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As a result of this research this study developed a salt-tolerant polymer for emulsifying heavy oil
to overcome the limitations of traditional thermal recovery methods and explore the use of viscosity-
reducing polymers as a cold flooding technique for high-salinity heavy oil reservoirs. Interfacial
tension experiments were conducted to screen polymers, while emulsification experiments were
used to evaluate the viscosity reduction performance of heavy oil. The results showed that polymer
P-5 exhibited the best performance, significantly reducing interfacial tension and enhancing emulsion
stability. As polymer concentration increased, the water separation rate of emulsion decreased,
and as salinity increased, the water separation rate also decreased. The optimal formulation was
determined to be polymer P-5 at a concentration of 0.25% and a salinity of 55,000 mg/L, achieving
the best viscosity reduction. Microscopic images of the emulsion further confirmed its good stability.
These findings provide new insights and technical support for heavy oil recovery in Kazakhstan’s
oilfields, guiding the application of salt-tolerant polymers in high-salinity reservoirs.
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KA3AXCKO-EPUTAHCKUI TEXHUYECKUN YHVUBEPCUTET,
Pecnybnuka KasaxcraH, Anmatel, 050000, yn. Tone bu, 59

B pesynbsmame daHHO20 uccrnedosaHusi paspabomaH coribecmoUlKkul noaumep O aMyrnbau-
posaHusi msixerioli Hegpbmu, 4Ymobel peodonnemes ogpaHuYeHUs mpaduluoHHbIX Memodo8 merisio-
80U 006bI4U U U3y4UMmb UCIO0/1b308aHUE MOTUMEPOS, CHUXaKULUX 853KOCMb, 8 KaH4ecmee Memooda
X0r100H020 3a800HEHUST O1s1 8bICOKOCOIEHbBIX MECMOPOXOeHUU msikernol Heghmu.SKcriepumMeHmb|
10 MeXghasHOMY HamsiKeHUro rposodusiuck 011 ombopa rnouMepos, a MyribCUOHHbIE SKCrepu-
MeHmMbI UCIOob308asuCh Ot OUEHKU 3¢hbgheKMUBHOCMU CHUXEHUS 8513KOCMU misixkesiol Heghmu.
Pe3ynbmamsi nokasaru, 4mo nonumep P-5 npodemMoHcmpuposan Hauny4wue xapakmepucmuku,
3Ha4YUMerIbHO CHUXasi MexghasHoe HamsiKeHue U yry4dwas cmabunsHocmb amynscuu. C yeenu-
YeHuUeM KOHUeHmpauuu rosumMmepa CKopocmb paccrioeHusi 800kl 8 3My/ibCUU yMeHbuUanach, a rnpu
y8ernu4YeHuUU corneHocmu makxe Habrnro0anoch CHUXEHUE CKopocmu paccrioeHusi 800bl. Onmumaris-
Hasi popmyrna bbina onpedeneHa kak nonumep P-5 npu koHyeHmpauyuu 0,25% u coneHocmu 55
000 me/n, ymo obecrneyurno Haury4Ywee CHUXeHue gsa3kocmu. MukpockonuYyeckue usobpaxeHusi
aMybcuu AornoHUMernnbHo nodmeepdursiu ee xopowyro cmaburnbHocms.[lonyyeHHbie pe3yrnbma-
mbI ipedocmasrisitom HO8ble 3HaHUsT U MexXHUYeCKyro nodo0epxKy 0nsi 006bi4u msixxenol Hegpmu
Ha mecmopoxdeHusix KazaxcmaHa, Hanpaerssisi IpuUMeHeHUe Co/IbCMOUKUX MOIUMEPOS 8 YCII08USIX
8bICOKOCOITEHbIX MECMOpPOXOeHUU.

