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SULFUR COMWUNDS IN OILS FROM THE 
WESTERN CANADA TAR BELT 

by 

D.M. Clugston", A . E .  George*, D.S .  Montgomery"**, G . T .  Smileyqq and H .  Sawatzky" 

Fuels  Research Cent re ,  c / o  555 Booth S t r e e t ,  O t t a w a ,  Canada K1A O G 1  

INTRODUCTION 

In th i s  work t h e  s u l f u r  compounds i n  t h e  gas  o i l  of t h ree  Cretaceous 

heavy oils from t h e  edge o f  t h e  A l b e r t a  sedimentary bas in  were i n v e s t i g a t e d .  

These crude o i l s  were obta ined  from t he  Athabasca, Cold Lake and Lloydminster 

d e p o s i t s  and a r e  be l ieved  by some (1) t o  belong t o  the  same o i l  system which 

impl ies  l i k e  modes o f  o r i g i n .  The geographic  l o c a t i o n  of t h e s e  d e p o s i t s  are 

shown i n  Figure 1. This  i n v e s t i g a t i o n  was conducted t o  develop t h e  a n a l y t i c a l  

c a p a b i l i t y  of fol lowing t h e  matura t ion  of t h e  s u l f u r  compounds present  i n  these  

o i l s  a n d  t o  permit a comparison w i t h  those  i n  t h e  thermally mature Medicine 

River  o i l  i n  a r e s e r v o i r  of t h e  same g e o l o g i c a l  age ( 2 ) .  

*Research S c i e n t i s t s ,  ""Technologist, **"Head, Fue ls  Research Centre ,  Mines 
Branch, Department of  Energy, Mines and Resources, Ottawa, Canada. 
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EXPERIMENTAL 

Samples 

The Athabasca bituminous sand was obta ined  from Great Canadian 

O i l  Sands Ltd.  and was e x t r a c t e d  f i r s t  w i t h  pentane and then w i t h  benzene. 

The Lloydminster o i l  had been taken from the "Sparky" formation a t  a depth 

of 1890 f t .  and w a s  s u p p l i e d  through the c o u r t e s y  of Husky O i l  L td .  The 

Cold Lake bitumen was obta ined  from Imper ia l  O i l  Ltd.  and had been produced 

by steam i n j e c t i o n .  Its depth was about  1500 f t .  The Medicine River o i l  

w a s  produced a t  a depth  of 7325 f t .  and was donated by the Hudson Bay O i l  

and Gas Co. Ltd. 

Molecular D i s t i l l a t i o n  

The pentane e x t r a c t  from t h e  Athabasca sands and t h e  o t h e r  o i l s  

wi thout  any t rea tment  were d i s t i l l e d  i n  an Ar thur  F Smith molecular  s t i l l  a t  

p r e s s u r e  ranges of  75-25OP and temperatures  of 225-23OoC. 

were obta ined  i n  t h e  co ld  t r a p  between t h e  s t i l l  and t h e  vacuum pump. 

The l i g h t  ends 

Chromatographic S e p a r a t i o n s  

The d i s t i l l a t e s  from the o i l s  were separa ted  f i r s t  by l i q u i d  

chromatography, then  by gas chromatographic s imulated d i s t i l l a t i o n  according 

to  b o i l i n g  p o i n t  and f i n a l l y  by gas  chromatography on l i t h i u m  chlor ide-coa ted  

s i l i c a ,  a s  shown i n  t h e  schematic  diagram. 

Liquid Chromatography 

The d i s t i l l a t e s  were s e p a r a t e d  on a dual-packed ( s i l i c a  gel-alumina 

g e l )  chromatographic column according t o  t h e  procedure developed by t h e  U.S. 

Bureau of Mines i n  c o n j m c t i o n  w i t h  API p r o j e c t  60 (3) .  The o i l  f r a c t i o n s  were 

obta ined  by c o l l e c t i n g  200 m l  f r a c t i o n s  of t h e  e l u e n t  and evapora t ing  t h e  

s o l v e n t s  by warming and us ing  streams o f  n i t rogen .  Various f r a c t i o n s  of 
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s a t u r a t e d ,  mononuclear a romat ic ,  b i n u c l e a r  aroniat ic ,  po lynuclear  a romat ic  

hydrocarbons and p o l a r  m a t e r i a l s  were obta ined .  

