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m D U C T I O t j  
Molecular l e v e l  c h a r a c t e r i z a t i o n  of s y n t h e t i c  crudes using GC and GWMS 

techniques has t y p i c a l l y  invo lved i d e n t i f y i n g  t h e  major conponents present, 
i r respec t i ve  o f  chemical c lass  (1-4). Th is  approach d i f f e r s  considerably  
from t h e  a p p l i c a t i o n  o f  these methods f o r  cha rac te r i z ing  natura l  crude 
o i l s .  samples are on ly  analyzed f o r  p a r t i c u l a r  compound types whose 
d i s t r i b u t i o n s  and use i n  se lected r a t i o s  can p rov ide  use fu l  geochemical 
information. The compounds s tud ied are what are genera l ly  tenned 
f lbiological markers”, a1 i p h a t i c  components d i r e c t l y  r e l a t e d  t o  a b i o l o g i c a l  
precursor. These compounds include; n-alkanes. a c y c l i c  isoprenoids, 
diterpanes. t r i t e r p a n e s  and steranes (5,6). More recent ly ,  however, a l k y l  
aromatics such as dimethylnaphthalenes ( 7 ) .  t r imethy lnaphthalenes (8.9) and 
methylphenanthrenes (10) hae a l so  been employed i n  a s i m i l a r  manner. 

The l i t e r a t u r e  con ta ins  a pauc i t y  o f  repo r t s  o f  analyses o f  syn the t i c  
l i q u i d s  s p e c i f i c a l l y  f o r  b i o l o g i c a l  marker compounds (11-14). These 
studies, which encompass both coal- and o i l  shale-derived l i q u i d s t  suggest 
t h a t  t h e  geochemical data obtained can prov ide use fu l  in format ion about t h e  
source mate r ia l  and d i f f e r e n t  1 i q u e f a c t i o n  processes. I n te res t i ng l y .  t h e  
coal derived 1 i q u i d s  examined f o r  b i o l o g i c a l  marker compounds were almost 
exc lus i ve l y  produced from bituminous coals .  Th i s  i s  su rp r i s ing  i n  view o f  
the much repor ted l i q u e f a c t i o n  r e a c t i v i t y  o f  t h e  lower ranked, l i g n i t e s  and 
brown coals. Furthermore, as t h e  use o f  a l k y l  aromatics as geochemical 
i nd i ca to rs  i s  o n l y  a recent  innovation, t h e  extens ion o f  t h i s  a p p l i c a t i o n  
t o  syn the t i c  l i q u i d s  i s  as y e t  unreported. 

Two Aus t ra l i an  f o s s i l  f u e l  reserves whose l i q u e f a c t i o n  p o t e n t i a l  have 
been ex tens i ve l y  i nves t i ga ted  are t h e  massive L a t m b e  Val ley (V i c to r i a ,  
Aus t ra l i a )  brown coa l  deposits, and t h e  Rundle o i l  shale (Queensland, 
Aus t ra l i a )  seams. I n  fact ,  a 50 ton-per-day p i l o t  p l a n t  based o n  t h e  SFC I 
8 I1 processes, and us ing these brown coa ls  as feedstock i s  c u r r e n t l y  
nearing complet ion i n  t h e  Labrobe Val ley.  Th is  paper repo r t s  on  a study o f  
syn the t i c  l i q u i d s ,  produced from these two sources, t h a t  have been 
character ized by GC and GC/MS i n  an anologous fash ion  t o  natura l  crudes. 
For comparative purposes, t h e  data obta ined from a t e r r e s t r i a l  crude o i l  
and a marine crude o i l  are a l s o  included. I n  addi t ion.  t h e  e f f e c t  o f  
l i q u e f a c t i o n  process on t h e  respec t i ve  data i s  i l l u s t r a t e d  by t h e  d i f f e r e n t  
coal derived l i q u i d s .  

