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Abstract. Considerable quantities of organic material, insoluble in common organic solvents,
are known to be associated with the inorganic matrix of oil sands. This insoluble organic
matter (IOM) consists of both humic and non-humic components. In this study we have
investigated sedimentary organic matter associated with two samples of overburden from
Athabasca oil sand deposits, Various fractions of organic matter such as bitumen, humic acid
and fulvic acid were extracted from these feedstock using standard techniques. Organic
matter insoluble in toluene and NaOH was then beneficiated using an HCI-HF mineral
dissolution technique normally used for the isolation of kerogen concentrate from oil shales.
This resulted in a low ash organic concentrate (IOM). The various fractions were analyzed
for elemental composition and characterized by infrared and CP/MAS 13C NMR methods.
The data from this investigation have been compared with the data for IOM from oil sands
and related feedstocks reported previously. Based on this comparison some striking
differences have been found in the nature of the [OM from overburden and oil sands. These
findings suggest that IOM associated with overburden could mostly be of non-humic nature.

Keywords: insoluble organic matter/oil sands overburden.

INTRODUCTION

It has been shown previously that substantial
amounts of organic material, insoluble in common
organic solvents, are associated with the minerals
present in oil sands {/-7]. Most of this insoluble
organic matter (10M) is strongly associated with the
fines fractions of the solids [3]. This organic matter is
known to consist of humic and non-humic components,
each containing numerous oxygen functionalities {4-8].
It is generally believed that IOM plays an important role
in the stability and incompressibility of oil sand slimes
by being responsible for the hydrophobic character of
some clay particle surfaces. This characteristic would
allow particle bridging, by adsorption of residual

bitumen, thereby setting up a weak gel structure {/-9].

In our previous work, we have isolated and
characterized IOM from various samples of oil sands and
tailings streams [2-7,9]. Based on comparison of this
IOM with peat, coal, asphaltenes from bitumen and humic
acids, it was concluded that this material was immature
compared with humic acids from lignite or sub-bitumi-
nous coals. In this investigation we have isolated and
characterized IOM from two samples of overburden from
Athabasca oil sands deposits. The objectives of this study
were twofold: firstly to compare the IOM isolated from
overburden material with the previously reported results
for IOM isolated from oil sands and related materials and
secondly to assess the geochemical relevance of this IOM
to the organic matter associated with oil sands.
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EXPERIMENTAL METHODS

Materials. The materials used in this study were
obtained from the Alberta Research Council sample
bank. They contained 2.3 w/w% and 3.6 w/w% toluene
extractable bitumen and 2.9 w/w% and 1.5 w/w%
insoluble organic carbon, respectively. The mineral
portions of the samples contained over 60 w/w% < 38
um particles (—400 mesh). Description for sample 2:
No. 86-17; Athabasca field; location 23-29-10-W4M;
source, Suncor Canada Ltd.; McMurray stratigraphic
unit, overburden bench depth; sampled October 1586.
Sample #1 was a typical overburden sample also from
Suncor Canada Ltd. mine sites and was obtained around
1979, Tt was used in early Solvent Extraction Sand
Agglomeration (SESA) experiments, its detailed
geological history is unknown.

Isolation of insoluble organic matter (IOM). The IOM
associated with the mineral matrix was isolated from the
toluene- and NaOH-extracted solids using the HCI-HF
mineral dissolution technique reported previously [4].

Elemental analysis, C, H and N analyses were
performed using a Perkin-Elmer model 240 CHN
analyzer. Carbon analyses were corrected for carbonate
carbon to determine true organic carbon. Sulfur was
analyzed as total sulfur, using X-ray fluorescence
spectroscopy. Oxygen was determined cither by
difference or directly [70]. Metals were determined by a
quantitative, inductively-coupled plasma atomic
emission spectroscopic method (ICP-AES) [/1]. The
ash contents of the humic matter fractions were
determined by heating the samples at 400 £ 10°C
overnight {72].