Gas Chromatographic Simulated D i s t i l l a t i o n  

The f r a c t i o n s  from t h e  l i q u i d  chromatography were gas chromatographed 

accord ing  t o  b o i l i n g  p o i n t  using normal a l k a n e s  as r e f e r e n c e  compounds on non 

p o l a r  s i l i c o n e  rubber  (SE-30) columns packed i n  5 f t .  long U-shaped g l a s s  

columns of 1/4" O.D. The column e f f l u e n t  was s p l i t  between a flame i o n i z a t i o n  

d e t e c t o r  and a t r a p p i n g  o u t  assembly i n  a r a t i o  of  1:9. 

conta ined  lhng of  chromosorb W. 

175 ml/min. S u l f u r  chromatograms were obtained w i t h  a Dohrmann microcoulometr ic  

q u a n t i t a t i v e  d e t e c t o r  which was a l s o  used f o r  determining t o t a l  s u l f u r  conten ts  

of the samples. The c a r r i e r  gas  flow r a t e  was 75 mls/min when the coulometr ic  

d e t e c t o r  was used. 

Each c o l l e c t i n g  tube 

The hel ium c a r r i e r  gas had a f low r a t e  of  

Gas-Solid Chromatonraphv and Mass Spectroscopy 

The c u t s  t rapped o u t  from t h e  s imula ted  d i s t i l l a t i o n s  were rechromato- 

graphed on l i t h i u m  chlor ide-coa ted  s i l i c a  columns a s  descr ibed  i n  a previous 

p u b l i c a t i o n  (4) .  The column e f f l u e n t  was s p l i t  w i t h  a p o r t i o n  d i r e c t e d  t o  a 

f lame i o n i z a t i o n  d e t e c t o r  and the  o t h e r  t o  the mass spec t rometer  i n  a r a t i o  of 

1:4. This chromatographic  s t e p  g r e a t l y  f a c i l i t a t e d  the  i n t e r p r e t a t i o n  of  t h e  

mass spec t ra .  In many c a s e s  i t  appeared as though pure compounds were obta ined .  

Only some of t h e s e  g a s - s o l i d  chromatograms w i l l  be d iscussed .  

The mass spec t rometer  was a CEC 21-104 equipped w i t h  a Watson-Biemann 

type  G.C. i n t e r f a c e .  The source was maintained a t  250°C! An i o n i z a t i o n  

p o t e n t i a l  of 70 eV w a s  used  throughout  w i t h  a t r a p  c u r r e n t  of approximately 

8Oc~amp. The s p e c t r a  were scanned e l e c t r i c a l l y .  
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RESULTS AND DISCUSSIONS 

Table 1 shows t h e  molecular  d i s t i l l a t i o n  y i e l d s  and d i s t r i b u t i o n  

of  the  t o t a l  s u l f u r  conten ts  of the  f i r s t  d i s t i l l a t e  i n  the four  o i l s .  

TABLE 1 

DISTILIATE YIELDS AND THEIR SULFUR CONTENTS 
I N  THE O I L S  OP ALBERTA TAR BELT 

Athabasca Cold Lake Lloydminster Medicine River 

Light  ends,  w t . %  4.5 5.9 12.5 44.8 

F i r s t  Distillate, w t . %  37.5 31.0 36.0 43.5 

S u l f u r  conten t ,  wt .% 2.90 2.85 2.50 0.80 

The l i q u i d  chromatograms of the  four  gas  o i l s  a r e  shown i n  F igure  2. 

The s u l f u r  conten t  of some of the  f r a c t i o n s  is a l s o  shown. The propor t ions  of 

t h e  hydrocarbon types  of t h e  o i l s  a r e  shown i n  Table 2. 

