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I n  this work w e  have at tempted t o  develop a s imple s e p a r a t i o n  method f o r  
i n v e s t i g a t i n g  t h e  s u l f u r  compounds i n  t h e  d i s t i l l a b l e  po r t ion  o f  t h e  Athabasca 
bitumen. This  involves  gas chromatographic techniques us ing  a s p e c i f i c  s u l f u r  
de t ec to r .  

The Athabasca bitumen con ta ins  ve ry  l i t t l e  material b o i l i n g  i n  t h e  gaso l ine  
and kerosene ranges.  Therefore ,  a t  t h i s  time, t h e  s u l f u r  compounds i n  t h e s e  
f r a c t i o n s  are n o t  of main i n t e r e p .  

The s u l f u r  compounds i n  t h e  gaso l ine  and kerosene f r a c t i o n s  i n  some crude  
o i l s  have been i n t e n s i v e l y  inves t iga t ed  by t h e  workers involved i n  API p r o j e c t s  
and o t h e r s  (1, 2, 3). The methods f o r  s e p a r a t i n g  t h e  s u l f u r  compounds that were 
developed by these  workers e n t a i l  numerous s t e p s ,  some of which have t o  be r epea ted  
s e v e r a l  times. Also, t h e s e  methods become more d i f f i c u l t  to app ly  as t h e  b o i l i n g  
temperature  of t he  material under i n v e s t i g a t i o n  inc reases .  Nos t  o f  t h e s e  methods 
of s epa ra t ion  w e r e  developed p r i o r  t o  t h e  a v a i l a b i l i t y  of s p e c i f i c  s u l f u r  d e t e c t o r s  
f o r  chromatography. 

It w a s  clear that t h e  sepa ra t ion  of t h e  s u l f u r  compounds i n  the Athabasca 
bitumen would be d i f f i c u l t  i f  the classical methods w e r e  used; t h e r e f o r e ,  s impler  
methods were  sought. 
cons i s t ed  of s u b j e c t i n g  narrow d i s t i l l a t i o n  f r a c t i o n s  t o  gas  chromatographic  
s e p a r a t i o n  techniques.  
corresponding t o  333°C a t  atmospheric  p re s su re  and mst of t h e  work d i scussed  i n  
t h i s  paper d e a l s  wi th  t h i s  f r a c t i o n .  

We decided t o  a t tempt  t o  develop a s e p a r a t i o n  procedure t h a t  

The f r a c t i o n  that  w a s  used had a d i s t i l l i n g  tempera ture  

EXPERIMENTAL 

The f r a c t i o n  of Athabasca bitumen used f o r  this s tudy  was ob ta ined  by iso- 
Th i s  extract was d i s t i l l e d  i n  a r o t a r y  f i l m  molecular  propanol  e x t r a c t i o n  (4). 

st i l l  (Arthur P. Smith Inc. model 50-2) i n  which t h e  l i q u i d  contac ted  on ly  g l a s s  
and "Teflon" a t  200°C and 2 O p  pressure .  The d i s t i l l a t e  from t h e  molecular  s t i l l  
w a s  f r a c t i o n a t e d  us ing  a sp inning  annular  s t i l l  (Nester Faus t  model NPA-100) at a 
1 O : l  r e f l u x  r a t i o  and at  a r e f l u x  rate of  15  drops/min. The  e s t ima ted  e f f i c i e n c y  
of  t h i s  s t i l l  is i n  t h e  range  o f  125-200 p l a t e s  a t  atmospheric  pressure .  
f r a c t i o n  that w a s  used f o r  developing ou r  technique d i s t i l l e d  at a tempera ture  
of 79.5"C under 1 0 , s p r e s s u r e  which corresponds t o  333°C a t  atmospheric  pressure .  

The 



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

(a )  P r e p a r a t i v e  

A "Var'ian Aerograph" model 2100 gas chromatograph was employed f o r  
the p repa ra t ive  s e p a r a t i o n s .  Two g l a s s  columns 3/8 i n . I D  and 20 f t  long 
w e r e  used. One w a s  packed with 10% Carbowax 2OM on a c i d  washed 
Chromosorb W, 60-80 mesh. The temperature  was programmed at  l"/min from 
150 to 245°C and t h e n  he ld  i so the rma l ly  a t  t h i s  l e v e l .  The carrier gas  
w a s  n i t rogen  and f low r a t e  w a s  200 ml/min. 
1/9 of i t  w a s  d i v e r t e d  i n t o  t h e  "Melpar" d e t e c t o r .  