Instrumental analysis. Solid State CP/MAS 13C NMR
spectra were obtained at 22.6 MHz on a Bruker CXP
90/180 NMR spectrometer using the cross-polarization
(CP) technique with magic angle spinning (MAS). A
contact time of 1 ms and a repetition time of 2 s were
used at MAS speeds of 3.0-3.4 KHz, Chemical shifts
were determined by substitutions relative to
tetramethylsilane (TMS). Each spectrum was the
Fourier transform of 3,000-10,000 free-induction decay
curves. For a few samples, a dipolar dephasing
technique [13] was also used in order to distinguish the
non-protonated carbons (except groups in motion; e.g.,
CHa,) from those attached to hydrogens.

Infrared spectra were recorded using a Perkin-Elmer

model 683 IR spectrometer. Samples were run as KBr
pellets. These spectra were used only qualitatively for
quick identification of general features and to determine
the presence or absence of functional groups.

Table 1 lists abbreviations and their definitions used
throughout the text,

Table 1. Abbreviations and their deﬁnitions

Abbreviations Definitions
I0C Insoluble organic carbon
IOM Insoluble organic matter
ADF Acid demineralized feedstock
Bit. Bitumen
ASP Asphaltenes
HA Humic acid
OB-1 Overburden sample 1
OB-2 Overburden sample 2
0s-1 Oil sand sample 1
0S-2 Oil sand sample 2

RESULTS AND DISCUSSION

Recently, we have applied an HC1-HF mineral
dissolution scheme, commonly used for the isolation of
kerogen concentrate from oil shales, to the concentration
of insoluble organic matter (IOM) from oil sands {4,6,9].
It was found that a major portion of the mineral matter
of oil sands disselved in the acids to yield a low ash
organic concentrate. A similar scheme was used in the
present investigation for the isolation of IOM from two
overburden samples after the removal of toluene- and
NaOH-extractable materials (bitumen, humic and fulvic
acids). IOM isolated from these overburden samples
constituted over 70 wt% of the total insoluble organic
carbon (IOC) of the original feedstocks while humic and
fulvic acids accounted for about 10 wt%.
Approximately 20 wt% of the 10C remained
unaccounted for and was probably lost as volatile carbon
species such as CO, resulting from the attack of HCI-HF
on the IOM. The yield of TOM from overburden solids
was about double that from oil sands. However, the
amount of humic acid obtained from overburden
samples was only one-fourth of that obtained from oil
sand solids [7].

The low yields of humic and fulvic acids compared
to the total amount of organic concentrate obtained by
acid demineralization suggests that the greater portion of
I0OM associated with overburden solids consists of non-
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humic components. Also, the proportion of the non-

humic components of IOM is considerably higher for

overburden than for oil sands. This suggests that the

IOM from the two materials (oil sands and overburden)

might have originated from different sources,

The elemental compositions of acid demineralized
feedstock (ADF) are given in Table 2. The elemental
compositions of bitumen, asphaltene and various humic
acid samples from oil sands, overburden, coal, soil and
marine sediments [/4,75] are also shown for comparison
purposes. These analyses reflect total elemental content
rather than that associated solely with the organic phase,
As oxygen was determined by a standard difference
method, all errors accumulated in this result.
Considering these limitations, the elemental analyses
results can be interpreted as follows:

1. The elemental composition of the IOM, obtained by
demineralization of two separate overburden samples,
was significantly different from the ¢lemental
composition of the [OM obtained from oil sands.

2. IOM from overburden had higher carbon and
hydrogen content but lower sulphur and oxygen
content than that associated with oil sand solids.

3. The elemental composition of the IOM from
overburden more closely resembles that of
asphaltenes rather than humic matter.

4. It is possible that certain bitumen components,
adsorbed to the mineral matter of overburden, have
been transformed to IOM as a result of weathering.

