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Abstract
Asphaltene deposition during enhanced oil recovery (EOR) processes is one of the most

problematic challenges in the petroleum industry, potentially resulting in flow blockage. Our
understanding of the deposition mechanism with emphasis on the rate of the asphaltene deposition
is still in its infancy and must be developed through a range of experiments and modelling studies.
This study aims to investigate the rate of asphaltene deposition through a visual study under
different gas injection scenarios. To visualise the asphaltene deposition, a high-pressure setup was
designed and constructed, which enables us to record high-quality images of the deposition process
over time. Present research compares the effects of nitrogen (N2), carbon dioxide (CO) and
methane (CHj4) on the rate of asphaltene deposition at different pressures. The experimental results
in the absence of gas injection revealed that the rate of asphaltene deposition increases at higher
pressures. The results showed that the rate of asphaltene deposition in the case of CO- injection is
1.2 times faster than CHa injection at 100 bar pressure. However, N2 injection has less effect on
the deposition rate. Finally, it has been concluded that the injection of CO> leads to more asphaltene
deposition in comparison with CHs and N2. Moreover, the experimental results confirmed that gas

injection affects the mechanism of asphaltene flocculation and leads to the formation of bigger
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flocculated asphaltene particles. The findings of this study can help for a better understanding of

the mechanism of the asphaltene deposition during different gas-EOR processes.

Keywords: Enhanced oil recovery, asphaltene deposition rate, CO- injection, gas injection

1. Introduction
Asphaltenes are heavy crude oil fractions that are not soluble in light hydrocarbon solvents

(typically n-pentane or n-heptane) but could be dissolved in light aromatic hydrocarbons (typically
toluene) [1, 2]. Asphaltenes are the most polar components and have the highest molecular weight
among crude oil fractions, exhibiting both aliphatic and aromatic structures [3-6]. Asphaltene
particles tend to aggregate and produce more massive particles [7]. The complex physical and
chemical properties of asphaltenes remain a challenge for the research community [8, 9]. Changes
in pressure, temperature or composition cause the resin layer to shrink followed by asphaltene
precipitation [10-13]. The reversibility or irreversibility of the asphaltene precipitation is not fully
understood in the literature, and it is likely to be related to the complex structure of the asphaltene
particles [7, 14, 15].

In order to establish consistent terminology, it is necessary to clarify the application of different
terms. The terms “aggregation” and “flocculation” have been used to refer to the formation of the
clusters of asphaltene particles in the crude oil which will result in increasing the size of the small
asphaltene particles from nanometer into micrometre length scale [16]. The term “precipitation”
is defined in its broadest sense to refer to the whole process of asphaltenes flocculation or
aggregation from the crude oil fluid. Finally, “deposition” refers to the settling of the aggregated
or flocculated asphaltene particles onto the solid surface which is mostly investigated in this work.
Asphaltene deposition in wellbores and pipelines is a technical and operation concern at various
stages of oil production and processing. This problematic phenomenon has not been well
understood yet mainly because of complex physicochemical properties and phase behaviour. In
particular, there is a critical gap in understanding the conditions that lead to asphaltene instability
[17]. Such insight into the problem physics guides engineers and operators to design and
implement appropriate strategies toward an asphaltene-free operation. Asphaltene deposition can
occur in the first stage of oil production or during enhanced oil recovery (EOR) [18]. Asphaltene
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deposition in oil reservoirs can lower its permeability, change rock wettability from water-wet to
oil-wet, and increase hydrocarbon viscosity. All of these negative impacts lead to an ongoing
decline in oil production rate [19, 20]. Numerous research has shown that the tendency of
asphaltene particles to deposit is strongly related to the complex structure of asphaltenes [19, 21-
23]. The lost production due to asphaltene deposition is estimated to be approximately $1,200,000
per day [24]. Accordingly, asphaltene deposition can be avoided/minimised by manipulating the
structure via the treatment or prevention methods [25]. The treatment approaches, however, are
expensive causing process economic concerns. The possible solution for the problem of the
asphaltene deposition in the oil reservoirs compared with the expensive treatments methods to
remove the asphaltenes can be using inhibitors [26-29] or control the operation conditions [22, 23,
30-32]. Fig. 1 presents a schematic of the problem of asphaltene deposition with possible solutions.
EOR methods are the most common approaches after primary and secondary oil production [33-
37]. A growing body of literature recognises the importance of EOR processes and enhancing the
effectiveness of these methods [38-44]. Carbon dioxide (CO2), nitrogen (N2) and methane (CHa)
flooding are commonly considered as EOR methods. Asphaltene deposition during EOR processes
is one of the challenges facing the oil industry. Asphaltene deposition during CO- flooding in oil
reservoirs has been extensively studied [21-23, 31, 32, 45-48]. However, few studies have been
conducted examining the influence of N2 and CH4 flooding on the amount of asphaltene deposition
[23, 49-53].
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Fig. 1. Schematic of the problem of asphaltene deposition in the oil reservoirs.