I 
1 The e f f l u e n t  was s p l i t  and 

1 
The o t h e r  column was packed w i t h  15% Hyprose [octakis  (2-hydroxypropyl) 

sucrose] on a c i d  washed Chromosorb W, 60-80 mesh. 
p rogramed  a t  0.5"/min from 125 t o  190°C a t  which temperature  i t  was he ld  
i so the rma l ly .  The n i t r o g e n  carrier gas  flow rate  w a s  620 ml/min. A l so  
1/13 of t h e  e f f l u e n t  was d i v e r t e d  i n t o  t h e  d e t e c t o r .  

The temperature  w a s  
! 

1 
/ The e f f l u e n t  n o t  pas s ing  i n t o  t h e  d e t e c t o r  w a s  l e d  i n t o  t r a p s ;  each 

con ta in ing  0.25g o f  packing c o n s i s t i n g  o f  10% Carbowax, 20M on a c i d  washed 

pe r  run. R e p e t i t i v e  r u n s  w e r e  made u n t i l  t h e  packing i n  the  t r a p s  contained 
s u f f i c i e n t  mater ia l  f o r  rechromatography. 
va r ious  t r a p s  t h a t  contained the va r ious  e f f l u e n t  c u t s  were then subjected 
t o  rechromatography on the a n a l y t i c a l  gas - so l id  chromatographic column. 

Chromosorb W, 60-80 mesh. The sample s i z e  f o r  both columns were 10-1 4 

1 Samples of t h e  packing i n  t h e  

/ 

(b) A n a l y t i c a l  

In t h i s  case the gas  chromatograph w a s  a "Tracor" model MT 220 i n s t r u -  
ment. Two columns were employed. An ino rgan ic  column cons i s t ed  of a g l a s s  
column 4 nun I D  and 22 f t  long packed w i t h  15% l i t h i u m  c h l o r i d e  on ac id  
washed Chromosorb W ,  60-70 mesh. The packing w a s  prepared by adding a 
s o l u t i o n  of t h e  s a l t  t o  t h e  Chromosorb and evapora t ing  t h e  water by 
hea t ing  w i t h  s t i r r i n g .  
f o r  30 min i n  a m u f f l e  furnace.  
w i t h  s u c t i o n ,  i n  a d r y  atmosphere. During t h e  rechromatography t h e  
temperature  of t h i s  i no rgan ic  column w a s  programmed a t  a rate of 1°/min 
from 5OoC t o  20OoC.  
Each i n j e c t e d  sample cons i s t ed  o f  18 mg of packing con ta in ing  trapped 
m a t e r i a l  from t h e  p r e p a r a t i v e  chromatographic s t e p .  These samples were 
packed i n t o  th in -wa l l ed  g l a s s  c a p i l l a r y  tubes  and i n j e c t e d  w i t h  a s o l i d  
i n j e c t o r  purchased from H e w l e t t  Packard. The g l a s s  tubes were crushed 
i n  t h e  i n j e c t i o n  chamber during i n j e c t i o n .  
d i v e r t i n g  80% t o  a mass spectometer and t h e  res t  t o  t h e  d e t e c t o r .  

I 

J The d r y  s o l i d  mixture  w a s  then f i r e d  a t  700°C 
This  mixture  w a s  packed i n t o  the  column, 

The flow rate of t h e  hel ium c a r r i e r  gas was 65 ml/min. 

The e f f l u e n t  stream was s p l i t  1 

The o t h e r  a n a l y t i c a l  column used fo; chromatography of o t h e r  d i s t i l l a t e  
f r a c t i o n s  c o n s i s t e d  of  a 2 I& I D  and 20 f t  long g l a s s  column packed w i t h  
5% Carbowax 20M on a c i d  washed Chromosorb W, 60-80 mesh. 
temperature  was p r o g r a m e d  a t  O.do/min from 100°C t o  22OOC and then 

The column 

1 



he ld  i so the rma l ly  a t  t h i s  temperature .  H e l i u m  w a s  t h e  c a r r i e r  gas  and 
i t s  flow rate was 30 mls/min. 
column were i n j e c t e d  as 0.5~1 Samples,. 

The d ' i s t i l l a t e  f r a c t i o n s  ana lyzed  on t h i s  

I 
( c )  Detector 

I 

1 

i 
'\, 

A "Melpar" model FPD 100 AT c o n s i s t i n g  of both flame photometr ic  and 
I 

'/ 

1' Mass Spectrometry 

flame i o n i z a t i o n  u n i t s  w a s  used. 

term "Melpar" r e f e r s  t o  photometric s u l f u r  d e t e c t i o n .  