KITIOYEBBLIE CJIOBA: msixenasi Hegomb, 8bICOKasi COIEHOCMb, CorlecmouKull nonumep.
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Bbyn 3epmmey HamuxeciHOe aybip MyHaliObl 3Myb2ayusiay ywiH mysfa me3imoi nomumep
a3ipneHai, 6y dacmypri XblynblK 8dicmepdiH WeKmMeyepiH XeHyeae XoHe my30birbifbl KoFapbl
ayblp MyHal KeH opbiHOapbl YWiH MymkKbipibikmbl memMeHOememiH nonumepnepdi cy atday adici
pemiHOe natdanaHyObl 3epmmeyee barsimmarnraH.lTonumepnepdi ipikmey ywiH 6emki Kepiny
maxipubenepi xypai3indi, an amynbaauyus maxipubenepi aybip MyHalObiH MYMKbIP/blfbIH MOMEH-
Oemy muimoiniaiH 6aranay ywiH KondaHbinobl. Hemuxenep nonumep P-5 eH xakcbi eHimMOinikmi
KepcemkeHiH, 6emki kepinydi alimaprbiKmal meMeHOEMKEHIH XoHe aMyMbcusi mypaKmbliibifbiH
apmmbipraHbiH Kepcemmi. [TonumMep KOHUeHmMpayuscbl apmkaH calbiH 9MyIbCUsIHbIH cy 6eny
XKblndamObirbl memeHOedi, an my30biibiK apmkaH calbiH cy 6ery XblndamObirbl 0a a3aliobl. EH
OHmalinsl Kypam P-5 nonumepi 0,25% koHueHmpauyusida xoHe 55 000 ma/n my30binbikma aHblIKkmari-
Obl, 6yn eH xakKcbl mymkbIpribiKk memMeHOemy HomuxxeciH kepcemmi. AMyrbCUsIHbIH MUKPOCKOMU-
SAIbIK Cypemmepi OHbIH XaKCbl mypakmbibifbiH 00aH api pacmadbl. byn 3epmmey Hemuxxenepi
KasakcmaH myHal keH opbiHOapbIHOa aybip MyHal eHOIpy YWiH xXaHa myCiHikmep MeH mexHu-
KarnbiK Koriday YCbIHbIM, My30blibifbl XOfapbl KeH opbiHOapbiHOa mysra me3simoi nonumepnepoi
KondaHyra barbim bepedi.

TYWIH CO3[EP: aybip myHall, xorapbl my30binbiK, my3ra me3imdi nonumep.

ntroduction. Enhanced oil recovery (EOR) plays a crucial role in maximizing

I hydrocarbon production from mature oilfields, especially in regions with complex
geological and reservoir conditions [1]. Traditional methods for flooding high-

salinity and high-viscosity reservoirs rely on thermal techniques. However, thermal drive
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methods consume substantial energy, incur high costs, require large amounts of water, and
suffer significant heat losses in high-salinity reservoirs, which limits their oil recovery
efficiency to address these limitations, chemical flooding techniques have been explored
as viable alternatives [2].

Among various chemical flooding techniques, surfactant flooding has shown great
potential due to its ability to regulate foam stability and reduce oil-water interfacial tension
[3]. However, surfactant flooding is highly influenced by salinity and temperature, leading
to high costs and excessive adsorption losses in the reservoir [4]. On the other hand,
polymer flooding has gained significant attention due to its effectiveness in improving
sweep efficiency and reducing water mobility. Conventional polymers used in EOR face
challenges in high-salinity and high-temperature reservoirs, limiting their effectiveness in
such harsh environments. Consequently, the development and application of salt-tolerant
polymers have become a key focus in petroleum engineering [5].

In high-salinity reservoirs, the emulsifying capacity of polymers encounters several
challenges that affect their effectiveness as EOR agents. One of the primary limitations
is the impact of salinity on polymer solubility and viscosity [6]. High concentrations of
divalent cations, such as Ca*>* and Mg*, can reduce polymer hydration, leading to molecular
aggregation or precipitation, which results in polymer chains coiling and a subsequent
decrease in viscosity. This problem necessitates the selection of salt-resistant polymers
that maintain stability under high-salinity conditions.

Because single polymer flooding methods have two major shortcomings — lack of
salt resistance and poor emulsification — developing novel polymers with both properties
is crucial. Salt-resistant polymers ensure stability in harsh reservoir conditions, while
emulsification enhances oil displacement efficiency [7]. To overcome these limitations,
it is crucial to develop salt-tolerant polymer formulations with enhanced emulsifying
properties, ensuring their effectiveness in complex reservoir conditions, such as those
found in Kazakhstan’s oilfields [8].

