
A COMPARISON OF NATURALLY OCCURRING 
SHALE BITUMEN ASPHALTENE AND RETORTED SHALE OIL ASPHALTENE 

mesh s i z e  p r i o r  t o  so lven t  e x t r a c t i o n  o r  r e t o r t i n g .  
I 

3 A. Solvent Extract ion 
The s h a l e  (130 g) was Soxhlet  ex t r ac t ed  with 90% benzene: 10% methanol 

(300 ml) f o r  72 h r s .  S ix  s e t s  o f  Soxhlet  e x t r a c t i o n  were c a r r i e d  o u t  t o  a f fo rd  
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INTRODUCTION 

Asphaltene i s  usua l ly  defined as  t h e  pentane so lub le  and benzene in so lub le  
I f r a c t i o n  of crude o i l .  

f u l l y  understood. Since asphal tene i s  gene ra l ly  recognized a s  t h e  t r a n s i t i o n a l  
s t a g e  from f o s s i l  f u e l  source t o  o i l  products (1 ,2 ) ,  knowledge of  t h e  molecular 
s t r u c t u r e  of  asphal tene is e s s e n t i a l  t o  t h e  understanding of  i t s  occurrence and 
t r a n s i t i o n .  

The molecular s t r u c t u r e  o f  t h i s  ma te r i a l  has no t  y e t  been 

The majori ty  o f  t h e  organic  ma te r i a l  i n  o i l  s h a l e  i s  known a s  kerogen (or -  
ganic  solvent  i n so lub le  f r a c t i o n ) .  Bitumen (organic  so lven t  so lub le  f r a c t i o n )  
gene ra l ly  comprises only a small  p a r t  of t h e  t o t a l  organic  mat ter  i n  o i l  sha l e .  
During r e t o r t i n g  (thermal cracking) ,  kerogen and bitumen undergo thermal decompo- 
s i t i o n  t o  o i l ,  gas and carbon r e s idue .  According t o  a number of i n v e s t i g a t o r s  
(3-5),  t he  mechanism f o r  thermal cracking o f  t he  o i l  s h a l e  i s  by decomposition 
o f  t h e  kerogen t o  bitumen, gas and carbon r e s idue  and subsequently decomposition 
o f  t h e  bitumen t o  o i l ,  gas and coke. Asphaltene i s  ubiqui tously p re sen t  i n  both 
t h e  na tu ra l  occurr ing bitumen and t h e  r e t o r t e d  s h a l e  o i l .  Very few cases  f o r  t h e  
comparison of asphal tene p rope r t i e s  a r e  ava i l ab le  i n  t h e  l i t e r a t u r e  ( 6 - 8 ) .  In 
t h i s  r e sea rch ,  a comparison of  t h e  s h a l e  bitumen asphal tene and t h e  r e t o r t e d  sha le  
o i l  asphal tene has been undertaken t o  i n v e s t i g a t e  s t r u c t u r a l  changes during t h e r -  
mal cracking.  

I t  i s  a n t i c i p a t e d  t h a t  information obtained from t h i s  type o f  research w i l l  
be he lp fu l  f o r  t h e  production and r e f in ing  of  s h a l e  o i l .  
and i t s  s t r u c t u r e  may be an use fu l  i n d i c a t o r  toward t h e  s e v e r i t y  of  temperature 
e f f e c t  during r e t o r t i n g  o r  t reatment .  

The r o l e  of  asphal tene 
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t i p  i s  roughly i n  t h e  middle of  t h e  r e t o r t .  The temperature was r a i s e d  r ap id ly  t o  
425OC i n  one experiment and t o  500OC i n  another  experiment over  h a l f  an hour and 
maintained t h e s e  f o r  t h r e e  hours.  A i r  e n t e r s  through the  top of  t h e  chamber a t  a 
flow ra t e  of  1 ml/sec and moves downward toge the r  with the  product o i l  through 
the  cooling column. 
i n t o  a r e c e i v e r .  
not co l l ec t ed .  The c o l l e c t e d  o i l  was separated from t h e  water  phase by ex t r ac t ion  
with benzene i n  a s epa ra to ry  funnel .  

