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I n  order t o  study t h e  chemical s t ruc tu re  o f  coal, Yubari coal  ( C : 86.1, H : 
6.2, N : 1.5, S : 0.3, 0 : 5.9 ) was subjected t o  m i l d  hydrogenation w i t h  red  mud 
c a t a l y s t  under a reac t ion  temperature o f  400°C and 200 a t m .  o f  hydrogen pressure l ) .  
Under these condi t ions,  i t  was found from previous studies2) t h a t  the  main reac t i on  
o f  decrease o f  the molecular weight i s  the cleavage o f  l inkages o f  the  s t ruc tu ra l  
u n i t s  and the decomposition o f  s t ruc tu ra l  u n i t s  i s  l i m i t e d .  

s e t  a t  a uniform temperature zone. The reac t ion  time was changed 8 times from 26 
t o  206 min. ( exp. No. 502 - 509 ).  The solvent soluble products were ex t rac ted  
w i t h  n-haxane, benzene and py r id ine  successively, which resu l ted  i n  5 f rac t i ons ;  
o i l - 1  ( n-hexane solubles a t  room temperature ), o i l - 2  ( n-hexane solubles ex- 
t r a c t e d  by Soxhlet ex t rac to r  ), asphaltene ( benzene solubles ), Py-1 ( py r id ine  
solubles a t  room temperature ), Py-2 ( py r id ine  solubles ex t rac ted  by Soxhlet 
ex t rac to r  ). Regarding these hydrogenation reac t ion  products, u l t i m a t e  analysis,  
h igh  reso lu t i on  proton NMR spectroscopy and molecular weight measurement were 
c a r r i e d  ou t  and the chemical reac t i on  i n  Yubari coal  i n  the  course o f  hydrogenation 
was followed. From the above, s t ruc tu ra l  na l ys i s  o f  the average s t ruc tu ra l  u n i t  
o f  Yubari coal was conducted and reported3j .  

: 206 min. ) which corresponds t o  the  mix tu re  mainly cons is ts  o f  monomers o f  
s t r u c t u r a l  un i ts3) ,  by GPC and each f r a c t i o n  was measured f o r  1H-NMR, 13C-NMR 
spectra, molecular weight and u l t ima te  compositions. The s t r u c t u r a l  parameters 
determined from the above f rac t i ons  and the  d i s t r i b u t i o n  o f  the s t ruc tu re  o f  
s t r u c t u r a l  u n i t s  were studied. 
scopy t o  the s t ruc tu ra l  ana lys is  o f  coal hydrogenation products was ca r r i ed  ou t  i n  
t h i s  work. 

The hydrogenation was conducted i n  a 5L r o t a t i n g  autoclave w i t h  an inner  vessel 

This was fol lowed by f r a c t i o n a t i o n  o f  the o i l - 2  ( Exp. No. 503, reac t i on  time 

A t  the same time, attempts t o  apply 13C-NMR spectro- 
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-1 ( theore t ica l  
2 ( T.P.F = 1360 ! column were applied. CHC13 was used as the  solvent,  and the  
e luent  f low r a t e  was se t  a t  1.5 m l .  / min.. 
f r a c t i o n s  and the  respec t ive  e l u t i o n  volume, y i e l d  ( against  t o t a l  e lu ted  ), u l t imate  
composition and molecular weight were shown i n  Table 1. 
co lo r l ess  and i t  was recognized t h a t  e l u t i o n  was completed. 

ta ined on a GEOL JNM-PFT-100 spectrometer and shown i n  f i g u r e  1. The determinat ion 
of chemical s h i f  s o f  var ious funct ion& hydrogens was ca r r i ed  ou t  a f t e r  the method 
of B a r t l e  e t  a145 and hydrogen d i s t r i b u t i o n  was ca lcu la ted  from f i g u r e  1. The 
percentage d i s t r i b u t i o n  o f  Ho, Ha, Ha i n  f rac t i ons  separated from 503-0-2 by GPC 
were shown i n  f i g u r e  2. 