The photometr ic  u n i t  w a s  f i t t e d  w i t h  the  
I f i l t e r  r equ i r ed  f o r  s u l f u r  de t ec t ion .  In  t h e  chromatograms shown t h e  

Low r e s o l u t i o n  mass spectrometry w a s  performed w i t h  a CEC 21-104 instrument  
, 
1 s t ee l  en r i ch ing  device.  

connected t o  a "Tracor" MT 220 gas  chromatograph through a Biemann-Watson s t a i n l e s s  

\ 
High r e s o l u t i o n  mass s p e c t r a  w e r e  ob ta ined  on a CEC 21-110 mass spectrometer  

using t h e  d i r e c t  i n l e t  and t h e  photoplate  d e t e c t o r .  

RESULTS AND DISCUSSION 

/ A prel iminary survey of o rgan ic  s t a t i o n a r y  phases w a s  made i n  o r d e r  t o  f i n d  
1, 

s u i t a b l e  phases f o r  s e p a r a t i n g  s u l f u r  con ta in ing  components. A s  expected,  non-polar 
phases gave l i t t l e  sepa ra t ion  bu t  t h e  po la r  phases showed cons ide rab le  promise. 
Many p o l a r  phases were t e s t e d  and Carbowax 20M appeared to  be t h e  m o s t  s u i t a b l e  > t ak ing  i n t o  account t h e  s e p a r a t i o n  achieved over  the e n t i r e  chromatogram. From 

I Fig  1 i t  can be seen t h a t  t h e  major po r t ion  of t he  s u l f u r - f r e e  material i s  e l u t e d  
' f i r s t ,  and then t h e  s u l f u r  t r a c e  fol lows showing two humps o f  peaks and s h m l d e r s .  
, Although t h e r e  were some d i f f e r e n c e s ,  a l l  t he  p o l a r  phases t h a t  were t e s t e d  seemed 

t o  s e p a r a t e  on a similar b a s i s .  

The Hyprose Coctakis (2- hydroxypropyl) sucrose3 con ta in ing  column gave t h e  
b e s t  r e s o l u t i o n  of t he  second hump. 
i s  shown i n  F i g  2. Unfortunately,  very poor flame i o n i z a t i o n  r e sponses  were obtained 
u s h g  t h i s  s t a t i o n a r y  phase. This  poor response i s  be l i eved  t o  be due t o  depos i t i on  
of material  b l ed  from t h e  column i n t o  t h e  d e t e c t o r .  The temperat.ure o f  t h e  d e t e c t o r  
was l i m i t e d  t o  17OOC. 
bleeding i n t o  t h e  d e t e c t o r  w a s  reduced b u t  t h e  response w a s  s t i l l  poor.  

The s u l f u r  chromatogram ob ta ined  w i t h  Hyprose 

t 
When a s h o r t  Carbowax 20M,after  column w a s  a t t a c h e d ,  the 

I The chromatograms shown i n  F i g  1 and 2 were obtained from t h e  p r e p a r a t i v e  
I columns. Narrower columns o f  t he  same length,  d i d  no t  improve r e s o l u t i o n .  F r a c t i o n s  

However, o n l y  t h e  r e s u l t s  from t h e  Hyprose 

\ 
w e r e  c o l l e c t e d  us ing  both columns, 
column are discussed because they were s y p e r i o r .  

A s  a l l  t he  po la r  o rgan ic  s t a t i o n a r y  phases t h a t  were t e s t e d  appeared t o  s e p a r a t e  
on similar b a s i s ,  i t  'seemed u n l i k e l y  t h a t  t h e  s e p a r a t i o n s  would be s u b s t a n t i a l l y  
improved by rechromatography on another  o rgan ic  phase. References d e a l i n g  w i t h  
gas  chromatographic s e p a r a t i o n s  of hydrocarbons on column packings con ta in ing  

' 



i no rgan ic  sa l t s  have appeared i n  t h e  l i t e r a t u r e  (5, 6, 7).  
s a l t  c o n t a i n i n g  packings can be used f o r  ou r  bitumen f r a c t i o n s  and they seem t o  
s e p a r a t e  on a b a s i s  d i f f e r e n t  from t h e  p o l a r  o rgan ic  phases.  