This study investigates the emulsifying capacity of salt-tolerant polymers in
Kazakhstan oilfields, analyzing their performance in stabilizing oil-in-water emulsions
and improving oil displacement efficiency. The research aims to provide insights into the
feasibility and potential of these polymers as effective EOR agents in high-salinity heavy
oil reservoirs, contributing to the sustainable development of Kazakhstan’s petroleum
industry.

Materials and methods. The dehydrated crude oil was from the heavy oil reservoir
of Oilfield E, and their components are listed in 7able I. The salt tolerance polymers
used in this study were provided by "Enhanced Oil & Gas Recovery International Joint
Laboratory". The basic properties of salt tolerance polymer is shown in Table 2. All
solutions were applied using distilled water, and all experiments were conducted at 30°C
to simulate the actual reservoir conditions in Oilfield E.

The chemical reagents used in this study include sodium chloride (NaCl, >99.5%),
which were employed to simulate the salinity of formation water.

This study selected five different salt-tolerant amphiphilic polymers (P-1 to P-5) to
investigate their emulsification performance in high-salinity reservoirs. The brine solution
used in the experiments had a salinity range of 0-80,000 mg/L to simulate the actual
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Table 1 - The properties of heavy oil from Oilfield E

Dens:)ty Temperature | Permeability | Salinity | Porosity Viscosity Depth
at 20°C °0) e (/L) (%) underground (m)
(g/cm?3) (mPas, 30°C)
34%-
0.9 28-32 0.27-1.4 55 350 460 277-285
Table 2 — The basic properties of amphiphilic polymer
Salt tolerant polymer Physical property Salt-tolerance (g/L)
P-1 White powder 60
P-2 White powder 80
P-3 White powder 60
P-4 White powder 80
P-5 White powder 100

reservoir conditions in Kazakhstan oilfields. The crude oil used in the experiments was
sourced from the target reservoir and was homogenized before testing. An Overhead Stirrer
(OS20-S) was used to ensure consistent mixing of experimental fluids for homogeneous
solutions.

The interfacial tension (IFT) of different polymer solutions was measured using the
Spinning Drop Tensiometer (SDT). Polymer solutions with varying concentrations (0.1%-
0.3%) were prepared, and their IFT with crude oil was tested at 30°C to evaluate their
ability to reduce interfacial tension and determine the optimal concentration.

The stability of polymer-stabilized emulsions was evaluated using a water separation
test. A predetermined ratio of polymer solution and crude oil was mixed and emulsified
using a high-speed shear mixer for 5 minutes. The samples were then left to stand, and
the water separation rate was measured at different time intervals (0-25 h) to assess the
stability of the emulsion.

An optical microscope was used to observe the microstructure of P-5 emulsions at
different time points (0-25 h). The size and distribution of oil droplets were analyzed to
assess the stability of the emulsion.

A rotational viscometer (Intelligent Viscometer, BGD155/2S) was used to measure
the viscosity of polymer solutions under different concentrations and salinity conditions,
and the viscosity reduction rate (VRR) was calculated. The viscosity changes of polymer
solutions with varying concentrations (0.1%-0.3%) and salinity levels (0-80,000 mg/L)
were tested to determine the optimal formulation. A Magnetic Stirrer with Heating
Plate (MSH-300) was applied for uniform heating and stirring of liquid samples during
preparation. An Electronic Analytical Balance (HR-250AZG) provided precise mass
measurements to ensure accuracy in sample formulations. Additionally, a Water Bath
(STEGLER WB-4) was used to maintain a stable temperature environment (RT+5 to
100°C) for sample incubation and controlled heating processes.