The kinetics of asphaltene deposition is an area of intense debate in the research community.
Although extensive research has been conducted on asphaltene aggregation kinetics and
thermodynamic stability, few studies have focused on the rate of asphaltene deposition. Previous
reports indicate that the process of asphaltene deposition near the wellbore region primarily
depends on the rate of the process [54]. The slow kinetics of asphaltene deposition is an obstacle
to understanding asphaltene behaviour [55-58]. It is reported that the Kkinetics of asphaltene
precipitation near the onset of instability is very slow. A study by Jamialahmadi et al. (2009)
investigated the rate of asphaltene deposition from crude oil [59]. These researchers observed that
the oil velocity, surface and bulk temperature, and the concentration of the flocculated asphaltene
are the critical parameters with a dominant influence on the rate of asphaltene deposition. The
deposition rate has been observed to increase due to increases in flocculated asphaltene
concentration and surface temperature. Furthermore, as the oil velocity increases, the deposition
rate decreases. The same observations were reported by Soulgani et al. (2011) [60], Salimi et al.
(2013) [61], Arsalan et al. (2014) [54] and Haghshenasfard and Hooman (2015) [62]. Recent work
by Favero et al. (2016) studied the rate of asphaltene deposition as a function of fluid flow rate

[63]. These researchers concluded that the asphaltene deposition rate could increase with the
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concentration of unstable asphaltenes. The same experimental observation has been reported by
Ghahfarokhi et al. (2017) [64]. Taken together; these studies clearly show that a proper
understanding of the mechanism of asphaltene deposition is critical for the inhibition and/or
treatment of this issue in the oil industry.

To date, there have been no controlled studies which investigated the rate of the asphaltene
deposition in different EOR methods. The unsteady state analysis on the behavior of the asphaltene
particles in the presence of different gasses can generate a fresh insight into the prediction and
controlling asphaltene deposition phenomenon in the potential oil reservoirs. The present work
attempts to study the kinetics of asphaltene deposition rate at different operating pressures under
various gas injection scenarios. A tentative analysis is presented to compare the deposition rate
under different gas injection conditions using a visual high-pressure experimental apparatus. The
advantage of the current study is the evaluation of the asphaltene deposition rate using a visual
investigation which lays the groundwork for future research into asphaltene deposition. On the
other hand, the limitation on the analysis of the visual observation was a challenge in this study
which has been appropriately addressed to prove the effectiveness of the proposed approach in the
experiments.

The first part of this paper will present the experimental apparatus and the procedure. Then, in the
results and discussion section two main issues will be addressed; the effects of the different gas
injection scenarios on the asphaltene deposition rate, and analysis on the effects of the gas injection
on the asphaltene flocculation to explain the possible reasons behind the results of the experimental

tests.

