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Th is  coal from t h e  King Cannel seam i n  southwest Utah a t t r a c t e d  a t t e n t i o n  some 

The p r i n c i p a l  macerals i n  i t  
years ago because o f  i t s  h i g h  hydrogen content  (>7%), h i g h  v o l a t i l e  m a t t e r  y i e l d  
( 65%) and e x c e l l e n t  performance i n  l i q u e f a c t i o n  (1). 
have been p r o v i s i o n a l l y  i d e n t i f i e d  as b i t u m i n i t e  (55%). v i t r i n i t e  (20%), a l g i n i t e  
and l i p t o d e t r i n i t e  (2) .  B i tu rn in i t e  has been t h o u q h t t o  be de r i ved  from d i s rup ted  
a l g a l  o r  b a c t e r i a l  c e l l s  ( 3 ) .  I n f r a r e d  spect ra ( 2 )  and 13C CP-MAS nmr (4 )  show t h a t  
the samples a re  h i g h l y  a l i p h a t i c  ( f  =0.38), b u t  l e s s  so than such pu re l y  a l g a l  c o a l s  
as t o r b a n i t e  ( fa= 0.19) (5) .  Very T i t t l e  i s  known o f  t h e  chemist ry  o f  b i t u m i n i t e  o r  
l i p t o d e t r i n i t e ,  and so the  coal has been ex tens i ve l y  s tud ied  by va r ious  methods. We 
wish t o  r e p o r t  here some o f  t h e  r e s u l t s ,  as they  bear on the s t r u c t u r e s  present  i n  
a p a r t i c u l a r l y  i n t e r e s t i n g ,  i f  somewhat unusual, coal .  

The o r i g i n a l  samplecol lected (in 1967) was designated PSOC 155 and represented, 
i t  was discovered l a t e r ,  o n l y  p a r t  o f  one l i t h o t y p e  i n  a seam i n  which f o u r  can be 
r e a d i l y  d is t inguished.  In  1978 f resh  samples, i n c l u d i n g  a l l  f o u r  l i t h o t y p e s ,  were 
co l l ec ted .  
here, having canneloid-boghead character, and 1109 i s  the  l i t hobody  corresponding 
c l o s e l y  t o  PSOC 155. The l i n e s  o f  i n v e s t i g a t i o n  pursued were: GC/MS ana lys i s  o f  
so l ven t  ex t rac ts  and the hexanesoluble p a r t  o f  1 i q u e f a c t i o n  products; o x i d a t i o n  o f  
coals  and aspha tenes from 1 i que fac t i on  w i t h  t r i f l u o r o p e r o x y a c e t i c  a c i d  and d i l u t e  n i t r i c  

be presented here. 

O f  these the  m idd le  two (PSOC 1109 and 1110) a r e  t h e  ones o f  i n t e r e s t  

ac id ;  FTIR and 1 H nmr spect ra o f  asphaltenes. Only a s e l e c t i o n  o f  t he  r e s u l t s  w i l l  

EXPERIMENTAL 

A s e l e c t i o n  o f  a n a l y t i c a l  data f o r  t he  coa ls  i s  shown i n  Table 1. FTIR spec t ra  
i n d i c a t e  t h a t  the samples had been s l i g h t l y  weathered i n  t h e  seam, PSOC 1110 somewhat 
more than the o the rs  (2 ) .  

L ique fac t i on  was performed i n  tub ing  bomb reac to rs  w i t h  t e t r a l i n  and hydrogen as 
p rev ious l y  described (6,7) (IO MPa pressure a t  400'C f o r  1 h). 
e t h y l  acetate e x t r a c t i o n  so lvent ,  the l i q u e f a c t i o n  products were mixed w i t h  a l a r g e  
excess o f  hexane and l e f t  t o  s tand f o r  24 h be fo re  being f i l t e r e d .  Hexane, naphth- 
alene and excess t e t r a l i n  were removed as complete ly  as poss ib le  by d i s t i l l a t i o n ,  
t he  l a t t e r  two substances in vucuo. The hexane-solubles were separated i n t o  f i v e  
f r a c t i o n s  by column chromatography on alumina (hexane, toluene, ch loroform and meth- 
anol used as e luants) .  

