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Water and oil emulsion formation is a natural process that takes place during oil recovery
and processing. Heavy oils of Kazakhstan form highly stable oil emulsions mostly stabilized by a
high content of asphaltenes, resins, and other surface-active components. Oil-in-water emulsions
initiate the corrosion of equipment and cause transportation issues. Dewatering of oil emulsions is
economically reasonable and requires universal techniques which could be applied to any sort of
oil. In this study, the chemical composition of crude oil from the Sarybulak oilfield was determined,
and commercial demulsifiers of Basorol brand were applied to these water-in-oil emulsions.
The natural stabilizers content (asphaltenes and resins) was determined and correlated with IR-
spectrum data. Finally, the effectiveness of demulsifiers is compared and explained according to
their structures. It has been found that the higher the relative solubility number of the demulsifier,
the better water-in-oil emulsion separation efficiency and dewatering mechanism was assumed.
Results of water separation showed that Basorol PE-10400 and PE-10500 are the most effective,
with DE of 96% and 91%, respectively, for 30% (vol.) water-in-oil emulsion at 60°C during 1-hour
treatment.

Keywords: oil emulsion; chemical demulsification; water-in-oil emulsion; dewatering of
crude oil emulsion; heavy oils.
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Cypafbl MyHal 3MYNbCUACBIHbIH, TY3inyi — MyHaWAbl 6HAIPY XaHe eHJaey KesiHAe OpblH
anatbiH yaepic. KasaKcTaHHbIH, ayblp MyHainapbl HerisiHeH achanbTeHaep, Walkbipnap KaHe
6acka aa 6eTTiK-aKTUBTI KOMNOHEHTTEPMEH CTabUNM3aLMANAHFAH TYPAKTbI/IbIFbI }OFapbl MyHai
aMynbcuANnapbiH Tysedi. Cyaafbl MyHail amynbCcuANapbl }abablKTapAblH, KOPPO3UACHIH KaHe
Tacbimangay macenenepiH Tyabipagbl. MyHal amyabCUANApbIH CYCbI3AAHAbIPY SKOHOMMKANbIK
TYpFblfaH TUIMAI KOHe MyHaWAblH, Ke3 KenreH TypiHe KonpgaHbinatelH ambeban agictepai
KaxeT eTedi. byn 3eptTeyae Capblbynak KeH OPHbIHbIH, WWKI MYHAMbIHbIH, XMMUANbIK Kypambl
aHbIKTanAbl. OCbl MyHaWAbIH MOAENbA SMYNbCUANAPLIH CYCbI3AAaHAbIPY YLWiH }KyMbicTa Basorol
MapKaibl KOMMEPLMANbIK [Aeamysnbratopnap KongaHoinapl. Tabufu TypaKTaHAbIpFbIWTap
achanbTeHAep MeH WablpnapaplH, MesWwepi aHblKTanabl KaHe UK-cnekTpiHiH AepekTepimeH
CaNbICTbIPbINAbI. DPTYPAi AEIMYNbraTopAapAblH, TUIMAINIME CaNbICTbIPbINAbI XHE ONapAblH,
KYPblIbIMbIMEH KoppenauuanaHgbl. [eamynbratopAbliH, CanbiCTbipManbl epirilTiri HeFypabim
Kofapbl 601ca, MyHalAaFbl CY SMYNbCUACBIHBIH, 6ONIHY TUIMAINIT COFYpAbIM KOFapbl 601aTbiHbI
aHbIKTaNAbl XKaHe CyCbi3AaHAbIPy MeXaHU3Mi YCbIHbIAAbI. EH KaKCbl A€3IMYNbCUANAY HITUXKECIH,
AFHN 96% KoHe 91% by3blny TUIMAINITIH calikeciHwe Basorol PE-10400 kaHe PE-10500 30%-4bIK
(kenem.) myHagafbl cy amynbcusacbiHa 60°C-Ta KesiHae 1 cafaT acep eTy 6apbiCbiHAa KOPCETTI.