2. Experiments

2.1. Experimental Apparatus

The high-pressure experimental apparatus was constructed and developed to visually investigate
the rate of asphaltene deposition (Fig. 2). The experimental apparatus consists of a high-pressure
cell with a rotating metal disc which was horizontally placed in the cell as can be seen in Fig. 3
[21-23, 64]. Nine different types of glass substrates placed on the rotating disc to investigate the
process of the asphaltene deposition on the rock surface and collect the deposited asphaltene

particles during the experimental tests. The substrate plates have been used in order to mimic the
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sandstone in the oil reservoirs. A microscope (KRUSS, MBL2000) with a potential optical
resolution up to 480X was used on the top of the high-pressure cell to visualise the process of
asphaltene deposition. A charge-coupled device (CCD) camera (IDS, UI-1485LE-C5 HQ, 5.7
megapixels) was used on the microscope to capture the high-resolution pictures from the deposited
asphaltenes on the substrates. A magnetic device was installed in the cell in order to adjust each
substrate in front of the microscope. The dark solution is placed on the substrate in the gap between
the light source and the microscope. More details of the experimental apparatus are reported
elsewhere [21-23, 64-66].

Different mole percentages of gases (N2, CO2 and CH4) were injected into the cell. The process
of asphaltene deposition was detected via a high-resolution microscope. Image processing
software was used to determine the amount of deposited asphaltene and its size distribution under
different conditions [21-23, 64-66].

Fig. 2. Sketch of the high-pressure experimental apparatus [22]: (1) peristaltic pump, (2) distilled
water reservoir, (3) computer, (4) CCD camera, (5) microscope, (6) sight glass, (7) piston-
cylinder, (8) cold light source, (9) heater, (10) magnetic mixer, (11) high-pressure cell, (12) rotator,
(13) metal disc, (14) fan, (15) magnetic device.
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Fig 3. Schematic of the high-pressure cell to study the rate of the asphaltene deposition visually.
2.2. Experimental Procedure

A series of experiments were performed to study the asphaltene deposition rate using the following
procedure: Firstly, asphaltene sample was extracted based on the method described by ASTM-D86
[67]. Synthetic oil was then prepared by mixing toluene (C7Hsg) and normal heptane (n-C7) (Merck,
high-performance liquid chromatography grade). The mixture was mixed for 1 hour using a
magnetic stirrer and then used as synthetic oil. It is worth stating that the synthetic oil mixture is
stable at the atmospheric pressure and its bubble point is about 0.8 bar at 90 °C. The saturate,
aromatic, resin and asphaltene analysis of the crude which asphaltene extracted from that is
reported in Table 1, and the synthetic oil composition is listed in Table 2. Furthermore, the results
of the elemental analysis on the asphaltene type used in this study reported by Sayyad Amin et al.,
(2011) is presented in Table 3 [68]. They performed the elemental analysis using CHNSO analyzer
to measure the mass ratio of carbon (C), hydrogen (H), sulphur (S), oxygen (O), vanadium (V) and
nickel (Ni).

The thermodynamic behaviour of reservoir fluid is the primary and essential step in reservoir
simulation, where a proper model should be validated and matched against the laboratory pressure,
volume and temperature (PVT) data. The reservoir fluid characterisation including the tuning of
the equation of state parameters using the same crude sample in this study was modelled and
validated to achieve a more accurate understanding of the reservoir fluid [69].
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Table 1.
Saturate, aromatic, resin, and asphaltene analysis of the field sample

[23].
Test name Saturates Aromatics Resins Asphaltene
wt % 38.74 50.59 6.17 4.25
Table 2.
Synthetic oil composition used in this study [22, 23].
Components C;Hs n-C; Asphaltene  Total
mol % 75 23 2 100
Table 3.
The elemental analysis of the asphaltene type used in this study [68].
Elements C H N S @) Ni (ppm)  V (ppm) Formula

wt % 7456 6.74 085 6.84 10.99 0.626 0.219 Ci102H110011N1S3

The following procedure was applied to all experiments [23]:

1- Initially, the solution of the synthetic oil was injected into the cell. Then, the temperature was
increased in several steps to setpoint value of 90°C at atmospheric pressure.