Results and discussion. Figure I shows the interfacial tension (IFT) variation trend
of five polymers (P-1 to P-5) at different concentrations (%). The IFT of P-1 to P-4 is
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relatively high, and shows an overall fluctuation or upward trend, which fails to effectively
reduce the interfacial tension. In contrast, the IFT of P-5 continues to decrease and always
maintains the lowest value, which reflects the excellent emulsification performance of
P-5, which is consistent with the research conclusion of the effect of interfacial tension on
the emulsification of emulsions, that is, the emulsification ability of emulsions increases
with the decrease of interfacial tension [9].
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Figure 1 - The relationship between polymer concentration with the interfacial tension

Figure 2 shows the changes in water separation rate of different polymers (P-1 to P-5)
at different times. The water separation rates of P-1 to P-4 all increased rapidly with time
and stabilized at around 20-30 minutes, with the final water separation rate approaching
100%. In contrast, the water separation rate of P-5 remained at an extremely low level,
with almost no water separation, indicating that P-5 has excellent emulsification stability.
Yi Jianhua [10] also showed that a lower water separation rate means that the emulsion
has a higher stability.
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Figure 2 — The relationship between time with dewatering rate
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Figure 3 shows the change trend of the water separation rate of P-5 over time. In the
initial stage (0-5 hours), the water separation rate quickly rose to about 60%, then the
growth slowed down and stabilized at about 75% after 25 hours. This trend shows that
P-5 can maintain a high stability for a long time, reflecting good emulsification stability.
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Figure 3 — Changes of water extraction rate over time

Figure 4 shows the microstructural changes of P-5 emulsion at different times. a) and
b) are the microscopic observation results of the emulsion under the action of P-5 after 30
minutes and 25 hours, respectively. By comparison, it can be seen that even after 25 hours,
the oil droplets still remain at the micron sizes, indicating that P-5 can effectively stabilize
the emulsion and show excellent emulsification performance. This result further verifies the
conclusion that the stability of the emulsion is closely related to the particle size of the dispersed
phase and the performance of the emulsifier [11], indicating that P-5 has good emulsification
stabilization ability and can effectively prevent oil droplet aggregation and demulsification.

Figure 5 shows the effect of different concentrations on viscosity and viscosity
reduction rate. Overall, the viscosity (blue curve) fluctuates with concentration, with a
significant decrease at 0.25%, and then rises to a higher level at 0.3%. At the same time,
the VRR (orange curve) remains between 70%-80% at low concentrations (0.1-0.2%),
reaches a maximum at 0.25%, and then decreases. This shows that 0.25% is the optimal
concentration, with the lowest system viscosity and the largest viscosity reduction rate,

a) b)

Figure 4 — Microstructure changes of P-5 emulsion at different times a) 30min b) 25h
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which is conducive to improving emulsification ability. This result is consistent with the
conclusion reported in the literature that viscosity can be effectively regulated and oil
recovery (EOR) can be enhanced by optimizing polymer concentration and salinity [12].
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Figure 5 — Effect of concentration on viscosity and viscosity reduction rate

The Figure 6 shows the effect of different salinities (mg/L) on viscosity (mPa-s)
and viscosity reduction rate (VRR, %). Overall, the viscosity (blue curve) fluctuates with
salinity, reaching the lowest value at 55,000 mg/L, and rebounding at higher salinities
(80,000 mg/L and above). At the same time, the VRR (orange curve) reaches its maximum
value at 55,000 mg/L, indicating that the system has the best viscosity reduction effect
and the strongest emulsification ability under this salinity condition, which is conducive
to enhanced oil recovery (EOR). This result is consistent with the conclusion proposed
by Luan Pengfei et al. [13] that the viscosity of the polymer solution can be effectively
regulated, the emulsification performance can be enhanced, and the recovery rate can be
improved by optimizing the salinity conditions.
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Figure 6 — Effect of salinity on viscosity and viscosity reduction rate
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Conclusion. This study demonstrates that salt-tolerant amphiphilic polymers have

strong emulsification heavy oil capacity and stability in high-salinity reservoirs, making them
effective EOR agents in Kazakhstan oilfields. Among the tested polymers, P-5 exhibited the

best

performance, achieving the lowest interfacial tension and highest emulsion stability. The

optimal formulation was determined to be P-5 at a concentration of 0.25% and a salinity of
55,000 mg/L, which resulted in the greatest viscosity reduction and enhanced oil displacement
efficiency. These findings highlight the potential of amphiphilic polymers as a promising
alternative to traditional thermal methods for heavy oil recovery. @
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