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Abstract

Results of the analyses of the saturate and monoaromatic fractions of four

Uinta Basin bitumens (southwest Whiterocks, northwest Whiterocks, As-
phalt ledge and Sunnyside) are presented in this paper. After separating
the bitumen samples into several fractions using solvent extraction and elu.-

tion chromatography, peak-by-peak analysis was performed on the saturate
and monoaromatic fractions using GC-MS. The saturated compounds were

predominantly polycyclic naphthenes, while the monoaromatics were mostly

naphthenoaromatics. Samples from ali of the deposits contained a signifi-
cant number of compounds in the carbon-number range C2r - C30 due to the
presence of steranes and hopanes. Carbon number and Z-number distribu-

tions were produced using sorting and quantitation procedures developed in
• this project. Although the four samples were beLieved to be of common ori-

gin and maturity, significant differences in carbon-number distributions and
chemical-type distributions were shown to ex.ist. Even two samples from

the same deposit (Whiterocks) e.xhibited significant differences. Relative
abundances of steranes and of hopanes with a carbon number greater than

C30 were used as measures of the relative degree of biodegradation of the
samples. It was found that biodegradation increased as follows: southwest
Whiterocks < northwest Whiterocks < Asphalt 1Edge < Sunnyside.



Introduction m_,,-..,,
I

Differences in composition between crude P..... I P

oils are generally attributed to one or more s°_o+,.. I _'.o,-.

of the following: biodegradation, maturity, xt_,.,., A,p_t,_,
source, and migration. Biodegradation, in
combination with water washing, is a process Fu,°,',E--_
whereby Lighter compounds, including alkanes,
isoprenoids and alkylcyclohexanes, are bacte- P.... rut i M°,_°+

5at ul'ate,J and l:Lesin._ [ P,.e,sin_ I:I
rially degraded and removed from the reser- A_o.=,,c,-_.,,an
voir oil. It is thought to be the major pro-
cess whereby conventional oils are transformed .-,.... .,.u,.==,

into oil sand bitumen, and, therefore, a major P.... tsr, x,.... , ',

contributor to compositional variation among s,,=--_,,, ,,_,,_,,¢_,-t _o.,,,i_,._I
deposits 1. Evidence for the severe biodegrada-

tion of a Uintah Basin bitumen was presented Figure 1: Bitumen Fractionation Scheme
by Reed".

Thermal maturity can cause significant com-
positional variations between oils. And, while umn was 0.25 mm in internal diameter and was
aLIof the Uinta Basin oil sand deposits are tel- coated with a 0.25 micron film of a polysilox-

ane bonded phase. The samples were coatedatively immature, differences in maturity may
be the cause of some of the compositionM d_if- onto a Curie-point wire and vaporized into the
ferences within the basin a'4. column. The initial temperature of the column

Differences in source and the effects of mi- was 30°C. It was heated to a final temperature

gration are also known to effect composition, of 350°C at the rate of 3°C per minute. The
mass spectrometer was used in an electron-In the Uinta Basin. however, these effects are

considered to be relatively minor, since these impact mode and an ion-trap detector was used

oils are believed to be of common origin and to to obtain spectra of the eluting compounds.

have migrated relatively short distances from

their source rock. Structural Analysis

Experimental Approach
Compound identification was accomplished

' The oil sand samples chosen for this study by analyzing the total-ion chromatogram peak
were from the Whiterocks, Asphalt Ridge and by peak using Finnegan's Ion Trap Detec-

Sunnyside deposits in the Uinta Basin, Utah. tor System (ITDS) software r. Individual-

Samples from two locations in the Whiterocks compound spectra and mass-spectral libraries
deposit were collected s. These two samples were used to identify the peaks in the sam-
will be referred to as northwest Whiterocks and ples. Each sample consisted of about 80-100

southwest Whiterocks. compounds. It was assumed that the response
The bitumens were fractionated into their factors for each compound were equal, and

respective saturate and monoaromatic, pol- that area percentage was equivalent to weight

yaromatic, resin, and asphaltene fractions us- percentage. The weight-percent information

ing the separation scheme shown in Figure was stored in a data file along with the scan
1_. The fraction containing the saturate and number and identity of each compound type.
monoaromatic compounds was analyzed by gas The molecular weight, the number of carbon

chromatography-mass spectrometry (GC-MS). atoms per molecule, the number of aromatic

A J & W Scientific DB-1 capillary column was and nonaromatic rings per molecule, and the Z
used for all of the analyses. The 30 m long col- number were also recorded. The Z number is



defined as the value of Z in the general hydro-
carbon formula C,_H2n+z.

While the ITDS software was very useful in oa,s_s^r_re_o_s

analyzing individual compound types, it was ii, ...:__j_
O9

[inadequate for categorizing and sorting com-

pounds according to carbon number, molecular ! 0a|

, _ 0.7[ '

weight or Z number. A computer program was _r
RDGF-

0.6
written in FOR_TP_AN to process such informa- _ NORTH_Sr}
tion. The program determines relative abun- 7 0J _ccx_

dance according to carbon number, molecular _ 0.*i :' :'weight, or compound type (i.e., Z number), lt _ :'.. _smF.

/
..

can also be used to determine relative abun- _ 0_[: 2 SOI._iNTST
] : _tI1"Et0CKS

dance vs. carbon number for a particular Z _ 0,I ;"
number. La the fractionation process described _ t L--,"--0.1_-

above, saturated hydrocarbons eluted simul- i (:_" ]
taneouslv, with aLkylbenzenes and monoaro- 0_0 S 10•-"l_..... :0 :_ 30 i} _ ,_ 50

matic naphthenoaromatics (jointly classified as c_Bc_m
monoaromatics for convenience). Using this
computer code, saturated hydrocarbons were

separated from monoaromatics by normalizing Figure '2: Carbon Number Distribution for Saturate
separately for the total peak area in each cat- Fractions
egory.