2- The cell was pressurised slowly to 140 bar using the high-pressure liquid chromatography pump
(at constant temperature).

3- The solution was allowed to deposit asphaltene particles on the substrates. Images were taken
from the glass surfaces through the microscope at equal time steps to measure the amount of
deposited asphaltene. After approximately 2 hours, no more deposition was observed on the
horizontal glass surfaces indicating that the equilibrium had been reached. It, therefore, was the
time to proceed to the next step.

4- The pressure was decreased to 100 bar at constant temperature of 90°C. Then the solution was
again stirred to remove all of the deposited asphaltene particles from the glass surfaces.
Accordingly, the asphaltene deposited on the glass plates was viewed, and images were captured
at the new pressure as well.

5- Previous step (4) was repeated at 60 and 30 bar pressures.

6- The amount of asphaltene deposited at each pressure and time step was estimated using the

image processing software to evaluate the rate of deposition. The high-resolution images were
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captured by the microscope and then analysed to evaluate the deposited asphaltene particles
diameter at high pressure and temperature (real thermodynamic condition).

The deposited asphaltene particle diameter was estimated by SigmaScan Pro 5™ software based
on the area and darkness of each particle. At the first step, the software should be calibrated and
then it could measure the size and diameter of each particle. More details of the calibration method
have been described in the Supplementary Material. After the calibration, the accuracy was
tested by weighing the deposited particles on the sample glass at the atmospheric pressure. The
calibration process was repeated for the next time step if it was needed. The mass of deposited
asphaltene on the substrate was estimated using the density of extracted asphaltene. Having the
total amount of dissolved asphaltene in the space between the glass surface and cell head (volume
= glass surface area x height), the weight fraction of deposited asphaltene was calculated. In order
to avoid any localized errors, the average amount of deposited asphaltene on nine substrates was
reported as the final result. It should be noted that each test session was repeated three times to
check the accuracy.

As a side note, based on the microscope imaging, it is possible to focus on the fluid and the solid
surface, and therefore the lens was adjusted and focused solely on the glass substrate surface. Thus
all dark particles on the images are flocculated asphaltene deposited on the glass surface, not the
asphaltene presence in bulk. On the other hand, it is impossible to capture and record the whole
asphaltene particles in the bulk of fluid by a microscope because of their different position to the
microscope lens. In summary, all the dark particles are the deposited asphaltene on the glass
surface.

To evaluate the effects of N2, CO2 and CHa on the rate of the asphaltene deposition, 10 mol% of
the prepared gas was injected into the synthetic oil by a piston-cylinder setup. At the first step, the
desired amount of gas was injected into the cylinder, then using an HPLC pump the gas was
injected into the high-pressure cell. Steps 1-6 were repeated for CO2, CH4, and N2 injection
scenarios.

It is worth mentioning that the minimum miscibility pressure (MMP) was checked theoretically
and experimentally for different gas injection scenarios in this study. According to the results,
MMP for the mixture of oil and different gases used in this study was less than 30 bar at 90° C.
Moreover, in the present research, the amount of deposited asphaltene was investigated at

pressures (30, 60, 100 and 140 bar) higher than MMP. Therefore, all the experiments were



231
232
233
234
235

236
237

238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

conducted under a single-phase condition. In this regard, it could be concluded that whole injected
gas can be considered as the solution gas.

The findings of this study may be somewhat limited by; 1) It was impossible to investigate the rate
of asphaltene deposition at pressures less than 30 bar because of missing the miscibility condition,

2) The glass surface was used instead of a porous medium to visualize the deposition process.

3. Results and Discussion

3.1. Effects of different gas injection scenarios on asphaltene deposition rate

The images captured at equal time intervals show that the asphaltene particles deposit on the glass
surface over time. Image analysis revealed that after approximately 2 hours, the asphaltene
deposition process reaches a steady-state condition, meaning that no additional asphaltene deposits
are observed on the glass surface after this point.

