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CHARACTERIZATION OF VARICUS BITUMEN SAMPLES FROM TAR SANDS

BY

A. Majid, J. Bornais and Hobin A, Hutchison*

Division of Chemistry, National Research Council of Canada, Ottawa, Ontarie, Canada K14 OR9

INTRODUCTION

Bitumen ls & complex mixture cf a large number of organic molecules. The composltion
of bltumen and the pature of thelr varlous individuai components has been the subject of consid~
erable research during the past two decades (1-11). Various modes of extraction of bliumen
from oil sands such as heat, extreme mechanical force, chemical agents and solvents could
significantly affect some properties of bitumen (12-13). Variations in the composition of the
oil sands feed stock could also alfect the propertles of the extracted bitumen., However, the
most commonly used analytical techniques such as elemental analyses, density and viscoslity
cannot detect small compositlonal differences in the various samples of Litumen,

With developments ln lastrumentation and techniques the structural characterization
of complex petrolecm fractions employing high resolution proton and 13 nuclear magnetle
resonance (NMR) spectroseopy is becoming more popular. Comples hydrocarbon mixtures
are characterlzed uslng structural apalysis schemes, in which the results of elemental analy-
ses, number average molecular weight determinations and hydrogen and earbon distributlons
from proton and 13¢c NMR are combined to yield a set of average structural Parameters (10,
14-21), The parameters describe structural features, such as the fraction of carbon that is
aromatle, the number and length of alkyl substituents in an average moelcule, the percentage
of arematle carbons that are substituted and the number of aromatlc rings per molecule,
Given sufficient data these parameters ean provide useful characterization of a hydrocarbon
mixfure.

In our laboratorles we have collected a number of bitumen samples obtained from dif-
ferent feedstocks employing a variety of extractlon techniques. It was of interest ta investi-
gate any differences between those samples from differenl sources. This paper reports a
detailed investigation of average structural parameters by the comhined use of elemental
analyses, molecular weight determinatlons and proton and 13pNMIR spectroscopy. A total
of twenty three bltumen samples have been studied.

EXPERIMENTAL METHODS

Materials

Table 1 lists brief descriptions of all bitumen samples investigated, including source
and the method of extraction (22-27}. The asphaltene {ractlons of the bitumens were prepared
{n the usual manner by precipitation with n-pentane (28). The precipitates were wasghed with
pentane and vacuum drled at 80°C. Evaporation of the n-pentane from the combined [iltrate
and washings gave the deasphaltened oil (maltenes).

Elemental Analyses

C, Hand N analyses were performed using a Perkin Elmer model 240 CHN analyser.
Sulfur was analysed as total sulfur using X-ray flourescence spectroscopy. Oxygen was
determined either by difference or directly (29). Asphaltene samples were also analysed

*Summer asslstant May-August 1983; Present address: c/o College of Englneerlng, Unjver-
sity of Wisconsin at Madison.
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.aing ASTM procedure D271 at the Eneryy Bines and Resources laboratory. These results
~zre comparable to those obtalned [rom the Perkin-Elmer model 240 CHN analyser. The
sickel and vanadium content ol the ashed bitumeas were estimated, using quantitztive Inductively
Zoupled Plasma Atomic Emlisslon Spectroscopic methods (ICP-AES).

dgh Conitont

5-10 g saimple of bilumen was weighed accurately inlo @ porcelain crueible,  The eru-
:1ble was placed over a low bunsen burner [lame In order Lo burn alf the low bolling pulnt com-
sonents of biturnea. This was follewed by ashlng in 2 mullle furnace at 400°C to constant
veight,

natrumental Analyses

Infrared speclrd were recorded ustny a Perki
ns n 00

-7, speclrameler.

samples were mun either el

Protun NME measurements were performed on a Varion EM-360 NMR 5 meter
G0 MHz) In CDCls.  For quantitatlve 13¢ NMR spectra the nicthod deseribed by Shoulery and
udde (30) was used. Spectra were recerded va & Brucker A M4l NMIE spect rameter,
jamples were dissvlved la deuterochlorelorm Lo glve approxtmately 10 witf solutlns; these
vere run ln 5 mm dizmeter Lubes. A paramagnelic relaxation agent, chromium acelonylace-
onate, Cr (neac)y, was added to the deuterochloraform solutlon to give a 0.1 M solution.
"he FT 13¢oNMR spectrum was run using a two second delay between pulses, and the proten
lecoupler was pgated off between pulses and on duclng data acquisition.

