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Introduction

The efficiency of waterflooding, as a common oil
recovery method, can be improved through low-
salinity waterflooding (LSWF), in which the chemistry
and salinity of the injected water are manipulated.
However, issues like organic precipitation and
deposition have been reported in the literature when
brine salinity is reduced. Organic damage occurs
due to the instability of polar oil compounds such as
asphaltenes, affecting interfacial tension and emulsion
stability [1-8]. Asphaltenes also deposit on reservoir
rocks; altering wettability, reducing permeability and
injectivity. Asphaltene and emulsion stability can be
influenced by the presence of solid particles at the
oil and brine interface and has been rarely studied.
Therefore, in this paper, the simultaneous effect of
brine salinity and sand particles presence on instability
stability was investigated. UV spectrophotometry
technique or ‘indirect method” was used to
quantitatively analyze asphaltene instability, alongside
measurements of interfacial tension, and zeta-potential
of dispersed sand particles in brine. Three sets of
experiments were performed to examine the impact of
brine properties, rock dissolution, and suspended sand
particles presence on asphaltene stability.

Materials and Methods

The study investigated the impact of salinity on
asphaltene stability using five types of synthetic brines:
formation water, seawater, and diluted secawater by
factors of 2 and 10, and distilled water. Dead crude oil

Accepted: December/20/2023

from Koupal oil field, prone to asphaltene deposition,
was utilized. Asphaltenes were extracted using pentane
and toluene, then measured. Pulverized sandstone
was used to produce rock particles. Furthermore,
interfacial tension between brine and bulk oil was
measured before and after contact with different
brines. In this regard, three types of experiments were
conducted involving oil and three brine types: brine
without rock particles, brine aged with rock particles
(and filtered), and brine containing suspended rock
particles present (unfiltered). Methods included
measuring zeta-potential, UV/Vis spectrophotometry,
and centrifugation to analyze asphaltene stability
and deposition. Emulsions were prepared and tested
for asphaltene onset points. Experiments with rock
dissolution involved equilibrating (or aging) sand
particles with brine, while those with rock particles
present analyzed asphaltene stability after emulsion
preparation. Solid deposits analysis involved washing
with pentane, deionized water, and toluene to dissolve
the asphaltene adsorbed on sand particles.

Results and Discussion

Fig. 1 compares the changes in UV absorption after
contact of oil with different brines. Higher asphaltene
content leads to greater UV absorption. Results indicate
that the UV absorption depends on the normal pentane
volume percentage (as asphaltene destabilizing agent)
and brine type.
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Fig. 1 Change of UV-Vis absorbance of bulk oil upon contact with different aqueous phases, with or without sand particles

Asphaltene stability decreases at higher pentane
concentration, with the onset of deposition occurring
around 30% pentane volume. Below 30% pentane
volume, absorption remains constant. Oil-brine
contact reduces absorption, indicating further
asphaltene transfer from bulk oil to the interface after
emulsification. Asphaltene stability varies with brine
salinity: A higher asphaltene stability is observed at
higher salinity. The addition of rock affects asphaltene
stability, with more asphaltene removed from oil and
adsorbed at the oil/water interface or adsorbed on rock
surface. The zeta-potential of rock particles becomes
more positive with increasing salinity, affecting
asphaltene adsorption. In low-salinity water, there
is no significant difference between the results with
aged brine without particles (filtered brine) and brine
containing rock particles. Final IFT (i.e. after brine-oil
contact) is higher than the initial IFT due to asphaltene
removal, with sand particles presence further reducing
the IFT compared to that without sand particles.

Conclusions

This study aimed to investigate how the presence of
rock, and brine salinity affect asphaltene stability in
emulsified systems. Three scenarios were considered:
brine without sand particles, aged brine with sand
particles (filtered), and brine containing sand particles
(unfiltered). Different crude oil samples and aqueous
phases were used, including distilled water, diluted
seawater, seawater, and high salinity formation
water. A novel experimental procedure based on UV
absorption was utilized in this research. Based on the
findings of this study, the following conclusions can
be made:

In absence of sand particles, the oil phase showed
lower asphaltene content after contact with brine than
the fresh crude oil, resulting in reduced UV absorption
and higher IFT values. Higher asphaltene content led
to increased UV absorption and decreased final IFT
values.

In experiments in presence of sand particles, either

filtered or unfiltered, we found that rock dissolution
increases pH, leading to increased asphaltene
adsorption on the interface, reducing UV absorption
of bulk oil and IFT. Moreover, presence of suspended
sand particles facilitated more asphaltene separation
from the bulk oil due to additional adsorption surfaces.
Furthermore, this effect was more pronounced under
high salinity conditions, where asphaltene molecules
can bind to sand particle. In addition, at lower salinities,
more asphaltene molecules were accumulated at the
oil/brine interface.

These findings contribute to understanding the impact
of rock on asphaltene instability during low-salinity
water flooding, particularly in carbonate reservoirs
with sand layers. They also provide insights for
predicting organic damage and advancing simulation
efforts in such environments.
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