TyiiiH ce3gep: MyHall 3MYNbCUACHI, XUMUANBIK Ae3IMyAbCUOUKALMA; MyHailaarsl cy
3MYJ/IbCUACHI; MYHAN 3MYNbCUACBIHbIH, CYCbI34aHYbl; ayblp MYHail.
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O6pasoBaHue BOAOHEDTAHON IMYNbCUM — eCTECTBEHHbIN NPoLecc, NPOUCXoAAWNA Npu
[obblue M nepepaboTke HedpTU. Taxenble HedpTM KasaxcTaHa 06pasylOT BbICOKOYCTOMYMBLIE
HedTAHbIE 3MY/NbCUMM, B OCHOBHOM CTAabUIM3MPOBAHHbIE 33 CYET BbICOKOTO COAEPMKAHMA
achanbTeHOB, CMON U APYrUX MNOBEPXHOCTHO-AaKTUBHbLIX KOMMNOHEHTOB B HedTU. IMynbcuu
HedTb/BOAA BbI3bIBAIOT KOPPO3UIO 060PYA0BAHUA M Apyrue Npobaembl NPU TPAHCNOPTUPOBKE.
O6e3BoXMBaHME HeOdTAHbIX 3IMY/NbCUIA  IKOHOMMYECKM uenecoobpasHo U Tpebyer
YHUBEPCaNbHbIX NPUEMOB, MPUMEHUMbIX K Ntobomy Buay HedTU. B saHHOM nccnenosaHum 6bin
onpeaeneH XMMUYECKUI COCTaB Cbipoit HedTU mecTopoaeHua Capblbynak u 6biAn NPUMEHEHDI
KOMMepYeCcKne aeamynbraTtopbl mapku Basorol gna pasgeneHvus MOAENbHbBIX 3IMYNbCUNA.
MpucyTcTBME NPUPOAHBIX CTaBUNN3AaTOPOB, TaKMX KaK acdanbTeHbl U CMOAbI, 610 onpeseneHo
M CONOCTABNEHO C AaHHbIMU UK-cnekTpa. 3G HEKTUBHOCTM [e3MYNbraTopos 6blnM CpaBHEHbBI U
COOTHOCEHbI C UX CTPYKTYPOW. Bbl10 06HAPYKEHO, YTO YeM BbILLE OTHOCUTE/IbHAA PAaCTBOPUMOCTb
Aeamynbratopa, Tem adbdeKTMBHEe pasgesneHne aMynbcun Bofa/HedTb, a TaKKe NpeasIoKeH
mMexaHu3m 06e3BoKMBaHUA. Pe3ynbTaTbl 4e3MyNbrMpoBaHMA NoKasanu, yto Basorol PE-10400 u
PE-10500 sBnstoTcA Hanbonee pesynbTaTMBHbIMKU ¢ 3G PEKTUBHOCTbIO pasaeneHna 96% n 91%
cooTBeTcTBEHHO Ana 30% (06.) amynbcun Boga-s-macse npu 60°C B TeyeHne 1 yaca o6paboTku.

Kntouesble cnoBa: HepTAHAA IMYNIbCUA; XMMUYECKOE [,eIMYIbIMPOBaHNE; SMYNbCUA BOAA-
B-macne; 06e3BoXxuBaHne HeGTAHOW IMYNbCUU; TAKENAA HEDTb.
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1. Introduction

The destruction of water-in-oil emulsions is one of the
most serious difficulties in the collection, transportation, and
processing of oil, and it necessitates varied solutions depending
on the stage of oilfield exploitation [1-3]. Long-term operation of
oil fields leads to the formation of stable water-in-oil emulsions
with high water content (20-97%). The chemical composition
and physical properties of the oil in a certain oilfield determine
the stability of an emulsion during the extraction or pumping of
the oil [4]. Some types of emulsions are well separated by simple
gravity settling of water phase at heating, while others are
rapidly divided into two phases under the action of chemical
reagents, thermal or electrical treatment [5-6].

The destruction of water-in-oil emulsions occurs due to
colloidal physical processes. The demulsifier displaces or
dissolves the existing natural stabilizer, changes the wettability
of natural emulsifying components and allows them to move
from the water/oil interface into the oil or water phase [7].

The composition of produced oil varies depending on
the oilfield, its density and the content of asphalt-resinous
substances and paraffins that determines the need to expand
the range of new technological developments and
demulsifiers [8].

Heavy oils produced in Kazakhstan are characterized by
high density and a large number of asphaltenes, resins, and high
molecular weight paraffins [9], and crude oil forms stable water-
in-oil emulsions [10]. The formation of stable water-in-oil
emulsions leads to higher costs for transportation and causes
the corrosion of the equipment [1]. Therefore, the dewatering
of oil emulsions is an urgent problem for our country.

In this research, samples of oil from the Sarybulak oilfield
of the East Kazakhstan region and its water-in-oil model emulsions
were studied. Series of Basorol brand compounds were chosen
because of their diversity and wide range of RSN numbers. The
aim of the research is to define the effect of composite
demulsifiers based on polyoxyalkylated compounds on the
breaking down of oil emulsions. In addition to determining the
physicochemical parameters of oil samples, the degree of
dewatering of model oil emulsions was determined using a series
of commercial demulsifiers of the Basorol brand to select the
most effective demulsifying agent for high viscous oil emulsions
with strong stability and clarify the mechanism of breaking down.