TABLE 2 

HYDROCARBON TYPE DISTRIBUTION 

Athabasca Cold Lake Lloydminster Medicine River 

S a t u r a t e s ,  wt .% 37.1 42.6 50.7 69.6 

Monoaramatics, w t  .% 21.3 22.9 22.7 13.0 

Biaromatics ,  w t . %  15.8 1 4 . 1  13.1 7.1 

Polyaromatics, w t .  % 25.6 20.5 13.6 10.3 

It can be ssen  t h a t  t h e r e  i s  an increas ing  t rend  i n  t h e  amount of 

s a t u r a t e s  i n  t h e  sequence Athabasca, Cold Lake, Lloydminster and Medicine River. 

This  t rend i s  reversed f o r  the  biaromatic  and e s p e c i a l l y  f o r  t h e  polyaromatic-  

p o l a r  f r a c t i o n .  
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The s a t u r a t e d  hydrocarbon f r a c t i o n s  conta in  t r a c e s  of  s u l f u r .  The 

gas-so l id  chromatography of t h e  Lloydminster s a t u r a t e s  b o i l i n g  i n  t h e  range 

of the c25 normal a lkane ,  w i t h  t h e  use of a Melpar d u a l  d e t e c t o r ,  showed t h e  

s u l f u r  compounds t o  be r e t a i n e d  much longer  than t h e  hydrocarbons which is  

t y p i c a l  f o r  a l k y l  s u l f i d e s .  

There was a small amount of s u l f u r  i n  the  mononuclear aromatic  

hydrocarbon f r a c t i o n s ,  which d id  not  show any apprec iab le  r e s o l u t i o n  on the  

microcoulometric t r a c e  ob ta ined  during s imulated d i s t i l l a t i o n .  According t o  

t h e  U.S. Bureau of  Mines r e p o r t  (3) descr ib ing  t h i s  type separa t ion ,  thiophenes 

and c y c l i c  s u l f i d e s  could be expected i n  t h i s  f r a c t i o n .  

Sul fur  compounds i n  the l a r g e s t  b inuc lear  aromatic  f r a c t i o n s  a8 w e l l  

a s  i n  t h e  1 a r g e s t . p o l y n u c l e a r  aromatic  hydrocarbon and polar  m a t e r i a l - f r a c t i o n s  

have been inves t iga ted .  A l s o  t h e  f r a c t i o n s  wi th  h igh  s u l f u r  conten t  in  the 

region between t h e  l a r g e s t  mono- and b i n u c l e a r  aromatic  f r a c t i o n s ,  and between 

the  l a r g e s t  b inuc lear  and polynuclear  a romat ic  f r a c t i o n s  designated by the  

letters "A" and "B" r e s p e c t i v e l y  on t h e  l i q u i d  chromatograms were i n v e s t i g a t e d .  

The p o l y a r o m t i c  f r a c t i o n  "C" w a s  a l s o  analyzed,  F igure  2. 

I n  F igu res  3 and 4 of t h e  f r a c t i o n s  i n  reg ion  "A" t h e  microcoulometric 

s u l f u r  peaks a r e  w e l l  r e s o l v e d  and appear a t  r e g u l a r  i n t e r v a l s  as would b e  

expected f o r  a homologous series of  compounds. Most of t h e  s u l f u r  peaks have 

matching flame i o n i z a t i o n  peaks. These chromatograms of t h e  f r a c t i o n s  from 

region "A" of both Athabasca and Lloydminster o i l s  a r e  so s i m i l a r  t h a t  only 

one of these  f r a c t i o n s  has  been f u r t h e r  s t u d i e d  by mass spectroscopy.  

t h e  f r a c t i o n  from region  "A" of Lloydminster o i l  has more m a t e r i a l  i n  t h e  

lower molecular weight  r ange  it was s e l e c t e d  f o r  more d e t a i l e d  s tudy.  