Oxidat ion w i t h  t r i f l u o r o p e r o x y a c e t i c  a c i d  was c a r r i e d  ou t  by the  procedure des- 
c r i bed  by Den0 e t  al. (8),and a l s o  by a mod i f i ed  procedure. The p r i n c i p a l  f e a t u r e  o f  
t he  l a t t e r  i s  t h a t  the r e a c t i o n  i s  c a r r i e d  o u t  i n  the  presence o f  chloroform. The 
b o i l i n g  of t h i s  serves as a heat s ink  and t o  regu la te  the  temperature a t  62'. Also, 
products ex t rac ted  by i t  from the  a c i d i c  aqueous phase a re  t o  some e x t e n t  p ro tec ted  
from f u r t h e r  ox ida t i on .  

A f t e r  removal o f  t h e  
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Prodt!ct analyses were performed in a Finnigan Model 4000 GC/MS/data system, 
using a Microflexil DB-5 capillary column, with 95% methyl-5% phenyl s i l i cone  bonded 
t o  the wall. 
a.m.u. was scanned every two seconds during a chromatogram. 

An ionization potential of 70 e.v. was used, and a range of 50 to  700 

RESULTS AN0 DISCUSSION 

Of particular in te res t  in the resu l t s  i s  the diverse evidence, from several 
sources, of the importance of long a l ipha t ic  chains both in the extractable mobile 
phase and in the macromolecular network. 
presence of some aromatic structures.  

2850 cm:l, charac te r i s t ic  of methylene chains ( 2 ) .  The hexane-soluble p a r t  of both 
the pyridine and  benzene/ethanol extracts respresents 5-6% of the coal. Regenerated 
single ion chromatograms (m/z = 74,98,60 and 58) showed t h a t  the extracts consisted 
chiefly of a mixture of the methyl es te rs  of s e r i e s  of long-chain mono- and  di- 
carboxylic acids, with some f ree  alkanoic acids and long-chain methyl alkyl ketones 
(see examples o f  chromatograms in Figure 1 ) .  
found i n  the l iquefaction products, b u t  a nearly equivalent quantity of alkanes was 
found. The alkanes consisted chiefly of s t ra ight  chain hydrocarbons, but pristane, 
phytane and minor amounts of cyclic hydrocarbons were present as well. 
d i f f icu l ty  in assuming t h a t  the alkanes were generated from the oxygenates during 
liquefaction: the homologous ser ies  of the l a t t e r  extended u p  to  about C23, whereas 
alkanes u p  t o  C32 were found. However, the oxygenates a re  considerably less  vola- 
t i l e  than the hydrocarbons, and i t  i s  qu i te  l ike ly  tha t  the higher homologs simply 
fa i led  t o  get through the  capi l la ry  column with the  elution times used. 

Extensive use was made of regenerated single ion chromatograms in the analysis 
of the fractions of hexane-soluble oil  from liquefaction of the samples. These a re  
specially useful when homologous ser ies  a re  present,+as they proved t o  be here. 
T h u s  al l  alkyl benzenes give the tropylium ion (C7H7 ) a s  a major mass spectral 
peak, and alkylnaphthalenes give a corresponding peak of m/z 141 a n d / o r  142 ( 9 ) .  
Thus homologous se r i e s  of alkylnaphthalenes (m/z 142) ,  alkylfurans (m/z 82) and 
alkylphenols (m/z 108) were major constituents o f  fractions 2,3 and 5 from the column 
chromatography. I t  
was generally t rue  tha t  the peaks a re  so uniformly spaced in the single ion chromato- 
grams tha t  we infer  tha t  mono-substituted long-chain alkyl derivatives a r e  present 
rather than poly-substituted short chain. 
the a1 kyl naphtha1 ene and a1 kylfuran chromatograms closely spaced doublets for  each 
carbon number, corresponding t o  the 1- and 2-isomers. We have inferred tha t  these 
homologous ser ies  were physically trapped i n  the coal as p a r t  of the mobile phase 
(they were not found in the solvent ex t rac ts ) ,  rather than being part of the macro- 
molecular network. 

