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In t roduc t ion  

of the  pet rographic  c p o s i t i o n  o f  coal ,  i n  the  past  r e p o r t s  by BergiusPy, Wright 
e t  a12), Fisher e t  a l s r  a r e  avai lab le,  and more rec  n t  y we have r e p o r t s  on t h e  
r e s u l t s  o f  work by Given, Davis and M i t c h e l l  e t  a147-71. According t o  these repor ts ,  
among t h e  3 maceral groups o f  coal, namely v i t r i n i t e ,  e x i n i t e  and i n e r t i n i t e ,  i t  
has been pointed ou t  t h a t  t h e  r e a c t i v i t y  o f  v i t r i n i t e  and e x i n i t e  are h igh.  

Among t h e  coa ls  produced i n  Aus t ra l ia ,  wh i le  there  are  r a t h e r  l a r g e  number 
o f  coals  w i t h  a r e l a t i v e l y  h igh i n e r t i n i t e  content, and whereas t h e  main component 
o f  i n e r t i n i t e  i s  semi fus in i te ,  genera l l y  the  s c a r c i t y  o f  f u s i n i t e  i s  c h a r a c t e r i s t i c .  
While i t  i s  genera l ly  accepted t h a t  the  hydrogenation r e a c t i v i t y  o f  f u s i n i t e  i s  
low, no repor ts  regard ing semi fus in i te  seen t o  be ava i lab le .  

I n  the present r e p o r t  we conducted 1 iquefac t ion  experiments by hydrogenation 
r e a c t i o n  on hand picked v i t r i n i t e  concentrates and i n e r t i n i t e  concentrates o f  
Bayswater seam coal  (N.S.W., Aus t ra l ia ) ,  and t h e  respec t ive  features o f  l i q u e f a c t i o n  
reac t ion  were c l a r i f i e d  and a comparative i n v e s t i g a t i o n  was made between the  two. 

With specia l  regard t o  the c h a r a c t e r i s t i c s  o f  h igh  pressure hydrog a t i o n  

Experimental 

The samples used i n  t h e  experiments were v i t r i n i t e  concentrates and i n e r t i n i t e  
concentrates hand p icked from Bayswater seam coal  o f  h igh  v o l a t i l e  bituminous rank. 
The petrographic, proximate and u l t i m a t e  analyses o f  t h e  hand-picked samples a r e  
g iven i n  Table 1. I n  the  experiments we used a batch type autoclave w i th  an i n n e r -  
volume o f  500 cc as t h e  hydrogenation apparatus. I n  t h e  once experiment, we 
inser ted  10 g o f  d r y  sample coal, 1 g o f  red mud ca ta lys t ,  0.1 g s u l f u r  promoter 
together  w i t h  10 s tee l  b a l l s  f o r  ag i ta t ion ,  and the  hydro enat ion r e a c t i o n  was 

o f  400°C and 450°C respec t ive ly  and by changing t h e  r e a c t i o n  t ime from 0-150 minutes. 
I n  the case where veh ic le  o i l  was used, we app l ied  decrys ta l i zed  anthracene o i l .  

composition thereof  was measured. Regarding t h e  l i q u i d  and s o l i d  products, us ing  
n-hexane, benzene were f rac t ionated  i n t o  o i l - 1  ( O i ) ,  o i l -2 (02) ,  asphal tene(A), and 
organic benzene inso lub les  (O.B.1). The conversion was ca lcu la ted  f rom t o t a l  pro 
product(gas+01+02+A). I n  a d d i t i o n  O.B.I. was subjected t o  e x t r a c t i n g  t s t s  us ing  
pyr id ine .  The d e t a i l s  o f  the  above a r e  as seen i n  our  previous reports?. 

conducted under an i n i t i a l  hydrogen pressure o f  100 kg/cm 9 a t  r e a c t i o n  temperatures 

Among the  r e a c t i o n  products, the gas was d e a l t  w i t h  gas chromatography and the 

Results and d iscuss ion 

I n  F ig .  1 i s  shown the  changes by reac t ion  t ime of t h e  y i e l d  o f  each f r a c t i o n  
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of hydrogenation products o f  v i t r i n i t e  and those o f  i n e r t i n i t e  a r e  shown i n  Fig.  2. 