5. These results, coupled with the very low humic and
fulvic acid yield, suggested that most of the organic
matter associated with overburden might have been

Table 2. Elemental compositions

incorporated into the sediment through a pathway

not involving the fulvic or humic acid stage.

Considerable quantities of halogen were detected in
one of the IOM fractions, suggesting the possibility of
chemical interaction with HCI-HE, Tt is well established
that certain organic compounds react readily with both
hydrochloric and hydrofluoric acids, resulting in
alteration of their chemical/physical properties. For
example, esters, amides, olefins, quinones, and alcohols
undergo various hydrolysis, addition, and alkyl halide
formation reactions in the presence of HC1 [/6,17]. In
the case of HF, the condensation reactions involving
olefins and aromatic compounds occur readily [/6]. The
high halogen concentration could also be the result of
contamination by neoformed fluorides, produced during
the demineralization process [/8].

Van Krevelen diagrams, which are plots of atomic
H/C versus O/C ratios, provide a useful approach for the
characterization of coals, kerogen and humic matter
[19,20]. Figure 1 is the van Krevelen diagram for the
IOM fractions derived from overburden. Bitumen,
asphaltenes and humic acid fractions have also been
plotted in this Figure for comparison, Whereas IOM
from overburden falls in the region of type II kerogen,
humic acid fractions and IOM from oil sand all fall in
the type III kerogen region. This is again consistent
with the interpretation of elemental analysis results
suggesting that the origin of the two types of organic
materials might be different. IOM appears to be closer
to the bitumen and asphaltene fractions that fall in the
kerogen I region than to the humic matter which
occupies the kerogen III region.

Sample ID w/w % (dry ash free) H/C Ash

C H N S o° atomic ratio wiw %°
10M from OB-1° 67.0 7.1 0.7 3.8 12.7 1.27 8.5
IOM from OB-2* 75.1 7.2 0.6 4.4 12.7 115 11.0
Bitumen® 834 10.6 04 4.7 0.9 1.52 0.5
Asphalienes® 80.5 8.0 1.2 8.0 2.3 1.19 24
IOM from oil sands™® 6124 0.4 58402 0.8+0.1 95+0.6 1844146  1.14+0.05  429+128
Oil sands, HA" 668+ 1 6.2+ 0.1 1.1£0.1 3441 225+ 04 1.11 44422
Overburden HAP 6484 0.6 47402 14+0.1 29402 26.2%0.7 0.87 72+1
Coal HA ! 64.8 4.1 1.2 1.2 28.7 0.76 .
Soil HA! 56.7+2.1 52+08 26409 0.6+0.3 34.9+14  1.11£02 -
Marine HA! 53.7 5.8 5.4 5.1 1.3 -

* By difference; ® Determined at 400 °C (Reference 12); ° Halogen content, 8.7%; 4 Halogen not determined; ® Reference 14;
"Halogen content, 4.3+ 4,1%; & Reference 9; * Reference 7: ' Reference 15,
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Figure 1. van Krevelen diagram. Abbreviations as in
Table 1.

a5

Heavy metal concentrations. Tabie 3 lists the elemental
concentrations for Ni, V, Cu, Cr, Fe, Ti and Zr in the
IOM fractions from both oil sands and overburden
samples. The resistance of these metals to attack by
HCI-HF indicates that they may be present as
organometallic complexes associated with the organic
matter or with the insoluble inorganic minerals.
Concentrations of these metals have been expressed as
mg of metal per g of organic carbon. Examination of the
data in Table 3 leads to the following conclusions:

1. Concentrations of Fe and Ti are manyfold higher
than other trace metals. Most of these metals are
probably present as insoluble inorganic minerals.
The distribution of various metals in the organic
matter associated with oil sands and overburden is
significantly different.