Number average molecular weights of whale bitumea samples were determined by
rapour pressure oscmetry in benzene at 40°C using 3 Uitachi Perkin-Elmer model 115
nolecular welght apparatus, Moiecuiar welght of maltene fractlons were cbtalned by gel
sermeation chromatography in tetrahydrofuran according to the procedure described else-
vhere (31).

RESULTS AND DISCUSSI0N

volecular Weights and Utimate Analvses

A pomparison of Lhe asphallene content of the various bitumen samples leads to Lhe
‘ollowing observations:

1. Bllurnen obtained by centrifugstion had the highest asphaltene content.

2. The asphaltene content of the bitumen samples appears o be affected by the amount
of mineral fnes (<44 pm  particles} in the ofl sund feeds, Thus, the bitwnen onbtained Mrom
\lgh grade oil sands {lowest fings contenl) had the hiyhest asphalioes contont. Sloilarly,
iltumen obtained [rom one uf the low grade ores (highest fines content) gave the lowest amount
3f asphaltenes. This supports sur previous suprestion {32) that part of the asphaltenes are
itrongly adsorbed by the clay component of the oil sands, and are not removed by solvent
sxtraction.

3. Bitumen ohtained from a second sample of low grade ure {high fines content) had 2
iigh asphaltene content comparable Lo that of the bitumen oblained from a high grade cre.

“his second sample of low grade ore was uoique in that it was amenable to hot waler extrac—
icn {34), The minerzl compositlon of the ores appears to be more importaat Ln deterralning
he quallty of the are thaa the actual fines conteat. It is obvieus {rom these results that the
isphaltene content of various bitemen samples 1s dependent on the absorptive capacity of the
nineral cosstituents of the oil sand feed.

4. DBitumen extracted [rom Suncor sludge Pord tailings has a lower asphaltene content
han the bitumen obtained from oil sand leeds (I1% vs 13.4 — 17.3%). This could be due to the
.dsorption of theasphaltenes to the clay minerais present In the sludge pond tailings.

5. Asphaltene content of the biturien samples; extracted from mineral agglomerates,
5 dependent on the mode of extraction of Bitumen. Bitumen extracted using the Dean-Stark
aethod (25) has substantizlly lower asphaliene content compared with the samples extracted
alng a Spex mixer (6.2 - 7.0% vs 11.5 — 18.4%). This can be explzined on the basis of the
ntrapment of high molecular weight asphaltenes lnside the pores of eompact mineral agglo-
oerates. Diffusion of the high mnlecular weight asphaltenes through the small pares of miner-
1 agplomerates will be more difficult than the low melecular welght components of bilumen,
In the Spex mixer, agglomerates are constantly being hroken and relormed because of the
‘igorous agitation. This resulted in the release of all bitumen compenents thus explalnlng
he blgher asphaltene content of this bitumen compared with the Litumen extracted ualng Dean—
itark method.

TABLEI
BITUMEN SAMPLES DESCRIPTION

Sumple Sumple Description
#

W (0.8, 8. f1: Bilemen contenl ==

[88] Bllumen recavered [rom vgdium grnde ofl s
19%} by Ulirseent rhfugelion {(22).

(2} Suncor Coker Feed Bitumen used in 2 round rebin study of bitumen amalyses {23).

[=)] Primary production heavy ail [rom Husky's North Blackicet feld in the Lloyd-

minister depaslt.

5 e 5%} by modified
1 umon extracted from high g ncls (Hiumen content ez 15%) by

Dunn=-Stark method using totuene {24].

{5) $mme as above excepl that tho foed was o sample of modiun grade oll sands
5 E

(ltumen content a12%).

(5] Hitumen extructed [ram 0.5, 5.#1 hy Dean-Stark method uslng taluene (25).

{T) Same a5 in #5 except that the feed was @ sample of low grade oil sands {Bitumen

content = 8%)-

[:1] Bituren extracted from low grade oil sands (Bitumen content =+ 5%} by Dean-Stark

method using toluene.