For the f r a c t i o n a t i o n  o f  No. 503, o i l - 2  ( 503-0-2 ), 100 cm respec t i ve l y  o f  SG 
l a t e s  / foot-T.P.F. = 1250 ) ( Shimadzu Seisakusho L t d  ) and SG- 

The e lu ted  sample was d i v ided  i n t o  15 

E lu t i on  a f t e r  440 m l  was 

The 1H-NMR spectra o f  503-0-2 and f rac t i ons  separated from 503-0-2 were ob- 

Based on the values o f  Table 1 and from the  hydrogen 
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TABLE 1. - Yield,  u l t i m a t e  composition and molecular weight o f  f r a c t i o n s  separated 
from 503-0-2 by GPC 

Fract ionated Range o f  Y ie ld  U l t imate  ana lys is  M.W. 

. sample No. m l  . w t .  % C H N 0 S (Mv) 
e l u t i o n  volume 

503-0-2 - 87.5 7.1 2.0 3.2 0.8 390 

Fr. 3 
Fr. 4 
Fr .  5 
Fr.  6 
Fr.  7 
Fr.  8 
Fr. 9 
Fr. 10 
Fr.11 
Fr.12 
Fr .  13 
Fr. 14 
Fr. 15 

92 - 96 
97 '  - 100 

101 - 104 
105 - 108 
109 - 112 
113 - 116 
117 - 120 
121 - 128 
129 - 148 
149 - 168 
169 - 200 
201 - 252 
253 - 440 . 

0.75 
2.51 
4.27 
7.54 
7.04 
8.54 
8.29 

17.84 
26.38 

7.29 
2.76 
1.76 
5.03 

87.5 8.1 1.3 
88.4 8.2 1.1 
87.4 7.5 1.2 
87.8 8.2 1.3 
87.5 7.5 1.7 
86.7 7.6 1.7 
86.8 7.4 1.8 
86.8 7.1 1.8 
87.6 6.8 1.8 
85.8 6.5 2.4 
80.1 8.8 3.0 

72.5 8.2 0.0 
- - -  

4.2 - 540 
3.9 - 930 
3.6 - 490 
3.6 - 670 
3.5 - 620 
4.1 - 540 
4.6 - 510 
3.8 - 360 
4.0 - 340 
5.8 - 270 
- - 250 

17.0 - 310 
21.0 - 380 

TABLE 2. - S t ruc tu ra l  parameters o f  f rac t i ons  separated from 503-0-2 by GPC 

Samples f a  Hau/ca Ho/Hcr UT 
uCH3*1 aa l ' *2  uCH2*3 u O * ~  

503-0-2 0.69 0.75 1.2,, 0.40 0.04 0.23 0.08 0.05 

Fr. 4 0.57 I 0.61 2.8 0.45 0.32 0.03 0.10 
Fr. 5 0.64 0.64 2.8 0.43 0.07 0.20 0.08 0.08 
Fr. 6 0.59 0.66 3.4 0.45 0.08 0.22 0.08 0.08 
Fr. 7 0.64 0.69 1.8 0.47 0.06 0.26 0.08 0.07 
Fr. 8 0.63 0.71 2.0 0.47 0.06 0.24 0.10 0.08 
Fr. 9 0.65 0.72 1.6 0.47 0.05 0.26 0.07 0.09 
Fr.10 0.68 0.68 1.6 0.43 0.05 0.24 0.06 0.07 
Fr.11'  0.72 0.72 . 1.1 0.39 0.05 0.23 0.05 0.07 
Fr.12 0.76 0.75 1.1 0.34 0.06 0.16 0.04 0.09 

*1 Subs t i t u t i on  by CH3 groups a t o  r i ngs  
*2 Subst i tu t ion  by a l i p h a t i c  chain (except* l )  
*3 Subst i tu t ion  by CH2 groups a t o  two r i n g s  
*4 Subst i tu t ion  by oxygene conta in ing  groups 

- 

d i s t r i b u t i o n  ca lcu la ted  from f i g u r e  1, the s t ruc tu ra l  parameters were ca lcu la ted  by 
P a r t i a l l y  modified Brown-Ladner method31 and shown i n  Table 2. 
by Gpc, as seen i n  theo re t i ca l  work and-xperimental r e s u l t s  conducted h i ther to ,  i t  
was recognized roughly t h a t  e l u t i o n  occurred i n  the  order o f  h igh molecule t o  lower 
molecules. Thus from the  parameter Hau/ca which i s  inverse ly  p ropor t iona l  t o  the 
number of aromatic r ings ,  a decrease o f  the  number o f  aromatic r i ngs  i n  the order 