Of a l l  t h e  combinations of d i f f e r e n t  salts and suppor t s  t e s t e d ,  t h e  one con- 

It  was found t h a t  t h e s e  

t a i n i n g  l i t h i u m  ch lo r ide  on a c i d  washed Chromosorb W appeared to b e  the bes t .  
N e i t h e r  the salt nor the Chromosorb W a lone  brought about  any s e p a r a t i o n .  The 
l i t h i u m  c h l o r i d e ,  when depos i t ed  on the Chromosorb by evapora t ion  o f  an aqueous 
s o l u t i o n  w a s  f a i r l y  e f f e c t i v e ,  bu t  f i r i n g  t h e  d r y  ‘packing a t  700°C improved the  
s e p a r a t i o n s  s u b s t a n t i a l l y .  
optimum c o n t e n t  was found t o  be about  15% by weight.  

The sa l t  c o n t e n t s  were v a r i e d  from 0.1% t o  25% and t h e  

The material t rapped o u t  du r ing  t h e  p r e p a r a t i v e  chromatography was rechroma- 
tographed on t h e  column c o n t a i n i n g  t h e  lithium c h l o r i d e  and the Chromosorb W. 
r e s u l t s  were ob ta ined  from f r a c t i o n s  t r apped  o u t  du r ing  t h e  f i r s t  hump pe r iod  from 
both p r e p a r a t i v e  columns. 
c o l l e c t e d  du r ing  t h e  second hump pe r iod  w i t h  the one from t h e  Hyprose be ing  b e t t e r  
than from t h e  Carbowax 20M. 

Poor 

However, much b e t t e r  r e s u l t s  were obtained from f r a c t i o n s  

The f r a c t i o n s  7 ,  8, 9, 10 and 11, shown i n  F i g  2 were rechromatographed on t h e  
ino rgan ic  column. 
chromatographed, it w a s  f u r t h e r  r e so lved  as shown i n  F i g  3. It can be seen t h a t  
more s u l f u r - f r e e  m a t e r i a l  w a s  s epa ra t ed  and t h a t  there i s  some, though no t  complete, 
agreement between the s u l f u r  and flame i o n i z a t i o n  chromatograms i n d i c a t i n g  t h a t  
t h e r e  i s  some s u l f u r - f r e e  m a t e r i a l  p re sen t  t oge the r  w i t h  t h a t  c o n t a i n i n g  s u l f u r .  It 
should be mentioned t h a t  t h e  “Melpar“ s u l f u r  response is  no t  l i n e a r  and i s  p a r t i a l l y  
masked by t h e  presence o f  o t h e r  m a t e r i a l s .  

When F r a c t i o n  8 which is  r e s p o n s i b l e  f o r  the l a r g e  peak was  

The s u l f u r  rechromatograms ob ta ined  from F r a c t i o n s  9, 10 and 11, a r e  shown 
i n  F i g  4. It can be seen t h a t  some of t h e  peaks i n  t h e  chromatogram from F r a c t i o n  
8 are a l s o  ev iden t  i n  t h a t  f rom F r a c t i o n  9 ,  b u t  t h e r e  are d i f f e r e n c e s  a s  w i l l  be  
d i scussed  la ter  with the  m a s s  s p e c t r a l  d a t a .  It should be mentioned t h a t  t h e  
d e t e c t o r  response ob ta ined  d u r i n g  the  chromatography of F r a c t i o n  8, as shown i n  
F i g  3, was a c t u a l l y  much g r e a t e r  than when t h e  chromatograms i n  F i g  4 were obtained 
i n d i c a t i n g  t h a t  t h e r e  was mre material i n  F r a c t i o n  8. 

The e f f l u e n t  from t h e  s a l t - c o n t a i n i n g  column was s p l i t  and 80% o f  i t  w a s  fed 
i n t o  a mass spectrometer .  Scans were made of a l l  m a t e r i a l s  causing s i g n i f i c a n t  
s u l f u r  peaks. 
mass spectrometers  s i n c e  t h e  s p e c t r a  do no t  become complicated by column bleed.  

Inorganic  gas  chromatographic columns are i d e a l  f o r  d i r e c t  coupl ing t o  

C h a r a c t e r i z a t i o n ,  so f a r ,  has been made only on t h e  b a s i s  o f  mass spectrographic  
d a t a .  
w i t h  t h e  gas  chromatograph i t  was not  p o s s i b l e  t o  a s c e r t a i n  which o f  t h e  ions  con- 
t a i n e d  s u l f u r .  Therefore  a sample of F r a c t i o n  8 as shown i n  F i g  2 was analyzed by 
h igh  r e s o l u t i o n  mass spectrometry.  
r a t i o s  of 218.11380 and 212.15593 which correspond t o  empi r i ca l  f o m u l a e  of C14 H I 8  S 
and Ci6 H20 w i t h  errors of +0.00088 and -0.00056 r e s p e c t i v e l y .  
two minor Pa ren t  i o n s  w i t h  m / e  r a t i o s  o f  232.12764 and 226.17113 and t h e s e  correspond 