These 

EXPERIMENTAL 
Smphs. The coa l  der ived l i q u i d s  were a l l  produced from a medium-light 

l i t h o t y p e  V i c t o r i a  brown coal from t h e  Loy Yang F i e l d  (bore 1277, depth 
67-68m). The 1 i q u e f a c t i o n  prgcessea employed were:-lsol ven t  e x t r a c t i o n  
(CH C1 1; slow p y r o l y s i s  (80 -1000 C a t  3 C m in  1; hydrogenation 
(te?ra?in/H (10.3 mPa). 375 C, 2hrs)  and CO/H 0 (bed mois t  coal/CO (6.8 
MPa), 350’8, 2hrs) .  More de ta i l ed  i n fo rma t ios  on  t h e  l i q u e f a c t i o n  
cond!tions and t h e  product  y i e l d s  and analyses a re  g i ven  elsewhere (15,16). 

shale der ived l i q u i d s  were produced from t h e  Rundle o i l  shale 
by so l ven t  e x t r a c t i o n  (CH C1 1 and by t h e  Lurgf-Ruhrgas r e t o r t f n g  process 
( 1 7 ) .  I n  a l l  casesI t h e  zyn$.hetic l i q u i d s  are o p e r a t i o n a l l y  def ined as t h e  
methylene d i c h l o r i d e  so lub le p o r t i o n  o f  t h e  l i q u e f a c t i o n  product. 

The two natura l  crude o i l s  represent  o i l s  sourced from t e r r e s t r i a l  
organic ma t te r  and marine organic  matter, respec t i ve l y .  The formsr i s  from 
the off-shore Gippsland Basin. A u s t r a l i a  ( t h e  Lat robe Val ley coals  a r e  p a r t  
of t h e  on-shore Gippsland Basin) and t h e  l a t t e r #  t h e  Nor th Sea, Dermark. 

The o i l  
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3 --. The sample (30mg) i n  methylene d i c h l o r i d e  (Zcm 
was preadsorbed onto s i l i c i c  a c i d  using t h e  method o f  Middleton (18). Upon 
removal o f  t he  so lvent  by r o t a r y  evaporation. t h e  preadsorbed sample was 
placed on t o p  o f  a column of s i l i c i c  a c i d  (39). Successive e l u t i o n  w i t h  
*pentane; n-pentane/diethyl e t h e r  (95:5) and methylene d i c h l o r i  ddmethanol 
(9O:lO) gave t h r e e  f ract ions:  (1) a1 i p h a t i c  hydrocarbonsr ( 2 )  aromatic 
hydrocarbons and ( 3 )  heteronuclear compounds. 

An a l i q u o t  o f  t h e  a l i p h a t i c  hydrocarbons f rac t i on .  i n  benzenes was 
subsequently t r e a t e d  w i t h  ac t i va ted  SA molecular sieves t o  separate t h e  
n-alkanes from t h e  branched and c y c l i c  alkanes (19). S im i la r l y ,  t h e  
aromatic hydrocarbons f r a c t i o n  was subjected t o  t h i n  l a y e r  chromatography 
on alumina, w i t h  n-hexane as eluant, t o  y i e l d  a d i -  and t r i n u c l e a r  aromatic 
f r a c t i o n  (9). These f r a c t i o n s  a f t e r  appropr ia te reported workup procedures 
(19,9), and so lvent  removal were amenable f o r  ana lys i s  by GC and GC/MS. 
E and GC/MS m. Gas chromatography was performed us ing a 

Hewlett-Packard (HP) 5880A chromatograph. f i t t e d  w i t h  a 50m x 0.2mm i.d. 
WCOT fused-si1 i c a  column coated w i t h  5% c ross l i nked  s i 1  icone 
(bp-5, SGE Aus t ra l i a ) .  For a l l  anglyses, hydrogen was used as c a r r i e r  gas 
a t  a l i n e a r  v e l o c i t y  8 f  30 cm sec , and detector  (FID) and i n j e c t o r  
temperatures were 300 C and 280°C. respect ive ly .  I n  a t y p i c a l  ana lys i s  o f  a 
t o t a l  a l i p h a t i c  hydrocarbon f rgct ion,  t h g  oven o f  t h e  chrpmatograph was 
temperature programmed from 65 C t o  280 C a t  4OC min- then  held 
isothermal f o r  10 minutes. The oven temperature 8rogramm f o r  ana lys i s  o f  
t h g  d i -  and tg inuc leag  aromatics f r a c t i o n s  wash 70 C f8r 1 mdnute;-lthen 
70 C t o  190 C a t  1 C min- ; fo l lowed by 190 C t o  300 C a t  10 C min and 
f i n a l l y .  held isothermal f o r  10 minutes. A l l  GC analys is  were i n teg ra ted  
us ing t h e  associated HP data terminal .  Component i d e n t i f i c a t i o n  was, i n  
both cases, by comparison o f  t h e  r e t e n t i o n  t imes w i t h  those o f  authent ic  
isomers (8,10.19.20). 