2. Experiment

2.1 Materials and methods

Oil emulsions produced from the Sarybulak oilfield located
in Zaisan district of the East Kazakhstan region were analyzed
(Table 1) according to Standard test methods.

A Series of commercial products of BASF Company,
Germany, known as Basorol demulsifiers were tested (Table 2).

Density was identified using an areometer according to ST
RK 1319-2004 (Table 1). Dynamic viscosity was measured using
Brookfield digital rheometer model DV-III+. Water content was
measured using the Dean-Stark distillation method.
International analysis standards were followed during oil and
emulsions density (ST RK 1319-2004) and chloride salts
composition (GOST 21534-76) analysis.

"Spectrum - 65" Fourier IR, (Perkin Elmer) at 4000-450 cm
diapason spectrometer was used for crude oil functional groups
determination.

© 2022 The Authors
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Water-in-oil emulsions were prepared by mixing crude oil
and saline water (1% wt. NaCl) and homogenized using IKAT 10
basic ULTRA-TURAX homogenizer at 18000 rpm for 10 min at
25°C. Emulsions were prepared with different water content
(5%, 10%, 20%, 30%, 40%, 50%) by adding 1% wt. NaCl solution
and homogenised afterwards. NaCl is added to mimic naturally-
produced crude oil emulsions, and chosen concentration is
explained by the fact that higher concentrations can promote
dewatering [17-18]. The density of emulsions was determined at
a room temperature of 25°C.

Demulsification efficiency (DE) was calculated according
to the following equation:

Volume of separated water
DE = f sep

~ Initial volume of added water

¢ 100%

To evaluate demulsification efficiency, 0.06-0.09 grams of
demulsifier was introduced and followed by thorough mixing
for 5 min by means of IKA T 10 basic ULTRA-TURAX homogenizer

Table 1 — Physico-chemical properties of oil sample

at 8000 rpm at 25°C. This amount of demulsifier was chosen in
order to achieve the minimum demulsifier consumption per ton
of oil emulsion [19]. Under these conditions, the amount of the
demulsifier varies between 0.13-0.2% (wt.).

The mixtures of emulsions with demulsifiers were
thermostated for 1 hour and centrifuged for 15 minutes at
2000 rpm. All measurements were repeated three times with
each sample.

3. Results and Discussion

The presence of high molecular weight paraffins,
asphaltenes and resins identified for a sample of the Sarybulak
oilfield (Table 1) contributes to the stabilization of water
globules in oil emulsions. It is known that oil can be divided into
three groups according to the tendency to form emulsion:
highly stable emulsion, medium stable emulsion, low stable
emulsion, depending on the composition of the resin,
asphaltenes and physical and chemical characteristics [20].

Parameters The Sarybulak oil

Standard

P,s. (kg/m?) 905
W, dynamic viscosity, mPa-s 1520

Water content (%)

Salts content (%) 3.25
Mechanical impurities (%) 0.0
Asphaltenes (%) 0.2
Resins (%) 8.0

0 or traces, less than 0.3 mL

ST RK 1319-2004
ASTM D 445-1997
ST RK 1314-2004
GOST 21534-76
GOST 6370-83
GOST 11858
GOST 11858

Table 2 — Commercial demulsifiers used for oil emulsions separation and their characteristics [11-16]

Demulsifier Type

Structure/functional groups

RSN Other parameters

Basorol L 121 Nonionic surfactant

Block polymer based on propylene 9.4

White viscous liquid

oxide and ethylene oxide

Basorol PE10400 Nonionic surfactant

Block copolymers in which the central  24.1

White, waxy solid, viscosity

polypropylene glycol group is flanked
by two polyethylene glycol groups

Basorol P DB-9390 Treater/dryer Alkoxylated polyethylenimines 13.4 Active component 75-90%, Viscosity 740
cPs, 50°C. Soluble in isopropanol and aro-
matic solvent (10% product). Insoluble in
water and kerosene

Basorol K 3800 Water dropper/Treater/ Tri-functional amine alkoxylates 9.4 Viscosity 1370 cPs, 20°C

dryer

Basorol PE 10500 Nonionic surfactant

Block copolymers in which the central ~ 31.5

White, waxy solid, viscosity

polypropylene glycol group is flanked
by two polyethylene glycol groups

Basorol P DB-9393 Treater/dryer

Alkoxylated polyethylenimines 5-7

Active component 80-100%, Viscosity 500-
2000 cPs, 20°C. Soluble in isopropanol and
aromatic solvent (10% product). Insoluble
in water and kerosene

RSN (relative solubility number) is determined by the demulsifier solubility in water
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According to the results of the study, Sarybulak oil is
medium stable in terms of the amount of high molecular weight
components, and this oil sample is highly stable in terms of
density and viscosity (Table 1).