From the da ta  ob ta ined  from the  l o w  r e s o l u t i o n  mass spectrometer  coupled 

The t w o  most abundant pa ren t  i ons  had m l e  

There a l s o  were 



he ld  i so the rma l ly  at  t h i s  temperature.  Helium w a s  t h e  c a r r i e r  gas  and 
i t s  flow ra te  w a s  30 mls/min. 
column were i n j e c t e d  as 0 . 5 ~ 1  s a m p l e s .  

The d i s t i l l a t e  f r a c t i o n s  analyzed on t h i s  

(c )  Detector ,  . 
\.?' . I , , .. 

A "Melpar" model FPD 100 AT c o n s i s t i n g  of both flame photometr ic  and 
flame i o n i z a t i o n  u n i t s  was used. 
f i l t e r  r equ i r ed  f o r  s u l f u r  d e t e c t i o n .  
term "Melpar" r e f e r s  t o  photometric s u l f u r  d e t e c t i o n .  

The photometr ic  u n i t  w a s  f i t t e d  w i t h  the 
In  the'  chromatograms shown t h e  

Spectrometry 

Low r e s o l u t i o n  mass spectrometry was  performed w i t h  a CEC 21-104 instrument  
c t ed  t o  a "Tracor" MT 220 gas  chromatograph through a Biemann-Watson s t a i n l e s s  
e n r i c h i n g  device.  

High r e s o l u t i o n  mass s p e c t r a  were obtained on a CEC 21-110 mass spectrometer  
; t h e  d i r e c t  i n l e t  and t h e  photoplate  d e t e c t o r .  

RESULTS AND DISCUSSION 

A pre l imina ry  survey of o rgan ic  s t a t i o n a r y  phases w a s  made i n  o r d e r  t o  f i n d  
tble phases  f o r  s e p a r a t i n g  su l f ,u r  con ta in ing  components. A s  expected,  non-polar 
8s gave l i t t l e  s e p a r a t i o n  b u t  t h e  po la r  phases showed cons ide rab le  promise. 
po la r  phases were t e s t e d  and Carbowax 2OM appeared to  be t h e  most s u i t a b l e  
ig i n t o  account t h e  s e p a r a t i o n  achieved over  the e n t i r e  chromatogram. From 
. i t  can b e  seen t h a t  t h e  major p o r t i o n  of  t h e  s u l f u r - f r e e  material i s  e l u t e d  
., and then the s u l f u r  t r a c e  fol lows showing t w o  humps o f  peaks and s h a l d e r s .  
u g h  t h e r e  were some d i f f e r e n c e s ,  all the  po la r  phases t h a t  were t e s t e d  seemed 
!para te  on a s imi la r  b a s i s .  

The Hyprose Coctakis ( 2 -  hydroxypropyl) sucrose7 con ta in ing  column gave t h e  
r e s o l u t i o n  of t h e  second hump. The s u l f u r  chromatogram ob ta ined  r j i t h  Hyprose 
iown i n  F i g  2. Unfortunately,  v e r y  poor flame i o n i z a t i o n  responses  were obtained 
; t h i s  s t a t i o n a r y  phase. This  poor response i s  be l i eved  t o  be due t o  depos i t i on  
t t e r ia l  b l ed  from t h e  column i n t o  t h e  d e t e c t o r .  The t empera tu re ' o f  t h e  d e t e c t o r  
l imited to  170'C. 
l ing  i n t o  t h e  d e t e c t o r  w a s  reduced b u t  t h e  res,ponse was s t i l l  poor. 

The chromatograms shown F i g  1 and 2 were obtained from t h e  p r e p a r a t i v e  
ws.  Narrower columns of the same l eng th  d i d  n o t  improve r e s o l u t i o n .  F r a c t i o n s  
c o l l e c t e d  using both columns. However, on ly  t h e  r e s u l t s  from t h e  Hyprose 

w are  d i scussed  because they w e r e  supe r io r .  

