420° for  Velva l i g n i t e .  
Additionally, the overa l l  conversion of Absaloka coal  i s  la rge ly  unaffected by 
react ion temperature, but the conversion increases  from 69 percent t o  89 percent 
when reaction temperature i s  ra i sed  from 38OoC t o  420°C f o r  the l i g n i t e .  
ences i n  the yields  of THF soluable product and of d i s t i l l a t e  show a grea te r  
e f f e c t  of reaction tern-oerature for the l i g n i t e  than for  the subbituminous coa l  
(Figure 6). The y ie lds  of the  components of the  d i s t i l l a t e  products follow s imi la r  
t rends although the y ie ld  of the middle and heavy o i l  f rac t ion  shows grea te r  
var ia t ion  w i t h  temperature changes for  the l i g n i t e  coal  (Figure 7). 

Differ- 

Figures 8, 9, and 10 show the same general t rends when hydrogenated anthracene 
o i l  (HAD 29) was the solvent and the same two coals  were used. 

The highest d i s t i l l a t e  y ie ld  obtained was w i t h  Zap l i g n i t e  using the  d i s t i l l e d  
anthracene o i l  solvent (AOD 11, while the Larson and Beulah l i g n i t e s  showed the 
lowest d i s t i l l a t e  yields .  The overa l l  conversion was a l s o  highest  for  Zap l i g n i t e .  
Changing t o  the hydrogenated solvent (HAD 29) caused a decrease i n  d i s t i l l a t e  y ie ld  
for Beulah l i g n i t e ,  while the y ie ld  of gas increased. Overall conversion increased 
s l i g h t l y ,  and the y ie ld  of soluble residuum was nearly constant .  I t  appears t h a t  
d i s t i l l a t e  (including solvent)  was converted t o  l i g h t e r  products while other  products 
were unaffected. For the Larson and Velva l i g n i t e s ,  the d i s t i l l a t e  and gas y ie lds  
and the overal l  conversion increased, and the y ie ld  of soluble  residuum decreased. 

Comparing the conversion and product y ie lds  when using the  anthracene o i l  
solvent  (AOD 1) for  North Dakota l i g n i t e s  and f o r  the subbituminous coals  show t h a t  
the  conversion of l i g n i t e  i s  generally higher. Correspondingly, the  d i s t i l l a t e  
y ie lds  a re  higher for  l i g n i t e .  Changing t o  the hydrogenated solvent  (HAD 29)caused 
the  conversion for  the subbituminous coals  to  increase noticeably; the  conversion 
Of l i g n i t e  increased, bu t  t o  a l e s s e r  extent .  Thus, it appears t h a t  the presence 
Of a solvent containing grea te r  amounts of hydrogen has a grea te r  e f f e c t  on the 
higher rank (subbituminous) coal. 

Although the coal screening work has not been completed, r e s u l t s  obtained so 
f a r  do not  seem t o  indicate  a pos i t ive  r e l a t i o n  between ash content of the  feed coal 

and overal l  conversion or production of d i s t i l l a t e  product. More work w i l l  be done 
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i n  looking a t  the e f f e c t s  of the various ash const i tuents  on conversion and y ie lds .  

Hot Charge Autoclave 

Gas (equimolar CO/H mixture) ana the solvent/coal s l u r r y  were charged t o  the 
hot one-gallon autoclave: and per iodic  samples of both reac tor  gas and s l u r r y  were 
taken during a run. The same l i g n i t e s  and subbituminous coals  and the same 
Solvents were studied. Nominal temperatures were 42OoC and 46OoC. 

Recovery of products on the hot  charge system ranged from 88.0 t o  96.5 percent ,  
with closure generally i n  the 92 t o  95 percent range. 
generally caused by plugging i n  the s l u r r y  sampling system. In  some of  the runs, 
the time samples exhausted the product s lur ry ,  so t h a t  no end-of-run r e s u l t s  were 
obtained. In other  runs, the sampling system plugged so t h a t  a l l  of  the time 
samples were not obtained, but  end-of-run r e s u l t s  could be determined. I t  is 
in te res t ing  to  note t h a t  with Decker subbituminous coal  and hydrogenated solvent 
the sampling system plugged each time a run was attempted. 
r e s u l t s  were obtained. 

Fa i lures  i n  the runs were 

However, some end-of-run 

The end-of-run data  for  Beulah, Velva, Larson, and Gascoyne l i g n i t e s  and f o r  
Wyodak and Absaloka subbituminous coals  a re  shown i n  Figures 11 and 1 2 ,  where 
yields  of d i s t i l l a b l e  o i l ,  soluble  residuum, and unconverted coal  a r e  p lo t ted  
against  temperature over the range 420° t o  46OOC. 
i s  the much higher conversion (lower yield of unconverted coal)  and much higher 
yields  of d i s t i l l a b l e  o i l  real ized with the hydrogenated solvent  HAD 20 a s  compared 
w i t h  the unhydrogenated anthracene o i l ,  A00 1 o r  2. When comparing r e s u l t s  with the 
d i f fe ren t  coals, f i r s t  w i t h  the hydrogenated and then with the unhydrogenated 
solvents, there appears t o  be l i t t l e  s ign i f icant  difference between any of them. 
However, the data from the s l u r r y  t i m e  samples show some differences between 
l i g n i t e s  and between the two subbituminous coals. 

The most obvious difference 

The r e s u l t s  of the s l u r r y  time sample data  were calculated on an MRF coal 
bas i s  on the assumption t h a t  the  ash content of the s l u r r y  sample is the same a s  the  
t o t a l  ash i n  the coal charged ( t h i s  is the so-called "ash-conversion") . This i s  
not  s t r i c t l y  accurate, bu t  information on trends was obtained by cross-averaging 
the  data f o r  the three l i g n i t e s  and for  the two subbituminous coals  for  each 
solvent a t  each of the two temperatures. 

The averaged data a r e  p lo t ted  i n  Figure 13  for  the l i g n i t e s  and i n  Figure 14 
f o r  the subbituminous coals. 
and both coals, t o t a l  conversion (THF soluhles and l i g h t e r )  increases  with time, 
whereas the  conversion t o  d i s t i l l a t e s  and l i g h t e r  decreases s l i g h t l y  with time. 
There appears to  be no s igni f icant  difference,  considering the  s c a t t e r  of the d a t a ,  
between the l i g n i t e s  and the subbituminous coals. A t  the  higher temperature of 
460°C, with the unhydrogenated solvent ,  t o t a l  conversion is i n i t i a l l y  high with 
the  l i g n i t e s  and then decreases, whereas with the subbi tminous coals  it increases  
to  a maximum and then decreases with t i m e .  W i t h  the hydrogenated solvent ,  
conversion of the l i g n i t e s  increases  w i t h  time, whereas conversion of the  sub- 
bituminous coals is i n i t i a l l y  high and remains high. 
conversion i s  the r e s u l t  of  repolymerization o r  condensation react ions t o  produce 
W F  insolubles occurring t o  a grea te r  extent  than the so lubi l iza t ion  react ions.  

A t  the  lower temperature of 42OoC with both solvents  

The apparent decreasing 

Here again, future  work w i l l  be concerned w i t h  the  e f f e c t s  of the mineral 
matter const i tuents  on conversion and yield d is t r ibu t ion .  
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Figure 11 

Liquefaction of Beulah. Velva, and Gascoyme Liqnites  i n  the 
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Figure 12 

l iquefact ion of L ~ L S O ~  Lignite and Wodak and Absaloka S u b b i t d n o u o  
Coals in the Hot Charge Autoclave 
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