The V/Ni ratio for the IOM from overburden is
much higher than for the IOM from oil sands. This
suggests that the organic matter associated with the
two feedstocks may not be of the same origin and
maturity. Based on the data for some oils in the

Table 3. Element concentrations (mg/g)”

Western Canadian Basin, it has been reported that
V/Ni ratios decrease with increasing maturation, that
is from more asphaltic Cretaceous to less asphaltic,
deeper Devonian oils [27]. This suggests that the
organic matter of oil sands would likely be of much
higher maturity than the IOM from overburden,
assuming emplacement of older oil within the
Cretaceous sediments.

Ni, V and Cu are usually found in the form of
porphyrin complexes in crude oils, asphalts and
other sedimentary organic matter {22]. Even the
non-porphyrin complexes of these metals, detected
in certain types of organic matter such as
asphaltenes, have been suggested to be
metalloporphyrin degradation products that remain
associated with the organic matter structure [23]. It
therefore appears probable that the greater part of
the Cu, Ni and V, present in the fractions of
sedimentary organic matter derived from overburden
or oil sands are associated with porphyrins or their
degradation products. This is also supported by the
fact that porphyrin complexes of V have been
detected in Athabasca bitumen {241,

13C NMR spectra. The CP/MAS 13C NMR spectra of
IOM fractions from overburden are shown in Figure 2.
The spectra of asphaltenes and a sample of humic acid
from overburden are also shown for comparison.
Treatment of toluene-extracted overburden samples with
HCI-HF dissolved a major portion of the inorganic -
minerals, resulting in carbon enrichment of the residue.
This treatment also removed most of the paramagnetic
impurities responsible for NMR signal broadening.
Both of these factors contributed to considerable
resolution improvement for the NMR signals as
demonstrated by comparison of the spectra of toluene-
extracted OB-1 and acid demineralized feedstocks. {The
NMR spectra of the unireated feedstocks, OB-1 and OB-
2 were similar.)

Sample ID Metal concentrations V/Ni

Ni A% Cu Cr Fe Ti Zr ratio
IOM-OB-1 233 128 233 16 58x10°  53x10° 175 55
IOM-OB-2 36.2 280 80 445 1.6 x 10° 2.0x 10% 296, 7.7
IOM-0S-1 318 530 794 106 37x 102 4.8x 102 3177 1.7
IOM-08-2 71 199 227 121 7.5 x 102 1.1% 10? 383

2.8

 Expressed as mg metal per g of organic carbon.
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Feedstock M

OB1 (IOM)

OB2 (1OM)

OB (HA)

=

Asphaltenes

| | |
200 100 0
ppm from TMS
Figure 2. CP/MAS 3C NMR spectra of
humic matter and related fractions.

The NMR spectrum of IOM resembles the NMR
spectra of humic acid and asphaltenes from oil sands
bitumen, This is consistent with the interpretation of the
glemental analysis results.

The interpretation of 13C NMR is based on published
data for humic substances and coal-related materials
14-7,25,26]. Although the aromatic region (110-150
ppm) had only a broad tesonance, some fine structure
can be seen in the aliphatic region (10-50 ppm).

The spectra were divided into regions, each of
which was integrated to determine their individual area

[4]. The limits were chosen according to Verheven et al,
[25]. Table 4 lists the quantitative distribution of these
regions. The aromaticities (F,), calculated by
integrating peak areas assigned to aromatic carbons
(100-160 ppm) and normalizing to total area, are also
listed in Table 4. The data for peat, asphaltenes, coal
and overburden humic acids are also included for
comparison. An examination of these data leads to the
following conclusions:

1. The paraffinic carbon constitutes a major portion of
the fotal carbon in the IOM. This value is close to
the value for asphaltenes and peat but almost double
that found in coal humic acid.

2. The amount of aromatic carbon is in the same range
as for asphaltenes and humic acids derived from
coal and overburden.

3. The aromaticity values (F,) for the IOM from
overburden are closer to the values for asphaltenes,
peat and overburden humic acid. The value is much
lower than the value for ¢coal humic acid.

The interpretation of NMR results is consistent with
two possibilities: either the organic maiter associated
with overburden is immature, like peat, or it is weath-
ered or degraded mature oil.