1100- )

1000 /

900~

Density, kg/m?3

T
0 5 10 15 20 25 30 35 40 45 50 55
Water content, % (vol.)

Figure 1 — Dependence of the density of w/o emulsions on the
amount of water

Separation efficiency rises with increasing water content
in emulsions due to the relatively high difference in densities of
water and oil phase. To test this dependence densities of
emulsions were measured. Densities of water-in-oil emulsions
increase as water percentage increases (Figure 1). It is clearly
shown that the increase of water water content leads to an
increase of density. Asphaltenes densities vary from 1170 kg/m?
to 1520 kg/m3and due to the presence of high molecular weight
asphaltene aggregates, the density of the emulsions is higher
than 1000 kg/m? [21].
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IR spectroscopic method was used to study the qualitative
composition of stabilizing components of the oil. The spectrum
of the sample was determined. The intensity of peaks
corresponding to hydroxide groups (bands at 3122.10 and
1400.05 cm™?) is moderate, which indicates a low water content
in the oil and corresponds to the physicochemical parameters
defined above. Absorption bands belonging to double-bonded
and condensed benzene rings were also observed in the
spectrum (bands at 1605.26 and 825.03 cm?) (Figure 2). IR
spectrum for oil from the Sarybulak oilfield shows the presence
of long-chain paraffin structures of normal and branched
structures (bands at 2924.43; 2854.05; 1458.98; 1384.31 cm?).

According to the IR spectrum, there are sharp, specific
peaks that may be produced by functional groups present in
high molecular weight components of oil — asphaltenes
and resins (Table3). The asphaltene molecule contains
fragments of condensed hydrocarbons, heterocyclic, alicyclic
hydrocarbons [12].

Table 3 — Frequencies of functional groups determined by IR
spectrum analysis of oil sample from the Sarybulak oilfield

Detected wave numbers, cm™ Possible functional groups

618.95 u-C=0
1384.31 8-C(CH,),
1400.05 5-OH
1458.98 8-C(CH,)
1605.26 uC=C
2854.05 u-CH,
2924.43 u-CH,
3122.10 u-OH

3600 3200 2800 2400 2000 1800

wavenumber,cm”

1600 1400 1200 1000 800

600

Figure 2 — IR-spectrum of oil samples from the Sarybulak oilfield
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The values of the dynamic viscosity of the emulsion
samples at different temperatures and different percentages of
water were measured at intervals of 5°C from 25°C to 60°C
(Figure 3).

The dynamic viscosity of model emulsions made of
Sarybulak oil was determined at room temperature of 25°C and
elevated temperatures.

3000 1

2000

1000 - \I

Dynamic viscosity, mPasc*

oy

0 T T T T T T T T 1

20 25 30 35 40 45 50 55 60 65
Temperature, ° C

Figure 3 — Temperature dependence of dynamic viscosities of
crude oil

From the graph (Figure 4), we see that as the percentage
of water in model emulsions increases, so does their viscosity,
which is since the increase in water content is related to the
formation of hydrogen bonds between increased amounts of
water molecules and natural stabilizers polar groups. Eventually,
molecular flow decreases and dynamic viscosity rises. In
contrast, as the temperature increases, the kinetic energy of
the molecules increases too. This is followed by intermolecular
forces weakening and promoting molecular flow, decreasing
the dynamic viscosity that we can observe in Figure 3
and Figure 4 [22].

—®—at25°C
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2000 . : e
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——————————————
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Water content, % (vol.)

Figure 4 — Dynamic viscosity dependence of w/o emulsion on
temperature

To break down the Sarybulak oilfield emulsions, the
thermal dewatering of samples was carried out at 40-80°C.
However, there was no observed water separation from model
emulsions, and that can be explained by the ageing of the
emulsion and the effect of natural stabilizers in the emulsion
[13]. Therefore, thermal demulsification is not effective for
these samples.

The results of physicochemical studies show that natural
stabilizers increase the stability of Sarybulak oil emulsions.
Therefore, commercial Basorol demulsifiers with a high effect
on oil emulsions were used.

A simple addition of demulsifiers does not affect on water
separation from emulsions and therefore the thermochemical
separation was applied. Thermochemical treatment resulted in
large water droplets spread throughout the oil phase without
the formation of clear water and oil layers. To separate
coalesced water droplets, thermochemical emulsion treatment
was followed by centrifugation (Figure 5). Experiments were
repeated several times, and separation efficiencies were the
same.