Estimating as  well as possible from integrations of peak areas in to ta l  ion 
current chromatograms i t  was concluded t h a t  the a1 kanes and the 1 inear a1 kyl chains 
(with the aromatic nuclei subtracted) together account fo r  15-16% of dmnf coal in 
each of the  3 samples studied. 
in the substi tuted cyclohexenones and hydroxy-pyridines and quinolines present, 
since the evidence i s  n o t  c lear  t ha t  the alkyl groups a re  long, l inear,  chains. 

whereas the mean r a t io  f o r  G other coals of more normal v i t r i n i t e  content was 0.94. 
The mean hydrogen content of the asphaltenes from the same 6 coals was 6.3%, while 
i t  was 7.5% for the  3 canneloid4o head samples. 1H nmr showed t h a t  only about 20% 
of the hydrogen atoms a r e  attache! t o  aromatic nuclei, and  about the same fraction 
O f  a l ipha t ic  H i s  on carbon atoms in the benzylic position. T h a t  i s ,  about 60% of 

Also of i n t e re s t  i s  the evidence of the 

The FTIR spectra of the coals show intense well-resolved bands near 2920 and 

These oxygenated compounds were not 

There i s  a 

An example of a single i o n  chromatogram i s  shown i n  Figure 2 .  

I n  confirmation of t h i s ,  there were in 

Not included in these estimates a re  the alkyl chains 

The r a t io  of hexane-soluble o i l s  , to asphaltenes fo r  these coals was 2.0-2.4, 
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the H atoms are i n  a l i p h a t i c  carbon atoms n o t  ad jacent  t o  an aromatic r i n g .  
a r o m a t i c i t y  ca l cu la ted  by assuming t h e  average composit ion o f  the a1 i p h a t i c  s t ruc -  
t u res  t o  be CH2 i s  about 0.55. 
i n  the FTIR spectra o f  the asphaltenes a re  p a r t i c u l a r l y  in tense and sharp (F igu re  2 ) .  
The frequencies a re  c h a r a c t e r i s t i c  o f  l ong  hydrocarbon Fhains, and t h i s  i s  confirmed 
by the  presence o f  a weak ske le ta l  v i b r a t i o n  a t  720 cm- . There i s  a small  b u t  d i s -  
t i n c t  aromatic C-H v i b r a t i o n  a t  3030 cm-1, and a d i s t i n c t  1600 cm-1 band. 
a l s o  a small carbonyl band a t  1705 cm-1. 

i s  prov ided by A. Daniel Jones ( l o ) ,  t o  whom we a r e  indebted. 
were generated i n  t h i s  laboratory ,  us ing  the  same techniques. 

The p r i n c i p a l  products from t h e  o x i d a t i o n  o f  the coals  w i t h  d i l u t e  n i t r i c  a c i d  
were a m ix tu re  o f  long-chain f a t t y  ac ids  (C - C  
d i c a r b o x y l i c  ac ids (C4-Cz0,  maximum a t  C 7 )  ?he2?;tter being mud? more abundant than 
the  former (see Table 2 ) .  
d i s t r i b u t i o n s  (see F igure 3) b u t  t h e  mono-carboxyl ic ac ids  were r e l a t i v e l y  more 