C .  I s o l a t i o n  of Asphaltene 

A sample of  t h e  s h a l e  bitumen o r  r e t o r t e d  s h a l e  o i l  was p r e c i p i t a t e d  with 20-fold 
volume o f  n-pentane.  The o i l / r e s i n  (pentane soluble)  f r a c t i o n  was separated from 
the p r e c i p i t a t e  by f i l t r a t i o n  and soxh le t  e x t r a c t i o n  with n-pentane. 
(pentane in so lub le ,  benzene so lub le )  f r a c t i o n  was obtained by soxhlet  e x t r a c t i o n  of 
t he  residue with benzene. 
v i a t ed  as Bi tu ,  R425, and R500 r ep resen t ing  bitumen asphal tene and asphal tenes  
derived from s h a l e  o i l  r e t o r t e d  a t  425OC and 5OO0C respec t ive ly .  

D .  Physical  and Chemical Analysis ' 

Cal i fo rn ia .  
molecular weight .  I R  s p e c t r a  were recorded a t  a concentrat ion of  25 mg/ml i n  CM2C12 
using 0 .5  mm NaCl c e l l s  on a Beckman Acculab 6 instrument.  IH NMR s p e c t r a  were ob- 
t a ined  from a Varian XL-100 spectrometer  with CD2C12 as so lven t  and i n t e r n a l  r e f e r -  
ence (residue peak a t  5 . 3  ppm) . 13C NMR s p e c t r a  were obtained from a Varian XL-100 
u n i t ,  with b u i l t - i n  minicomputer, operated a t  25.2MHz. For a l l  samples CDC13 is used 
as  solvent  and i n t e r n a l  r e fe rence  ( c e n t r a l  peak a t  77.2 ppm). A sample o f  asphaltene 
(0.5 g) was dissolved i n  2.5 m l  of  C D C 1 3  with 35 mg of  Cr(acac)3 addedto i t .  To 
obtain r e l i a b l e  q u a n t i t a t i v e  r e s u l t s ,  a delay time of 4 sec  a f t e r  each 35O pulse  
and 0.68 sec  a c q u i s i t i o n  time w a s  used i n  t h e  gated decoupling sequence. 

The product  o i l  was co l l ec t ed  a t  t h e  bottom of  t h e  r e t o r t  
The product gas  was passed through ac id  and base t r a p s  but  was 

The a spha l t enes  were i s o l a t e d  according t o  t h e  modified procedure (9,lO).  

The asphaltcne 

In  t h e  fol lowing t e x t ,  t h e s e  asphal tenes  w i l l  be abbre- 

The elemental  analyses  were done by Elek Microanalyt ical  Laborator ies ,  Torrance, 
A Mechrolab Model 301A Vapor Pressure Osmometer was used t o  determine 

.- 

RESULTS 

Frac t iona t ion  o f  t h e  t h r e e  samples afforded t h e  asphal tene f r a c t i o n  cons i tu t -  
ing 7.3%, 0.39%, and 0.74% by weight f o r  t h e  s h a l e  bitumen, s h a l e  o i l s  r e t o r t e d  
a t  425OC and 5OO0C r e s p e c t i v e l y .  

A .  Elemental Composition 

R500 are  presented i n  Table I .  

B. I n f r a red  Spectra  

f o r  comparison. 
bands a r e  centered a t  3600 cm-1 a t t r i b u t e d  t o  phenol ic  0-H absorpt ion,  3460 cm-l 
a t t r i b u t e d  t o  p y r r o l i c  N-H absorpt ion,  3180 cm-l a t t r i b u t e d  t o  hydrogen-bonded 0 - H  
o r  N-H absorpt ion,  2925 cm-l and 2860 cm-I due t o  asymmetric and symmetric C-H 
s t r e t ch ing ,  1800 cm-l t o  1600 cm-l a t t r i b u t e d  t o  carbonyl C=O s t r e t c h i n g ,  1400 cm-l 
t o  1480 cm-' a t t r i b u t e d  t o  C-H bending and 1375 cm-l a t t r i b u t e d  t o  symmetric bending 
of t h e  methyl groups. 
among t h e  t h r e e  asphal tene samples a r e  shown i n  Talbe 11. 

