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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
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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.

References

1. Tavakkoli, M., Grimes, M. R., Liu, X., Garcia,
C. K., Correa, S. C., Cox, Q. J., & Vargas, F.
M. (2015). Indirect method: a novel technique
for experimental determination of asphaltene
precipitation. Energy & Fuels, 29(5), 2890-2900,
doi: 10.1021/EF502188U.

Shojaati, F., Mousavi, S. H., Riazi, M., Torabi,
F., & Osat, M. (2017). Investigating the effect of
salinity on the behavior of asphaltene precipitation
in the presence of emulsified water, Industrial &
Engineering Chemistry Research, 56(48): 14362-
14368, doi: 10.1021/ACS.IECR.7B03331.
Farhadi, H., Ayatollahi, S., & Fatemi, M. (2021).
The effect of brine salinity and oil components
on dynamic IFT behavior of oil-brine during low
salinity water flooding: Diffusion coefficient,
EDL establishment time, and IFT reduction rate,
Journal of Petroleum Science and Engineering,
196, 107862, doi: 10.1016/j.petrol.2020.107862.
Lashkarbolooki, M., Ayatollahi, S., & Riazi, M.
(2014). Effect of salinity, resin, and asphaltene
on the surface properties of acidic crude oil/smart



water/rock system, Energy & fuels, 28(11): 6820-
6829, doi: 10.1021/EF5015692.

Joonaki, E., Youzband, A. H., Burgass, R., &
Tohidi, B. (2017). Effect of water chemistry on
asphaltene stabilised water in oil emulsions-A
new search for low salinity water injection
mechanism. In 79th EAGE Conference and
Exhibition , 2017(1): 1-5), European Association
of Geoscientists & Engineers, doi: 10.3997/2214-
4609.201701297/CITE/REFWORKS.

Taherian, Z., Dehaghani, A. S., Ayatollahi, S., &
Kharrat, R. (2022). The mechanistic investigation
on the effect of the crude oil/brine interaction on
the interface properties: A study on asphaltene
structure, Journal of molecular liquids, 360,

Petroleum Research, 2024(June-July), Vol. 34, No. 135

119495, doi: 10.1016/j.molliq.2022.119495.

Kordestany, A., Hassanzadeh, H., & Abedi, J.
(2019). An experimental approach to investigating
permeability reduction caused by solvent-induced
asphaltene deposition in porous media, The
Canadian Journal of Chemical Engineering,
97(1): 361-371, doi: 10.1002/CJCE.23238.

Mabhani, H. & Thyne G. (2023). Chapter 2 - Low-
salinity (enhanced) waterflooding in carbonate
reservoirs, Editor(s): Qiwei Wang, In Oil and
Gas Chemistry Management Series, Recovery
Improvement, Gulf Professional Publishing,
(3): 39-107, ISBN 9780128233634, https://doi.
org/10.1016/B978-0-12-823363-4.00007-8.



BY-VY amius AF-Y 515 50l YD olads by RN,

= wl cld b5,  eoliiwl b i il Ob0 5/ dolio s g

= d—lo D133 yo—aa> 9 of 539_&3 pu—)
S (S 303wy 5o cadlaw! (Sl

Il ol s 3 ° Glolo (> «(63¥ L (> sl

VEY AN sl VR EIYD il

LRVCES

otz 5 Ol 4l Gols jleis cils sl sla s, 5 (0 Olstear oabpmiige Ly 53 oS T G
5 6ol ezl 51 5 5l o] aiile ilr oSy, sl o] Samaio (lylie JLIS 10 0l o 4z gio g0
a5 2 s Byl |t s g (sl o saplod] (sLa i35 05355 il Cmtl il 55 i g
S R S| SV ENOUN PRV SV S NIFS P B S U VR PP RVRE SHNPISES [P SO
Ol S 031l g Sowatnslel il DT s olsd Szl L o5 bl 4 ol tulejl slacs (0,5 5005
cilizes jod slao] joa 10 i w] Gy ol dayedgol 5l oo ilos i lawgy ian glyle an il i
Ol ot ol dn g it " g0 L talesl aisS nl il Jodll s S sl sl o (5ol
ails (ol ol slags ) 50 5 0510 (6555 LI5S0 1t ()L lli ] o) e 45 ams 0 ol Laiules]
gy 005y L 90 (sloyd ol je—d> j0 a5 sad e pldd izmen moli Al e ialS Y slas b 50
s sloml (s ay s s Sistsle o a8lol Uy g3 oo oloml Lol sl Ly aglin |5 (6,2t cyplli]
i b nlise Gl el sy e (Sl 2SI slmg i 3l 5 tllil cs gl a5

Kiwdwls SS9y u.A-\JLa—AAJ" R ) U‘)_"'A u‘ 6)9_.» ‘)..._1‘)5‘ l_: as JS_M:GA ool i uj.«_...JBAl )| OA_MJLX> 6&&»_.&4‘»&

mobee 50 5 o S Ol 5,5 50 edlawl g labl je Swanle j3—a> i S0 an Lajiolesl ool moli 0y 5 o

yitlas] yglo druil

Slsle Jogunett
hmahani@sharif.edu SS9 i Sl o]
(DOI: 10.22078/pr.2023.5204.3313) : Jluzes awles



o dmiuo NPT i) § 390958 IYF o5las ‘.LJU“’;
<

ojlou_f:;_m{)'_gd_oigi3q_ﬁ;§):_~fmcja_u)o
lotyga—dgal (im) ygdgel (g lamsl [YV-T]
Seeio] 5 o S yiie o ;0 dal> 3 g
€9 5 DS (Figd o aday (sigdige s
Sl e L (Wo) ccs o ol fgdgal) ygad gl

LyevAl o )ls Sy (0/w)

L8 0 kb i 5 (i) gl
30 8gge ol LK en g lwlgsls oy Sy
Soa il S A 1) Ced ygdgal slndiges
ol g 05,8 U1 sodgu, dlgs g 08,5 las
ol Cay g, atais 5 L SYL 4 S ool
ol g )laml o oS s 50 O i
5 (DW) ,laie O 51 oL S 5 Sosly [¥0 ] 5l
aged Loy wloi ;o DW a5 asols lis g ass,S
o o el (g lanly i Bl a o i
oo 5 (IS YY) 0l o il egtan
09— U?"—"“JF‘ M g_i_: e ouLLw] (_gjld_:b
S fogigBg Sl (il (6 S ol Lo |,
s S50 cpdliw] 5l g s Jlacie 45 assls
e Loyl 0SS o gy 00 (yga gl
b il YU (608 50 a5 asls oyl
Ml Seed 55 5l () Sl s e
L o a5 51 55l YU (g0 5o (il 4

DVl sssn 5 550 cpdla ] poss

1. Low Salinity Waterflooding
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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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