A s  a l l  t h e  po la r  o rgan ic  s t a t i o n a r y  phases t h a t  were t e s t e d  appeared t o  s e p a r a t e  

When a s h o r t  ,Carbowax 20M a f t e r  column was  a t t a c h e d ,  t h e  

imilar b a s i s ,  i t  seemed u n l i k e l y  t h a t  t h e  sepa ra t ions  would be s u b s t a n t i a l l y  
oved by rechromatography on ano the r  o rgan ic  phase. 
chromatographic SeParat iQns of  hydroFarbons on column packings containing 

References d e a l i n g  w i t h  
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i n o r g a n i c  salts have appeared i n  t h e  l i t e r a t u r e  (5,  6 ,  7) .  
sa l t  conta in ing  packings can be used f o r  our  bitumen f r a c t i o n s  and they seem t o  
s e p a r a t e  on a b a s i s  d i f f e r e n t  from t h e  p o l a r  organic  phases. 

It was found t h a t  t h e s e  

Of a l l  t h e  combinations of d i f f e r e n t  sa l ts  and suppor ts  t e s t e d ,  t h e  one con- 
t a i n i n g  l i t h i u m  c h l o r i d e  on a c i d  washed Chromosorb W appeared t o  be t h e  b e s t .  
Nei ther  t h e  s a l t  nor  t h e  Chromosorb W a l o n e  brought about  any s e p a r a t i o n .  The 
l i t h i u m  c h l o r i d e ,  when d e p o s i t e d  on t h e  Chromosorb by evapora t ion  of an aqueous 
s o l u t i o n  was f a i r l y  e f f e c t i v e ,  b u t  f i r i n g  t h e  dry  packing a t  700°C improved t h e  
s e p a r a t i o n s  s u b s t a n t i a l l y .  The sa l t  conten ts  were v a r i e d  from 0.1% t o  25% and t h e  
optimum content  was found t o  be about  15% by weight. 

The material t rapped o u t  d u r i n g  t h e  p r e p a r a t i v e  chromatography w a s  rechroma- 
tographed on t h e  column c o n t a i n i n g  t h e  l i t h i u m  c h l o r i d e  and the  Chromosorb W. 
r e s u l t s  were obtained from f r a c t i o n s  t rapped o u t  dur ing  t h e  f i r s t  hump per iod  from 
both p r e p a r a t i v e  columns. 
c o l l e c t e d  dur ing  t h e  second hump per iod  wi th  t h e  one from t h e  Hyprose being b e t t e r  
than from t h e  Carbowax 20M. 

Poor 

However, much b e t t e r  r e s u l t s  were obta ined  from f r a c t i o n s  

The f r a c t i o n s  7 ,  8, 9 ,  10 and 11, shown i n  F i g  2 were rechromatographed on t h e  
inorganic  column. When F r a c t i o n  8 which is r e s p o n s i b l e  f o r  t h e  l a r g e  peak was 
chromatographed, it w a s  f u r t h e r  r e s o l v e d  as shown i n  F i g  3. It can be seen t h a t  
more s u l f u r - f r e e  material w a s  s e p a r a t e d  and t h a t  t h e r e  is some, though n o t  complete, 
agreement between t h e  s u l f u r  and flame i o n i z a t i o n  chromatograms i n d i c a t i n g  t h a t  
t h e r e  i s  some s u l f u r - f r e e  m a t e r i a l  p resent  toge ther  w i t h  t h a t  conta in ing  s u l f u r .  It 
should be mentioned t h a t  t h e  "Melpar" s u l f u r  response is not  l i n e a r  and i s  p a r t i a l l y  
masked by the presence of o t h e r  materials. 

The s u l f u r  rechromatograms obta ined  from F r a c t i o n s  9, 10 and 11, are shown 
i n  F i g  4 .  
8 a r e  a l s o  ev ident  i n  t h a t  from F r a c t i o n  9,  b u t  t h e r e  a r e  d i f f e r e n c e s  as w i l l  b e  
d i scussed  l a t e r  with t h e  m a s s  s p e c t r a l  d a t a .  It should be mentioned t h a t  t h e  
d e t e c t o r  response obta ined  dur ing  t h e  chromatography of F r a c t i o n  8 ,  as shown i n  
F ig  3, was a c t u a l l y  much g r e a t e r  than  when t h e  chromatograms i n  F i g  4 were obta ined  
i n d i c a t i n g  t h a t  t h e r e  was  more material i n  F r a c t i o n  8. 

