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Introduction

Asphaltenes are complex polyaromatic molecules
containing carbon, hydrogen, oxygen, sulfur, and
nitrogen atoms with high molecular weight. These
compounds are polar in nature, and they are present
in different amounts and forms in the composition
of crude oil. Under normal reservoir conditions,
asphaltenes exist as colloidal particles stabilized by
other components in crude oil, such as resins. In fact,
resins interact with asphaltene molecules to keep
them dispersed and prevent the accumulation and
precipitation of these heavy compounds. Changes in
the thermodynamic conditions of the reservoir fluid,
such as pressure, temperature, and composition of the
reservoir fluids, lead to the instability of asphaltene
particles and their release from the crude oil solution,
creating asphaltene precipitates. Asphaltene deposition
leads to problems such as formation damage, blockage
and clogging of the well wall and production pipes,
resulting in reduced or stopped production, blocked
flow lines and reduced efficiency of production
equipment. Moreover, these problems are observed in
all stages of oil production, namely primary recovery,
secondary recovery and increased recovery. Therefore,
minimizing the problems caused by asphaltene
deposition is one of the most important challenges for
oil companies. On the other hand, the complex nature
of asphaltene particles and the limited data available
make it challenging to develop and implement a
complete field solution that is also economically
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viable. Today, various methods are used to prevent
asphaltene deposition, remove the formed deposits
and reduce the problems caused by it. Furthermore,
solvents, inhibitors and asphaltene dispersants each
play a different role in controlling and managing
asphaltene deposits in the oil and gas industry.

Materials and Methods

Crude oil contains various substances with different
chemical structures and molecular weights [1]. The
composition of crude oil varies greatly depending
on its source. For operational purposes, crude oil is
often represented by four major fractions: saturates,
aromatics, resins, and asphaltenes (SARA). The
amount of asphaltene in the oil is measured using
the IP143 method, which is 0.23% by mass in the
sample. The other SARA cuts are determined using the
modified ASTM D6560 method on atmospheric oil.
The sample was injected into the DBR-PVT-JEFRI
cell at 8000 psi and at reservoir temperature, and
the energy intensity reaching the laser collector was
measured and recorded during a 70 psi pressure drop
and a 2-minute equilibration time at each stage. The
formation pressure of asphaltene AOP particles was
measured using the PVT-JEFRI cell with an NIR laser
at temperatures of 80, 140, 200, and 260°F. The trend
of changes is shown in Fig. 1. The trend of changes
shows a decrease in AOP pressure with increasing
temperature [2,3].
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Fig 1 Onset pressure Vs. temperature.

Sediment values Asphaltene was measured at a tank
temperature of 260 oF in the pressure range of 6000
to 1350 psi using a 0.5 micron cellulose filter. In order
to determine the amount of asphaltene separated,
the sample was first heated and homogenized at
a temperature and pressure above the sediment
formation conditions. Then, at each stage, the
amount of asphaltene separated was obtained based
on the asphaltene dissolved in the filtered oil. The
results indicate that 0.12 mass percent of asphaltene
was separated at saturated pressure. The results are
shown in Fig. 2. Based on the results, the pressure of
asphaltene particle formation at tank temperature is
5300 Pa [4.5].

0.18

—e—Dead Oil
——Live Oil

0.16

0.14

0.12

0.10

0.08

Asphalten, (Wt%)

0.06

0.04

0.02

0.00

0 1000 2000 3000 4000 5000 6000

pressure, (psi)

Fig. 2 Pressure dependency of Asphaltene agreegated for
dead and live oil

Results and Discution

In order to investigate the effect of the synthesized
inhibitor and optimize it, the asphaltene particle
formation index in the vicinity of the normal heptane
precipitator was used. An oil sample from the
atmospheric turbidity layer with a precipitation starting
point of 50:50 (normal heptane volume/oil volume)
was used as a base sample. In order to evaluate the
inhibitor, fifteen experiments were conducted with
different weight percentages of oil, normal heptane,
and inhibitor, and the asphaltene emergence point
was measured. The AMPS-N,NMDA-AA polymer
combination did not cause a noticeable change in the

oil to normal heptane volume ratio. The ACN-AMPS-
N,NMDA polymer combination with a concentration
of 1000 ppm delayed the formation of the precipitation
point of the samples, so that the precipitation point
formation ratio changed from 50:50 (normal heptane
volume/oil volume) to 30:70 (normal heptane volume/
oil volume), Fig. 3.
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Fig. 3 Variation of viscosity of curde oil plus inhabitour.

Conculsions

he use of inhibitory chemical methods that are injected
continuously or intermittently into the well is one of
the effective methods to prevent the appearance of as-
phaltene during production.

Investigating the conditions of the asphaltene appear-
ance point at different temperatures indicates a de-
crease in the appearance point pressure with increasing
temperature.

In order to identify the structure of asphaltene depos-
its based on intermolecular energy, first the asphaltene
deposits were measured and separated by filtering oil
at different pressures, the average molecular mass of
the separated asphaltene was measured using a gel
chromatography device and the functional groups of
the asphaltene molecule were identified using FT-IR
and C&H NMR spectra, then in order to complete
the identification of asphaltene constituents, an EDX
chart was obtained from asphaltene particles and the
percentage of carbon, hydrogen, sulfur, oxygen, nickel
and vanadium elements was determined. became

The structure of asphaltene molecules was identified
based on its physical properties and molecular spectra
using Chem-3D software based on the energy of mo-
lecular bonds and the average properties of asphaltene
molecules.

Terpolymers were identified as molecules with the
ability to absorb and disperse asphaltene molecules.
For this purpose, based on the properties of the iden-
tified asphaltene molecule, appropriate functional
groups were placed on the polymer.

Thermal stability and the ability to delay the asphal-
tene appearance point were evaluated as an indicator
of the designed inhibitor. The asphaltene appearance
point was determined by observation with a micro-
scope and changes in oil viscosity. Thermal stability



was also evaluated using TGA spectrum. The results
indicate the appropriate stability of the designed inhib-
itor and also the conditions for asphaltene appearance
in changing the ratio of nC7 solvent to oil from 50/50
in crude oil to 70/30 in the oil and inhibitor mixture
under atmospheric conditions.
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