The 

The a l i p h a t i c  C-H s t r e t c h i n g  bands a t  2920 and 2850 

There i s  

I n  what fo l l ows  a l l  o f  t he  i n fo rma t ion  about the o x i d a t i o n  o f  the coal samples 
Data on asphaltenes 

maximum a t  C1 -C18) and long-chain 

Products from o x i d a t i o n  o f  the asphaltenes showed s i m i l a r  

# impor tant .  

The y i e l d s  o f  ac ids  from o x i d a t i o n  o f  t h e  coals  a re  equ iva len t  t o  the  presence 
o f  20% by weight o f  l ong  a l k y l  chains (determined w i t h  the  a i d  o f  m. xylene as 

tached t o  aromatic n u c l e i  i n  the  hexane-soluble l i q u e f a c t i o n  products account f o r  
15-16% o f  the coal .  The o x i d a t i o n  products i n d i c a t e t h a t l 7 . 7 %  o f  t he  asphaltenes 

c o n s i s t s o f  long a l k y l  chains, which corresponds t o  3.7% of the coal .  Thus the  
l i q u e f a c t i o n  products in t o t o  con ta in  a l k y l  chains equ iva len t  t o  19-20% o f  t h e  coa l ,  
i n  remarkably good agreement w i t h  t h e  est imate f o r  the coal i t s e l f .  However, t h e  
o x i d a t i o n  y i e l d s  predominantly d i -carboxy l  i c  ac ids,  which presumably are de r i ved  
from a,w-diarylalkanes; b u t  no evidence o f  these has been sought y e t  i n  t h e  hexane- 
so lub le  l i q u e f a c t i o n  products o r  t h e  asphaltenes. 

When the procedure described by Deno e t  a l .  (8 )  was used f o r  o x i d a t i o n  o f  t he  
coa ls  wi th t r i f l u o r o p e r o x y a c e t i c  ac id ,  t he  major products  were a l i p h a t i c  d icarbo-  
x y l i c  ac ids  i n  t h e  range C3 t o  C8, malonic dominating. 
c lass  o f  product was a l k y l  butyro lactones,  i n  which t h e  a l k y l  group has 0-6 carbon 
atoms. The asphaltenes gave s i m i l a r  d i s t r i b u t i o n s ,  b u t  t h e  r e l a t i v e  abundance o f  
t he  lactones was somewhat l ess ,  and succ in i c  a c i d  predominated over malonic ac id ,  
as i t  does w i t h  the  asphaltenes from o the r  coa ls  (11). 
aromatic and hydroaromatic s t r u c t u r e s  (benzene and ox i rane  polycarboxy l  i c  ac ids )  a r e  
somewhat more abundant i n  the  asphaltene o x i d a t i o n  products. 

Use o f  the mod i f i ed  procedure f o r  t r i f l u o r o p e r o x y a c e t i c  a c i d  o x i d a t i o n  gave 
r e s u l t s  very apprec iab ly  d i f f e r e n t  from those prov ided by the o r i g i n a l  procedure. 
Butyro lactones became much less  impor tant .  The lower  d i c a r b o x y l i c  ac ids  (C3-C ) 
became l e s s  abundant r e l a t i v e  t o  t h e  h igher  d i c a r b o x y l i c s  (C - C  see Table 37, 
and the  h ighest  concentrat ion was now found f o r  succ in i c  r a t a e r 2 f i a n  malonic  ac id .  
The d i s t r i b u t i o n  o f  l o n  e r  chain d icarbox l i c  ac ids  i s  r a t h e r  f l a t  compared w i t h  
t h a t  o f  t h e  monocarboxyyics (see F igure 47. 
bu t i ons  (see F igure 4), b u t  t he  r a t i o s  o f  t he  t o t a l  concentrat ions o f  mono-and d i -  
ac ids were q u i t e  d i f f e r e n t  (see Table 2 ) .  

abundant long-chain ac ids on ox ida t i on ;  t he  d i s t r i b u t i o n  o f  mono-acids was q u i t e  
s i m i l a r  t o  tha t  i n  the coal  and i t s  asphaltene, b u t  t h e  d i s t r i b u t i o n  o f  d i - a c i d s  
was d i f f e r e n t .  