C.  1~ NMR Spectra  

con t r ibu t ions  from p ro tons  a s soc ia t ed  with hetero-atoms can be discounted, proton 

Elemental Analysis  d a t a  f o r  t h e  t h r e e  asphal tene samples - Bitu,  R425, and 

I n f r a r e d  s p e c t r a  o f  t h e  t h r e e  a spha l t ene  samples a r e  presented i n  Figure 1 
A number of  wel l  def ined bands appear i n  a l l  t h r e e  s p e c t r a .  These 

Differences i n  t h e  abso rp t ion  i n t e n s i t i e s  of  t hese  peaks 

The proton nmr s p e c t r a  o f  Bi tu ,  R425 and R500 a r e  shown i n  Figures 2-4. I f  
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types i n  t h e  nmr s p e c t r a  can be divided i n t o  four  groups: aromatic  pro tons  (HA), 
a lpha  a lkyl  protons (Ha ), methyl pro tons  i n  t h e  g a m a  p o s i t i o n  o r  f a r t h e r  from 
the  aromatic r i n g  (tly ) and o t h e r  a l k y l  pro tons  represent ing  pr imar i ly  t h e  methylene 
protons which a r e  b e t a  or f a r t h e r  from t h e  aromatic  r i n g  (Hg ) (11) .  Frac t iona l  
proton d i s t r i b u t i o n  were c a l c u l a t e d  d i r e c t l y  from t h e  i n t e g r a t i o n  curves.  The sepa- 
r a t i o n  poin t  was chosen semi-empir ical ly  f o r  t h e  Ha and H e  bands a t  1 . 9  ppm and f o r  
the  Hg and Hy bands a t  1 . 0  ppm from t h e  determinat ion o f  t h e  band shapes and a r e a s .  
Frac t iona l  proton d i s t r i b u t i o n  of t h e  t h r e e  asphal tene  samples are presented i n  
Table 111. 

D. 13c NMR Spectroscopy 
Carbon-13 nmr s p e c t r a  of t h e  Bitu and R500 samples are presented  i n  Figures  

For the  carbon group assignments, we have used t h e  scheme developed by Ladner 

Aromat ic i t ies  determined d i r e c t l y  by 13C NMR a r e  0.24, 0.51, 

5 ,6 .  
and coworkers ( 1 2 ) .  
presented i n  Table V.  
and 0.60 f o r  Bi tu ,  R425, and RSo0 r e s p e c t i v e l y .  

Carbon d i s t r i b u t i o n s  der ived from t h e  13C nmr s p e c t r a  a r e  

DISCUSSION 

The r e s u l t s  of  t h e  elemental  a n a l y s i s  i n d i c a t e  t h a t  asphal tenes  der ived  from 
r e t o r t e d  s h a l e  o i l s  have smal le r  H/C r a t i o  and smaller oxygen and s u l f u r  conten ts ,  
but g r e a t e r  n i t rogen  content  than  t h a t  der ived  from s h a l e  bitumen. I t  seems t h a t  
some of  t h e  oxygen and s u l f u r  a r e  e l imina ted  as water  and hydrogen s u l f i d e  during 
the  r e t o r t i n g  process .  I t  remains unc lear  (13) whether t h e  g r e a t e r  n i t rogen  content  
a r i s e s  from incorpora t ion  of  n i t r o g e n  gas  from t h e  a i r  or from temperature  e f f e c t  
as suggested by H i l l  (14) - "Nitrogen i n  t h e  kerogen is present  i n  molecules o f  
very high molecular weight which tend t o  remain i n  t h e  s h a l e  a t  temperatures  below 
800°F. " 

The r e t o r t e d  s h a l e  o i l  asphal tenes  have g r e a t e r  p y r r o l i c  N-H and hydrogen 
bonded 0-H o r  N-H absorpt ion than  t h e  s h a l e  bitumen asphal tene  as revea led  i n  t h e  
I R  s p e c t r a .  Band shapes f o r  t h e  carbonyl s t r e t c h i n g  region o f  t h e  t h r e e  samples 
a l s o  show remarkable d i f f e r e n c e s .  S ince  it i s  wel l  known t h a t  e i t h e r  hydrogen 
bonding o r  conjugat ion wi th  an  o l e f i n i c  or  phenyl group causes  a s h i f t  of t h e  carbonyl 
absorpt ion a t  lower f requencies ,  t h e  r e s u l t  seems t o  i n d i c a t e  a r e l a t i v e l y  g r e a t e r  
proport ion of hydrogen bonded and/or conjugated carbonyl groups f o r  R425 and R500 
than f o r  Bitu. 
a s  measured by absorbance at 1375 cm-l. 