Regarding e lu t i on  
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o f  Fr. 4, 5, 6 of the i n i t i a l  e l u t i o n  i s  seen whereas i n  Fr.7 - 11 an approximately 
s i m i l a r  Hau/ca value i s  seen, namely, i n  Fr.7 - 11 which comprises t h e  m a j o r i t y  of 
503-0-2 ( approx. 70% ) the  aromatic r i n g  s i ze  i s  approximately the  same. 
fore, wh i le  the aromatic r i ngs  o f  s t ruc tu ra l  u n i t s  o f  503-0-2 show a s l i g h t l y  
sporadic presence, the m a j o r i t y  i s  approximately the same and i t  may be surmized 
t h a t  the aromatic r i ngs  of the  o r i g i n a l  Yubari coal  are un i f i ed .  

There- .I 

APPLICATION OF 13C-NMR TO COAL HYDROGENATION PRODUCTS STRUCTURAL ANALYSIS 

The IJC-NMR spectra o f  503-0-2 and p a r t  o f  f rac t i ons  which gave comparatively 

Decoupling o f  the protons was achieved w i t h  
la rge  y i e l d  are shown i n  Fig. 3. 
PFT 100 NMR spectrometer was appl ied.  
decoupler and spectra was accumulated by r e p e t i t i o n  o f  scanning ( 10000 - 30000 
times ) t o  improve the  s igna l  t o  noise r a t i o .  

a t i o n  o f  13c-1ti overhauser e f f e c t  i s  possible.  The magnitude o f  the overhauser 
enhancement o r d i n a r i l y  d i f f e r s  f o r  d i f f e r e n t  IJC-Nuclei, and the spectra as i s ,  
genera l l y  can no t  be app l ied  t o  quan t i t a t i ve  analysis.  
l a t i c e  re laxa t i on  time (TI) shows d i f f e r e n t  values w i th  d i f f e r e n t  13C-Nuclei, and 
i n  a quan t i t a t i ve  analysis,  i t i s  necessary t o  take s u f f i c i e n t  longer pulse repe- 
t i t i o n  time. I n  order t o  c l a r i f y  the in f luense o f  the  above two on the  spectra, 
t he  13C-NMR spectra i n  measured by changing the  r e p e t i t i o n  time o f  t he  pu lse  and 
the  r a t i o  o f  Ca (aromatic carbon) against  Cp ( a l i p h a t i c  carbon) i s  ca l cu la ted  
from the  i n t e n s i t y  o f  the  spectra. 

For the  measurement o f  these spectra a JEOL, JNM- 

13C-NMR spectra are g r e a t l y  s i m p l i f i e d  a s igna l  enhancement due t o  the oper- 

Further the  value o f  spin- 

This i s  shown i n  Table 3. 

TABLE 3. - Ca/Cp r a t i o  o f  Yubari coal hydrogenation products under var ious pulse 
r e p e t i t i o n  times 

Pulse r e p e t i t i o n  cp% Ca/Cp 
time, sec. Samples 

Fr. 11 @. 8 0.668 0.332 2.0 
Fr.11 2.0 0.655 0.345 1.9 
503-0-2 1 .o 0.615 0.385 1.6 
503-0-2 1.5 0.649 0.351 1.9 
503-0-2 2.0 0.635 0.365 1.7 
503-A 1 .o 0.689 0.311 2.2 
503-A 1.5 0.689 0.311 2.2 

From the  esu l t s  i n  Table 3, w i t h  regard t o  the  sample used i n  the  present work, 
no in f luence o f  the pulse r e p e t i t i o n  time was recognized o r  the  Ca/Cp r a t i o ,  and a t  
0.8 sec o f  pulse r e p e t i t i o n  time already a quan t i t a t i ve  spectra was obtained. 

Regarding t h i s  i t  has been stated t h a t  t h i s  13C-lH overhauser p o l a r i z a t i o n  
might be el iminated by the  presence o f  a paramagnetic species5). Inasmuch as a 
f r e e  rad i ca l  exs is ts  i n  the  sample used i n  the present work, i t  i s  surmized t h a t  
a s i m i l a r  e f f e c t  exs ls ts .  