It can be seen t h a t  some of t h e  peaks i n  t h e  chromatogram from F r a c t i o n  

The e f f l u e n t  from t h e  s a l t - c o n t a i n i n g  column was s p l i t  and 80% of it was fed  
i n t o  a mass spectrometer .  Scans were made of a l l  materials causing s i g n i f i c a n t  
s u l f u r  peaks. Inorganic  gas  chromatographic columns are i d e a l  f o r  d i r e c t  coupl ing t 
mass spectrometers  s i n c e  t h e  s p e c t r a  do not  become complicated by column bleed: 

C h a r a c t e r i z a t i o n ,  so f a r ,  has  been made only on t h e  b a s i s  of  mass spec t rographi  
d a t a .  
wi th  t h e  gas  chromatograph it w a s  no t  p o s s i b l e  t o  a s c e r t a i n  which of '  the  ions  con- 
t a i n e d  S u l f u r .  Therefore  a sample of F r a c t i o n  8 as shown i n  F i g  2 was analyzed by 
h igh  r e s o l u t i o n  mass spectrometry.  
r a t i o s  of 218.11380 and 212.15593 which correspond to  empir ica l  formulqe of  C14 H18 
and cifj H20 w i t h  e r r o r s  of  M.00088 and -0.00056 r e s p e c t i v e l y .  
two minor p a r e n t  ions  w i t h  m/e r a t i o s  of 232.12764 and 226.17113 and t h e s e  correspon 

From t h e  da ta  obta ined  from t h e  low r e s o l u t i o n  mass spectrometer  coupled 

The two most abundant parent  ions  had m / e  

There a l s o  were 
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t o  t h e  formulae C15 HZ0 S and C17 
ive  l y  . 

w i t h  e r r o r s  of  -0.00093 and tO.00101 r e s p e c t -  

On t h e  b a s i s  of t h e s e  formulae i t  would appear  t h a t  t h e  most l i k e l y  s u l f u r  
compounds i n  F r a c t i o n  8 c o n s i s t  mainly of isomeric  benzothiophenes w i t h  six, and 
t o  a 
i o n s  
t h a t  
147. 

lesser e x t e n t ,  seven carbons i n  s i d e  cha ins .  A l l  t h e  s i g n i f i c a n t  fragment 
t h a t  would be expected from t h e s e  benzothiophenes w e r e  observed. The ions  
appeared t o  be s u l f u r - b e a r i n g  had m / e  r a t i o s  of 217, 203, 189, 175, 161 and 

I 

The s u l f u r - f r e e  p a r e n t  ions  w m l d  appear  t o  be naphthalenes w i t h  6 o r  7 carbons 
i n  s i d e  cha ins .  The s u l f u r - f r e e  fragment ions  had d e  r a t i o s  of  197, 183, 169, 
155 and 141. . These are t h e  ones expected f o r  such naphthalenes.  

The sa l t  conta in ing  column seemed t o  cause some s e p a r a t i o n  of  isomers of both 
t h e  benzothiophenes and t h e  naphthalenes.  
s e p a r a t e d  from t h e  benzothiophenes but some s t i l l  remained. 
rechromatographed t h e  most abundant s u l f u r - b e a r i n g  ions  had m/e  r a t i o s  of 189 and 
175 i n  t h e  m a j o r i t y  of scans.  This  might be i n t e r p r e t e d  as due t o  t h e  presence  
of benzothiophenes w i t h  propyl  and b u t y l  s i d e  cha ins .  
m / e  r a t i o  of  203 w a s  q u i t e  abundant and i n  only  one scan was t h e  217 i o n  prominent. 
The 161 ion  w a s  l e s s  prominent and t h e  147 cons iderably  less, and sometimes not  
d i s t i n g u i s h a b l e  from t h e  background. 

Considerable  hydrocarbon material w a s  
When F r a c t i o n  8 was  

I n  a few scans  the i o n  wi th  

During rechromatography of F r a c t i o n  8 t h e r e  appeared t o  be a minor series of 
ions  t h a t  had not  been noted i n  the high r e s o l u t i o n  mass s p e c t r a .  The p a r e n t  ions  
of t h i s  series had m / e  r a t i o s  of 228 and 214 w i t h  t h e  la t ter  being t h e  most 
abundant. The fragment ions  had m / e  ratios of 213, 199, 185, 171, 157, 143 and 
129. P o s s i b l y  t h e s e  ions  might have been der ived  from indenes w i t h  7 and 8 carbon 
atoms i n  s i d e  chains .  

The benzothiophenes,  naphthalenes and t o  some e x t e n t  t h e  indenes appeared t o  
p e r s i s t  dur ing  the rechromatography of F r a c t i o n s  9 ,  10 and 11. It was noted t h a t  
wi th  t h e  except ion  of t h e  scans  taken a t  E and F dur ing  rechromatography of F r a c t i o n  
9 t h e  main s u l f u r - b e a r i n g  i o n  had a m l e  r a t i o  of  161. This  i n d i c a t e s  t h a t  t h e  
m a t e r i a l  i n  F r a c t i o n  9 w a s  d i f f e r e n t  from t h a t  i n  F r a c t i o n  8 a l though t h e r e  w a s  some 
overlapping.  This  161 ion  w a s  n o t  very  prominent i n  F r a c t i o n s  10 and 11. 