—®— Basorol L - 121
—®— Basorol PE-10400
100 —4A— Basorol P DB-9390
—¥— Basorol K-3800
- Basorol PE 10500
< Basorol P DB-9393

80

DE, %

40 1

20

10 20 30
Water content, % (vol.)

Figure 5 — Demulsification efficiency of series of Basorol
demulsifiers

According to obtained results, it is clearly seen that
combination of thermochemical treatment and centrifugation
results in water phase separation.

The basis of demulsifier choice is its relative solubility
number (RSN). RSN value shows how much water could
demulsifier bind with. The higher the RSN value, the more
hydrophilic the substance [14]. There is an increasing trend of
demulsification efficiency when water content rises for all
tested demulsifiers except Basorol L-121 and Basorol K-3800.
This deviation could be related to demulsifiers’ nature, their low
RSN values and low molar mass. Namely, Basorol K-3800 is
represented as amine alkoxylate, while Basorol L-121 is
propylene oxide and ethylene oxide copolymer. These
functional groups are classified as less polar ones, and they
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probably can not promote water droplets coalescence as well
as other ones. Even though, we can see that Basorol K-3800
shows DE of 84% for w/o emulsion with 20% water content.

The most efficient demulsifier in this study is Basorol PE-
10400 with DE of 96% for 30% w/o emulsion. The reason for
such a good effect could be the presence of many polar groups
in the copolymer structure and relatively high RSN value. A
similar tendency is observed in the case of Basorol PE-10500,
which differs only by the percentage of polyethylene glycol in
the polymer structure (50%). Furthermore, the average molar
mass of tested copolymers directly affects DE. For instance,
Basorol P DB-9390 and Basorol P DB-9393 display very close DE
values, while in contrast, Basorol PE-10400 and Basorol PE-
10500 show higher DE values. In other research [23], Basorol
RPE 3110 with a lower RSN value (9.8) and average molar mass
was tested onto heavy oil emulsions with 45% DE which aligns
with our approach of demulsifier efficiency. It should also be
noted that DE of Basorol PBD series is similar to the results in
the research of Hajivand and Vaziri [15]. A similar demulsifier,
Basorol P DB-9935, attached to the magnetite nanoparticles
displayed relatively high efficiency for heavy water-in-oil
emulsions with DE of 82% [24].

The common emulsion separation mechanism in the
case of using chemical agents considers the substitution of
natural stabilizers by compounds with lower molecular
weight [16]. So, the separation effectiveness depends on the
choice of a suitable demulsifier with appropriate weight
and nature.

References (GOST)

1 Abed S.M., Abdurahman N.H., Yunus R.M., Abdulbari H.A.,
Akbari S. Oil emulsions and the different recent demulsification
techniques in the petroleum industry - A review // I10P
Conference Series: Materials Science and Engineering. — 2019.
—Vol.702. - P.012060.

2 Zolfaghari R., Fakhru’l-Razi A., Abdullah L.C., Elnashaie
S.S.E.H., Pendashteh A. Demulsification techniques of water-
in-oil and oil-in-water emulsions in petroleum industry //
Separation and Purification Technology. — 2016. — Vol.170. —
P.377-407.

3 Lim J.S., Wong S.F., Law M.C., Samyudia Y., Dol S.S. A
Review on the effects of emulsions on flow behaviours and
common factors affecting the stability of emulsions // Journal
of Applied Sciences. — Vol.15. - P.167-172.

4 Ezzat A.O., Atta A.M., Al-Lohedan H.A. One-step
synthesis of amphiphilic nonylphenol polyethyleneimine for
demulsification of water in heavy crude oil emulsions // ACS
Omega. —2020. - Vol.5. - P.9212-9223.

5 Umar A.A., Saaid I.B.M., Sulaimon A.A., Pilus R.B.M. A
review of petroleum emulsions and recent progress on water-
in-crude oil emulsions stabilized by natural surfactants and
solids // Journal of Petroleum Science and Engineering. — 2018.
—Vol.165. — P.673-690.

ISSN 1563-0331
elSSN 2312-7554

4. Conclusion

To sum up, we have tested a series of commercial
brand. The presence of natural
stabilizers correlates with IR-spectrum. In order to increase the
DE, the thermochemical settling is followed by centrifugation.
For the first time, commercial Basorol demulsifier’s actions
were studied on the high-viscous oil from the Sarybulak oilfield.
Results of dewatering demonstrated that 1.2-1.8 g/L of Basorol
PE-10400 and PE-10500 are the most effective, with DE of 96%
and 91%, respectively, for 30% (vol.) water-in-oil emulsion at
60°C during 1-hour treatment.