I i n t e r n a l  standard). It was noted above t h a t  t he  alkanes and the  a l k y l  chains a t -  

The second most abundant 

Also, ac ids de r i ved  from 

The asphaltenes gave s i m i l a r  d i s t r i -  

The benzene-insoluble res idue from the  l i q u e f a c t i o n  o f  PSOC 1109 a l s o  gave 

Est imat ion o f  the f r a c t i o n  o f  t he  coal corresponding t o  the long-chain ma te r ia l  
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in the TFPA oxidation products gave a value of only 6%. The work-up procedure fo r  
isolation of products from the two oxidation reactions i s  identical ,  so evidently 
in the Deno oxidation secondary reactions shorten the chain and/or destroy some of 
the primary products t o  a greater extent than i n  the n i t r i c  acid oxidation. 
butyrolactones presumably resu l t  from the oxidation of long chains. 
dance i s  less  w i t h  the modified procedure but i s  not zero. 

The hydrogen contents of a lg in i te  macerals i s  10-11%; and the aromaticity of 
a sample was found t o  be 0.18 (5) .  Other a lg in i tes  show l i t t l e  evidence of aro- 
matic character in the i r  IR  spectra;  pyrolysis a t  375" fo r  24 h yields much s t ra ight  
chain a l ipha t ic  material b u t  also some aromatic hydrocarbons, t h o u g h t  t o  be gener- 
ated d u r i n g  the pyrolysis (12). Curie-point pyrolysis of some alginite-rich coals 
( a t  610" for  12.5 sec.)  gave a se r ies  of n .  alkanes and alk-1-enes i n  the  range 
C t o  C35, but s ign i f icant  amounts of polycyclic aromatic hydrocarbons were gener- 
a!ed during the pyrolysis (13.14). The aromaticity of the coals studied here i s  
higher (0.38), but additional aromatic structures could be generated d u r i n g  lique- 
faction. Polycyclic aromatic hydrocarbons (biphenyls, 3-, 4- and 5-fused ring com- 
pounds) were detected i n  the hexane-soluble part  of the liquefaction products, as 
well as  the long-chain alkyl aromatics discussed above (yet the hexane-soluble part 
of the solvent ex t rac ts  was almost to ta l ly  a l ipha t ic ) .  

0.7. The value fo r  the l ip tode t r in i te ,  i f ,  as i s  l ike ly ,  t h i s  i s  related to  spor- 
i n i t e ,  would be a l i t t l e  lower. 
aliphatic,  though probably we need to assume some aromaticity t o  achieve a mean 
value of 0.38 fo r  the whole coal. 

The asphaltene from PSOC 1110 showed somewhat fewer benzylic protons in the H 
nmr, and oxidation afforded l e s s  malonic and succinic acids,  suggestingthatdihydro- 
aromatic s t ruc tures  are less  abundant, perhaps because of weathering of the coal 
Also, the (H/C),, r a t i o  inferred from the nmr data was somewhat less  t h a n  for the  
other l i thotypes,  indicating a higher degree of condensation t o  fused ring systems. 

t ion of PSOC 1109 i s  shown in Table 3, c lass i f ied  by structural  type. Acids having 
l inear a l ipha t ic  s t ruc tures  account for  44% of the to ta l  products. 
ing from aromatic or aromaticlhydroaromatic structures account for  some 37% of the 
products. 
from hydroaromatic structures,  and the other acids with aromatic associations will 
include in the s t ruc tures  what were a l ipha t ic  carbon atoms. 
of the data w i t h  r e su l t s  for other coals a re  consistent w i t h  the  suggestion of low 
aromaticity and the s t ruc tura l  importance of long a l ipha t ic  chains in the Utah coal. 
Indeed, as  we have seen, long aliphatic chains are prominent i n  the solvent extracts,  
hexane-soluble liquefaction o i l s ,  asphaltenes and insoluble residues from the lique- 
faction of t h i s  coal. Such chains are clearly important i n  the macromolecular net- 
work as  well a s  in the mobile phase of re la t ive ly  small molecules. 

i s  derived from the colonial green alga, Botryococcus braunii (2,3). This alga i s  
peculiar i n  containing substantial amounts of three a1 kadienes, 

CH2=CH(CH,)DCH=CH(CH2)lCH3, where n=15,17 and 19 (15).  
The organism has many habitats.  I t  i s  comnonly found i n  coastal lagoons along the 
south coast of Australia. When these dry out,  as they sometimes do, the  lagoon bed 
i s  l e f t  covered w i t h  a sheet of rubber-like substance, thought t o  have been formed 
by the oxygen-catalyzed polymerization of the alkadienes (16). 
necessarily formed only in dried-out lagoons, i s  considered t o  be the precursor of 
a lg in i te  macerals, though th i s  view does not explain how the colonial morphology i s  
Preserved, or why v i s ib l e  fluorescence should be excited by illumination with the ~ 

365 nm l ine  of the mercury arc. 