The CH,/CH2 r a t i o  is a l s o  increased f o r  R425 and R500 than  f o r  Bi tu  

In  combination with average molecular  weight and elemental  compositions, t h e  
1 H  nmr da ta  can be used t o  d e r i v e  some average s t r u c t u r a l  parameters :  a romat ic i ty  
( fa) ,degree o f  s u b s t i t u t i o n  o f  t h e  aromatic  s h e e t  ( u ) ,  number o f  carbon atoms per 
a l k y l  s u s t i t u e n t  ( n ) ,  r a t i o  o f  p e r i p h e r a l  carbon atoms per aromatic  s h e e t  t o  t o t a l  
aromatic carbons (Haru/Ca ),  and number o f  aromatic  r i n g  p e r  molecule (RA) can be 
ca lcu la ted  by the  modifierBrown-Ladner (15) method a s  descr ibed i n  Eq.  (1 ) - (5) .  

C/H -Ha/2 - Hg/2 - Hy/3 Hal 2 
f =  (1)  u =  (2) 

C I H  HA + Ha / 2  

HA + Ha / 2  
(4) 

H a / 2  + H g / 2  + Hy/3 
n =  (3) - - 

Ha 1 2 Car CIH - Hal2 - HBI2 - HyI3 

Ha, 

Car 
1 - -  

R = CA + 1 (5) CA = t o t a l  number o f  aromatic  carbons 

9 1  
2 A 



In these  c a l c u l a t i o n s ,  it i s  assumed t h a t  each carbon atom alpha t o  an 
aromatic r ing  c a r r i e s  two p ro tons .  The atomic r a t i o  o f  proton t o  carbon in  the 
Hg f r a c t i o n  is a l s o  assumed t o  be 2 .  The ca l cu la t ed  average p rope r t i e s  a r e  shown 
i n  Table I V .  On t he  b a s i s  of  t h e s e  ca l cu la t ed  average p r o p e r t i e s ,  t h e  r e t o r t e d  
s h a l e  o i l  asphal tenes  have r e l a t i v e l y  h ighe r  a romat i c i ty ,  lower degree of  subs- 
t i t u t i o n  of  t he  aromatic s h e e t  and s h o r t e r  a l k y l  s u b s t i t u t e n t s .  Based on these 
s t r u c t u r a l  p r o p e r t i e s ,  t he  main r e a c t i o n s  occurred i n  t h e  r e t o r t i n g  process a r e  
carbon-carbon bond f i s s i o n  and in t r amolecu la r  aromatizat ion.  

The 13C chemical s h i f t  range 168-210 ppm contains  carbonyl resonance which 
was observed i n  Bitu b u t  no t  i n  R500, suggest ing t h a t  carbonyl groups a r e  very 
l i k e l y  l a b i l e  t he rma l ly .  In  t h e  r e t o r t i n g  process ,  t h e  carbonyl groups may be 
involved i n  r i n g  c losu re  by in t r amolecu la r  F r i ede l -Cra f t s  acy la t ion  and subsequently 
reduced by hydrogen generated by aromatizat ion wi th in  t h e  system. The absence of 
t h e  carbonyl resonance in  t h e  1% nmr spectrum of R500 does not prove t h e  absence 
o f  t h e  carbonyl group i n  t h i s  sample, s i n c e  carbonyl carbons gene ra l ly  have very 
long r e l axa t ion  t imes and a r e  undetectable  by l3C nmr. 

The chemical s h i f t  ranging from 148-168 ppm con ta ins  mainly resonances from 
aromatic carbons jo ined  t o  hydroxyl ic  o r  e t h e r i c  oxygen. 
t h e  bulk of  resonance occurred between 148 and 159 ppm ind ica t ing  t h a t  t he re  a r e  
much more phenols than aromatic e t h e r s  s i n c e  t h e  l a t t e r  should r e sona te  predominantly 
between 159 and 168 ppm. The percentage of phenol ic  carbon i s  g r e a t e r  f o r  R500 
(- 2.8% of  t o t a l  carbons) than f o r  Bitu (- 1.1% of t o t a l  carbons) ,  which may account 
f o r  t h e  g r e a t e r  hydrogen bonding tendency o f  R500 a s  de t ec t ed  by IR. 

Both Bitu and R500 have 

I n  the  a l i p h a t i c  carbon region,  t h e  most prominent s igna l  f o r  Bi tu  is  a 
sharp peak a t  29.6 - 29.8 pprn a t t r i b u t e d  t o  nethylene carbons y or f u r t h e r  from an 
aromatic r i n g  and 6 
at  l e a s t  7 carbon long. 
bons. The t o t a l  i n t e n s i t y  of  t h e  9-22.5 ppm range a t t r i b u t e d  t o  methyl carbons 
accounts f o r  40.6% and 16.7% o f  t h e  t o t a l  a l i p h a t i c  carbons for R500 and Bitu r e s -  
pec t ive ly .  ?he r e s u l t  i s  c o n s i s t e n t  with a longer  average a lky l  chain length f o r  
B i tu  as ca l cu la t ed  by p ro ton  nmr. 

o r  f u r t h e r  from t h e  terminal  C H 3  group in  n -a lky l  chains of  
The a r e a  under t h i s  peak i s  6% o f  t h e  t o t a l  a l i p h a t i c  c a r -  

I 

A comparison o f  t h e  a romat i c i ty  determined by I 3 C  and IH nmr r evea l s  t h a t  
although t h e  agreement is r a t h e r  good f o r  R500, t h e  a romat i c i ty  determined by 1 H  
nmr i s  smaller  t han  t h a t  determined by 13C nmr f o r  Bi tu .  
t h e  aromatic proton (HA) o f  B i tu  c o n s t i t u t e s  only a very small percentage of t h e  
t o t a l  proton,  t h e  e f f e c t  o f  phenol OH and amide NH t o  t h e  content  of  HA is accentu- 
a t e d .  
but ion from phenol OH nad amide NH t o  t h e  HA content  i s  neglected i n  t h e  above 
ca l cu la t ion .  For R425 and R500, t he  e f f e c t  of phenol OH and amide NH i s  perhaps 
compensated by t h e  g r e a t e r  number of methyl s u b s t i t u e n t s  and the re fo re  a good agree- 
ment i n  a romat i c i ty  is obtained.  For B i tu ,  some of  t h e  average parameters would 
be i n  error as a r e s u l t  o f  t h e  r e l a t i v e l y  g r e a t e r  con t r ibu t ion  o f  phenol OH and 
amide NH t o  the value o f  HA. For in s t ance ,  f a  would be t o o  high,  Ham/Car too  low 
and RA t oo  l a rge .  

I t  i s  l i k e l y  t h a t  s ince  

For Bitu,  t h e  a romat i c i ty  determined by l H  nmr i s  too l a rge  because c o n t r i -  
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Table 1. Elemental  C o q o s i r i o n s  Of  Sha le  
O i l  k D h a l t e n c s  

Situ '425 '500 

C= 74.53 76.50 78.22 

Ha 8.86 7.97 7.02 

Y= 2.71 4.49 5.03 

Sa 1.80 1.37 1.08 

$ . C  10.32 8.01 7.71 

Asha 1.78 1.59 0.94 

H/C 1 .42  1.25 1.08 

N / C  0.031 0.050 0.055 

s/c 0.009 0.0067 0.0052 

o/c 0.104 0.079 0.074 

1101 461 662 hblecular  
Weight 

] C69.6H98.5N2.250.607.2 C40.6H43.9?12.2S0.203,0 

Formula C29.8H37.~q0.5S0.202.4 

a percent by weight 

by WO in  benzene 

by d i f fe rence  

Table 111. F r a c t i o n a l  Pmton D i s t r i b u t i o n  
of Shale O i l  A l p h a l t e m s  

R425 RSOO 
Proton Type S i t u  

0.046 0.145 0.179 HA 

Ho 0.204 0.337 0.402 

0.525 0.389 0.530 HE 

HY 0.225 0.129 0.089 

Table 11. I R  Absorbance of S h a h  O i l  
k p h n l t e n c r  

Ifavonumbor 
(M-1) '425 RSOO 

3500 

3460 

3180 

2925 

2860 

1700 

1650 

1600 

1440 

1375 

0.06 0.10 0.07 

0.08 0.20 0.24 

0.10 0.15 0.18 

1.76 1.19 0.91 

0.88 0.64 0.54 

0.61 0.59 0.38 

0.34 0.54 0.61 

0.30 0.52 0.63 

0.53 0.54 0.54 

0.35 0.42 0.55 

Tabla I V .  Avcr~po S t r u c t u r a l  Parameters 
of Shale  O i l  k p h a l t c n e r  

B i t "  '425 R500 

0.38 0.49 0.57 f a  

f,(C)' 0.24 0.51 0.60 

a 0.69 0.54 0.53 

" 4.31 2 . 4 1  1.97 

0.80 0.71 Haru 

'A 

o.56 

6.8 2.5 4 . 4  

RA!C)P 4.7 2 . 5  4 . 5  

a Calcula ted  according t o  the  a m m a t i c i t y  determined 

bv m. 
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Table V. Fractional Carbon Disbriburion of Simlc O i l  Asphal tenel  

Assignments 

R500 - Ritu 

Chemical : Of : of  \ Of : of 
S h i f t  total  s l l p h o t i c  total a l i p h a t i c  

carbon carbon carbon carbon 

Carbonyl 

Aromatic C-0 

Mainly aromatic c-c 
Mainly aromatic C-11 

01 i n  a l k y l  grwpr (except i s o - a l k y l s )  end 
naphthenic r ings.  Ring  j o i n i n g  a I 2 .  M2 
i n  a l k y l  groirps adjacent to QI. 

ai i n  a lkyl  groups not adjacent to UI (except 
:om o ai end QI 
i n  a lky l  &ps .*C41. 
erhylciie gruiips a Cll2 and al. 
a m m a t i s  r ings .  Naphthenic UIz. 

odjsccnr to r e m i n d  M 
(112 i n  r i n g  joinin8 

0 CII I n  hydro- 

Naphthenic Ul2. Shieldsd a Cll 0 Cllz i n  
indan and propyl gmup E ai:;" i ra -propyl  

ai2 adjacent t o  t e rmina l  ai3 i n  a l k y l  vroupi 
> C4. 0 a12 i n  u n r u h r t i t u t c d  t e f r a l i n  
stmctures. 
thenie rirgs.  

aiJ on h y d r o n r o u t i c  and naph- 

0 013 not sh ie lded  by any adjacent r i n g s  
or gmupi. 

(I aI3 sh ie lded  by I adjacent r i n g  or gmup. 

B Cli3 in e t h y l  gmups 

a UI shielded by 2 adjacent rings or groups  
UI: Y or f u r t h e r  from an a m m a r i f  r lng .  

168-210 

148-168 

129.5-148 

100-129.5 

37-60 

27.5-37 

24-27.5 

22.5-24 

20.5-22.5 

18-20.5 

15-18 

9-15 

L I I I I I I  
4000 3000 2000 I800 1600 1400 1200 1000 

_ _  1.3 

1.1 2.8 

10.1 20.8 

12.7 S . 0  

17.3 23.2 6 . 7  16.6 

45.4 12.8 51.6 33.9 

8.0 10.7 3.3 8.1 

2 .9  3 .9 1.3 3.1 

4.5 6.0 3.2 7.8 

4.0 5.4 3.7 9 . 1  

2.7 3.6 3 . 3  8 . 1  

1 . 3  1.7 6 . 1  15.6 

I I I I I I  
1000 3000 2000 1800 1600 1400 1200 1000 

4000 3000 ZOO0 1800 1600 1400 1200 1000 

Wavenumber cm-' 

Figure 1. IR Spectra of Shale  Oil Asphai tenel  
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I I I I 1 I I I 1 I 
9.0 8.0 7..n 6,o 5 . 0  4 . 0  3 .0  2 . 0  1.0 0 . 0  

Chemical S h i f t  ppm 

Figure 2 .  'H NHR Specrrwn a f  Arphaltene From Shale B l t ~ m e n ( B i r u ) .  I 

I 1 I I 1 I I I I I 
9.11 8 . 0  7.0 6.0 5 . 0  4.n 3.0 2.0 1.0 0.0 

Chemical S h i f t  ppm 

FiKure 3.  'H h*IR Spectnllo of Alphaltme From Shale Oil  Retorted a t  125 '  C(RIIS). 

I 1 I I I I I I I I 
II,O 8..0 7,n 6,0 5 . 0  4.0 3.0 2.0 1.0 0 . 0  

Chemical S h i f t  ppm 

Figure 4 .  '11 NMR Spectrum of  Arphaltcne From Shale O i l  Retorted a t  500. C(R50,1) .  
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L I I I I I I I L I I I  I l l 1  I l l  

180 160 140 120 100 80 60 40 20 0 

Chemical Shift ppm 

Figura 5 .  "C NMR Spectrum of Asphaltene From Shale BitumenlBitul. 

I i 1 1 1 1  1 1 1 1 1 1  I l l  I I l l  
140 12a ian 180 160 0 

80 60 40 20 

Chemical Shift ppm 

Figure 6 .  "C NIW Spectrum of Arphaltene From Shale Oil Retorted at 500. C(RIOO). 

97 