Only branched/cycl i c  alkane f r a c t i o n s  were analyzed by GC/MS. The 
analyses were performed us ing a HP 58958 c a p i l l a r y  GC-quadrupole 
MS-computer data system, f i t t e d  w i t h  a 50m x 0.22mm i.d. WCOT fused-s i l i ca  
cross-1 inked m e t h y l s i l  icone column (Hewlet t  Packard). Samples f o r  analyses 
wege d i l u t e d  t o  a 1% w/w s o l u t i o n  i n  n-hexane and i n j e c t @  on-cojumn a t  
50 C. The oven was then  temperature programmed t o  3OO0C a t  4 C min- t and 
held isothermal f o r  20 mjfutes. Hydrogen was used as c a r r i e r  gas a t  a 
l i n e a r  v e l o c i t y  o f  28 cm sec . The samples were analyzed i n  t h e  selected 
i o n  monitor ( S I M )  mode, us ing dwell  t imes o f  10 msec f o r  each i o n  
monitored. Typica l  MS operat ing cond i t i ons  were: EM vo l tage  22OOV; 
I o n i z a t i o n  energy 70eV; source temperature 25OoC. 

The ions monitored were t y p i c a l  o f  those used f o r  crude o i l  b i o l o g i c a l  
marker studies. For example. m/z 217, 218, 259 (s teranes and diasteranes); 
dz 177,191,205 ( t r i t e r p a n e s )  and m/z 123, 193 ( b i c y c l i c s  and 
t e t r a c y c l i c s ) .  S p e c i f i c  compounds were i d e n t i f i e d  by comparison o f  t h e i r  
r e t e n t i o n  t imes w i t h  1 i t e r a t u r e  data. (21-23). 

F igure 1 shows gas chromatograms o f  t h e  t o t a l  a l i p h a t i c  hydrocarbon 
f r a c t i o n s  o f  t h e  syn the t i c  l i q u i d s  and natura l  crude o i l s .  The compound 
d i s t r i b u t i o n s  ev iden t  i n  these chmmatcgrams f o r  t h e  coal der ived l i q u i d s  
d i f f e r  markedly f o r  t h e  var ious l i q u e f a c t i o n  processes. The so l ven t  e x t r a c t  
is overwhelmingly dominated by t r i t e r p e n o i d s  ( cons is ten t  w i t h  t h e  h igher  
p lan t  input  o f  t h e  source ma te r ia l ) .  whi le  t h e  hydrogenation product and 
pyro lysate have t h e  n-alkanes i n  t h e  h ighes t  r e l a t i v e  abundance. It i s  
fn te res t i ng  t o  note t h a t  t h i s  observat ion c o n f l i c t s  w i t h  t h a t  o f  Youtcheff 
and coworkers (12) who found no d i f f e rence  i n  t h e  d i s t r i b u t i o n s  o f  sa tu ra te  
hydrocarbons from several bituminous coal so l ven t  e x t r a c t s  and t h e i r  
corresponding hydrogenation products. I n  addi t ion,  t h e  py ro l ysa te  a1 SO 
contains a homologous se r ies  o f  n-alkanes. The CO/H 0 product  i s  q u i t e  
d i s t i n c t i v e  i n  t h a t  it has a bimodal n-alkane d i s t r ? b u t i o n  and appears t o  
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con ta in  a major group o f  components which have r e t e n t i o n  t imes between 
n-CZ2 and n-CB. The o i l  shale der ived l i q u i d s  can a l s o  be d i f f e r e n t i a t e d  
f rom each other. The so l ven t  e x t r a c t  i s  predominantly n-alkanes# having t h e  