The 
Their abun- 

The 25-30% v i t r i n i t e  in these samples might have an aromaticity around 0.65- 

Presumably the a lg in i t e  and bituminite a re  largely 

1 

The analysis of the products from the modified trifluoroperoxyacetic acid oxida- 

Compounds deriv- 

This i s  n o t  a f a i r  comparison, since some of the a l ipha t ic  diacids derive 

Nevertheless, comparisons 

The a lg in i t e  i n  these samples, as  i n  most other coals t ha t  contain the maceral, 

This polymer, not 
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If b i t u m i n i t e  i s  indeed de r i ved  from d i s rup ted  a l g a l  c e l l s ,  then the c o l o n i a l  
morphology i s  not  preserved, b u t  i t  s t i l l  seems a reasonable p o s s i b i l i t y  t h a t  a major 
p a r t  o f  t he  Utah canneloid-boghead coal  i s  der ived from metamorphism o f  t h e  rubber- 
l i k e  polymer associated w i t h  B. bruunii. 
probable environment o f  deposi t ion,  r a t h e r  small amounts o f  woody ma te r ia l  being 
washed i n  from wooded areas around the margin ( 2 ) .  

An open water pond i s  envisaged as a 

ACKNOWLEDGEMENTS 
Th is  work was supported by c o n t r a c t  No. DE-AC22-81-PC-40784 from U.S Uept. of tnergy. 

I 
1. 

2. 

3. 

4. 

5. 

6. 
7. 
a. 

9. 

10. 

11. 
12. 

13. 

14. 

15. 
16. 

REFERENCES 

Given, P.H., Cronauer, D.C., Spackman, W . ,  Love l l ,  H.L., Davis, A. and Biswas, B. 

Given, P.H., Davis, A., Kuehn, D., Pa inter ,  P.C. and Spackman, W., submi t ted 
t o  I n t .  J. Coal Geol., Feb. 1984. 
Teichmuller, M., Stach’s Textbook o f  Coal Petrology, 1982, T h i r d  Ed., eds. E. 
Stach, G.H. Tay lor ,  M.-Th. Mackowsky, D. Chandra, M. Te ichmul ler  and R. 
Teichmuller, Gebruder Borntraeger, B e r l i n ,  219-294. 
Wilson, M.A., Pugmire, R.J., Karas, J.V., Alemany, L.B., Woolfender, W.R., 
Grant, D.M., and Given, P.H., Anal. Chem., i n  the  press, 1984. 
Pugmire, R.D., Z i l m ,  K.W., Grant, D.M., L a r t e r ,  S.R., A l len,  J., Sen f t l e ,  J.T., 
Davis, A. and Spackman, W., in New Approaches i n  Coal Chemistry, eds. B. D. 
B lauste in ,  B.C. Bockrath and S. Friedman, h e r .  Chem. SOC. Symp. Ser ies 169, 