(9) Bitumen extracted from 0. 5.5, #1 by Dean - Stark method valng penzene-methanol

:1).

Loluene on o Spex mlxer [26).

[§1M) THlumnen extracted (rom 0.5.5.#1 hy agitation with

(11 As above except that extraction solvent was benzene - methanol (S:1}.

{12} Bliumen extracted from 0.85.5.#1 by SESA* process using naphtha (27).
{(mn Bitumen extracted [rom 0.8.5.4L ln n Waring Blendor uskng cyclohexanc.

{14} Secondary oxtract [rom sbuve in eyeluhexnoe {271.

(15} Pitamen catracted In beazene from Suncor Studge Pond Tailings.

{16} Dltumen extracied Lo toluene using Dean-Stark method from sand agglumerates

from experiment #13.

nn Bitamen extracted In tolusne on 2 Spex mixer from sand agglomerates [rom

Sample #12.

(18} Same a5 #17 except that the extraction solvent was hanzene—methanol (9:1).

(18) Same as #18 except that the extraction solvent was benzene.

{20) Bituraen extracted from snnd agglonerates [rom sample ¥14 by Dean-Slark wethod

using loiuene,

21y Bitnmen extracled [rom sand agglomerates from sample #14 by agitation on a

Spex mixer using toluene.

22) Same as §21 oucept thal it was exlracted in benzenc.

Cont'd.

+Sulvent Extraction Spherical Agglomeration
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TABLE I (CONTINUED)

Sample Sample Descriptlon
#
(23) Same as #20 except that it was extracted in benzene,
(24)

Bitumen extracted in tolusne from aqueous tallings from EMR Solvent/Bltumen
coatactor,

5. Asphaltene content of the bitumen extracted from sand agglomerates on the Spex
mixer uslng benzene-methancl {4:1) is low compared to bitumen from the same sample but
extracted with toluene or benzene. This is difficult to explain particularly ln view of the foct

thal no significant solvent effect was noted when the bitumen was extracted from the cil sand
fead,

Number average molecular welghts of various bitumen samples were deter
benzene using vapour pressure osometry. There w
various bitumen samples.

mined in

as a conslderable variatlon In the data for
The bikumen extracted from Suncor sludge pond tailings had the
lowest molecelar weight. This might be due to the fractionation of bitumen by clay minerals
present In the sindge. It {s probable that the higher molecular welght components of bltumen

are strongly assoclated with the clay component of tailings either by adsorption or by clay
organle Interactions (38),

Bitumen samples extracted from sand agglomerates have relatively lower moleeular
welghts than the samples extracted directly from bitunilncur feed-stocks.,

Again this can be
explained on the basis of entrapment of high melecular weight components of bitumen inside
the pores of sand agglomerates,

The Bitumen sample prepared using centrifugation had a considerably lower molecular
welght compared with the solvent extracted samples in spite of the fact that It had the highest

asphaltenes content, Bltumen szmples prepared using centrifugation are known to have a
greater proportion of low boillng components {13), It is possible that the greater proportion of
low holling components offsets the higher asphaltenes content thus accounting for lower
molacular welght,

Molecular welghts of maltenas were not as meaningful as those for bitumen for the
following reasons:

1) These molecular weights were determined using a gel permeation chromatographic
method whlch has been shown (35, 38) to give diiferent results to VApOUT pressure gsom

etry.
2} The molecular welghts were determined in THF, which has been shown (31) to give
anomalour results with bltumen and maltenes.

3) Complete removal of the last traces of solvent from bitumen and maltenes {s very

difficult, However, the effect of residual solvent will be more proncunced for the low mole-
cular welght maltenes compared with bitumen,

The H/C ratios for the different samples were of almost the sar

me maghitude : 1,48 +
0.04 for hitumen, 1,17 + 0.04 for asphaltenes and 1.5

510,08 for maltenes,

Trace metal analysas of eruds olls usually leads to information of geochemical signifi-
cance (37), The V/N{ index in particular has been extremely studied in relation to oil maturation
(38,39} oil migration (40) or depth and age of reservolr rocks (41), There (s substantial varia~
ticn in the nlclel and vanadium content of the varlous bitumen samples, The hitumen sample
extracted from Suncor sludge pond tailings had the lowest concentration of both nickesl and
vanadium. This suggests that the nicke! and vanadium containing components of bitumen in the
sludge, have become strongly assoclated with the clay components and ecannet be easlly extracted,

Bitumen citained using cyclohexane in a blendor has the highest nlckel and vanadium
content, This is censistent with our previous findings (42),

In that investigation it was demon-
strated that heavy metals can be concentrated In a blendor du

e to an effect slmtlar to flotation.

