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STUDY ON THE INFLUENCE FACTORS
OF DEMULSIFIER ON OIL-WATER INTERFACE

Abstract

Natural surfactants such as gum and asphaltene in crude oil can form stable emulsions. Emulsions can cause
significantly harm to crude oil storage, processing, product quality and equipment. Therefore, oilfield crude oil must
undergo demulsification before being exported. However, conventional demulsifiers are difficult to dehydrate at
low temperatures and the mechanism of action of low-temperature demulsifiers on oil-water interfaces is not clear.
Therefore, this paper focused on the three low-temperature demulsifiers AR101, AR902, and AE405 selected from
the Y block in X region, and used the interfacial rheological system of the interfacial tension meter to explore the
low-temperature demulsification mechanism from the changes in oil-water interfacial tension. The results indicate
that interfacial tension has a certain impact on crude oil demulsification, and the lower the interfacial tension value,
the better the demulsification effect. As the concentration of the demulsifier increases, the interfacial tension value
first decreases and then remains stable, indicating the existence of an optimal concentration that minimizes the
interfacial tension. As the demulsification temperature increases, the interfacial tension between oil and water
decreases, and the time required to reach stability becomes shorter, resulting in faster demulsification speed and
better effectiveness. By studying the mechanism of low-temperature demulsification, theoretical guidance is
provided for the on-site application of demulsifiers in oil fields.

Key words: emulsion, low temperature demulsifier, interfacial tension, interface rheology, oil-water interfacial
tension.
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Introduction

Chemical demulsification is the application of a chemical reagent to alter the oil-water interface,
which can lower it. The characteristics of the interfacial facial mask are changed through the reaction
of chemical reagents to make the interfacial facial mask thinner, so that the droplets are more likely to
coalesce and demulsify [1-3]. This method is the easiest to apply in emulsion breaking methods and
also the most optimal reaction method. The demulsification temperature of conventional crude oil
demulsifiers used in most oil fields is 55-60C°, which can basically meet the requirements of crude
oil dehydration. At present, the mining of Y block in X area has entered the three highs stage, and the
properties of the extracted fluid have changed greatly. At the same time, in order to save costs, the
gathering and transportation system does not heat the produced liquid in summer, which causes the
temperature of most settling tanks in the gathering and transportation stations to drop to 26—-30C°.
As a result, the effectiveness of conventional crude oil demulsifiers has deteriorated, and the speed
of oil-water separation has slowed down. Conventional demulsifiers can no longer meet the needs of
oil fields [4-6].

The conventional demulsifier is difficult to dewater at low temperature, which is mainly because
the viscosity of emulsion increases as the dehydration temperature of crude oil decreases, demulsifier
molecules are difficult to disperse in crude oil, and the migration speed from oil phase to oil-water
interface facial mask slows down. Low temperature demulsifiers with good performance can
compensate for the shortcomings of conventional demulsifiers and effectively solve the problem
of decreased demulsification effect caused by lower demulsification temperature and shorter
demulsification time [7—10]. To solve the problem of poor demulsification effect caused by shortened
demulsification time and reduced demulsification temperature in Y block of X area in recent years,
the selected low-temperature demulsification system is further explored from the perspective of oil-
water interface properties to provide theoretical guidance for oilfield field applications.

Materials and Methods

Dehydrated crude oil and formation water in Block Y of X area, with basic properties shown in
Tables 1 and 2; Low temperature demulsifiers AR101, AR902, AE405; Sodium chloride, calcium
chloride, analytical grade; China National Pharmaceutical Group Chemical Reagent Co., Ltd;

Kerosene; Distilled water, self-made in the laboratory.

Table 1 — Basic properties of crude oil

Saturates/% aromatics/% resin/% asphaltene/%
76.39 18.06 3.57 1.98
Table 2 — Basic properties of formation water
Ion concentration/ ) i 5 - 9 N
(mg/L) HCO, Cl SO, Ca Mg Na
6510.23 123.27 2948.58 119.98 80.1 42.49 3195.81

The TX-500C interfacial tension meter (Biao Wei, America) was used to measure the changes in
oil-water interfacial tension at different demulsifiers and demulsification temperatures, based on the
rotating droplet method.
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Results and Discussion

The influence of demulsifier types on oil-water interfacial tension
The changes in oil-water interfacial tension of demulsifiers AR101, AR202, and AR401 at a

concentration of 100 mg/L at 35C° were shown in Figure 1.
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Figure 1 — Dynamic interfacial tension curve of demulsifier solution and crude oil

From Figure 1, it could be seen that after adding different demulsifiers, the interfacial tension
between oil and water decreased, and the decrease was fast in the early stage, slow in the later stage,
and gradually tended to stabilize. This indicates that in the early stage, the demulsifier can quickly
adsorb on the oil-water interface through diffusion, effectively reducing the interfacial tension. The
slowing down trend of the later curve indicates that the adsorption of demulsifier molecules at the
oil-water interface has reached equilibrium, and the interfacial tension has decreased to the lowest.

Table 3 — Comparison of demulsification effects of different demulsifiers at 35C°

Type Dehydration Dehydration Cleanliness of Iqterfage
rate /% rate aqueous phase uniformity
AR101 95.66 1 2 2
AR202 83.52 2 2 1
AR401 52.15 2 2 3

According to Table 3, there is a corresponding relationship between interfacial tension and
the performance of demulsifiers, that is, the lower the interfacial tension value, the faster the
demulsification speed of crude oil emulsions, and the higher the dehydration rate.

Effect of demulsifier concentration on oil-water interfacial tension

The relationship between oil-water interfacial tension and time was measured at concentrations
of 50, 100, 150, 200, and 300 mg/L of AR101 at 35 C°, as shown in Figure 2. As shown in the figure,
with the increase of concentration, the interfacial tension of the demulsifier first decreased, and after
reaching 150 mg/L, the downward trend slowed down and tended to stabilize.

Match the stable value of interfacial tension with the dehydration rate one by one in Figure 3. It
can be seen that the interfacial tension between oil and water did not simply decrease with increasing
concentration. there existed an optimal concentration that minimized the interfacial tension. As shown
in the figure, before the concentration of the demulsifier reaches 150 mg/L, the interfacial tension
decreased with the increase of demulsifier concentration. This indicates that at low concentrations,
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as the concentration increases, the amount of surface active substances adsorbed on the oil-water
interface increases and the interfacial tension decreases; After reaching 150 mg/L, increasing the
concentration of the demulsifier resulted in an increase in interfacial tension. This indicates that when
the concentration is too high, the surfactant self assembles to form micelles, resulting in a decrease in
the effective adsorption capacity at the oil-water interface and a slight increase in interfacial tension.
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Figure 2 — Dynamic interfacial tension curves of demulsifier solutions with
different concentrations and crude oil
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Figure 3 — Corresponding relationship between oil-water interfacial tension
and dehydration rate at different concentrations

In summary, there is a corresponding relationship between dehydration performance and
interfacial tension, and it is a process of first increasing and then decreasing, that is, the dehydration
rate is highest when the emulsifier concentration reaches the optimal concentration.

Effect of demulsifier temperature on oil-water interfacial tension

The relationship between oil-water interfacial tension and temperature was measured at a
concentration of 100mg/L for AR101, as shown in Figure 4.

From Figure 4, it could be seen that as the demulsification temperature increased, the interfacial
tension between oil and water decreased. And the higher the temperature, the shorter the time required
to reach a stable value.This is because as the temperature increases, the molecular motion becomes
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more intense, and the demulsifier can adsorb more quickly to the oil-water interface. At the same
time, the adsorption amount also increases, replacing more of the original film-forming substances
and rapidly reducing the interfacial tension to a lower value. The corresponding relationship between
dehydration rate and temperature was shown in Table 4, which proves that the higher the temperature,
the lower the interfacial tension, the faster the corresponding demulsification speed, and the higher
the dehydration rate.
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Figure 4 — Temperature dependent curve of oil-water interfacial tension

Table 4 — Relationship between dehydration rate and temperature

Evaluating indicator Temperature

30C° 3C° 40C°
Dehydration rate /% 93.33 95.66 96.32
Dehydration speed 2 1 1

Conclusion

(1) Different demulsifiers can reduce the interfacial tension between oil and water, and the
decrease is fast in the early stage, slow in the later stage, and gradually tends to stabilize. The main
reason is that the adsorption of demulsifier molecules at the oil-water interface in the later stage has
reached equilibrium, and at this point, the interfacial tension has been reduced to the lowest.

(2) The lower the interfacial tension value, the higher the dehydration rate of crude oil
emulsion. As the concentration of the demulsifier increases, the interfacial tension decreases; After
the concentration increases to a certain value, the interfacial tension remains stable and no longer
decreases, so there is an optimal concentration for the use of emulsifiers.

(3) The increase in demulsification temperature leads to a decrease in the interfacial tension
between oil and water, and the higher the temperature, the shorter the time required to reach a stable
value, resulting in a faster demulsification rate.
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JEDMYJIBI'ATOPABIH MYHAM-CY ®A3AJIAPBIHBIH BOJIIHY
INEKAPACBIHA OCEP ETETIH ®AKTOPbBIH 3EPTTEY

Anjarna
[uki MyHaiinarel Taburu OeTTIK-OeIICeH Il 3aTTap — Carbl3 KOHE achampTeHAep TYPAKTHl AIMYIbCHIAp Ty3e
aylazibl. DMyJIbCHSIAP LIMKI MYHAH/IBI CAKTay, OHJIEY, OHIM canachl MEH KaObIKTIH KYMBICHIHA aliTapJIBIKTall 3USH
kenTipyi MyMKiH. COHJIBIKTAaH MyHail KeH OpBIHIApbIH/AA MIMKI MYHAH SKCIIOpPTTANIMAc OYPhIH JEMYIbCHsIIaHYbI
KaXeT. Ajaiiia, ASCTypii JeMysbratopiapisl KOJJaHy TOMEH TemIleparypajap/ia CyChI3IaHIbIpyAa KHBIHIBIK
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TYIBIPAJIbI, a1 TOMEH TeMIIepaTypajibl IeMy/IbraTopiapslH MyHail-cy HHTepdeiicTepine acep eTy MeXaHU3Mi JKeT-
KITIKTI ieHreiiae 3eprrenmered. Ochl Makanaia X aiiMarbiHIaFbl Y OJOTBIHAH aJIBIHFAH YII TOMEH TeMIepaTypajbl
nemynbratop — AR101, AR902 sxone AE405 3eprrenin, TeMeH TeMIlepaTypaiblK AEMYJbralys MeXaHH3MiH
3epTTey YVINiH MyHai-Cy (pazaapaiblK KepuTyiHIH e3repiciHe HeTi3ZeNTeH ofic MmaimamaHpuiasl. bynr makcarta
(hazaapanbIK Kepiry ejmerim meH QaszaapaiblK PEoNOTHSUIIBIK JKyie KOJMMAHBUIABL. 3epTTey HOTIDKENepl IINKi
MYHaiIbI AeMyibcusuiayra (asaapaislk KepHEydiH Oenriii 0ip oacepi 6ap ekeHiH kepcerTi. PaszaapajblK KEpHEY
MOHI HEFYPJIBIM TOMEH 0oJica, JIeMyJIbCHsIAy SCepi COFYPIIBIM JKaKChl OOJaThIHBI aHBIKTAIIBL. JeMyabraropasiy
KOHIIEHTPALMSCHI apTKaH CaiibIH (ha3zaapajiblk Kepisly MoHI ajlIbIMEH TOMEHICH 1, KeWiH TYpaKThl Kylre eTeni. by
(hazaapaibIK KeplIy/li TOMEHIETETIH OHTAMIIBI KOHIIEHTPALUSIHEIH Oap ekeHiH kepceTei. COHbIMEH Karap, IeMyIlb-
CHsI TeMIIepaTypachl apTKaH cailblH MyHail MEH Cy apachIHIarbl (a3aapajblK Kepiry azasjibl, al TYPAKTBIIBIKKA
JKEeTy YIIiH KaKeTTi YaKbIT KbICKapaabl. bysl e3 ke3erinmae JeMyIbCHsl KBUIIAMIBIFBI MEH THIMIUTITIHIH apTybIHA
BIKIIAJ eTefi. byl 3epTTey ToMeH TeMieparypaibl AeMyIbIUpiIey MEXaHU3MIH TePEH TYCIHyTe BIKIAJ €TiM, MyHai
KEH OpBIHJIAPBIH/IA IeMYJIbraTopiapibl THIM/II KOJIJIaHyFa apHaAJIFaH TEOPHSIIBIK HET13ep il YChIHAbI.

Tipek ce3mep: 3MyJbCHs, TOMCH TEMIICpATypaibl AeIMybrarop, (aszaapajblk Kepity, dasaapaiblK Kepiry
PEOIOTHSICHI, MYHAR-CY (ha3aapajbiK Kepiiy.
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NCCIEJOBAHUE ®AKTOPOB BJIUAHUA JEDOMYJIBIATOPA HA
INOBEPXHOCTbD PA3JAEJIA ®A3 HE®Tbh-BOJA

AHHOTALUA
[pupomHbIe TTOBEPXHOCTHO-aKTHBHBIC BEICCTBA, TAKHE KaK KaMelb W ac(ajbTeH, COMCPKAIINCCS B CHIPOH
He()TH, MOTYT 00pa30BbIBaTh YCTOWYHBBIC IMYIbCUU. DMYILCUU MOTYT HAHECTH 3HAYNTEIIbHBIN YILEepO XpaHEeHHUIO,
nepepaboTKe ChIPOi He()TH, KaueCTBY POAYKIIMU U 000pyA0BaHuI0. [I03TOMY mepe OTIpaBKoi Ha SKCIOPT HEMTH
¢ HE()TSIHBIX MECTOPOXK/ICHUIN JIOJDKHA TIOIBEPraThCsl JEIMYIbIUPOBaHUI0. OJHAKO OOBIYHBIM JIEIMYJIBraTOPaM
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TPYAHO 00€3BOXKHMBATh HE(Th IPH HU3KUX TEMIIEPATypax, U MEXaHU3M JICHCTBHS HU3KOTEMIIEPaTyPHBIX JA€IMYJIbra-
TOPOB Ha TIOBEPXHOCTH pazjeisia HeTh — Boja HesiceH. [109ToMy B JaHHOH cTaTbe OCHOBHOE BHUMaHUeE ObLIO y/e-
JICHO TpeM HM3KoTeMIlepaTypHbIM feamyasraropam: AR101, AR902 u AE405, BeiOpanusM 13 610ka Y B obnactu
X, W UCTIONB30BaIach MeX(}azHas PeoOTHIecKasi CHCTEMa M3MEPUTENsT MeX(a3HOTO HATSHKECHHS IS M3yUCHHUS
MeXaHN3Ma HU3KOTEMIIEPaTypHOIl eaMyabraiiii Ha OCHOBE M3MECHEHMH MeX(a3HOTO HaTsLKeHHs He(Th — BOAA.
Pe3synbraThl MOKa3bIBAIOT, YTO TOBEPXHOCTHOE HATSXKEHHE OKA3bIBAaE€T OINPE/CICHHOE BIUSIHUE HA J€IMYIbralllio
CBIpOif HepTH M YeM HIKE 3Ha4YEHHE ITOBEPXHOCTHOIO HATSHKEHHS, TeM Jydnre 3¢ ekt aesmynbranun. [lo mepe
YBEIMYCHUSI KOHLIEHTPALUK JIeOMYJIbraTopa BeJIMYMHA MeX(a3HOro HATSHKSHUs! CHadyalla YMEHBILIACTCs, a 3aTeM
ocraercsl CTabMIBHON, YTO yKa3bIBAET HA HAJIWYHE ONTHMAJIbHOM KOHIIEHTPAIMH, KOTOPask MUHUMHU3UPYET MEXK-
(a3Hoe HarspkeHne. C MOBBIMICHUEM TEMIIEpaTyphl A€AIMYIBIUPOBAHUS MEK(pa3HOE HATSHKEHUE MEX/Ty MacioM U
BOZIOH yMEHBIIIAETCSI U BpeMsl, HEOOXOIMMOE [UIsl TOCTH)KEHHS CTA0MIBHOCTH, COKPAIIAETCS, 9TO IPUBOIUT K yBe-
JMYEHHIO CKOPOCTH AEAMYIIbIUPOBAHUS U MOBBIICHUIO (P (eKTUBHOCTH. M3yyas MexaHn3M HH3KOTEMIIepaTypHOH
JIEIMYJIbTalliU, MBI Ja€M TEOPETUYECKNE PEKOMEHAAIMH 110 TIPUMEHEHHUIO AeIMYJIbraTopoB Ha HE(TSIHBIX MECTO-
POXIEHUSIX Ha MECTe.

KoroueBble ciioBa: SMysbCHs, HU3KOTEMIICPATYPHBIH JEIMYIBratop, Mex(pasHOe HATSIKCHHE, PEONOTHs
MeX(a3HOTO HATHKCHUS, MeXK(pa3zHOe HaTsDKEHHE HEPTh — BOJIA.
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