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Introduction 

Solvent-refined coals (SRC) are usually characterized or analyzed after solvent 
fractionation. The present study demonstrates that a newly developed pyrolysis 
technique (1) can provide valuable insights to the chemical structure of SRC without 
fractionation and it allows direct comparison of SRC with raw coal. In addition, 
the technique can also offer critical evaluation for the process potential of SRC. 

Experimental 

A Chemical Data Systems Pyroprobe 100 solids pyrolyzer was interfaced to the 
conv ntional capillary chromatographic injection port of a Hewlett-Packard 5993 
(GC) /MS/DS system, using glass-lined metal tubing. An Alltech 50-meter SCOT SE-30 
glass capillary column with 0.5 mm internal diameter was ins-talled in-line with the 
pyrolysis interface. Volatile degradation products were cold trapped on the head of 
the capillary column by maintaining the column oven at either O°C or 10%. During 
analysis, the chromatographic oven was programmed using either a 6OC/min or 8°C/min 
heating rate from the starting temperature to 260OC. The pyrolyzer interface and 
gas chromatographic injection port were maintained at 24OOC and 26OoC, respectively. 
Solid coal samples (about 1 mg) were placed in 3 mm i.d. quartz tubes and these 
tubes inserted in the pyrolyzer coil. The coil was heated at a rate of 20,000°C/sec 
and maintained at 1000°C for 10 sec. More detailed information on the experimental 
arrangement can be found in a previous publication (1). 

5 

The three SRC samples, Illinois No. 6, Wyodak, and Kentucky No. 9 were produced 
from the SRC-I process at the Wilsonville pilot plant. They were ground to -80 U . S .  
mesh under nitrogen and dried at 100°C under vacuum before the experiment. 

Results and Discussion 

Total weight loss and the product distribution of Illinois No. 6 and Wyodak 
solvent-refined coals were compared with that of their parent coals. Wyodak SRC 
lost the same weight (about 54%) as the untreated coal. Illinois No. 6 SRC had a 
lower weight loss (about 27%) than its parent coal (about 44%). Kentucky No. 9 SRC 
produced about 54% volatiles. 

Figure 1 shows the total ion chromatograms, for masses 35-450, of the two raw 
coals. The chromatograms of the three SRCs are shown in Figure 2'over the same mass 
range as Figure 1. Major components in these figures are identified and they are 
listed in Table 1. A l s o  included in Table 1 are the retention time, characteristic 
mass of each component, and the relative peak area to naphthalene. Typical mass 
spectrometric operating conditions resulted in complete 7 0  eV mass spectra being 
obtained every 2 seconds. Since 70 eV electron ionization cross sections of most 
compounds is constant, the yield given in Table 1 as area relative to naphthalene, 
should be approximately equivalent to the yield in weight relative to naphthalene. 
The naphthalene yields of the two raw coals were about 1 vg/mg of coal, and are 
assumed to be constant for the purposes of this study. 

Both Illinois No. 6 and Wyodak SRC show significantly higher alkane and alkene 
yields. This implies that the SRC process provides a hydrogen-enriched fraction for 
its product, and this enriched fraction tends to convert to aliphatics during pyrol- 
ysis. The conversion of raw coal to these fractions may depend on the severity of 
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t h e  s o l v e n t - r e f i n i n g  p r o c e s s .  I n  a r e c e n t  s t u d y  on hydropyrolys is  of s h o r t  contac t  I 
t i m e  SRC ( 2 ) ,  methane y i e l d s  were found t o  b e  t h e  same a s  f o r  t h e i r  p a r e n t  c o a l s  and 
e thane  y i e l d s  i n c r e a s e d  c o n s i d e r a b l y .  

I 

By comparing F i g u r e  1 and 2 ,  o r  t h e  d a t a  r e p o r t e d  i n  Table  1, it is  i n t e r e s t i n g  
t o  n o t e  t h a t  SRC samples produce h i g h e r  a lkane /a lkene  r a t i o s ,  f o r  each  C , than 
t h e i r  paren t  c o a l s .  Again, t h i s  may i n d i c a t e  t h a t  p a r t  o f  t h e  c o a l  was hy%rogen- 
a t e d ,  a t  l e a s t  dur ing  a c e r t a i n  p e r i o d  of t i m e ,  i n  t h e  cause  of t h e  s o l v e n t  r e f i n i n g  
r e a c t i o n .  

/ 

The t h r e e  sharp  peaks of  p o l y n u c l e a r  a romat ics  (No. 45, 46, 47) i n  F igure  1 
marked another  s i g n i f i c a n t  d i f f e r e n c e  between SRC and i t s  p a r e n t  c o a l .  The higher  / 
conversion t o  a n t  cene ,  phenanthrene ,  f l u o r a n t h e n e  and pyrene confirms an e a r l i e r  
c ross -polar iza t ioFC-NMX r e p o r t  ( 3 )  t h a t  t h e  a r o m a t i c i t y  of SRC i n c r e a s e s  w i t h  coa l  
conversion and r e a c t i o n  s e v e r i t y .  In a d d i t i o n ,  t h e  t h r e e  d i s t i n c t  peaks may a l s o  
imply t h a t  t h e  3 and 4 fused  a r o m a t i c  rings comprise  t h e  b a s i c  SRC s k e l e t o n  and t h a t  

I 
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