member as t h e  most abundant component; wh i l e  t h e  r e t o r t  o i l  i s  much 
k e  complex. Although it has t h e  n-alkanes as t h e  most abundant homologous 
series, it a l s o  con ta ins  a se r ies  o f  n-alkenes. However. it d i f f e r s  from 
t h e  coal py ro l ysa te  i n  having i t s  n-alkane and n-alkene d i s t r i b u t i o n s  
maximising a t  lower  carbon numbers. I n  fact. t h e  general shapes o f  t h e  
n-alkanes d i s t r i b u t i o n s  f o r  t h e  coal py ro l ysa te  and o i l  shale r e t o r t  a re  
ve ry  s i m i l a r  t o  those f o r  t h e  t e r r e s t r i a l  and marine crudesr respect ive ly .  
T h i s  may suggest t h a t  t h e  geochemical processes generat ing natura l  crudes 
a re  p y r o l y t i c  i n  nature. 

Two geochemical i n d i c a t o r s  determined from chromatograms o f  t h e  t o t a l  
a1 i p h a t i c  hydrocarbons are t h e  Carbon Preference Index (CPI) and 
Pristane/Phytane r a t i o  (Pr/Ph). The former i s  based on  t h e  n-alkanes, and 
t h e  l a t t e r ,  t h e  C and C a c y c l i c  isoprenoids. The CPI values f o r  t h e  o i l  
shale der ived l i qbeds  are lzuch h igher  than those f o r  both t h e  coal der ived 
l i q u i d s  and natura l  crudes. Except f o r  t h e  so l ven t  ex t rac t ,  t h e  CPI values 
f o r  the coal  der ived l i q u i d s  a re  a l l  l e s s  than uni ty ,  w i t h  t h a t  f o r  t h e  
CO/H20 product  be ing apprec iab ly  so. I n te res t i ng l y ,  t h e  CPI values f o r  t h e  
two natura l  crudes a r e  almost i d e n t i c a l .  However. it i s  t h e  Pr/Ph r a t i o  
values t h a t  c l e a r l y  d i s t i n g u i s h  t h e  coal derived-from t h e  o i l  shale der ived 
!!quidst and t h e  t o r r e s t r l a l  from t h 6  inarine cruda. Both t h e  coal der ived 
l i q u i d s  and t h e  t e r r e s t r i a l  crude have considerably  h ighe r  values o f  t h i s  
r a t i o  than t h e i r  corresponding counterparts. The s i m i l a r i t i e s  o f  values f o r  
t h e  coal der ived l i q u i d s  and t h e  t e r r e s t r i a l  crude, and t h e  shale der ived 
l i q u i d s  and t h e  mar ine crude i s  no t  s u r p r i s i n g t  cons ider ing t h e i r  
respec t i ve  source organic  matter. The combined use o f  CPI and Pr/Ph does, 
hence, suggest t h a t  coa l -  and o i l  shale-derived l i q u i d s  can be 
d i f f e r e n t i a t e d  from each o the r  and t h e i r  respect ive na tu ra l  counterparts. 

Fur ther  con f i rma t ion  o f  t h i s  p o s s i b i l i t y  i s  a f fo rded  by GC/MS analyses 
o f  t h e  respect ive branched/cyc l ic  f rac t i ons .  Table 1 presents  t h e  data f o r  
se lected geochemical i n d i c a t o r s  based on  severa l  b i o l o g i c a l  marker 
compounds. Typica l  mass fragmentcgrams o f  steranes (m/z 217) and 
t r i t e r p a n e s  (m/z 191) are i l l u s t r a t e d  i n  F igure 2, f o r  t h e  coal pyro lysate 
and t e r r e s t r i a l  crude o i l .  Component i d e n t i f i c a t i o n  i s  g i v e n  i n  Table 2. 
The mass fragmentograms show t h a t  t h e  samples genera l l y  con ta in  t h e  same 
componentsr w i t h  d i f f e r e n c e s  being main ly  i n  i n d i v i d u a l  r e l a t i v e  
abundances. However, t h e  m/z 191 mass fragmntograms do prov ide a ready 
means o f  d i s t i n g u i s h i n g  syn the t i c  from natura l  crudes. The d i f f e rences  a re  
most apparent i n  t h e  h igh  r e l a t i v e  abundances o f :  1) CZ9 t o  C wp-hopanes 
(peaks F and D, respec t i ve l y .  i n  Fig. 2a) and 2) t h e  C P-hop8e (peak C 
i n  Fig. 2a) for  t h e  s y n t h e t i c  l i q u i d s  compared w i t h  t h a  natura l  crudes. 