Fig. 4 clearly shows the impact of pressure increment on the amount of deposited asphaltene. It is
worth stressing that dark areas in the images represent flocculated asphaltene deposited on the
glass substrates. As can be seen in Fig. 4, pressure increment leads to a higher amount of asphaltene
deposition.

Fig. 5 represents the asphaltene deposition at different times for the case without gas injection. The
images indicate that the amount of deposited asphaltene increases over time until it reaches the
steady state condition. Experimental observations and processing of the images captured after 2
hours revealed that no additional deposition occurs after approximately 2 hours. The images show
that as the pressure increases from 30 to 140 bar, the amount of deposited asphaltene increases too.
Increasing pressure seems to affect the solubility of asphaltene molecules in solution. For further
clarification, the supplementary video shows the movement and asphaltene deposition on the glass
substrate at 30 bar and 90°C.
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Fig. 4. Effect of pressure on the amount of asphaltene deposition, after 2 hours at 90°C.
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Fig. 5. Asphaltene deposition at different times, without gas injection, 100 bar and 90°C.

The second part of the current study aims to consider the effect of different gas injection scenarios
on the asphaltene deposition process by injecting 10 mol% of CO,, CH4 and N into the high-
pressure cell using a cylinder-piston setup. Firstly, the specified volume of gas was injected into
the cylinder, then using an HPLC pump the gas was injected into the high-pressure cell gradually.
The results presented in Figs. 6-8 show a significant difference between the CO; injection and
without gas injection scenarios. Comparing Figs. 5 and 8 clearly indicate that the injection of CO>
into the synthetic oil solution results in a higher deposition rate that is up to 1.5 times faster than
that observed for the case study without gas injection at 140 bar pressure. Due to the fact that both
asphaltene and CO have polar molecules may lead to a higher interaction coefficient between

them, finally resulting in higher asphaltene deposition and consequently a faster deposition rate.
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Fig. 6. Asphaltene deposition at various times, 10 mol % Nz injection, 100 bar and 90°C.
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Fig. 7. Asphaltene deposition at different times, 10 mol % CHys injection, 100 bar and 90°C.
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Fig. 8. Asphaltene deposition at different times during 10 mol % CO- injection at 100 bar and
90°C.

Comparing the results presented in Figs. 7 and 8 reveals that the CO- injection scenario results in
a higher amount of asphaltene deposition comparing the results with CHa injection scenario. In
order to make a better comparison, Fig. 9 shows the effect of different gas injection scenarios on
the amount of asphaltene deposition after 120 min, at 100 bar and 90°C. It is apparent from the
figure that N2 injection has not a significant impact on the deposition process in contrast to the
scenario with injected CO2 and CH4. Besides, Fig. 10 compares the effect of different gas injection
scenarios on the amount of deposited asphaltene at various pressures which have been evaluated
after the steady state condition. These results illustrate both effects of the pressure and different
gas injections on the amount of the deposited asphaltene. The quantitative data on deposited

12



295 asphaltene versus time at different pressures and different gas injection scenarios are shown in
296  Tables 4-7 for all scenarios.
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311 Table 4.