Functional groups and the average molar mass of the

demulsifiers of Basorol

polymer play the main role in demulsifier choice. Demulsifiers
from Basorol PE series demonstrated the highest separation
efficiency. Such a high dewatering ability is related to the high
RSN values and molecular weight. Because the crude oil of the
Sarybulakischaracterized by natural surface active components,
commercial demulsifiers are not universal, and their choice is
dictated by crude oil composition. Moreover, such highly stable
emulsions require temperature treatment and centrifugation.

Acknowledgements

The authors thank the Ministry of Education and Science
of the Republic of Kazakhstan for funding this research with a
doctoral program grant of the educational program “Chemical
Engineering”, S. Faizullayev.

6 Abdulredha M.M., Hussain S.A., Abdullah L.C. Overview on
petroleum emulsions, formation, influence and demulsification
treatment techniques // Arabian Journal of Chemistry. — 2020.
—Vol.13. - P.3403-3428.

7 Kang W., Yin X., Yang H., Zhao Y., Huang Z., Hou X. et
al. Demulsification performance, behavior and mechanism
of different demulsifiers on the light crude oil emulsions //
Colloids and Surfaces A: Physicochemical and Engineering
Aspects. —2018. — Vol.545. — P.197-204.

8 Ahmad M.A., Samsuri S., Amran N.A. Methods for
Enhancing Recovery of Heavy Crude Oil. In: Gounder R.M.,
editor. Processing of Heavy Crude Oils - Challenges and
Opportunities. — London: IntechOpen, 2019.

9 Adilbekova A., Omarova K., Karaitova M. Physical
chemical characteristics of oil emulsions of North-West Konys
and Zhanaozen oilfields // Chemical Bulletin of Kazakh National
University. — 2016. — Vol.82(2). — P.26-33.

10 Otarbaev N.S., Kapustin V.M., Nadirov K.S., Bimbetova
G.Z., Zhantasov M.K., Nadirov R.K. New potential demulsifiers
obtained by processing gossypol resin // Indonesian Journal of
Chemistry. —2019. — Vol.19. — P.959-966.

11  BASF official web-page (2022) www.oilfield-solutions.basf.com
12 Bai Y., Bai Q. 16 - Wax and Asphaltenes, second edition.
Subsea Engineering Handbook. Gulf Professional Publishing,
2019. — P.435-453. ISBN 9780128126226

Chemical Bulletin of Kazakh National University 2022, Issue 3


http://www.oilfield-solutions.basf.com

10 Evaluation of the effectiveness of commercial demulsifiers based on polyoxyalkylated compounds...

13 Sousa A.M., Pereira M.J., Matos H.A. Oil-in-water and
water-in-oil emulsions formation and demulsification // Journal of
Petroleum Science and Engineering. —2022. —Vol.210. - P.110041.
14 Atta A.M., Abdullah M.M.S., Al-Lohedan H.A., Ezzat A.O.
Demulsification of heavy crude oil using new nonionic cardanol
surfactants // Journal of Molecular Liquids. — 2018. — Vol.252.
—-P.311-320.

15 Hajivand P,
formulation for separation of water from crude oil emulsions
// Brazilian Journal of Chemical Engineering. — 2015. — Vol.32.
-P.107-118.

16 Ramalho J.B.V.S., Lechuga F.C., Lucas E.F. Effect of the
structure of commercial poly(ethylene oxide-b-propylene
oxide) demulsifier bases on the demulsification of water-
in-crude oil emulsions: elucidation of the demulsification
mechanism // Quimica Nova. — 2010. — Vol.33. — P.1664-1670.
17 Rachman D.A., Pramadika H., Samsol S. Laboratory study
of the effect of salinity on the demulsification process in high

Vaziri A. Optimization of demulsifier

temperature crude oil // Journal of Earth Energy Science,
Engineering, and Technology. — 2020. — Vol.5, Is.1.

18 LesaintC., Berg G., Lundgaard L.E., Ese M.G. A novel bench
size model coalescer: dehydration efficiency of AC fields on
water-in-crude-oil emulsions // IEEE Transactions on Dielectrics
and Electrical Insulation. — 2016. — Vol.23. — P.1-6.

19 Saad M.A., Abdurahman N.H., Yunus R.M. Eco-friendly
surfactant to demulsification water in oil emulsion: synthesis,
characterization and application // Chemical Data Collections. —
2020. - Vol.30. - P.100582.