Although the absolute concentration values for

vanadium and nickel show considerable
variations, the V/Ni lndex is fairl

y uniform (3,6 + 0.3), This suggests that the V/NI index ig
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independent of any compositional differences, The untformity of the index suggests that vanadium
and nickel might have been incorporated during the genesls of bitumen. The uniformity of the
V/Ni index also suggests that all bitumen samples ave genetically related, that is they are all

of the same origin. The V/Ni concentratlon ratios of varlous bltumen samples suggest that these
are middle cretaceous oils.

Figures 1 and 2 illustrate the correlation between the asphaltene content of various
bitumen samples and thelr vanadium and sickel content, Exocept for a few cases there ls a
falrly good correlation between the asphaltene content and the metal content of varlous bitumen
samples. This suggests that In most cases Nl and V complexes are assoclated with the usphal-
tene fraction of the bitumen. Since the petroleum asphaltenes are known to have the capaclty
to complex hedvy metals {43}, it is probable that at least a part of vanadium and nickel are
associated with the asphaltenes.

The V/KI index for the Loydmintster heavy oll suggests that it is a lot more mature oil
than the oil sand bitumen,

Infrared Spectra

Bacause of the difflculty of removing the lagt traces of solvent from bitumen and its
maltene Fractions the differences In the Infrared spectra of these samples were difficult to
interpret. The Infrared spectra of various asphaltenes samples were remarkably simllar
resembling the typieal infrared spectra for petroleum asphalienes.

Interpretation of NMR Spectra

Figure 3 and 4 illustrate typical proton and L3¢ NMR spectra for bitumen and its asphal-
tene and maltene fractions, All spectra were essentially similar, Proton NMR spectrum of
asphaltenes congists of two broad resonances, The strongest band, centered arcund 1,0 ppm,
is due to various types of methy! and methylene hydrogens; and the weak band centered at 7.0
ppm results from aromatic hydrogens. Bltumen and maliene samples show proton NMR spectra
with at least 4 well defined reglons. Two sharp peaks at 1,3 and 0/9 ppm correspond to the
saturated alkyl and naphthenic hydrogens, and ~and further methyl hydrogens, respectively.
A broad region extending from 2 to 3.5 ppm s due to the hydrogens attached to the o carbon
bonded to aromatie rings.

13C NMR spectra of all samples had a sharp penk around 29 ppm which indicates the
presence of interior methylene groups, - {CEz)-, of long straight-chain side chalns. Other
peaks such as those at 14, 22 and 32 ppm are all characteristic of long alkyl slde chains {44).
A peak at 19 ppm may be assigned to branched methyl groups in long alkyl substituents. The
reglon between 37 and 50 ppm has a number of peaks in addition to a broad envelop. This
region contalns resonances from bridgehead and other CH naphthente carbons, some methylene
Lridge carbon (hetween site, where one has no adjacent ring or group), alkyl CH other than in
isoalkyl groups, and alkyl CHa adiacent to alkyl CH (45), Preclse assignments In this reglon
are difficalt, but it appears that most of the above groups could be present,