312  Asphaltene deposition versus time — without gas injection at 90°C.

(Tn;r::]‘; 30 60 90 120 [0 30 60 90 120
Pr(ebs:rL;re Asphaltene deposited (wt %) Standard deviation
30 0 0.00100 0.00280 0.00430 0.00610 | 0 0.00015 0.00040 0.00035 0.00065
60 0 0.00300 0.00800 0.01100 0.01580 | O 0.00030 0.00020 0.00250 0.00260
100 0 0.00550 0.01100 0.02690 0.03690 | 0 0.00095 0.00100 0.00130 0.00180
140 0 0.01000 0.02900 0.04300 0.05880 | 0O 0.00060 0.00350 0.00175 0.00260
313
314
315 Table5.
316  Asphaltene deposition versus time — 10 mol % N2 at 90°C.
(Tn'qu';s 0 30 60 90 120 |0 30 60 90 120
Pr(e;:;re Asphaltene deposited (wt %) Standard deviation
30 0 0.00120 0.00320 0.00540 0.00780| O 0.00025 0.00045 0.00085 0.00050
60 0 0.00330 0.00890 0.01180 0.01630| O 0.00030 0.00035 0.00105 0.00100
100 0 0.00590 0.01280 0.02880 0.03990 | O 0.00040 0.00135 0.00110 0.00080
140 0 0.01100 0.02940 0.04380 0.05920| 0 0.00215 0.00195 0.00120 0.00135
317
318
319 Table6.
320  Asphaltene deposition versus time — 10 mol % CHs at 90°C.
(Tn'mg 0 30 60 90 120 |0 30 60 90 120
Prf;:r‘;re Asphaltene deposited (wt %) Standard deviation
30 0 0.00450 0.00830 0.01300 0.01940 | 0 0.00020 0.00055 0.00105 0.00080
60 0 0.00730 0.01470 0.02100 0.02750 | 0 0.00025 0.00120 0.00175 0.00135
100 0 0.00930 0.03010 0.05200 0.06700 | 0 0.00060 0.00215 0.00215 0.00300
140 0 0.01680 0.04900 0.06700 0.07500 | 0 0.00115 0.00230 0.00250 0.00175
321
322
323
324
325
326
327
328
329
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Table 7.
Asphaltene deposition versus time — 10 mol % CO; at 90°C.

Time 30 60 90 120 [0 30 60 90 120
(min)
Pr(ebs:ru)re Asphaltene deposited (wt %) Standard deviation
30 0 0.00510 0.01710 0.02140 0.03200 | 0 0.00040 0.00035 0.00035 0.00055
60 0 0.00870 0.01950 0.02890 0.03760 | 0 0.00030 0.00075 0.00115 0.00095
100 0 0.01540 0.03660 0.06160 0.07800 | 0 0.00105 0.00255 0.00110 0.00250
140 0 0.02140 0.05790 0.07120 0.09200 | 0 0.00155 0.00205 0.00131 0.00320

These results may be explained by the fact that the interaction coefficient between N2 and
asphaltene molecules is less than that between CO./CH4 and asphaltene molecules. Previous
research findings on the thermodynamic modelling of asphaltene deposition have confirmed that
the interaction coefficient between gas and asphaltene molecules is the critical parameter used to
evaluate the amount of asphaltene deposition, where the higher interaction coefficient leads to
more asphaltene deposition [22, 70]. Based on the solid model, the interaction coefficient is

determined by the following equation [70]:

1
6

Qo=

dy = 1 — (Cpatgye i=2,..., 12, k=2,...,12 (1)
3
ck

v3+v
where d;;, is the interaction coefficient between components i and k, and v.; and v are the critical
volumes of components i and k, respectively. The interaction coefficients between N2, CO2, CH4
and asphaltene molecules at different mole percent gas injection using the CMG simulator
(WinProp fluid property characterization tool) have been compared in Table 8. The higher
interaction coefficients between asphaltene molecules and CO, and CH4 confirm our experimental

results regarding the higher amount of the asphaltene deposition in these two cases.

Table 8.
The analysis of the interaction coefficient between different gasses and
asphaltene molecule [22, 23].

Gas injection (mol%)
005 010 015 0.20

N2/asphaltene interaction coefficient 0.03 004 0.08 013
CHo./asphaltene interaction coefficient 0.10 0.12 015 0.22
CO./asphaltene interaction coefficient 0.16 020 024 0.35
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To have a better assessment, Figs. 11-14 illustrate asphaltene deposition over time at different
operating pressures for different gas injection scenarios. The results indicate that the deposition
rate increases notably during CO2 and CHjs injection. Also, it could be concluded that CH4 affects
the asphaltene deposition rate more than N2 and less than COx.