Infrared spectra. Infrared spectra of IOM from
overburden, humic acid and a sample of asphaltenes are
shown in Figure 3. The assignment of various bands in
the infrared spectra is based on published work for coal,
asphaltenes and humic materials [27-34]. The main
zones of interest include:

1. A broad absorption band around 3200-3400 cm™!
due to H-bonded OH groups (phenolic, alcoholic,
carboxylic OH);

2. A very weak band around 3060 cm™! due to
aromatic C-H;

Table 4. Aromaticities and relative intensities for various regions of the 13C NMR spectra

Sample Area of fotal spectrum (%) F,
Al + A2 B C D1 + D2
(0-110ppm) (110-145 ppm) (145-160 ppm) (160-230 ppm)
IOM-0B-1 54 28 5 13 0.38
iOM-0OB-2 58 34 4 4 0.39
HA-OB-1 60 29 5 6 040
ASP 63 34 3 — 042
Peat 55 272 8 15 0.35
Coal-HA 34 36 12 18 0.55
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OB1 {lOM)

OB2 (IOM)
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Figure 3. Infrared spectra of IOM, HA and

asphaltenes.

3. Absorptions in the region = 2900 cm™!
CH, and CHj aliphatic groups.

4, A medium to strong intensity band around
1700--1730 cm™! is related to various C=0O groups
(ketones, acids, esters);

5. A medium to strong intensity band centered around
1600 em™1, is attributed to conjugated C=C bonds
and partly to ketone carbonyl and/or quinones.

6. A group of bands located in the region 900-1450
cm™! are assigned to C—CHy bonds and C-O stretch
in aromatic oxygenated compounds such as aromatic
ethers, sulphoxides and polysaccharides. Some of
the strong absorptions in this region could be due to
retained mineral matter or insoluble fluorides
formed with retained calcium during deminera-
lization,

A comparison of the infrared spectra of IOM,

asphaltenes and humic acid reveals some striking
differences:

are related to

1. IOM shows a much stronger absorption at = 3200
cm~! compared with HA and asphaltenes. This
indicates a larger number of OH groups in IOM

compared with HA and asphaltenes, suggesting a
greater degree of hydrogen bonding,

2. The intensity of the absorption bands around
1600-1700 cm™! varies considerably. IOM from
OB-1 has a strong absorption at 1700 cm™! and a
medium absorption at 1600 ¢cm~1, IOM from OB-2
has a medium intensity band at 1600 cm~! and a
weak absorption at 1700 ¢cm=!. Humic acid has
almost equal intensity bands in this region. The
infrared spectrum of asphaltenes resembles that of
IOM from OB-2 in this region.

3. IOM from OB-2 and asphaltenes both have strong
absorptions at = 1300 cm~! possibly due to C—O
stretching and OH deformation of COOH groups.

CONCLUSIONS

1. The humic-matter-free organic concentrate obtained
from overburden by acid demineralization
constitutes over 70% of the total insoluble organic
carbon (IOC) of the feedstock. Only 10% of the
1OC of the original feed consists of humic and fulvic
acids. This is consistent with two possibilities;
either the organic matter associated with overburden
is relatively immature or it could be of non-humic
nature such as degraded mature oil.

2. The interpretation of the elemental analyses results
suggests that the IOM assoctated with overburden
might have been incorporated into the sediment
through a different pathway not involving the fulvic
or humic acid stage.

3. A comparison of the V/Ni ratio for the JOM from
overburden and oil sands suggests that the organic
matter associated with overburden is of low maturity
compared with the organic matter of oil sands.

4, The NMR results are consistent with the
interpretation of elemental analyses resuls.

5. Infrared spectroscopic results indicate the presence
of such species as hydrogen bonded phenols,
alcohols, ethers, polysaccharides, polyaromatics
with long paraffinic chains, carboxyhc, acids,
quinones and ketones.
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