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Heavy bituminous oil is the main source of Nigerian unconventional resources. The resources represent oil sand and
bitumen oil forming a belt of bitumen oil covering about 120 km extending from Lagos, Ogun, Ondo and Edo. Huge
reserves of the resources are located in the state of Ondo. A nuclear magnetic resonance (NMR) method was used in the
research to study bitumen oil in South West Nigeria. The NMR spectroscopy on the nuclei of 'H and °C uses signals from
protons and carbon nuclei, respectively, tetramethylsilane molecules Si(CHs)s. Regions of absorption of aliphatic
(7-65 ppm) and aromatic (108—170 ppm) nuclei of carbon atoms are clearly defined in the NMR spectra of 13C of the
objects under consideration. Signals of carbon atoms of olefinic fragments make a significant contribution to the last range
of spectra of the cores of Nigerian bitumen deposits. An analysis of more known methods of defining the aromatic region of
the nuclear magnetic resonance spectrum of 13C showed that for fractions that do not contain condensed cyclic and
heteroatomic compounds, the definition of chemical shift subranges (CS) corresponding to aromatic carbon atoms
110-130 ppm not substituted, 130—137 ppm substituted by methyl, another alkyl — and naphthyl substituted — 137-148 ppm
is sufficienly reasonable. There are regions of absorption of quaternary carbon atoms bonded to oxygen or nitrogen
(148-170 ppm), carbonyl carbon atoms (170-200 ppm), as well as tertiary aromatic carbon atoms, located in the ortho
position to the hydroxyl or other oxygen atom (108—118 ppm) in objects containing larger amounts of heteroatoms.

Tsokenast OMTYMHHO3HAs! HE()Th SBIISIETCSI OCHOBHBIM MCTOYHMKOM HUTEPHICKHX HETPAAULHOHHBIX PECYPCOB. DTH PECypChl
CYIIECTBYIOT B BHJIe HE()TEHOCHOTO Irecka M OMTYMHHO3HOTO Maciia, o0pasysl IosC OUTYMHON He(TH, OXBaTBIBAIOIIMIL
oxono 120 kM, npoctupatonuiicst ot Jlaroca, Oryn, Ouno u D10, MpHYEM OrPOMHBIE 3aIachkl THX PECYPCOB HAXOAATCS
B mrare OHZo. B 3TOM wHccrnenoBaHmM NpHUMEHEH METOJ SIACPHO-MAarHUTHOTO pe3oHanca (SIMP) mns wsyuenus
OuTyMHHO3HOH HedTH loro-samaza Hurepuu. B crnexrpockonmu SIMP Ha siapax 'H u C B xauectse cTaHjgapTa
HCHOJIb3YIOT CUTHAIIBI IIPOTOHOB M SAEP yIJIepoja, COOTBETCTBEHHO, MOJIeKy bl Terpamericiiana Si(CHs)s. B cnekrpax
SMP °C paccMaTpuBacMbIX 0GBEKTOB PasAC/SIOTCS MONHOCTBIO OGNACTH IMOTNOWICHHS anupaTHaecKux (7—65 M.1.)
n apomatnieckux (108-170 m.x.) simep atomoB yriepoma. B crekrpax kepHa OMTYMHHO3HBIX OTIOXeHHH Hurepum
B IIOCJTCAHMII IUANa30H BHOCAT 3aMETHBIH BKJIAJ CUTHAIBI aTOMOB yriepoia oie(HHOBBIX (parMeHTOB. AHaimu3 Goiee
H3BECTHBIX CIIOCOGOB APOGHOr0 Ie/eHHs apOMATHUECKOIl OGIACTH CHIEKTPa sAePHO-MArHHTHOrO pesoHanca °C mokasal,
4yTo U (ppakumid, HE COAEpIKAIIMX KOHICHCHPOBAHHBIX LMKIMYECKUX M TETEPOATOMHBIX COCIMHEHUH, JOCTATOUHO
000CHOBAaHHBIM MOXXHO TPU3HATH BBIAEICHHE MOAANANA30HOB XHMUYECKOTO CIBUTA, COOTBETCTBYIOIIMX apOMATHYECKUM
aToMaM yriepoja: He3zaMemeHHbIM — 110-130 m.p., MetwmamemeHHeM — 130-137 wm.a., OpyruM  ankuia-
u HadrumsamenieHHbIM — 137-148 m.n. B oObekTax, coiepkammx Oojiee 3HAYUTEIbHBIC KOJMYECTBA T'€TEPOATOMOB,
BBIICIISIIOT 00JIACTH MOTJIOLICHHUS YSTBEPTHYHBIX aTOMOB YIJIEPO/Ia, CBSI3aHHBIX ¢ KUCIOPOJOM M a3otoM, — 148-170 m.x.,
KapOOHWJIBHBIX YIJIEpPOIHbIX aroMoB — 170-200 M.n., a Takke TPETHYHBIX apOMAaTHYECKHMX AaroOMOB YIIepoja,
HaXOASAIINXCS B OPTO-MOJIOKEHUU K THAPOKCHIBHOMY WK dupHOMY aToMy Kuciaopoaa, — 108—118 m.x.
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Introduction