It can be seen that the rate of deposition at 140 bar pressure is 10 times faster than at 30 bar
pressure. It should be noted that to ensure the accuracy of the results, all of the experimental tests

were repeated three times.
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361  Fig. 12. Asphaltene deposition rate during 10 mol % N2 injection at 30, 60, 100 and 140 bar
362  pressures and 90°C.
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365  Fig. 13. Asphaltene deposition rate during 10 mol % CHya injection at 30, 60, 100 and 140 bar
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370  Fig. 14. Asphaltene deposition rate during 10 mol % CO injection at 30, 60, 100 and 140 bar

371  pressures and 90°C.
372

373  3.2. Effects of gas injection on the asphaltene flocculation

374  Experimental observations showed that gas injection affected asphaltene flocculation and caused
375 asphaltene particles to make bigger flocs [71-73]. Due to the fact that deposition of asphaltene
376  flocs leads to wettability reduction in the porous media of reservoir rocks, this phenomenon could
377  be damaging in gas injection-EOR methods.

378 In a further analysis in this study, the asphaltene fluctuation behaviour in the presence of the
379  different gas injection scenarios has been examined. Figs. 15-18 show asphaltene flocculation
380  during different gas injection scenarios. To make a better comparison, Fig. 19 shows the effect of
381 gas injection on the size of flocculated asphaltene particles measured by SigmaScan Pro 5™
382  software. It is apparent from Figs. 15-19 that CH4 and CO: injection leads to the formation of
383  bigger asphaltene flocs compared the results with N> injection. However, N2 injection does not
384  affect asphaltene flocculation significantly. A comparison of results reveals that CO injection
385 influences asphaltene flocculation more than CHa.

386
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Fig. 15. Asphaltene flocculation without gas injection at 140 bar and 90°C.
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Fig. 16. Asphaltene flocculation with 10 mole% N injection at 140 bar and 90°C.
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Fig. 17. Asphaltene flocculation with 10 mole% CHa injection at 140 bar and 90°C.
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Fig. 18. Asphaltene flocculation with 10 mole% CO; injection at 140 bar and 90°C.
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4. Conclusions
Asphaltene deposition during EOR processes is of particular concern in the oil industry. A proper

understanding of the asphaltene deposition mechanism would help researchers to develop methods
for asphaltene inhibition or treatment. The present study was designed to determine the effect of
different gas injection processes as EOR methods on the asphaltene deposition rate at different
pressure conditions. A series of experiments were conducted in a high-pressure cell to investigate
the deposition rate under various gas injection scenarios. The following major findings are
identified in the current paper:

e According to the results, when there is no gas injection, the rate of asphaltene deposition
increases as the pressure increases. For example, the rate of deposition at 140 bar is 11.7
times greater than that at 30 bar pressure.

e The results obtained with different gas injection scenarios revealed that CO, and CH4 affect
the rate of deposition and lead to a significant increase in the amount of deposition. For
instance, at 140 bar and 90°C, the amount of deposited asphaltene without gas injection is
0.05880 wt %, increasing to 0.07500 and 0.09200 wt% for 10 mol% injection of CH4and
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COo, respectively. Taken together, the results suggest that carbon dioxide results in more
deposition than methane and N at the same gas injection concentration.

e Based on the experimental results, N2 injection had a minimum effect on the rate of
deposition compared with CH4 and CO; injection scenarios.

e The effect of gas injection on asphaltene flocculation was investigated. It was revealed that
gas injection affects the flocculation process. The results showed that CO> and CHas
injection leads to the formation of bigger asphaltene flocs in comparison with N.. However,
N2 injection did not affect asphaltene flocculation significantly. The results of this study
provide valuable insights into the mechanism asphaltene deposition rate due to the different

gas injection scenarios.
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