Kaurane i s  an unequivocal b i o l o g i c a l  marker f o r  h ighe r  p l a n t  ma te r ia l  
i n  f o s s i l i z e d  organic  mat ter  (24) .  The epimer r a t i o  (Table 1) i s r  
therefore. usefu l  f o r  d i s t i n g u i s h i n g  t h e  o i l  shale der ived l i q u i d s  and t h e  
marine crude from t h e  coa l  der ived l i q u i d s  and t h e  t e r r e s t r i a l  crude. I n  
fac t r  t h e  respect ive values f o r  t h e  coal der ived l i q u i d s  and t h e  
t e r r e s t r i a l  crude suggest, they t o o  can be d i f f e r e n t i a t e d  from each other. 

The va lues f o r  t h e  drimane epimer r a t i o s  a re  s i m i l a r  f o r  a l l  t h e  
s y n t h e t i c  l i q u i d s ,  b u t  a re  s i g n i f i c a n t l y  lower than  those f o r  t h e  natura l  
crudesr whose respec t i ve  values a re  almost i d e n t i c a l .  Conversely. t h e  BpW 
hopane r a t i o s  and t h e  moretane/hopane r a t i o s  are considerably  h ighe r  f o r  
t h e  syn the t i c  l i q u i d s  than f o r  t h e i r  natura l  counterparts. Again. it i s  
d i f f i c u l t  t o  d i s t i ngu ish ,  unambiguously~ between t h e  o i l  shale and coal 
der ived l i q u i d s .  However, these drimane and hopane (moretane) based 
parameters do pe rm i t  unequivocal d i s t i n c t i o n  between t h e  na tu ra l  and 
syn the t i c  crudes. S im i la r l y .  t h e  s terane epimer r a t i o s  are s i g n i f i c a n t l y  
d i f f e r e n t  between t h e  s y n t h e t i c  l i q u i d s  and t h e  na tu ra l  crudes; t h e  values 
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f o r  t h e  r a t i o  being much h ighe r  i n  t h e  l a t t e r .  However, i n  na tu ra l  crudes 
t h e  above parameters have been shown t o  be m a t u r i t y  therefore.  
s y n t h e t i c  l i q u i d s  produced under more severe thermal cond i t l ons  may show 
values approaching those observed f o r  t h e i r  natura l  counterparts. T h i s  i s  
i n  f a c t  observed w i t h  t h e  coal hydrogenation product  and t h e  marine Crude. 
This  suggests t h a t  t h i s  parameter should no t  be used i n  i so la t i on .  although 
genera l l y  most natura l  crude O i l 5  are generated from mature source rocks 
and have epimeric r a t i o s  o f  1.1. 

I n  contrast ,  t h e  C /C sterane r a t i o  can be used t o  d i f f e r e n t i a t e  t h e  
coal der ived l i q u i d s  a8d 1718 t e r r e s t r l a l  crude, from t h e  o i l  shale der ived 
l i q u i d s  and t h e  marine crude. The va lues are much h ighe r  f o r  t h e  former, 
than f o r  t h e  l a t t e r  samples. Actual ly ,  t h i s  r a t i o  could no t  be determined 
f o r  t h e  shale r e t o r t  o i l  as t h e  C sterane was immeasurable. Again t h e  
hydrogenation product  appears an%alousr w i t h  the  va lue f o r  t h i s  parameter 
being much lower than f o r  t h e  o t h e r  coal  der ived l i q u i d s .  