According to the definition of the United
Nations Institute for Training and Research the
word “bitumen” means a hydrocarbon that is
essentially immobile in a formation. Heavy oil may
differ from bitumen by about 20° API. Within this
range heavy oil is sometimes subdivided into super
heavy and heavy at the density of 10° API [1-4].

Reservoir temperature plays a very important
role in determining the viscosity of oil or its
mobility. The Fig. 1 shows the rating of 10
countries that have reserves of bitumen and extra
heavy oil. Classification of hydrocarbons in
reservoir conditions is often used in the regulation
of hydrocarbon reserves. Bitumen is most often
regulated in accordance with the national rules for
the extraction of minerals. Light oil is regulated in
accordance  with  national regulations for
hydrocarbons or oil [5-15].

1 — Canadai 8§ - UK 4 — Russia

3 — Kazakhstan

10 — Azerbaijan % _ China

5-USA

16 — Nigeria
2 — Venezuela

7 — Madagascan

Fig. 1. Rating of 10 countries that have reserves
of bitumen and extra heavy oil [17]

Regional geological formulation:
structure and tectonics

Bituminous sandstones in southwestern Nigeria
are located between the coastal plain and elevation.
Geological conditions are characterized by the
resins of Ilesha province, structural and minor
topographic abysses. Plains and highlands of Benin
basin are in the west, valley and delta of the Niger
are in the east where shallow layers of the
Anambra basin are studied.

The coastal plain is underlain by sedimentary
strata forms surface of the earth, usually with a low
relief. Drainage is moderately integrated, but most
of the rivers are relatively small and have drainage

basins either in the coastal plain or in adjacent
hills. Most of the land surface has a good
developed lateritic soil cover. Bedrocks are usually
not affected, except for artificial sections or
excavations. Sandstones and clays of Cretaceous
and Tertiary age lie in the northern part of the
coastal plain; some of them are relatively
unconsolidated. The southern part of the
coastal plain represents a coastal lowland strip,
slightly widening to the east, where swamp
and coastline relief are dominating. Alluvial
valleys sediments of Quaternary age have a border
with larger rivers [16-20].

Resins compose the area of higher relief to the
north. Gneisses, quartzites, granites and shales
dominate in the set of igneous and metamorphic
rocks of Precambrian age. Sedimentary sequences
on hills of the basement indicate in several places a
tendency to overlap the formations with the
underlying surface when it rises to the north. In the
south deposits are located in a sedimentary chain at
great depths.

The Benin basin is named after a country that
borders Nigeria in the west. It was called Dahomey
and Cotonou basin. The basin was formed after the
rifts in a marginal position. That developed in the
shallow gulf of the coast of West Africa after the
opening of the equatorial Atlantic Ocean in the
early Cretaceous period. The Benin basin is
extended east-west parallel to the coastline,
extending from Ilesha's spur in the east to the
coastal lowlands of Ghana in the west. The
northern edge of the basin is characterized by the
exposure of the basement, which is located 130 km
from the coast along the central axis of the basin
near the border of Nigeria and Benin. The southern
limit of the basin is poorly defined and is located
beneath the seabed beyond the continental shelf.