Szladow, A.J. and Given, P.H., Ind. Eng. Chem., Proc. Des. Div., 1981, 24, 27-33. 
Yarzab, R.F., Given, P.H., Davis, A. and Spackman, W., E, 1980, 59,  81-92. 
Deno, N . C . ,  Jones, A.D., Koch, C.C., Minard, R.D., Pot ter ,  T., Sherrard, R.S., 
Stroh, J.G. and Yevak, R.J., w, 1982, 62,  490-492. 
McLafferty, F.S., I n t e r p r e t a t i o n  o f  Mass Spectra, U n i v e r s i t y  Science Books, 
M i l l  Val ley, C a l i f . ,  3rd Edn., 1980. 
Jones, A.D., Ph.D. Thesis, The Pennsylvania S ta te  Un ive rs i t y ,  The Chemical 
St ructures o f  Coals as Determined by Se lec t i ve  Ox ida t i ve  Deqradations, 1984. 
Shadle, L.J. and Given, P.H., E, 1982, 62,  972-979. 
A l l an ,  J., Bjorgly, 14. and Douglas, A.G., Advances i n  O r  anic Geochemistr 
1979, eds. A.G. Douglas and J.R. Maxwell,-; 
Phi lp ,  R.P. and Saxby, J.D., Advances i n  O r  an i c  Geochemistr 1979, eds. 
A.G. Douglas and J.R. Maxwell, Pergamon, Ox9ford, 639-652.(&) 
Meuzelaar, H.L.C., McClennen, W.H., Tomlinson, J.H. and Pope, O.L., Proc. 
I n t .  Conf. on Coal Science, DUsseldorf, 1981, 816-821. 
Cane, R.F., and Alb ion,  P.R., Geochim. and Cosmochim Acta., 1973, 37, 1543-9. 
Cane, R.F., O i l  Shale,eds. T.F. Yen and G.V. Ch i l i nga r ian ,  E l sev ie r ,  27-60. 

Fuel 9 1975, 5 4 ,  40-49. 

1981, 23-42. 

Table 1. Some A n a l y t i c a l  Data f o r  One o f  t he  Coals Used, PSOC 155 
[abst racted from f u l l  data i n  Given e t  a l .  (Z)] 

% by vo l . ,  v i t r i n i t e  24 % d m f  C 74.5 
a l g i n i  t e  7 H 7.4 
l i p t o d e t r i n i t e  12 s (erg 1 .o 
b i  t um in i  t e  52 0 ( d i f  ) 15.0 
i n e r t i  n i  t e s  2 VM %70 

MM, 25.3% o f  d r y  coal 
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Table 2. Y ie lds  o f  Long-chain Acids from Ox ida t i on  o f  PSOC-1109 

Coal Asphal tene 

HN03 Oxidat ion:  
d i a c i d s ,  C4-Czo 66.0 48.5 
monoacids, Cg-CZ3 11.1 26.5 

To ta l  77.1 75.0 
__ 

Den0 Oxidat ion:  
d i a c i d s ,  C7-CZ5  

monoacids, Cg-Cz5 
Tota l  

26.7 10.3 

16.7 12.4 
43.4 22.7 

~ 

Table 3. Y ie lds  o f  Product Classes from TFPA Ox ida t i on  o f  Asphaltene (PSOC 1109) 

(Modi f ied procedure) 

Class o f  Acids 

alkane d i o i c s ,  C3-C7 

a1 kane d i o i c s ,  C8-CZ2 

alkane monoic, Cg-Cz6 

a1 ky l  1 actones, C4-C1 

a1 kane t r i o i c  
cyclohexene d i o i c  
a r y l  a1 kanoic 
alkene d i o i c  
oxirane polycarboxy l  i c  
benzene polycarboxy l  i c 
phenol po lycarboxy l  i c  

Tota l  

% o f  GC 
area 

14.5 

12.0 

10.5 
3.0 
4.0 
0.2 
3.2 
1.9 
7.7 

23.1 
3.2 

84.3% 

6 

Breakdown o f  a1 kane % o f  
d i o i c  ac ids  G-C area 

malonic 1.7 

s u c c i n i c  3.6 

g l u t a r i c  4.7 

p ime l i c  2.2 
a d i p i c  2.3 

14.5% 
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Fifiue 1. SINGLE ION CHROMATOGRAMS FOR HEXANE-SOLUBLE FRACTIONS 
FROM KING CANNEL COAL 
(a) pyridine srtraet, m h  = 60 (falty acids), (b) liquefaction product 
haction 2, m h  = 142(alkyl naghthalenes), (c) .liquefaction product 
haction 5. m h  = 108(alkyl phenols) 
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