20 Fingas M., Fieldhouse B., Mullin J. Water-in-oil emulsions
results of formation studies and applicability to oil spill
modelling // Spill Science & Technology Bulletin. — 1999. —
Vol.5(1). — P.81-91.

21 Rogel E., Carbognani L. Density estimation of asphaltenes
using molecular dynamics simulations // Energy & Fuels. —2013.
—Vol.17. - P.378-386

22 Hao C., Zhao L., Yue X., Pang Y., Zhang J. Density, dynamic
viscosity, excess properties and intermolecular interaction of
triethylene glycol + N,N-dimethylformamide binary mixture //
Journal of Molecular Liquids. — 2019. — Vol.274. — P.730-739.

23 Adilbekova A., Omarova K., Mussabekov K., Kairatova M.,
Karakulova A. Demulsification of water-oil emulsions with the
use of mixtures of oil-soluble demulsifiers // 8" Beremzhanov
Chemistry and Chemical Technology Congress. — Ust-
Kamenogorsk, Kazakhstan. — October 9-10, 2014. — P.153.

24  Farrokhi F., Jafari Nasr M.R., Rahimpour M.R., Arjmand
M., Ali Vaziri S. Application of a novel magnetic nano-
particle as demulsifier for dewatering in crude oil emulsion //
Separation Science and Technology. —2017. — Vol.53. — P.551-558.

References

1 Abed SM, Abdurahman NH, Yunus RM, Abdulbari HA,
Akbari S (2019) IOP Conference Series: Materials Science
and Engineering 702:012060. https://doi.org/10.1088/1757-
899X/702/1/012060

2 Zolfaghari R, Fakhru’l-Razi A, Abdullah LC, Elnashaie SSEH,
Pendashteh A (2016) Sep Purif Technol 170:377-407. https.//doi.
org/10.1016/j.seppur.2016.06.026

3 Lim JS, Wong SF, Law MC, Samyudia Y, Dol SS (2015) J Appl
Sci 15:167-172. https://doi.org/10.3923/jas.2015.167.172

4 Ezzat AO, Atta AM, Al-Lohedan HA (2020) ACS Omega
5:9212-9223. https://doi.org/10.1021/acsomega.0c00002

5 Umar AA, Saaid IBM, Sulaimon AA, Pilus RBM (2018)
J Petrol Sci Eng 165:673-690. https://doi.org/10.1016/].
petrol.2018.03.014
6 Abdulredha
Arab J Chem
arabjc.2018.11.014
7 Kang W, Yin X, Yang H, Zhao Y, Huang Z, Hou X, et al
(2018) Colloid Surface A 545:197-204. https://doi.org/10.1016/].
colsurfa.2018.02.055

8 Ahmad MA, Samsuri S, Amran NA (2019) Methods for
Enhancing Recovery of Heavy Crude Oil. In (Ed.), Processing of
Heavy Crude Qils - Challenges and Opportunities. Intech Open.
https://doi.org/10.5772/intechopen.90326

9 Adilbekova A, Omarova K, Karaitova M (2016) Chem Bull
Kaz Nat Univ 82(2):26-33. https://doi.org/10.15328/cb726

10 Otarbaev NS, Kapustin VM, Nadirov KS, Bimbetova
GZ, Zhantasov MK, Nadirov RK (2019) Indonesian Journal of
Chemistry 19:959-966. https://doi.org/10.22146/ijc.38671

11 BASF official web-page (2022) www.oilfield-solutions.basf.
com

12 BaiY, Bai Q(2019) 16 - Wax and Asphaltenes, 2-nd edition.
Subsea Engineering Handbook. Gulf Professional Publishing.
P.435-453. https.//doi.org/10.1016/B978-0-12-812622-6.00016-6
13 Sousa AM, Pereira MJ, Matos HA (2022) J Petrol Sci Eng
210:110041. https://doi.org/10.1016/j.petrol.2021.110041

14 Atta AM, Abdullah MMS, Al-Lohedan HA, Ezzat AO
(2018) J Mol Lig 252:311-320. https://doi.org/10.1016/].
molliq.2017.12.154

15 Hajivand P, Vaziri A (2015) Braz J Chem Eng 32:107-118.
https://doi.org/10.1590/0104-6632.20150321s00002755

16 Ramalho JBVS, Lechuga FC, Lucas EF (2010) Quim
Nova 33(8):1664-1670. https://doi.org/10.1590/50100-
40422010000800009

17 Rachman DA, Pramadika H, Samsol S (2020) Journal of
Earth Energy Science, Engineering, and Technology 5(1). https://
doi.org/10.25105/jeeset.v3i2.7602