Since 

The m a t e r i a l  r ep resen ted  by the  f i r s t  four  peaks i n  t h e  flame 

i o n i z a t i o n  trace which have matching s u l f u r  peaks P1 t o  4 were trapped out  

and rechromatographed on t h e  l i t h i u m  chlor ide-coated s i l i c a .  The resolved 

m a t e r i a l  was s t u d i e d  by mass spectroscopy.  

t o  t h e  s u l f u r  compounds w i l l  be discussed.  

of  t h e s e  trapped o u t  c u t s  w i t h  both the flame i o n i z a t i o n  and Melpar s u l f u r  

Only t h e  d a t a  thought to  be r e l a t e d  

The chromatograms of t h e  f i r s t  t h r e e  



II 

t r a c e s  a r e  shown i n  F igures  5, 6 and 7. Although t h e  Melpar s u l f u r  t r a c e  is not  

q u a n t i t a t i v e ,  whenever matching predominant peaks were obta ined  on both  t h e  

flame i o n i z a t i o n  and the s u l f u r  traces they  were considered t o  r e p r e s e n t  

s u b s t a n t i a l  su l fur -conta in ing  m a t e r i a l .  

The mass spectrum obtained from t h e  material e l u t i n g  a t  153' i n  

F igure  5 contained a molecular  ion  of d e  190 and i n t e n s e  fragment ions  w i t h  

m / e  175 and 147, corresponding t o  a 4-carbon S u b s t i t u t e d  benzothiophene. 

Spec t ra  taken a t  h i g h e r  temperatures  i n  t h e  chromatogram a l s o  conta ined  t h e s e  

same ions  b u t  i n  d i f f e r e n t  r e l a t i v e  i n t e n s i t i e s .  High r e l a t i v e  i n t e n s i t y  of 

the molecular  ion and M-15 i o n  is taken t o  mean t h a t  t h e  s i d e  c h a i n s  on t h e  

a romat ic  nucleus a r e  s h o r t  - probably methyl  - w h i l e  low r e l a t i v e  i n t e n s i t y  

of M & M-15 relative t o  t h e  ion  corresponding t o  t h e  a romat ic  nuc leus  p l u s  

one methylene group is an i n d i c a t i o n  of  fewer and longer  s i d e  cha ins .  

The m a t e r i a l  e l u t i n g  a t  162" (F igure  6) produced ions  a t  m/e 204, 

189 and 147 corresponding t o  a 5-carbon s u b s t i t u t e d  benzothiophene. 

the e a r l y  e l u t i n g  m a t e r i a l  appeared t o  have one long s i d e  cha in  w h i l e  l a t e r  i n  

the chromatogram m a t e r i a l  having more and somewhat s h o r t e r  s i d e  cha ins  appeared. 

This t rend  appeared i n  a l l  chromatograms. 

As before ,  

The presence o f  m o l e c u l a r i o n s o f  m/e 202 and 206 i n  some of t h e s e  

spectra may i n d i c a t e  t h e  presence of c y c l o a l k y l  benzothiophenes and th ia indanes  

r e s p e c t i v e l y  . 
I n  subsequent  c u t s  from Lloydminster f r a c t i o n  "A" i t  appeared t h a t  

benzothiophenes w i t h  s i x  f o r  c u t  #3 and seven a l k y l  carbon atoms f o r  c u t  P4 

were involved. On t h e  b a s i s  of  t h e  t rend  t h a t  appears ,  it i s  assumed t h a t  

each success ive  s u l f u r  peak, obtained dur ing  s imulated d i s t i l l a t i o n  a s  shown 

i n  F igures  3 and 4, r e p r e s e n t s  benzothiophene w i t h  a n  a d d i t i o n a l  a l k y l  carbon 

atom. Thus dominant benzothiophene 

e leven  s u b s t i t u t i n g  carbon atoms in peak #8 and then the amounts of s u l f u r  

compounds involved i n  t h e s e  chromatograms decrease  markedly which i s  n o t  the 

case f o r  t h e  accompanying hydrocarbons, a s  shown by t h e  flame i o n i z a t i o n  t r a c e .  

High r e s o l u t i o n  mass s p e c t r a l  d a t a  appears  t o  suppor t  t h e  assumption t h a t  these  

compounds a r e  benzothiophenes (5). 

peaks are obta ined  w i t h  as many as 

I 
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The microcoulometr ic  s u l f u r  chromatograms t h a t  were obtained dur ing  

s imula ted  d i s t i l l a t i o n  o f  t h e  l a r g e s t  b ia romat ic  f r a c t i o n s  of t h e  f o u r  o i l s  a r e  

shown i n  Figures  8 t o  11. The dominant peaks a r e  w e l l  reso lved  and appear  a t  

r e g u l a r  i n t e r v a l s  s i m i l a r  t o  those  from a homologous s e r i e s  of compounds. I n  

t h e  c a s e  of t h e  Athabasca f r a c t i o n  which had a h igh  s u l f u r  content  t h e  s u l f u r  

peaks had matching flame i o n i z a t i o n  peaks. I t  seems t h a t  t h e  same s u l f u r  compounds 

appear  i n  a l l  corresponding f r a c t i o n s  o f  the f o u r  o i l s .  

The s u l f u r  compounds appear  t o  be a l k y l  benzothiophenes. The m a s s  

s p e c t r a  of these  benzothiophenes showed very  prominent molecular  i o n s  and 

q u i t e  l i m i t e d  f ragmentat ion as though most of  t h e  a l k y l  groups a r e  methyls .  

This  i s  i n  c o n t r a s t  t o  t h e  benzothiophenes w i t h  longer  a l k y l  groups found i n  t h e  

small f r a c t i o n s  wi th  h igh  s u l f u r  conten t  t h a t  were obta ined  e a r l i e r  dur ing  t h e  

l i q u i d  chromatography. 

s h o r t e r  but more a l k y l  groups would be r e t a i n e d  longer  on t h e  e l e c t r o p h y l i c  

adsorbents  than those  w i t h  longer  but  fewer e l e c t r o n  donat ing groups. 

f a c t  t h a t  most of t h e  a l k y l  s u b s t i t u e n t s  on t h e  benzothiophenes i n  t h e  l a r g e s t  

b ia romat ic  f r a c t i o n  a r e  methyls  accounts  for  t h e  l i m i t e d  number of dominant 

isomers t h a t  appear  t o  be p r e s e n t  i n  these  f r a c t i o n s  as is  shown by t h e  w e l l  

reso lved  peaks. 

It would be expected t h a t  t h e  benzothiophenes w i t h  

The 

The chromatogrsm i n  F igure  8 of t h e  l a r g e s t  biaromatic  f r a c t i o n  

from t h e  Athabasca o i l  shows t h r e e  dominant w e l l  resolved peaks numbered 

1, 2 and 3 which appear  t o  r e p r e s e n t  benzothiophenes wi th  f i v e ,  s i x  and 

seven methylene groups.  With i n c r e a s i n g  molecular  weight t h e  amounts of 

s u l f u r  compounds decrease  and t h e  r e s o l u t i o n  becomes poorer  a s  would be 

expected when l a r g e r  s u b s t i t u t i n g  a l k y l  groups a r e  present  causing i n c r e a s e  

i n  t h e  number of p o s s i b l e  isomers .  

The chromatogram from the corresponding Lloydminster  f r a c t i o n ,  

F i g u r e  9 ,  was s i m i l a r  t o  t h a t  from t h e  Athabasca but  appears  t o  conta in  

cons iderably  more lower molecular  weight  benzothiophenes, p a r t i c u l a r l y  those  

ones w i t h  four  methylene groups represented  by peak c 2 .  The Cold Lake f r a c t i o n ,  

F i g u r e  10, i s  n o t  v e r y  w e l l  reso lved  but  a l s o  shows peaks t h a t  match those  

from t h e  other o i l s .  
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The chromatogram of the  corresponding f r a c t i o n  from t h e  Medicine 

River o i l ,  in Figure  11, shows t h e  b e s t  reso lved  peaks which appear  t o  be 

t h e  same benzothiophenes p r e s e n t  i n  t h e  o t h e r  o i l s .  This  i s  be l ieved  t o  be 

a thermal ly  mature  o i l  and i t  i s  t h e r e f o r e  expected t h a t  the a l k y l  s i d e  

cha ins  would be reduced t o  methyl r e s i d u e s .  

accompanied the benzothiophenes a l s o  appeared t o  possess  most ly  methyl  

s u b s t i t u t i o n .  

The a l k y l  naphtha lenes  t h a t  

Before leav ing  t h e  s u l f u r  compounds i n  t h e  b ia romat ic  f r a c t i o n  i t  

should be mentioned t h a t  on ly  the  m a t e r i a l  w i t h  w e l l  reso lved  s u l f u r  peaks 

was examined by mass s p e c t r a .  P o s s i b l y  i n  t h e  less reso lved  h i g h e r  

molecular  weight  m a t e r i a l s  o t h e r  s u l f u r  compounds bes ides  benzothiophenes 

might be present .  

The small f r a c t i o n s  w i t h  h igh  s u l f u r  conten t  t h a t  were obta ined  i n  

the range  "Bl' of t h e  l i q u i d  chromatograms a l s o  gave s u l f u r  gas  chromatograms 

with f a i r l y  w e l l  r eso lved  peaks i n  t h e  s u l f u r  t r a c e s  of  t h e  s imula ted  

d i s t i l l a t i o n .  Most of  t h e  peaks had matching ones i n  t h e  flame i o n i z a t i o n  

t r a c e ,  F igure  12. 

of t h e  four  o i l s  gave similar chromatograms. 

beginning o f  t h e  chromatogram i s  not  very w e l l  reso lved .  

recognizable  peak #l appears  t o  be due t o  dibenzothiophenes w i t h  mainly two 

methylene groups. 

m/e 197 which i s  t h e  lowest mass fragment found i n  t h i s  series and is assumed 

to  r e p r e s e n t  t h e  a romat ic  nucleus,  p lus  one a l k y l  carbon atom,of t h e  dibenzo- 

thiophenes.  Then t h e r e  i s  a smal l  peak 62 where dibenzothiophenes w i t h  t h r e e  

methylene groups appear  t o  be present .  Peak #3 appears  t o  be due t o  mixtures  

of  dibenzothiophenes w i t h  t h r e e  and f o u r  methylene groups. In m o s t  c a s e s  the  

fragment ions were more abundant t h a n  t h e  parent  ions  i n d i c a t i n g  t h a t  t h e  

compounds had a l k y l  groups l a r g e r  than methyl. 

s i t u a t i o n  is s i m i l a r  t o  t h a t  of  t h e  benzothiophenes i n  which t h e  m a t e r i a l  

w i t h  longer  cha ins  w a s  e l u t e d  i n  t h e  l i q u i d  chromatography b e f o r e  t h e  material 

t h a t  conta ins  more b u t  s h o r t e r  s i d e  cha ins .  

A l l  t h e  high s u l f u r  conten t  f r a c t i o n s  i n  t h i s  range  "B" 

The m a t e r i a l  represented  a t  the  

The f i r s t  

The m/e r a t i o  was 212 and t h e  only  fragment i o n  w a s  a t  

I t  would seem that t h e  
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I n  t h i s  f r a c t i o n  mass s p e c t r a  w e r e  no t  ob ta ined  for  m a t e r i a l  of 

molecular  weight h i g h e r  t h a n  t h e  dibenzothiophenes wi th  four  methylene 

groups,  

a s c r i b e d  t o  dibenzothiophene w i t h  s i x  and seven methylene groups. With 

i n c r e a s i n g  molecular  weight  t h e  peaks become l e s s  prominent and the  amount 

of s u l f u r  compounds decreases .  A s  can be seen t h i s  i s  q u i t e  d i f f e r e n t  from 

t h e  hydrocarbons t h a t  accompany t h e s e  s u l f u r  compounds. 

It is i n f e r r e d  t h a t  t h e  two most prominent peaks,#5 and #6,can be 

The f i r s t  po lyaromat ic -polar  f r a c t i o n  from t h e  Athabasca o i l  was 

s i m i l a r  t o  t h e  l a r g e s t  f r a c t i o n  i n  t h i s  c l a s s  from t h e  Lloydminster  o i l .  