During t h e  later s t a g e s  of rechromatography of  F r a c t i o n  9 and t h e n Q r i n g  
rechromatography of 10 and 11 another  ion series became evident .  
had a m / e  r a t i o  of 210 and fragment ions were found at  m / e  r a t i o s  of  195 and 181. 
P o s s i b l y  t h e s e  ions  might be d e r i v e d  from naphthalenes s u b s t i t u t e d  wi th  a t h i r d  
non-aromatic r i n g .  

The p a r e n t  ion 

Unfor tuna te ly  a t  t h i s  t i m e  t h e r e  i s  i n s u f f i c i e n t  mass s p e c t r a l  d a t a  on benzothio-  
phenes f o r  more comprehensive s t r u c t u r e  assignment.  
and indenes appeared t o  accompany t h e  benzothiophenes i s  not  cons idered  a major prob- 
lem.  These hydrocarbons d i d  n o t  i n t e r f e r e  w i t h  mass spectroscopy of  the s u l f u r  

The f a c t  t h a t  t h e  naphthalenes 



compounds. Also, t h e y  would not:be expected t o  i n t e r f e r e  w i t h  c h a r a c t e r i z a t i o n  
involv ing  d e s u l f u r i z a t i o n  because t h e  products  from s u l f u r  compounds would be of 
lower molecular  weight  t h a n  t h e  hydrocarbons. Also, t h e s e  accompanying hydrocarbons 
must be similar t o  t h e  s u l f u r  compounds and can be cons idered  as an a i d  i n  charac t -  
e r i z a t i o n .  

The f a c t  t h a t  a s i n g l e  chromatographic.separation on Hyprose separa ted  t h e  
benzothiophenes from t h e  o t h e r  s u l f u r  compounds i s  considered t o  be a major 
achievement. Other  workers  (8) ,  a f t e r  a lengthy  series of t rea tments ,  a r r i v e d  a t  
an  inseparable  mixture  of benzothiophenes and naphthalenes.  But these  were of 
lower molecular weight  and had fewer isomers than  the benzothiophenes d iscussed  i n  
t h i s  p r e s e n t a t i o n .  Thus we have had some success  i n  f i n d i n g  a method f o r  s e p a r a t i n g  
s u l f u r  compounds t h a t  i s  much s impler  than those developed p r i o r  t o  t h e  a v a i l a b i l i t y  
o f  s p e c i f i c  s u l f u r  d e t e c t o r s  f o r  gas  chromatography. 

S i m i l a r  gas  chromatographic s e p a r a t i o n s  can be a p p l i e d  t o  h igher  b o i l i n g  
f r a c t i o n s  as shown i n  F i g  5. 

CONCLUSIONS 

A s i n g l e  g a s  chromatographic s e p a r a t i o n  of  a 333°C b o i l i n g  d i s t i l l a t e  f r a c t i o n  
of Athabasca bitumen on a Hyprose-Chromosorb W column could i s o l a t e  t h e  major 
p o r t i o n  of what appeared t o  be benzothiophenes w i t h  6 and 7 carbon atom s i d e  chains  
from t h e  o t h e r  s u l f u r  compounds. 

Severa l  peaks were obta ined;  a l l  of them appear ing  t o  be due t o  benzothiophenes.  
Rechromatography of t h e  f r . a c t i o n s  causing t h e  s u l f u r  peaks on a s a l t - c o n t a i n i n g  
column f u r t h e r  reso lved  t h e  apparent  benzothiophenes.  A t  t h e  present  time t h e  
bases  f o r  these  s e p a r a t i o n s  a r e  not  c l e a r .  
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Figure 1. Chromatography Separation on Preparative Carbowax 20M Column 

"C 155 160 165 170 175 180 185 

Figure 2. Separation on Preparative Hyprose Column 



Figure 3. Rechromatography of Fraction 8 (Figure 2) on 
LiC1-Chromosorb W Column 

Figure 4. Rechromatography of Fraction 9, 10 & 11' 
(Figure 2) on the LiCl-Chromosorb W Column 
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Figure 5. Sulfur Chromatograms of Various Dis t i l la te  Fractions 
(Analytical Carbmax 20 M Column) 