The Anambra basin, east side of oil sandstones,
is the geological area that lies at the base
of the western coastal part of the Niger Delta. Like
the basin of Benin, it originated in the early
Cretaceous period as a rift structure and is
distinguished by its extension to the north-east as
one of a series of structural deflections caused by
the thinning of the crust along the failed axis of the
rift perpendicular to the center of the Atlantic.
Benin hinge represents the most significant part of
this system. It is a clearly defined structure located
north-east, where the northwestern flank of the
basin meets the spine of Ilesha [21-24].
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Stratigraphy

The age of formations of the eastern Benin
basin and the Ilesha spur is from Cretaceous to
modern.  Surface  distributions of  major
lithostratigraphic units were mapped across the
region, resulting in a basic stratigraphic structure
that uses surface survey data and information about
shallow wells. Some stratigraphic nomenclatures
can be used, while others are based on descriptions
of outcrops.

Sandstones and shales of Maastrichtian (late
Cretaceous) age exposed in the resin belt are the
oldest layers. These fossils usually denote the
formation of Aboeokuta. In its typical location to
the west of the resin belt, the Abeokuta form has a
thickness of approximately 600 feet, but it
becomes somewhat thinner in the east. Detailed
studies of the resin belt show that individual
sandstones are strong, but the general picture
consists of basal sandstones and conglomerates,
followed by a sandy-shale gap of several hundred
feet and then the upper part of shales [25-29].

Magnetic properties of the core

The nuclei have a spin quantum number I
(nuclear spin). The phenomenon of nuclear
magnetic resonance (NMR) can be observed only
for nuclei with a nonzero spin quantum number,
I # 0. Nuclei with I # 0 have a magnetic quantum
number m; =1, I-1, I-2, ... —I (values range from I
to —I, through 1). For the nucleus of the hydrogen
atom 'H (proton): I = 1/2 and m; = 1/2, —1/2. The
nuclei of atoms have their own angular momentum

p= I(I+1)h/27c,

where I — nuclear spin, 2 — Planck's constant.
Magnetic nuclei (I # 0) are characterized
by a magnetic moment p, which is calculated
by the formula p = y-p, m; — projection of the
vector pu on the magnetic field strength line;
vy — gyromagnetic ratio (individual characteristic
of the nucleus).

The energy of the nucleus in a magnetic field is
characterized by the expression

E =—mh/2myB,,
where 3, — magnetic field strength. For m; = +1/2,
E, = —h/AnyB,. For my, = —1/2, E, = h/4myP,.

AE = E, — E, = h/2myP,. The basic NMR equation
is described by the expressions

AE = h/2myBo, AE = hv,

where 4 — Planck's constant, y — gyromagnetic
ratio; B, — magnetic field strength, v — resonant
frequency, v = yBo/2m. For nuclei 'H y = 2.674x
x10% ¢'TI" at B, = 14 TI, v = 60 MHz
(resonance) [30-39].

Objects and methods of research

The Yegbata core from the south-west of
Nigeria was selected from the depth of 750 m. The
electronic image of the surface of the bituminous
core sample is obtained using the high-resolution
scanning microscope JSM 7500F (Japan) with a
resolution of 1 nm at 100-fold zoom and is shown
in Fig. 2.

2y

X 100 1.00kV LEI

Fig. 2. Electronic surface image of bituminous core
of the Yegbata deposit, Nigeria

The NMR spectra were recorded on the JNM
ECA-400 spectrometer (Japan, JEOL, 400 MHz)
in deuterated chloroform. As an internal standard,
tetramethylsilane was used. A sample of a part of
the bituminous core (sampling depth of 750 m)
was placed in a solvent and mixed until the organic
phase. Insoluble residue of the rock was filtered
out. Number of accumulations for the spectrum for
'H is 48, for °C is 5000.