Even a t  a r e a c t i o n  temperature o f ,  400°C the reac t i on  o f  v i t r i n i t e  proceeds and 
the  conversion increases w i t h  the reac t ion  time however the conversion o f  i n e r t i n i t e  
does not exceed 15% o r  thereabouts. However, i n  the case where v e h i c l e  o i l  i s  added 
t o  i n e r t i n i t e ,  even under i d e n t i c a l  r e a c t i o n  cond i t ions  the  conversion increases 
markedly t o  45% o r  thereaboute. 

When t h i s  v e h i c l e  o i l  i s  used, t h i s  con r s i o n  i s  a t ta ined by the  nominal 

hydrogenation r e a c t i o n  w i t h  v e h i c l e  o i l  proceeds by the  khemical reac t i on  con t ro l l i ng .  
Therefore, i t  may be understood t h a t  the  i n i t i a l  stage reac t ion  r a t e  o f  i n e r t i n i t e  
i s  very fast .  
increase i n  the conversion was recognized, and i t  i s  surmized t h a t  t he  po r t i on  which 
can reac t  under c e r t a i n  given cond i t ions  i s  r e s t r i c t e d .  
conversion i s  higher than 400°C a s i m i l a r  tendency i s  seen when the reac t i on  
temperature i s  450°C. 
gradual increase i s  seen w i t h  the increase i n  reac t ion  time. However, when the 
d i s t r i b u t i o n  o f  r e a c t i o n  products i n  viewed, the  d i s t r i b u t i o n  o f  gas, o i l  and 
asphaltene i n  both cases i s  r e l a t i v e l y  s im i la r .  

Further, hydrogen consumption of both cases i n  hydrogenation i s  as shown i n  
Table 2, i t  may be seen t h a t  i n  the  case of i n e r t i n i t e  approximately 2 f o ld  values 
are  seen. The molecular weight o f  the reac t i on  products o f  both cases are  as seen 
i n  Table 3. When the  r e a c t i o n  temperature becomes 45OoC, a r e l a t i v e  f a i r l y  good 
coincidence i s  seen between the  v i t r i n i t e  and i n e r t i n i t e ,  however when the reac t ion  
temperature i s  400"C, i t  may be noted t h a t  the  r e a c t i o n  products f r o m  i n e r t i n i t e  
show higher values. The H-NMR spectra of o i l - 1  and o i l - 2  o f  i n e r t i n i t e  a t  400°C 
are shown i n  Fig.  3; as may be seen an approximately s i m i l a r  pa t te rn  i s  recognized. 
S i m i l a r i l y  the H-NMR spec t ra  o f  o i l - 1  o f  i n e r t i n i t e  a t  150 minutes, 4OOOC. and o i l -  
1, o i l - 2  o f  v i t r i n i t e  a t  30 min i tes ,  400°C as shown i n  Fig. 4 show a s i m i l a r  pattern.  

t he  main par ts  of bo th  sample coal have a r e l a t i v e l y  s i m i l a r  composition. 

reac t ion  time zero. From the  previous paper $7 , it may be considered t h a t  the  coal 

However, t h e r e a f t e r  ever what the reac t i on  t ime i s  increased, no 

Whereas the e q u i l i b r i u m  

This p o i n t  i s  t h a t  which d i f f e r s  from v i t r i n i t e  i n  which a 

Thus from the above, it may be surmized t h a t  product from the  l i que fac t i on  o f  

Conclusion 

1 )  The reac t ion  r a t e  o f  v i t r i n i t e  shows a gradual increase w i th  the reac t ion  t i m e ,  
however i n  the case o f  i n e r t i n i t e ,  the reac t i on  does no t  proceed beyond a given 
value. This given va lue  shows an increase w i t h  the  r i s e  i n  reac t ion  temperature 
and the reac t i on  r a t e  i s  f a s t  up t i l l  the  t ime t h a t  t h i s  value i s  at ta ined. 