A l l  t h e  s imulated d i s t i l l a t i o n  chromatograms of t h e  f i r s t  polyaromatic-polar  

f r a c t i o n s  i n  t h e  "C" r e g i o n  of t h e  l i q u i d  chromatograms a r e  shown i n  t h e  F igures  

13 t o  16. 

reso lved  a t  l e a s t  i n  t h e  lower molecular  weight  reg ion .  It seems t h a t  t h e  

i n i t i a l  por t ion  of  t h e  Athabasca chromatogram,up t o  Kovats Index of 2400, is  

due most ly  t o  s u l f u r  compounds. 

thiophenes w i t h  t h r e e  and f o u r  methylene groups which a r e  represented  by t h e  

two v e r y  predominant peaks,#2 and t 3 .  

major por t ion  of t h e  s u l f u r  compounds i n  t h i s  f r a c t i o n .  Some dibenzothiophenes 

w i t h  two, f i v e  and s i x  methylene groups represented  by peaks #l, #2 and #5 ' 

r e s p e c t i v e l y  a l s o  appear  i n  much smal le r  q u a n t i t i e s .  

As can be seen ,  s u l f u r  peaks from t h e  t h r e e  o i l s  a r e  f a i r l y  w e l l  

The main s u l f u r  compounds appear  to  be dibenzo- 

These dibenzothiophenes c o n s t i t u t e  t h e  

The predominant s u l f u r  peaks i n  t h e  Lloydminster  and Cold Lake 

f r a c t i o n s  appear t o  be t h e  same a s  i n  t h e  Athabasca but  t h e r e  is more o f  

t h e  unresolved h igher  molecular  weight  m a t e r i a l  than i n  t h e  Athabasca. 

c o n t r a s t  t h e  Medicine River  f r a c t i o n  was q u i t e  d i f f e r e n t  from t h e  corresponding 

ones i n  the  heavy o i l s ,  F i g u r e  16. 

In  

The chromatogram o f  t h e  l a r g e s t  polyaromatic  and polar  f r a c t i o n  from 

t h e  Athabasca gas o i l  can b e  seen  i n  F igure  17. 

c o n t e n t  of more than  7.7% w i t h i n  t h e  d i s t i l l a t i o n  range up t o  a b o i l i n g  poin t  

of 500°C. 

h a l f  t h e  f r a c t i o n  would c o n s i s t  o f  s u l f u r  compounds. 

s u l f u r  peaks appear ,  t o g e t h e r  w i t h  matching flame i o n i z a t i o n  peaks, a t  

i n t e r v a l s  i n  t h e  b o i l i n g  p o i n t  sugges t ing  a d i f f e r e n c e  of a methylene group. 

This  f r a c t i o n  has  a s u l f u r  

Assuming t h e  presence  of  one s u l f u r  atom per  molecule then about  

Some of t h e  i l l - d e f i n e d  
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According t o  the uta88 spectra a l k y l  e u b a t i t u t e d  dibenzothiophenes 

o r  p o r s i b l y  naphthothiophenes seem to be q u i t e  prominent in t h i s  f r a c t i o n  

w i t h  t h e  s u b s t i t u t i o n  ranging  from two t o  e i g h t  methylene groups. I t  

would seem unSikely t h a t  most of t h e  a l k y l  graups  would be l a r g e r  than  

methyl so t h e  poor r e s o l u t i o n  of  s u l f u r  compounds probably is due t o  o t h e r  

typo# of s u l f u r  compounds i n  a d d i t i o n  t o  dibenzothiophenes.  Both dibenzo- 

thiophenes and t h e i r  i somer ic  naphthothiophenes could a l s o  be p r e s e n t .  

In t h e  nu88 s p e c t r a  there were abundant ions t h a t  might be due t o  

naphthobeneothiophenes o r  phenylbenzothiophenes. 

amounts of a l k y l  d iphenylsu l f  i d e s  is a l s o  poss ib le .  

The presence of small 
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