There is in the spectrum 'H the signal of the
solvent is at 7.21 ppm, the signal of the standard
is at 0 ppm. The spectrum contains signals from
groups CHj with a shift of 1 ppm, for CH, shift
is 1,5 ppm and signals branched alkyl fragments
in the shear region (2.2 ppm). The shift signal in
the region of 7-8 ppm corresponds to hydrogen
signals of aromatic groups. The 'H NMR
spectrum of the organic part of the bituminous
core sample shows a peak value at a chemical
shift of 1.5 ppm (Fig. 3).
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Fig. 3. Nuclear Magnetic Resonance Spectrum of 1IN Bituminous Oil of Nigeria
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Fig. 4. Nuclear Magnetic Resonance Spectrum of '*C: ¢ — Kuban oil;
b — bituminous oil field of Yegbata in Nigeria

The "*C spectrum shows the intense signal of  groups (saturated hydrocarbons) CH;, CH, and
the solvent at 77 ppm and TMS standard signal ~ CH in the region of shifts from 10 to 50 ppm.
at 0 ppm. There are signals observed in the A large group of signals in the region of 130 ppm
spectrum of the carbon nuclei of various alkyl  corresponds to carbon signals of aromatic groups
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of polycyclic compounds of bituminous oil. The
general form of the °C NMR spectrum indicates
a large number of aliphatic and aromatic
components of bituminous oil.

Results and discussion

For a comparative illustration the NMR
spectrum of *C of the Kuban oil of the Western
Akhtanizovsky deposit (well No. 30, bottom 1479
m) is shown in Fig. 4a. There is the *C NMR
spectrum of bituminous oil from Nigeria of the
Yegbata deposit shown in Fig. 4b.

There is a coincidence of the NMR "°C spectra of
the Kuban oil and bituminous oil of Nigeria
determined in the region of signals of the *C carbon
nuclei of aliphatic groups of the compared spectra
(see Fig. 4). However, there are more wide intense
lines in the aromatic carbons area in the range of
108-150 ppm observed in the *C NMR spectrum of
the bitumen oil sample of Nigeria.

The range of chemical shifts of *C NMR and
assignment of carbon classes for a sample of
bituminous oil from the Yegbata deposit in Nigeria
are shown in the table.

Range °C and classes of carbon of the bitumen sample from the Yegbata field of Nigeria

The range of chemical Identification . .
shifts of °C, ppm of carbon classes Classification of carbon
0-107 Ca Aliphatic carbon atoms
108-118 Carop Tertiary aromatic carbon atoms in ortho-position to ethereal oxygen
110-130 Car Tertiary aromatic carbon atoms*
130-137 Carm Methyl-substituted aromatic carbon atoms*
137-148 Caral-nap Alkyl- and naphthyl-substituted aromatic carbon atoms*
148-170 C, O Aromatic carbon atoms substituted by a phenolic or ester group
170-200 C. Carbonyl carbon atoms

Note: * — absence of heteroatomic and condensed aromatic compounds.

Conclusion

Core samples of bituminous deposits of the
Yegbata field of Nigeria are studied using the
modern methods of spectral studies. The classes of
hydrocarbons that make up the organic part of the
core of the bituminous field of Nigeria are
determined. The coincidence of the °C spectra of the
Kuban oil and NMR "*C spectra of bituminous oil
in Nigeria in the area of chemical shifts of the *C
carbon nuclei of aliphatic groups (saturated
hydrocarbons) CHz, CH, and CH in the shift range
from 10 to 50 ppm is shown. The *C NMR spectrum

of the bituminous oil sample has a wider range and
larger integral value in the region of 118-150 ppm,
which corresponds to carbon signals of aromatic
groups of polycyclic compounds of bituminous oil in
Nigeria. The '"H NMR spectrum of the sample of the
organic core component shows an increased peak
value with a chemical shift of 1.5 ppm aliphatic part
of the bituminous oil of Nigeria. The spectral data of
organic part of the real core material obtained
indicate a unique source of raw materials with a wide
component composition of aliphatic and aromatic
hydrocarbons included in the bituminous oil of the
Yegbata field in Nigeria.
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