2) 

3) 
sample coal have a r e l a t i v e l y  s i m i l a r  composition. 

The hydrogen consumption i s  l a r g e r  i n  i n e r t i n i t e .  

It may be surmized tha t  the  l i q u e f a c t i o n  products from the main p a r t  o f  both 
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Table 1 Petrographic,  Proximate and Ultimate Analysis o f  Bayswater Seam Coal 

Maceral ana lys i s  Proximate ana lys i s  Ultimate ana lys i s  
( % I  ( % I  ( % I  

99 0.5 0.5 tr t r  3.4 1.6 32.9 62.1 83.0 5.3 2.0 0 .5  9.2 concentrate 

I n e r t i n i  t e  
concentrate 0.5 5 4 90 0.5 4 .5  16.2 20.8 58.5 85.0 4.1 1.9 0.3 8.7 

Table 2 Hydrogen consumption o f  v i t r i n i t e  and i n e r t i n i t e  hydrogenation 

R.T R t  H2 consumption 
"C min.  w t  % o f  coal w t  % o f  coal/conversion Sampl e 

Vi t r i n i  t e  400 0 
30 
60 

0.75 ' 6.1 x 
1.24 5.6 
3.42 7 - 0  1 1  

8 ,  90 2.95 
#I 120 3.52 

I, 1 50 4.22 

4.5 ,I 

4.9 I, 

5.4 ,I 

,I 425 60 4.84 6.9 i t  

450 0 1.37 
0 8  30 4.20 

, 60 5.40 

I n e r t i n i  t e  
I, 

0, 

I t  

400 0 
I, 30 

I 60 
150 

41 0 60 

425 60 

435 60 

450 0 
30 
60 

I, 90 
120 
150 

2.05 
2.64 
1.39 
2.95 

1.30 

2.80 

2.23 

1.38 
1.67 
5.05 
4.72 
4.99 
5.86 

1 .8  x lo- '  
1.6 
1 - 4  
2.5 0 6  

1.3 u 

1 - 4  a i  

0.6 i t  

1.1 I, 

4.9 I, 

0.9 I, 

0.9 I, 

0.9 I, 

1 . 0  I ,  
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Table 3 Moleculer weight of i n e r t i n i t e  and v i t r i n i t e  hydrogenation product 

R.T R t  Product 
"C min. o i  1-1 o i  1-2 Asphal tene 

Raw Sample 

V i  tri n i  t e  400 0 340 500 
I, I, 30 - 
I 0 60 320 450 
I, 90 300 360 

, I  120 420 
I, 150 420 530 

- 
680 
660 
700 
760 
770 

I ,  425 60 290 450 750 

450 0 340 460 
30 280 480 
60 300 370 

I n e r t i n i  t e  400 0 490 460 
I, 30 470 500 
I, 60 420 530 

0 150 400 580 

470 
520 
530 - 

I, 410 60 440 550 630 

425 60 340 440 580 

I, 435 60 370 

450 0 370 630 
6, 30 350 420 

620 

590 
590 

I, 60 340 51 0 
I, 90 350 370 
,I  120 350 440 
,I 150 320 420 690 
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Fig. 1 Distribution o f  hydrogenation products from 
Bayswater v i  t r i n i t e  a t  4OO0C, 450°C 
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F ig .  2 D i s t r i b u t i o n  o f  hydrogenation products 
from Bayswater i n e r t i n i t e  a t  4OO0C, 4 5 O O C  
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Fig. 3 H-NMR spectra o f  oils from inertinite hydrogenation at 400°C(Rt:30 min.) 

I i 

’ (POpm) 10 9 8 7 6 5 4 3 2 

Fig. 4 H-NMR spectra o f  oils from inertinite and vitrinite hydrogenation 
at 400°C 
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