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STUDY ON THE INFLUENCING FACTORS OF DEMULSIFIER
ON THE OIL-WATER INTERFACE VISCOELASTICITY

Abstract

Water flooding is a commonly used development method in oilfields, and the water cut of the output fluid
of oil wells gradually increases with the increase of injected water in water wells. Due to the presence of natural
surfactants such as gum, asphaltene and organic acid in crude oil, it is easy to form a high strength viscoelastic oil-
water interfacial film and a stable emulsion. To facilitate the storage and transportation of crude oil, it is necessary to
demulsify the crude oil emulsion. In this paper, the CQ crude oil was taken as the research object, and the effects of
demulsifier type, concentration, demulsifier temperature and oil-water properties on the viscoelasticity of oil-water
interfacial film were investigated by using rheometer and then the demulsification mechanism was explored. The
results show that the lower the interfacial film strength, the better the demulsifier. In addition, with the increase of
demulsifier concentration and temperature, the oil-water interfacial viscoelasticity decreases and the interfacial film
strength further decreases. In general, the demulsification effect will be significantly improved with the increase
of demulsifier concentration and temperature, and the dehydration effect will be better. The research results can
provide theoretical guidance for the field application of demulsification.

Key words: interface viscoelasticity; interface film strength; demulsification effect; influencing factors.
Introduction

Crude oil demulsification is an important part in oil and gas gathering and transmission, and
the key problem of demulsification lies in destroying the oil-water interfacial film, releasing the
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dispersed-phase droplets, and achieving the effect of oil-water separation through agglomeration
and flocculation [1]. The research of demulsifier has nearly 100 years of history so far. In 1914,
Barnickel found that ferrous sulfate can break the emulsion and dewater crude oil emulsion, which
opened a new era of demulsifier. The most widely used demulsifiers are ethylene oxide (EO) and
propylene oxide (PO) block polyethers, which have excellent solubility properties, relatively simple
synthesis conditions and less influence on demulsification performance by low temperature [2—4].
The demulsifier has amphiphilicity and the ability to destabilize the interfacial film. Demulsifier
can be adsorbed at the oil-water interface to replace or react with natural surfactants to change the
tension, viscoelasticity, and stability of the interfacial film [5].

Therefore, to obtain excellent demulsification and dehydration effects, itis necessary to understand
the properties of the oil-water interfacial film and the influencing factors affecting the viscoelasticity
of the oil-water interface. Interfacial rheology is an important property of oil-water interfacial film,
which is closely related to the demulsification of crude oil emulsion [6-9]. Interfacial rheology
mainly includes shear viscosity and viscoelasticity [10]. Due to the expandability and compressibility
of the interfacial film, the strong interfacial viscoelasticity can make the film resist and quickly
recover the deformation when it is damaged. Therefore, the interfacial film strength can be visually
characterized [11]. In order to solve the problem, rheometer was used to measure the changes of oil-
water interfacial viscoelasticity under different types of demulsifiers, concentrations, temperatures,
and oil-water properties. Among them, the interfacial viscoelasticity can be characterized by two
parameters, interfacial storage modulus and interfacial loss modulus, which represent the elasticity
and viscosity of interfacial film, respectively.

Experiments
Materials and instruments

Dewatered crude oil and formation water were provided from CQ oilfield in China. Demulsifiers
of AR101, AP301 and AR989 were purchased from Qingdao Changxing Hi-tech Development
Co., Ltd. Sodium chloride (NaCl) and magnesium chloride hexahydrate (MaCl2-6H20) were all
analytically pure and provided from Sinopharm Chemical Reagent Co. Ltd. Deionized water was
self-made in the laboratory.

The interface rheological experiment was tested using the MCR 301 rheometer (Anton Paar,
Austria).

Determination of interfacial viscoelasticity.

The oil-water interfacial film strength is characterized by the viscoelasticity, which was measured
by the interfacial rheology system of the rheometer. Firstly, a suitable volume of water phase was
added into the measuring cell to the scale line, heated to 30 °C, stabilized for 10 minutes to remove
the gas. Then, the rotor was lowered to the specified height, and the interfacial distance testing system
was run to ascertain the height of the rotor at point of contact with the gas-liquid interface. This was
done to ensure that the edge of the rotor was in direct contact with the water surface. Finally, a specific
volume of oil phase is added, and once equilibrium is reached the adsorption process at the oil-water
interface, the test program is initiated to measure the changes in the interfacial elastic modulus (G’)
and the viscous modulus (G”) at the oil-water interface. This allows for the determination of the
dynamic change in the interfacial film strength with the angular frequency.

Results and discussion

The key to breaking the emulsion is to effectively reduce the oil-water interfacial film strength. A
reduction in interfacial film strength results in an increased propensity for rupture, which in turn leads
to a deterioration in emulsion stability. This ultimately facilitates the breakdown of the emulsion and
the subsequent dewatering process. In the following, the effects of demulsifier type, concentration,
temperature and oil-water properties on the interfacial viscoelasticity are investigated, respectively.
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Effect of demulsifier type on the oil-water interface viscoelasticity.

The demulsifier can replace the natural active agent after adsorbing on the oil-water interfacial
film, so as to achieve the purpose of destroying the film, as shown in Fig. 1. In the blank sample (no
demulsifier), an interfacial film with certain viscoelasticity was gradually formed with the increase
of time. In the oil-water system where a stable interfacial film had been formed, the demulsifier was
added dropwise (t = 10 min).
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Figurel — The change of oil-water interfacial
viscoelasticity with different demulsifier

The addition of the demulsifier caused a perturbation to the stabilized system. The demulsifier
spreads to the oil-water interface, destroying the rigid film formed by the natural active substance,
constantly replacing the active substance and forming a looser interfacial film. When the demulsifier
replaces the colloidal asphaltene completely adsorbed at the interface, the viscoelasticity of the oil-
water interface decreases dramatically and gradually tends to be stabilized, and the newly formed
interfacial film has a lower strength, which is more prone to rupture. Furthermore, it can also be
seen that the diffusion and adsorption speed of AR301 is greater than that of AR989, and the time to
reach stability is shorter and the stability value is lower. Therefore, the interfacial activity of AR301
is higher, the ability to reduce the viscoelasticity of the interfacial film is stronger and the effect of
demulsification is better.

Effect of demulsifier concentration on the oil-water interface viscoelasticity.

The adsorption of the demulsifier AR101 in the interfacial film at different concentrations was
explored, as shown in Fig. 2. It can be seen that, after adding the demulsifier at a concentration of 50
mg/L, the demulsifier molecules gradually diffused into the interfacial film and replaced the natural
emulsifier, which made the strength of the interfacial film decrease. The decrease of the interfacial
film strength was more and more obvious with the increase of the time until it stabilized. With the
increase of the concentration of the demulsifier to 100 mg/L, the diffusion speed of the demulsifier
was accelerated, the viscoelastic reduction rate was also obviously accelerated, and the stabilization
time became shorter, and the stabilization value was even lower, which was consistent with the effect
of the demulsifier.

The effect of demulsification temperature on the adsorption process of demulsifier molecules is
explored, as shown in Fig. 3. It can be seen that the interfacial viscoelasticity decreased significantly
with the increase of temperature, and the rate of decrease of interfacial viscoelasticity accelerated
significantly. Because, the increase of temperature increased the diffusion speed of demulsifier, which

356



KA3AKCTAH-BPUTAH TEXHUKAJIBIK

YHUBEPCUTETIHIH, XABAPIIBICHI Ne 3(70) 2024

is conducive to the faster reduction of interfacial film viscoelasticity. So, the increase of temperature
is conducive to improving the efficiency of demulsification.
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Figure 2 — as of oil-water interfacial viscoelasticity with different
demulsifier concentration

Effect of demulsification temperature on the oil-water interface viscoelasticity.
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Figure 3 — Curves of oil-water interfacial
viscoelasticity at different temperatures

Influence of oil-water properties on the oil-water interface viscoelasticity
As the interfacial film is formed between the oil and water phases, in addition to the demulsifier
type, temperature and concentration, the oil-water properties also have a certain impact on the

interfacial viscoelasticity.
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(1) Gum and asphaltene content

To clarify the influence of gum and asphaltene on the oil-water interface viscoelasticity, simulated
oil was prepared using crude oil and paraffin in different ratios, and the interfacial viscoelasticity of
the emulsion was investigated at 30°C with different crude oil contents, as shown in Fig. 4.
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Figure 4 — The effect of colloid asphalt on interfacial viscoelasticity

With the increase of crude oil content in the simulated oil, the interfacial viscoelasticity increases
and the interfacial film strength increases. This is due to the crude oil contains gum, asphaltene and
other natural film-forming substances that are easy to adsorb on the oil-water interface to form a
rigid film, increasing the stability of the emulsion. The higher the content of crude oil, the greater the
adsorption, the greater the strength of the interfacial film formed and the stronger the stability of the
corresponding emulsion.

(2) Salt ions

Salt ions in the water phase are also important factors affecting the interface viscoelasticity.
The interfacial viscoelasticity of emulsions formed by simulated formation water and crude oil with
different salinity was investigated, as shown in Fig. 5.
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Figure 5 — Effect of salt concentration on interfacial viscoelasticity
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The interfacial viscoelasticity decreases and the film strength decreases as the increase of salinity.
As the higher concentration of salt ions affects the adsorption of gum and asphaltene in the oil phase
on the oil-water interface, thus reducing the interfacial film strength.

In addition, the salt ion valence state also has a certain effect on the interfacial viscoelasticity,
respectively test the conditions of Na+ and Mg2+ presence of the oil-water interface viscoelasticity
change rule, as shown in Fig. 6.
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Figure 6 — Effect of ionic valence on interfacial viscoelasticity

Both Na+ and Mg2+ can effectively reduce the interfacial viscoelasticity and thus the interfacial
film strength. Under the same concentration, the Mg2+ has a higher valence than the Na+, which
reduces the interfacial film to a greater extent. That is, high valence state salt ions can reduce the
interfacial viscoelasticity more effectively than low valence state salt ions, thus effectively reducing
the film strength.

Conclusion

The interfacial viscoelasticity directly reflects the interfacial film strength, the lower the
interfacial film strength, the better the demulsification effect. The demulsifier with excellent effect
can adsorb and replace the interfacial active material, reduce the interfacial viscoelasticity, decrease
the liquid film strength, thus destroying the stability of the emulsion, and achieve better oil-water
separation effect.

As the concentration of demulsifier and temperature increase, the interfacial viscoelasticity
decreases, the better the effect of demulsification. In other words, increasing the dosage of demulsifier
and increasing the demulsification temperature can effectively improve the demulsification effect.

In addition, the oil-water properties also have some influence on the interfacial viscoelasticity.
The more gum and asphaltene content in the oil phase, the higher the interfacial viscoelasticity. The
higher the concentration of salt ions in the water phase, the lower the interfacial viscoelasticity. And
the high valence salt ions can reduce the interfacial viscoelasticity more effectively compared with
the low valence salt ions.

REFERENCES

1 DingY., Li H., Jia J., et al. Synthesis of a demulsifier for treating crude oil-in-water emulsion through
a straightforward low-temperature process. Journal of Molecular Liquids, 2024, vol. 410, p.125635.

2 Wang H., Wu Y., Wu Z., et al. Preparation of a low-temperature poly (amino acids) demulsifier and its
demulsification mechanism. Fuel, 2024, vol. 365, p.131237.

3 Jiang S., Li Q., Ma Q., et al. Efficient Demulsification Performance of Emulsified Condensate Oil by
Hyperbranched Low-Temperature Demulsifiers. Molecules, 2023, vol. 28, p. 7524.

359



HERALD OF THE KAZAKH-BRITISH
No. 3(70) 2024 TECHNICAL UNIVERSITY

4 LiM., HuangH., LiuJ., etal. A gemini ionic liquid and its low-temperature demulsification performance
in water-in-crude oil emulsions. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 2023,
vol. 671, p. 131696.

5 Feng X., Liu S., Liu H., et al. A low temperature demulsifier with double hydrophobic chains was
prepared by a one-step method. Geoenergy Science and Engineering, 2023, vol. 226, p. 211573.

6 LiZ., Fuentes J., Chakraborty A., et al. Dehydration of water-in-crude oil emulsions using polymeric
demulsifiers: A model for water removal based on the viscoelastic properties of the oil-water interfacial film.
Fuel, 2023, vol. 332, p. 126185.

7 Keita A., Furitsu S., Yoshihiro Y., et al. Relationship between air-water interfacial dilational
viscoelasticity and foam property in aqueous solutions of sodium alkylsulfates with different hydrocarbon
chains. Journal of Dispersion Science and Technology, 2020, vol. 42, pp. 1218-1224.

8 Fan Y., Simon S., Sjoblom J. Interfacial shear rheology of asphaltenes at oil-water interface and its
relation to emulsion stability : Influence of concentration, solvent aromaticity and nonionic surfactant. J.
Colloids and Surfaces A : Physicochemical and Engineering Aspects, 2010, vol. 366, pp. 120—128.

9 VincentJ.V., Rosemary K.L., Peter K.K. Adsorption and molecular rarrangement of amphoteric species
at oil-water interfaces. Journal of Physical Chemistry B, 2009, vol. 113, pp. 13788-13799.

10 Kendra A.E., Jeffrey D.M., Jonathan T.S., et al. Shear and dilational interfacial rheology of surfactant-
stabilized droplets. Journal of Colloid and Interface Science, 2012, vol. 377, pp. 442—449.

11 Qiao X., Miller R., Schneck E., et al. Effect of surfactants on the interfacial viscoelasticity and stability
of silk fibroin at different oil/water interfaces. Journal of the science of food and agriculture, 2023, vol. 104,
pp- 2928-2936.

1Cun JI.,
Maructpanrt, e-mail: xly2841010053@163.com
U sIu X.,
KaybIMIacKaH mpodeccop, e-mail: hongbinyang@upc.edu.cn
2JIm M.,
maructp, e-mail: 519630341(@qq.com
‘Bau I,
Maructp, e-mail: wanggchl12@cnooc.com.cn
3san X.,
TOKTOpaHT, e-mail: 2737353467(@qq.com
'Ban P,
e-mail: wang rchao@163.com
"Pekan 10.,
maructpanr, e-mail: 1940390250@qq.com
UIn X.,
Maructpanrt, e-mail: 1244243374(@qq.com
*Kan B.,

npogeccop, e-mail: kangwanli@upc.edu.cn

"MyHaii HH)KCHEPHSIChI MEKTEOI,

Kepitait mynait yausepcureri (ILsirbic Kpitait), Llunaao k., 266580, KXP
[Munnao Xys¥iku MyHail cepBHCTIK KoMIaHuschl, [{uamao k., 266580, KXP
’boxait MmyHaii FeuTBIMU-3epTTey HHCTUTYTHI, CNOOC TSHBIB3HUHB (HITHAIBI,

Taup3ussk K., 300459, KXP

MYHAT - CY APAJBIK KABBIKITACBIHBIH TYTKBIP
CEPIIMJLIITTHE TEDMYJIbIATOPIBIH
OCEP ETYIIII ®PAKTOPJIAPBIH 3EPTTEY

Anjrarna
MyHait KeH OpBIHAAPBIH UTepyie Cy aimay oici KeHIHEH KOJITaHBUTAIBI, Oy Ke3/le Cy aimay KeJIeMiHiH
WIFaroblHa OaIaHBICTBl MYHall YHFBIMAIApblHAH AaJBIHATBIH OHIMHIH CymaHyel Oiprinmen apragsl. Illmki
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MYHalJbIH KypaMblHAa ILIaibipiap, achayibTeHlep JXOHE OPTraHHMKaNbIK KBIIIKBUIAAD CHSKTHl TAaOWFU OETTIK
Oencenni 3artappiH OOJTybl CayIapblHAH MyHall — Cy IEKapachlHAA TYTKBIPIBIFBI JKOFaphl, CepIiMaIi KaObIKIIa
MEH TYPaKThl SMyJIbcusl oHal Ty3uneni. [nki MyHalpl cakTay MEH TachIMaJIAay/ bl )KeHUIIETY YIIiH IIHKI MyHal
IMYIBCHACHIH JIeOMYIbCHUsiIay KaxeT. by sxymeicta CQ IIMKI MyHaibl 3epTTey HBICAHBI PETIHJIEC AJBIHIBI JKOHE
JEeOIMYIBIaTop TYpl, KOHIEHTPALHACHI, JIEIMYJIBIaTop TEMIIEpaTypachl )KOHE MyHall — Cy apajblK KaOBIKIIaHBIH
TYTKBIP CEPIIMAUIITIHE 9cepi peOMETPMEH 3epPTTElIiIl, COAaH KeHiH 1eAMYIIbralusiay MEXaHu3Mi apKbLIbl 3ePTTEI/I.
Hotmxenep (azaapanblk KaObIKIIAHBIH OEpIiKTIrl HEFYpJIbIM TOMEH 0oJjca, JAeIMYIbraTOPAbIH COFYPIBIM JKaKChI
exeHiH kopceTe/i. COHbIMEH KaTap, 1edMyJIbraTop IblH KOHLEHTPALMSIChI MEH TEMIIEPaTyPaChIHbIH )KOFapblIaybIMEH
MYHail — Cy apaJIbIK TYTKBIPJIBIFB TOMEHJICH/I1 *KaHe (hazaapalibIK IUIeHKa OepiKTiri onaH opi Temenewi. Tyracrai
aIIFaH/a, JEOMYJbraTop KOHLECHTPALUACHl MEH TeMIEePaTypachlHbIH JKOFapbUIaybIMEH NEIMYIBIaTOPIbIK dcep
alTapIBIKTal KaKcapaIbl, aJl CYCBI3IaHIBIPY dcepi )KaKChIpaK 00maasl. 3epTTey HOTHKETepi AeIMYITbCUPUKATTASIHBI
JaJajblK KOJJaHy YIUiH TEOPHSIBIK OACIIBUIBIKTEI KAMTaMachl3 €T alajbl.

Tipek ce3mep: apaibiK KaOBIKIIAHBIH TYTKBIP CEPITIMJUIIT, apajblK KaOBIKIIA TUICHKA OCPIKTIri, AeIMYIIb-
TaTOPIIBIK dCEP, dCEp Ty (PpaKTopIap.
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HNCCIEJOBAHUE ®AKTOPOB BJIUAHUA JEDOMYJIBIATOPA
HA BA3KOYIIPYT'OCTb HA TPAHULE PA3JIEJIA HE®TbH - BOJA

AHHOTAUMS

3aBOJJHEHHE SIBJSIETCS] IMPOKO MCIIOIB3YEMBbIM METOAOM Pa3pabOTKK Ha HEPTSHBIX MECTOPOXKICHHUSX, U 00-
BOJTHCHHOCTbH BBIXOJHOW JKUJKOCTH HE(PTSHBIX CKBXUH MOCTCIICHHO YBEIUYMUBACTCS C YBCIMYCHUCM 3aKauHBac-
MO BOIBI B BOISTHBIC CKBaKUHBI. /I3-32 TIPUCYTCTBHS B CHIPO HE(TH MPUPOMHBIX TOBEPXHOCTHO-aKTUBHBIX Be-
IECTB, TAKUX KaK CMOJIa, ac(habTeHbl K OPraHUUECKUE KUCIIOTHI, JIETKO 00pa3yeTcst BBICOKOIPOYHAs! BI3KOYIIpyTast
IUIEHKA Ha IPaHMIe pas3jena HeTh — BOja U CTa0WIIbHAS dMylbcus. st oOnerdyeHus: XpaHeHusI U TPAHCIIOPTH-
POBKH ChIpOW He(hTH HEOOXOAUMO JACIMYIBIHPOBATH SMYIIbCUIO CHIpOH HedTu. B 310i cTarke chipas HehTh CQ
OblTa B35Ta B KaUueCTBE O0OBEKTA MCCIICAOBAHUS, U BIUSHUE THIA JICIMYJIbraropa, KOHIIEHTPALUH, TeMIIepaTyphbl
JIE3MYJIbraTopa 1 CBOMCTB HE()TH — BOIBI HA BA3KOYNPYTOCTh IUICHKH HA TPaHHUIIE paszeiia HedTh — Boma ObLIO Uc-
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CJIEZIOBAHO C TIOMOIIBIO PEOMETPa, a 3aTeM ObUI HCCIEJOBAaH MEXaHU3M JIe3MYIbIUPOBaHNUs. Pe3ynbTaTel MOKa3bIBa-
I0T, YTO YeM HI)KE IPOYHOCTH IUICHKU Ha IpaHulle paszesna HedTh — Boja, TeM JIydlle Aesamyiasrarop. Kpome toro,
C YBEIMYCHUEM KOHLICHTPALIUH JIEAMYIIBIaTopa U TEMIIEPATyPhI BSI3KOYTIPYTOCTh Ha TPaHuUIle pasziena HeTh — Boja
YMEHBIIIAETCs], @ MPOYHOCTh MeX(a3HOH MIIeHKH ere Oonblne yMenbinaercs. B meixom et neamynsrupoBanms
OyzieT 3HaYNTETBHO YIYHIICH C yBETUIEHUEM KOHIICHTPAIMU AEIMYIbraTopa n TEMIIEpaTypsbl, a 3G QeKT aernapara-
iy OyzeT mydine. Pe3ynbraTsl HCCIEOBaHUI MOTYT MIPEJOCTAaBUTh TEOPETUUECKUE PEKOMEH ALY [UIsl TIOJIEBOTO
MPUMEHEHHUS 1eIMYIbIUPOBAHHUS.

KaioueBble c10Ba: BSI3KOYIIPYTOCTh IPAHUIIBI pa3ziena, IIPOYHOCTh IIEHKU TPAHUIBI pas3aena, 1eIMyIbrupy-
oI A GeKT, BIusronue (pakTopsl.
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