Indeed. t h e  values f o r  t h e p / G  hopane r a t i o  and t h e  sterane-based 
parameters, f o r  t h e  hydrogenation product  a re  o f  geochemical i n t e r e s t .  The 
low r e l a t i v e  abundance o f  t h e  C R-hopane, and i t s  s i m i l a r i t y  t o  those i n  
natura l  crudes suggests t h a t  ce??ain maturat ion processes can be r e p l i c a t e d  
under l abo ra to ry  condi t ions.  Th is  i s  f u r t h e r  shown by t h e  va lue o f  s terane 
epimer ra t i o ,  which u n l i k e  those f o r  o the r  syn the t i c  l i q u i d s t  i nd i ca tes  a 
s i g n l f l c a n t  degree o f  c o n f i g u r a t i o n  i saner i za t i on .  I n  addi t ion,  t h e  low 
value f o r  t h e  C /C sterane va lue i s  cons i s ten t  w i t h  d e a l k y l a t i o n  o f  t h e  
C sterane as a2?esPTt o f  increased thermal s t ress.  These observat ions 
t # s  suggest t h a t  hydrogen t r a n s f e r  processes may be impor tant  I n  t h e  
geosphere f o r  crude o i l  formation. 

I nspec t l on  o f  t h e  a l k y l  aromatic-based parameters, which a re  presented 
i n  Table 3,  shows t h a t  they t o o  can be employed t o  d l s t l n g u i s h  s y n t h e t i c  
from natura l  crudes. and coal  der ived from shale der ived l i q u i d s .  F igu re  3 
shows a t y p i c a l  gas chromatogram o f  a d inuc lea r  and t r i n u c l e a r  aromat ics 
f r a c t i o n  f o r  t h e  coal py ro l ysa te  and t e r r e s t r i a l  crude. The numbered peaks, 
which r e f e r  t o  those used i n  d e f i n i n g  t h e  parameters, are def ined i n  Table 
4. The parameters DNR-2, TNR-1 and MPI-1 a l low d i f f e r e n t i a t l o n  o f  t h e  
syn the t i c  from t h e  natura l  crudes. The values f o r  CNR-2 i n  t h e  s y n t h e t i c  
l i q u i d s  are normally much lower  than  those observed i n  na tu ra l  crudes. The 
va lue f o r  t h e  marine crudes. presented here (1.e. 72.6) i s  anomalously low 
f o r  o i l s  sourced from t h i s  t y p e  o f  organic  matter, and I s  a d i r e c t  r e s u l t  
o f  t h e  Immaturi ty o f  t h i s  p a r t i c u l a r  sample. For TNR-1 and MPI-1. t h e  
syn the t i c  l i q u i d s  genera l l y  have h igher  values than  t h e  na tu ra l  crudes. 
However. both t h e  coa l  py ro l ysa te  and t h e  o i l  shale r e t o r t  have s i m i l a r  
values t o  those observed f o r  t h e  t e r r e s t r i a l  and marine crudes. Th is  may be 
f u r t h e r  evidence t h a t  p y r o l y t i c  processes p l a y  a r o l e  i n  o i l  generation. 

The coal der ived l i q u i d s  and t e r r e s t r i a l  crude have considerably  h ighe r  
values o f  DNR-6 and TDE-1 than t h e  o i l  shale l i q u i d s  and marine crude. 
Thus. these groups o f  samples may be d i s t i ngu ished  from each other using 
these parameters. Hence, appropr ia te combinations o f  parameters pe rm i t  t h e  
o r l g i n  and source t ype  o f  a l l q u i d  f u e l  t o  be ascertained. For exanple. 
h igh  DNR-2 and TDE-1 values i n f e r  t h e  o i l  i s  a natura l  t e r r e s t r i a l  crude. 
whereas low values f o r  these two parameters suggest It i s  an o i l  shale 
der ived 1 iqu id.  

I n  conclusion. t h e  approach o u t l i n e d  here shows tha t :  1) natura l  and 
syn the t i c  crudes can be f i n g e r p r l n t e d  us lng known geochemical parameters; 
2) t h e  choice o f  l i q u e f a c t i o n  process can considerably  a l t e r  t h e  
d i s t r i b u t i o n  o f  t o t a l  a l i p h a t i c  hydrocarbons f o r  a g i ven  source mater ia l ;  
3 )  natura l  and syn the t i c  crudes can be d i s t i ngu ished  from each other. as 
can be t h e i r  source types, us ing  appropr ia te combinations o f  b i o l o g i c a l  
marker and/or a l k y l  aromatic-based paramters: 4)  geochemical processes such 
as t h e  ep lmer l za t l on  o f  steranes and t h e  dep le t i on  o f  p-hopanes can be 
r e p l i c a t e d  i n  t h e  l abo ra to ry  and 5 )  py ro l y t i c - ,  t oge the r  w i t h  hydrogen 

dependent; 
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t r ans fe r  processes may be impor tant  i n  t h e  format ion o f  na tu ra l  crude o i l s .  

The authors a r e  g r a t e f u l  t o  Dr  R.B. Johns. Dept. o f  Organic Chemistry, 
U n i v e r s i t y  of Melbourne, f o r  supplying t h e  coal der ived l i q u i d s ,  and t o  M r  
T.G. Harvey, CSIRO Mate r ia l s  Science Laboratory, Me1 bourne f o r  t h e  r e t o r t e d  
o i l  shale sample. Th is  work was c a r r i e d  out  as p a r t  o f  t h e  Nat ional  Energy 
Research. Development and Demonstration Programme administered by t h e  Dept. 
of Resources and Energy, Aust ra l ia .  
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Table 1. Geochemical Parameters based on B io log i ca l  Marker Compounds. 

Kauranel orinnneb c3oc '2; C29/C27f 
SAMPLE 11;;;;s mre taner  Steranes Steranes 

tlopanes ZOS120R 

Coal 

Solvent Extrac t 0.07 
PyrolysatC 0.24 
Hvdrooena t i on  0.65 

- 

.... 
Cb/H20 0.20 

0.56 2.00 1.50 N.D. N.O. 
0.50 0.55 1.53 0.20 10.8 
0.55 '0.05 1.38 0.58 0.8 
0.59 0.71 1.48 0.13 17.6 

O i l  Shale 

Solvent Ex t rac t  N.D. 0.78 4.70 0.77 0. IO 0.89 
Retort  N.O. 0.50 1.01 1.82 0.11 N.O. 

Crude O i l s  

T e r r e s t r i a l  0.99 0.99 <0.05 0.10 0.84 5 . 1 1  
h r i n e  N.O. 1.00 r0.05 0.13 0.57 0.64 

a -  

b -  

c -  

d -  
e -  

f -  

N . O .  

168(H)-kaurane/l6o(H)-kaurane t 168(H)-kaurane 

8a(H) -dr i~ne lBa(H) -dr imane  + 88(H)-drimane 

17U( H) . 21 0(  H) -hopanell 7a( H ) . 218(H) -hopam 

17B(H). Zla(H)-moretane/l7o(H), 218(H)-hopane 
(20S)-5o(H).  14a(H), 17~(H)-ethylcholestane/(20R)-5~(H). 14o(H). I7m(H)-ethylcholertane 
(ZOR)-So(H). 1 4 o ( H ) ,  1 7 ~ ~ H ~ - e t h y l c h o l e s t a n e / o - i . ( H ) .  14o(H), 17o(H)-cholestane 
Not  de ternina b l  e 

Table 2. I d e n t i f i c a t i o n  o f  the Tr i terpanes ( m l z  191) and Steranes (ntz217) present i n  the 
Mass Fraqmentogramr shown i n  Figs. 2a and 2b. 

