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Fig. 10. Decays of the transverse magnetization (FID and CPMG) of protons of crude oil (well 2127) in situ at different

temperatures

reflecting the content of all asphaltenes, decreases, the
relative amplitudes of benzene resins (4 /4,) increase,
but in alcohol-benzene resins (4 /4,), aromatic (4,/4,)
and saturated (4,/4,) components of the amplitude
practically do not change (Fig. 11). The times of spin-
spin relaxation of protons of all fractions increase
monotonically.

When the samples are cooled to 12°C, 10°C, 4°C,
0°C and -15°C, the amplitude of asphaltenes increases
with the simultaneous decrease in the amplitudes of the
BR and ABR resins, and the number of light fractions
remains practically unchanged. The times of relaxation
of T, decrease monotonically. In these experiments, the
observed changes were completely reversible, after the
samples returned to a temperature of +20° C, their state
is described by the indices (4, T,), which are close
to the initial values within the limits of measurement
errors.

Thus, for the first time in situ, direct experimental
confirmation has been obtained of the statement that
resins are a potential source for the formation of
asphaltenes in aggregation and precipitation processes,
and asphaltenes in turn are a source of resins, for example,
in refining heavy oils and bitumen. If there are enough
thermostats, this experience can be performed within one
working day. At the same time, the possibility of multiple
repetition of measurements remains, since the samples
are returned to storage in thermostats in an unchanged
state. This allows not only to check the results, but also
to improve the accuracy of measurements by improving
the signal-to-noise ratio when adding digital data and
their statistical processing.

Let’s pay attention to the linear dependences of the
relaxation times 7, of the components on the reciprocal
temperature (Fig. 12), which allow us to determine the
activation energies of the relaxation processes in crude
oil. This parameter can be useful for assessing the
stability of oils in various conditions.
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Fig. 11. Temperature dependences of the NMR amplitude of
SARA protons of heavy oil fractions upon cooling from room
temperature to -15°C and heating to + 60°C
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Fig. 12. Temperature dependences and activation energies of
spin-spin relaxation of SARA protons of heavy oil fractions
upon cooling from room temperature to -15°C and heating
to + 60°C
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For comparison, the study of reversibility of
precipitation of asphaltenes in crude oil by the gravity-
chromatographic method of SARA (Abedini et al.,
2011) at 25°C, 40°C, 50°C and 60°C required more
than a day for each point both at increase in and with
a decrease in temperature. To obtain the result, it was
necessary to create conditions for maintaining the
temperature for a long time in the laboratory, where
more than fifteen operations are performed. They include
the preparation of a large number of samples, accurate
dosing and weighing of reagents, holding at a given
temperature, continuous mixing for complete extraction,
centrifugation, washing for complete discoloration of the
solvent, etc. As a result of the analysis, the samples are
destroyed. To exclude possible accidents and increase
the accuracy of the measurements, the authors processed
three samples at each temperature. As a result, this
experience can last up to two weeks. It is no accident
that the methods of magnetic radiospectroscopy (NMR,
EPR) are increasingly used for non-invasive analysis in
the oil industry.

Conclusion

Despite the identified shortcomings (Bissada et al.,
2016), the standard gravimetric chromatography method
SARA (ASTM 2012. D412409) is widely used to analyze
the group composition of oils. The density and viscosity
of the oil, the relative hydrogen index RHI, the acid
number and many other factors that affect the economic
efficiency of the technological processes at each stage of
the creation of the surplus value from the development of
the fields to the production, transportation and refining of
oil depend on the amount and ratio of the fractions. The
results of this analysis are associated with an assessment
of the compatibility and, as a consequence, the stability
of mixtures of crude oils, which allows foreseeing the
problems of sedimentation during their further storage
and transportation, although the effectiveness of such
predictions is recognized as low (Guzman et al., 2017).

The SARA-NMR method presented above is a good
alternative to the procedures recommended by ASTM
for analyzing the group composition of heavy oils. On
the accuracy of determining the content of individual
SARA components, the NMR method is not inferior to
ASTM methods, and the reproducibility is potentially
higher, since it is performed automatically, without the
use of chemical reagents and any other interference in the
state of the samples. If necessary, the absolute accuracy
of measurements can be increased in 3+5 times due to an
increase in the accumulation time of data. The resolving
power in the amplitude of the proton signal is =3 mg
H,O under standard measurement conditions (see the
section “Materials and Methods™), which is 0.5% with a
sample weight of 600 mg. Thus, the absolute content of
asphaltenes in crude oil of about 5% can be determined

gr//m

V.Ya. Volkov, B.V. Sakharov, N.M. Khasanova, D.K. Nurgaliev

with a relative accuracy of not worse than 10%, and with
the accumulation of data may be improved to 2+3%.

The accuracy of the measurements is provided not
only by the stability of the electronic systems of the
instrument, but also by the fundamental features of the
NMR method: the amplitude of the signal is strictly
proportional to the number of protons in the sample,
regardless of the phase state of the substance in which
the protons are stay: solid, liquid or gaseous. Since the
content of the components is determined with respect to
the content of all the protons in the sample, the accuracy
in significant limits does not depend on the volume
(weight) of the sample within the sensor coil and on the
possible drift of the gain of the NMR receiver of the
relaxometer during long signal accumulation.

The main advantage of the proposed method is
its non-invasiveness. This quality provides adequate
information corresponding to the real properties of the
object of research. NMR data accurately reflect the true
composition and nature of the interaction of components
in the analyzed samples, in contrast to the results of
chemical analysis, since the use of solvents violates
the physical-chemical and information structure of the
original oil. There is an opportunity to receive detailed
information on the processes occurring inside the crude,
and potentially “live” oil under such conditions by
temperature, pressure, the presence of dissolved gases,
etc., which exist in reality.

Unfortunately, the realization of this perspective
of the method application in full is impossible on the
usual NMR instruments without solving the problem of
sampling with preservation and maintenance of natural
conditions during the analysis. However, innovative
development of low-field NMR sensors has already
been developed to measure the relaxation and diffusion
times in liquids, including oil, at very high pressures
(up to 2500 atm) and high temperatures (up to 175°C)
(Freedman et al., 2014) . A cylindrical magnet with a
diameter of 9 cm and a length of 20 cm had an aperture
along the axis of 6.6 cm in diameter, in the middle part of
which the magnetic field provided a resonance frequency
for protons of 2.18 MHz. The signal-to-noise ratio of
the new sensor is more than 15 times higher than that of
existing commercial systems, i.e. data can be obtained
more than 200 times faster than it was possible before.

Such high technical characteristics make it possible
to predict that soon NMR sensors will be created on
process pipelines, or on their branches of sufficiently
large diameter, for on-line monitoring of various
technological processes in the oil industry. Only non-
contact methods in the course of actual operation can
provide true information on complex and delicate
processes in “live” oil, analyzed as close as possible to the
wellhead, and then through the stages of de-gasification,
dehydration, mixing, transportation up to distillation and
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manufacturing of many types of commodity products.
The objective information will enable to optimize the
technological processes of extraction and processing of
hard-to-recover hydrocarbon reserves, and the installed
equipment will enter the automated digital system of
industry management.
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