Carbon-Number Distributions number. And. as with the saturate fractions,
the carbon-number distributions for the north-

west Whiterocks and Sunnyside monoaromat-
A plot of cumulative relative abundance vs. ics lie roughly between those of the other two

carbon number is shown in Figure 2 for sam- monoaromatic fractions.
ples of saturated hydrocarbons from the three
deposits. Over 60% of saturates from Asphalt Z-Number Distributions

Ridge are between Cll and Cts. And over
307o fall between C2r and C30. The southwest In addition to analysis by carbon-number

Whiterocks sample, however, ex.h_ibits a much distributions, Partition can be used to plot rel-
t

different distribution with only about 15% of ative abundance vs. Z number, where the Z
its saturates below C26 and about 45% be- number is defined according to the general hy-

tween C2s and C30. The northwest Whiterocks drocarbon formula, C,_H2,_+z. For the satu-

and Sunnyside samples show strikingly simi- rate fractions, the Z number can have the val-
lar curves, with carbon-number distributions ues of 0, -2, -4, -6, or -8, representing com-

mostly between those of the Asphalt Ridge and pounds having 1, 2, 3, 4, and 5 rings, respec-

southwest Whiterocks saturate samples, tively. For the monoaromatic fractions, the

A plot of cumulative relative abundance vs. Z number can have the values of -6, -8, -10,
carbon number is shown in Figure 3 for the -12, or -14, representing naphthenoaromatics
monoaromatic fracion of each of the four sam- having 1, 2, 3, 4, and 5 rings, respectively.

ples. The carbon-number distributions for the Thus, the Z number is a measure of the hy-
monoaromatic fractions show similar trends drogen deficiency. As the number of rings in-

to those of the saturate fraction. The As- creases, the Z number becomes more negative,

phalt Ridge sample has the lowest average and the hydrogen-to-carbon ratio decreases. It
carbon number, while the southwest White- is important to note that only gross structural

rocks sample has the highest average carbon information such as number of rings, carbon
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0

I The Z-number distribution for the monoaro-
0 I

0 _ l0 l_ ,-0 _ 30 3s 4o 4 _0 matic fractions of each sample is shown in Fig-
c_aoN_m ure 5. It is evident that boththe alkylbenzenes

and the monoaromatized pentacyclics are irt
relatively low concentration. As with the satu-

Figure 3: Carbon Number Distribution for Monoaro- rate fractions, the 2-ring (Z = -8) compounds
marie Fractions have the highest relative abundance for the As-

phalt Ridge sample. The Sunnyside sample
shows the domination of 4-ring (Z = -12) com-

711 _ SW Whllcf_llal[

_, _ww,,,,..,,.-., poundsf---_-'.I A_$iJII RIdK¢ [

k"/..k',i Sum:y_ld¢ J........

_o I Biodegradation40

3o The compound types found in tire satu-

-_ :, rate and monoaromatic fractions are in a
,o class of chemicals called "biomarkers". As

o ...o such, they are used to make determinations
li .2 ,4 _ .li

z......_, about the maturity, source, migration, and
¢

Figure 4: Z Number Distribution for Saturates degree of biodegradation of oil. In general,
oil sand bitumens are moderately-to-heavUy

biodegraded oils, meaning that they are partly-

number, molecular weight, and Z number was to-completely devoid of n-alkanes, isoprenoids,
determined in this analysis. Structural detail and alkylcyclohexanes s'9'm. The analyses in-

such as the position of side chains, the length dicated that, among the saturate samples, n-

of particular side chains, and stereochemistry alkanes and isoprenoids were undetected, while
was not determined, alkylcyclohexanes were present in only trace

The relative abundance vs. Z number for the concentrations. This implies, of course, that

saturate fractions of each sample is plotted in the bitumens are devoid of these compound

Figure 4. It is evident that the alkylcyclo- types, since, if they were present, they would
hexanes are in very lo.v concentration for all have eluted with the saturates.

of the samples. And while the bicyclics are Since n-alkanes, isoprenoids, and alkylcy-
in relatively low concentration for the White- clohexanes are absent in heavily biodegraded
rocks and Sunnyside samples, they represent oils, it is necessary to examine the relative

over 60% of the Asphalt Ridge sample, concentrations of compounds that are increas-



ingly more resistant to biodegradation in order and monoaromatics. Likewise, a significant
to determine the relative de_ee of biode_a- variation in compound-type distribution and
dation of bitumens. After the disappearance carbon-number distribution was evidenced for
of n-alkanes, isoprenoids, and alkylcyclohex- 2 samples from the Whiterocks deposit. These
anes, the next most likely compounds to be differences in distribution might be due, in

biodegraded are steranes 9'1°. Therefore, as part, to the relative degree of biodegradation

biodegradation increases, the relative abun- of each sample. Two biodegradation parame-
dance of steranes decreases. A similar mea- ters, the sterane fraction and the hopane C.30+

sure of biodegradation in heavily biodegraded fraction, suggest an increase in the relative de-
oils is the ratio of C30+ hopanes to all of the gree of biodegradation as follows: southwest

hopaaes within a sample _l'12. The hopanes Whiterocks < northwest Whiterocks < As-
with long side chains (i.e., high carbon num- phalt Pddge < Sunnyside.

hers) are biodegraded preferentially and the

hopane C30+ fraction decreases as the degree
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