Carhon and Hydregen Digtribution From NMR Data

Carhon and hydrogen distributions in the bitumen and some of iis asphaltene fractlons
were calculated from the Integrated areas of varieus reglons as showa in Table IL. Considering
the accuracy of mmr measurements, there was not much veriation in the data for the distribu-
tion of carbon and hydrogens in bitumen and asphaltenes. Ca, the ratio of aromatic carbon to
total carbon (carbon aromaticity) for different samples were of almaost the same magnitude:
0.24 + 0,02 for hitumen and 0,32 + 0.'03 for asphaltenes. This suggests that 1/4 of the total
carbons 1n bitumen and 2/% of the total carbons in asphaltenes are in aromatic locations, Data
for the distribution of various types of hydrogens suggests that H?,. the saturated alkyl and
naphthenlc hydrogens and }[Tthe and further methyl hydrogens together constitute aboub B0%
of the total hydrogens, Armnati?hydrogens constituta only 6, 4% of the total hydrogens,
However, the proportion of arcmatic hydrogens 1n asphaltenes is greater than in bitumens
(9,3% vs 6.4%). This is consistent with the higher carbon arcmatlcity of asphaltenes compared
with bitumens, The ratio of H  to total hydrogens in aspheltenes Is also constderably higher
than in biturmens (0.27 + 0.015 vs 0,14 % 0,014}, Subsequently, the propertion of Hy and H-\{
hydropens is lower in asphalienes than in bitumens (0.798 + 0,016 vs 0/639 + 0,016},
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TABLE I
ASBIGNMENT OF PRCTON AND CARBON~13 NMR SPECTRA

IProton; Symbol Definition Chemical Shift Range
(PPM from TMS)
H, Arematie protons I 6.00 10 9,00
H.. Hydrogen in saturated groups oc to 2.00 to 4.00
aromatie rings
HP’ Hydrogen ln saturated groups ﬁ to 1,00 to 2,00
aromatlc rings
HT 'T_CH3 to aromatic ring and straight- 0,50 to 1,00
chain or branch alkane methyl hydrogens
Cnds Ca Aromatlc carbon atoms 100, 00 to 150, 00
Ca) Saturated carbon atoms 0,00 to 70,00

The Average Molecular Structural Paramelers

Average molecular structural parameters of various bitumen samples and some of its
asphaltene fractions were calculated using data obtained from the [ntegration of the areas of
the varlous carbons and hydrogen regions in the respective NMR spectra. The equatlons used
to caleulale average meelcuiar parameters were similar to those used by Knight (46}, Dickinson
{18), Takegami et al (44), Suzuki et al (10) and Seshadrl et al (47), Hetercatoms, such as
sulfur, oxygen and nitrogen were neglected in the calculations in order to simplify the average
structures. The absolute dceuracy of caleulated average molecular parameters is probably
not high, However, the dccuracy is usually considered to be sufficient to provide useful com-
parisons between samples, From the values of stroctural parameters it was doduced that an
average bitumen moeleule contains 1.6 to 2 aromatic rings and 4 to 5 naphthenis rings with 4
to 5 alkyl gubstituents of chain length ranging from 8 to 7 carbon atoms, There were some
differences in the magnitude of these parameters for varlous samples, However, these
differences were small, and consequently it was deduced that the varlous samples bear & close
resemblance to each other in terms of thelr chemical nature.

QO NCLUSION g

1, In a previous publication (82) we demonstrated that the bitnmen extraction efficlency
of tha Clark hot water process depends mainly on the mineral fines (=44 pm particles)content
of the bituminecus feedstock, However, the data in this report suggests that the composltion
of the mineral fines also plays a significant role in determlning the effeciency of extraction of
a process,

2. There appears to be a correlation between the asphaltene content of bitumens and the
grade of the bltumlnous feedstock,

3. The high molecular welght asphaltenes are entrapped In the pores of mineral agglo-
merates and are not easily removed, using simple solvent extraction such as the Dean-Stark
method,

4, Clay minerals fractionate bitumen, High molecular welght components of bitumen
appear to be rssoclated with clay minerals either by adsorption or by clay-organic interactions,

5. V/Ni index for varicus bituman samples {s fairly uniform suggestlng that it tg in-
dependent of any composltional differences. The uniformity of V/NI index suggests that all
bltumen samples are genetically related. The value of the V/NI index is characteristic of
middle cretaceous olls.

8. Average molecular parameters caloulated from proten and 13¢ NMR spectroscoplc
data do not differ significantly for different bituman samples.

7. An average bitumen moleculs appears to contain 1,5 to 2 aromatic rings and 4-5
naphthenie rings with 4-5 alkyl substituents of chain length ranging from 6-7 carbon atoms,
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