Tri terpanes (Fig.  2a) Stcraner (Fig. Zb) 
Peak Compound Peak Compound 

A l 7 d H ) .  22. 29, 30-trisnorhopane A 205-138. 17o-dlacholertane 
B l8a(H). 22, 29. 30-trlsnorneohopane 8 ZOR-138. 17o-diacholertane 
C 178(H), 22. 29. 30-trisnorhopane C 205-24 ethyl-130. 170-diacholestane 
D 17o(H), 218(H)-lO-norhopane 0 20R-5a. 140. I7o-cholestane 
E 170(H). 2 la (H) -30 -nomre tane  E ZOR-24-ethyl-138. 17.-diacholertane 
F I7m(H), Zls(H)-hopane F ZOS-24-ethyl-Sa. 140. 17.-cholestane 
G 178(H), ZlB(H)-3O-horhopane G ZOR-24-ethyl-50. 140. 178-cholestane 
H 178(H). Zlo(H)-moretane H ZOS-24-ethyl-5n. 148, 178-cholestane 
I ZZS-lI.(H). ZlB(H)-homhopane I 20R-24-ethyl-5a. 140.  I7.z-cholestane 
J 22R-I7dH), ZlB(H)-homhopane 
K 178(H). 218(H)-hopane 
L 225 and R-l78(H), tla(H)-homomretane 
M ZZS-l7o(H), Zl0(H)-bishomhopane 
N 22R-I7o(H). ZlB(H)-birhomohopane 
0 Unknown 
P I l e (H) ,  218(H)-homhopane 
0 22S-l7o(H), 2l8(H)-trirhomohopane 
R 22R- I l o (  H) , 210( H) - tri shomohopane 
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Table 3. Geochemical Parameters based m Dimethylnaphthalenes, 
Trimethylnaphthalenes and kthylohenanthrenes. 

SAMPLE DNR-2' O!i2-Sb TIIR-1' TDE-ld MPI-le 

Coal 

Solvent E x t r a c t  48.3 4.8 1.3 0.9 2.30 
Pyrolysate 23.3 2.3 0.5 6.3 0.73 
Hydrogenation 44.3 4.1 1.1 4.8 1.12 

CO/HZO 9.3 9.3 0.7 2.1 1I.D.  

O i l  Shale 

Solvent E x t r a c t  23.1 1.9 1.3 1.6 1.08 

- 

Retor t  26.1 1.2 0.8 0.3 0.80 

Crude O i l s  

T e r r e s t r i a l  279.0 2.7 0.1 4.9 0.78 
b r i n e  12.6 2.0 0.5 0.3 0.74 

a - 2,7-dimethylna~Htha1ene/l.8-dimethyI~phthalene 

b - 2.6- + 2,7-dimethylnaphthclenesll.(- +2.3-dimethyloaphthalenes 

c - 2.3.6-trimethylsaphthalene11.4.6- t 1,3,5-trimthylnaphthalenes 

d - 1,2.5-tr imethylnaphthalenel l .2 .1- tr inethyl~~phthalene 

e - 1.5 x (2- + 3-methylphenanthrenesy(~~enanthrene)+ 1-methylphenanthrene 
+ 9-methylphenanthrene 

N.D. Not  determinable 

Table 4. i d e n t i f i c a t i o n  o f  chc Aronut ic Conpounds used i n  the Parameters defined i n  
Table 2 and shown in thc Gas C h r m 1 q i r . m  i n  f i g .  3. 

I 

Peak Compound Peak Compound 

1 2 ,B-dime thy1 ~ p h  tha 1 ene 9 1,2,4-trimethylnaphthalene 

2 2,l-dimethylnaphthalene 10 l,Z,S-trlmethylnaphthalene 

3 1,4- and 2,3-diaethylnaphthaIenes 11 phenanthrene 

4 1.8-dimethylnaphthalene 12 3-methylphenanthrene 

5 1.4.6- and 1.3.5-trimthylnaphthalenes 13 2-methyl phenanthrene 

6 2.3.6-trimethylnaphthalene 14 9-methylphenanthrene 

1 1.2.7-trimthylnapnthalene 15 1-methyl phenanthrene 

8 1,2,6-trimethylnaphthalene 
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Figure 1. Gas chromatograms of the to ta l  a1 iphatic hydrocarbon f rac t ions  
of the  synthetic and natural crudes. 
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Figure 2. Mass fragmentograms for  ( a )  t r i t e rpanes  and (b) steranes from t h e  
coal pyrolysate and t e r r e s t r i a l  crude. 'run 
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Figure 3.  Gas chromatograms of the dinuclear and t r inuc lear  aromatic 
f r ac t ions  from the coal pyrolysate and t e r r e s t r i a l  crude. 
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