Based on t h i s ,  i t  i s  poss ib le  t o  make a d i r e c t  ca l cu la t i on  o f  a romat i c i t y  ( f a ' )  
using the  spectra o f  Fig. 3. When t h i s  value and the f a  value of Table 2 ca lcu la ted  
from the  assumption o f  x=y=2 lead f r o m  1H-NMR are  compared the f a / f a '  value i n  Table 
4 a re  both i n  the v i c i n i t y  o f  1.2, t h i e i n d i c a t e d  t h a t  t he  assumption x=y=2 i s  an 
over est imat ion.  
1.5. f a  i s  ca lcu la ted  as far0.60, which resembles f a '  t o  a considerable extent.  

I n  the case of Fr.10, i f  the fo l l ow ing  i s  taken namely i f  x=y= 

I n  Fig. 3, the  peaks are  c l e a r l y  i d e n t i f i e d  the aromatic carbon (Ca) may be 
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subdiv ided i n t o  4 species namely Cal, Dap, Ca3 and Ca4 wh i l e  the a l i p h a t i c  carbon 
(Cp) may be subdivided i n t o  9 species namely Cpl, Cp2, Cpg, Cp4, Cp5, Cpg,.Cp7, cp8 
and Cpg, wh i le  the  data o f  the  chemical s h i f t  i n  13C-NMR i s  s t i l l  i n s u f f i c i e n t ,  i t  
may be surmized from the  data co l l ec t i on6 )  t h a t  Cp4, Cp5, cp6 are i n t i m a t e l y  re la ted  
t o  the  carbon o f  t he  cha in  8 o r  fa ther  from r i n g  Cpl, Cp2, Cp3,are c lose ly  r e l a t e d  
t o  the  a carbon atoms Cp8, Cpg i s  c lose ly  re la ted  t o  the  end methyl carbon atoms o f  
t he  chains and Cp7 i s  c l o s e l y  r e l a t e d  t o  the  c1 methyl carbon atoms. 

TABLE 4. - Aromat ic i t ies  o f  f r a c t i o n s  separated from 503-0-2 by GPC 

503-0-2 0.69 0.63 1.1 
Fr .  8 0.63 0.63 1 .o 
F r .  9 0.65 0.53 1.2 
Fr.10 0.68 0.57 1.2 
Fr.11 0.72 0.67 1.1 
Fr.12 0.76 0.65 1.2 
f a * l  Calculated from 1H-NMR spectra 
fa*2 Calculated from 13C-NMR spectra 

From the r a t i o  o f  Cpl - Cp3 and Cp4 - Cpg, Cp8, Cpg the mean chain l eng th  i s  
obtained. This was compared w i t h  Ho/Ha + 1 and presented i n  Table 5 as shown a 
f a i r l y  good coincidence i s  seen. Further based on the  above i t  may be surmized 
t h a t  t he  assumption x=y i s  feas ib le .  S t i l l  f u r t h e r  s ince  x and y have a value 
c lose  t o  1.5 i n  the  present  sample, on the chain i nc lud ing  the s u b s t i t u t i o n  on 
t h e  naphthenic r i n g  the re  would be a considerable branching o f  the  chain.  

TABLE 5. - Average carbon numbers o f  chains on f rac t i ons  separated from 503-0-2 
by GPC 

Samples 503-0-2 Fr.8 Fr.9 Fr.10 Fr.11 Fr.12 
Ho/Ha + 1 2.2 3.0 2.6 2.6 2.1 2.1 

For a s t i l l  f u r t h e r  de ta i l ed  study o f  the chemical s h i f t  o f  the 13C-NMR spectra, 
it i s  t h e  i n t e n t  o f  the author t o  cont inue work along t h i s  l i n e .  \ 
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FIGURE 1 - 1H-NMR spectra  o f  f r a c t i o n s  separated from 503-0-2 by GPC 
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FIGURE 2 - Percentage hydrogen d i s t r i b u t i o n  i n  f r a c t i o n s  
separated from 503-0-2 by GPC 
Hydrogen on B o r  f a r t h e r  from r i n g  carbon 
Hydrogen on a-carbon atoms 

Ho : 
Ha : 
Ha : Aromatic hydrogen 
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