18 Lesaint C, Berg G, Lundgaard LE, Ese MG (2016) IEEE
Transactions on Dielectrics and Electrical Insulation 23:1-6.
https://doi.org/10.1109/TDEI.2016.7556473

19 Saad MA, Abdurahman NH, Yunus RM (2020) Chemical
Data  Collections  30:100582.  https://doi.org/10.1016/].
¢dc.2020.100582

20 Fingas M, Fieldhouse B, Mullin J (1999) Spill Science &
Technology Bulletin 5(1):81-91. https://doi.org/10.1016/51353-
2561(98)00016-4

21 Rogel E, Carbognani L (2003) Energ Fuel 17:378-386

22 Hao C, Zhao L, Yue X, Pang Y, Zhang J (2019) J Mol Liq
274:730-739. https://doi.org/10.1016/j.molliq.2018.11.027

MM, Hussain SA, Abdullah LC
13:3403-3428.

(2020)
https://doi.org/10.1016/].

BecTHuK KasHY. Cepua xummyeckada. —2022. —Ne 3


https://doi.org/10.1088/1757-899X/702/1/012060 
https://doi.org/10.1088/1757-899X/702/1/012060 
https://doi.org/10.1016/j.seppur.2016.06.026 
https://doi.org/10.1016/j.seppur.2016.06.026 
https://doi.org/10.3923/jas.2015.167.172 
https://doi.org/10.1021/acsomega.0c00002 
https://doi.org/10.1016/j.petrol.2018.03.014 
https://doi.org/10.1016/j.petrol.2018.03.014 
https://doi.org/10.1016/j.arabjc.2018.11.014 
https://doi.org/10.1016/j.arabjc.2018.11.014 
https://doi.org/10.1016/j.colsurfa.2018.02.055 
https://doi.org/10.1016/j.colsurfa.2018.02.055 
https://doi.org/10.5772/intechopen.90326 
https://doi.org/10.15328/cb726
https://doi.org/10.22146/ijc.38671 
http://www.oilfield-solutions.basf.com 
http://www.oilfield-solutions.basf.com 
https://doi.org/10.1016/B978-0-12-812622-6.00016-6 
https://doi.org/10.1016/j.petrol.2021.110041 
https://doi.org/10.1016/j.molliq.2017.12.154 
https://doi.org/10.1016/j.molliq.2017.12.154 
https://doi.org/10.1590/0104-6632.20150321s00002755
https://doi.org/10.1590/S0100-40422010000800009 
https://doi.org/10.1590/S0100-40422010000800009 
https://doi.org/10.25105/jeeset.v3i2.7602 
https://doi.org/10.25105/jeeset.v3i2.7602 
https://doi.org/10.1109/TDEI.2016.7556473
https://doi.org/10.1016/j.cdc.2020.100582 
https://doi.org/10.1016/j.cdc.2020.100582 
https://doi.org/10.1016/s1353-2561(98)00016-4  
https://doi.org/10.1016/s1353-2561(98)00016-4  
https://doi.org/10.1016/j.molliq.2018.11.027

A.O. Adilbekova et al.

11

23 Adilbekova A, Omarova K, Mussabekov K, Kairatova M,
Karakulova A (2014) Demulsification of water-oil emulsions with
the use of mixtures of oil-soluble demulsifiers. Proceedings of
the 8th Beremzhanov Chemistry and Chemical Technology
Congress. Ust-Kamenogorsk, Kazakhstan. October 9-10, 2014.
P.153.

24  Farrokhi F, Jafari Nasr M R, Rahimpour M R, Arjmand M, Ali
Vaziri S (2017) Sep Sci Technol 53:551-558. https://doi.org/10.10
80/01496395.2017.1373676

ISSN 1563-0331 Chemical Bulletin of Kazakh National University 2022, Issue 3
elSSN 2312-7554


 https://doi.org/10.1080/01496395.2017.1373676
 https://doi.org/10.1080/01496395.2017.1373676

	_GoBack
	_GoBack
	_GoBack
	OLE_LINK1
	OLE_LINK2
	OLE_LINK3
	OLE_LINK6
	OLE_LINK7
	OLE_LINK8
	OLE_LINK9
	OLE_LINK4
	OLE_LINK5
	_Hlk100476926
	_GoBack
	_Hlk43559474
	_Hlk42269288
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk105069348
	_Hlk105071685
	table1
	table2
	fig1
	fig2
	table3
	fig3
	fig4
	fig5
	_Hlk105062737
	basf
	yong
	ana
	ayman
	saad
	hao
	viii
	farrokhi
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack

