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DEMULSIFICATION EFFECT OF NON-IONIC SURFACTANTS
TWEEN-20, TWEEN-80 ON MODEL WATER-IN-OIL EMULSIONS

Abstract. Breaking of water-in-oil emulsions is a necessary part of crude oil preparation for processingandthe
development of new demulsifying compositions has importance for the Republic of Kazakhstan.In this research, the
demulsificationeffectof non-ionic surfactants Tween-20, Tween-80 with a high value of hydrophilic—lipophilic
balance (HLB)was considered. For thermal treatment of water-in-oil emulsion the model emulsions based on crude
oil of North-West Konys with 30%, 40%, 50%, 60 % (vol.) of water phase concentrationwerestudied. 7he degree of
oil emulsion dewatering in the presence of Tween-20 do not exceed 63% at temperature 60°C. The optimal term of
thermal chemical breaking down by means of mixtures of non-ionic surfactants Tween-20, Tween-80 and anionic
surfactant sulfanol at a ratio of 1:1 (vol.) was determined. The maximum demulsification equaled to 97.01% after
100 min for 30-50% water-in-oilemulsionwas found out for Tween-20 — sulfanol mixture at a ratio of 1:1 at 60°C.
The results confirm the opportunity of using of mixtures of Tweens with anionic surfactant sulfanol as demulsifying
reagents.

Keywords: thermal chemical demulsification, non-ionic surfactants, Tween-20, Tween-80, sulphanol, water-in-
oil emulsions, breaking of water-in-oil emulsions.

Introduction

Water-in-oil emulsions (microheterogencous and ultradispersed water droplets suspended in crude
oil) are formed as a result of oil production. The stability of water-in-oilemulsions varies from few
minutes to several years and depends on the oil field and the physicochemical characteristics of the crude
oil [1, 2]. Breaking of oil emulsions is an important part of oil preparation for processing, therefore the
development of new demulsifying compositions has importance for the Republic of Kazakhstan.

Crude oil emulsions must be broken down because they makecorrosion of pipelines and equipment
used for oil refining due to the presence of water droplets with dissolved chloride salts. Itfavors an
increase in the cost of transportation and refining of oil. In addition, the emulsified water causes changes
the properties of crude oil, such as viscosity, density, etc. [3].

The high molecular weight nonionic surfactants are widely used for breaking of oil emulsions. They
show a good demulsifying effect and do not leave any counter ions in crude oil and petroleum products
[4].

In the research, polysorbates or so-called Tweensrelated to polymer surfactants were used to select
highly effective destabilizers of water-in-oil-emulsions with the optimal composition and nature of
components. Tweens are viscous, oily liquids and they are derivatives of polyethylene glycols — sorbitan
esterified with fatty acids. Groups of ethylene oxide -(CH,CH,O)- and polyester of
carboxylicacidprovidethe hydrophilic properties to Tweens andpolysorbitan favor the lipophilic properties.
Tweensare widely used to stabilize the oil-in-water emulsions in practice [1]. Therefore, it was
expectedthatthis type of nonionic surfactantscan be effective for breakingofthe water-in-oil emulsion, i.e.
they can be used for the breaking downthecrude emulsions (reverse emulsions)[1, 5]The polymeric
demulsifiers with rather high value of hydrophilic-lipophilic balance (HLB)adsorb at the water/oil
interfaceand destroy the adsorptionlayer of emulsifiers [1]. The presence of a developed hydrophilic part
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contributes to a greaterseparation of water from oil. Tweens have a suitableHLBdue to the large number of
ethylene oxides. Oxyethylatedgroupsinteract with the aqueousphase due to hydrogen bonds and provide a
strong hydrophilic partto the surfactant molecule.

It was shown in [6, 7] that a high molecular weight, an increase of the number of hydroxyl agents, and
a percentage of nonionic polymers in demulsifier compositions improves the demulsifying effect of the
surfactant. Studies have shown that an increase in the number of HLB is effective for demulsification [8].
Since Tweens have a high value of HLB, they can contribute to the breaking of in crude oil emulsion.

At present, there isno detailresearch on the demulsifying effect of Tweens and their compositions for
the destruction of oil emulsions of local oil fields lacking effective demulsifiers.

Experimental

For demulsificationinvestigation the non-ionic polymer surfactants Tween-20, Tween-80 and anionic
surfactant Sodium dodecylbenzenesulfonates(sulfanol)were used.

Tween-20— polyethylene (20) sorbitanmonolaurate, CssHj140.6. Tween-80 —polyethylene (20)
sorbitanmonooleate, CssHi2400.

Sulfanolis produced as a mixture of related sulfonates.Itconforms to the formula R-CsH,SO;Na,
where R is a radical corresponding to C,Hy,1, n=14-18.

For preparation of a model emulsion the oil of North-West Konys oil field was used. Some physical-
chemical properties were determined: density (833 kg/m®), content of chloride salt (1,5mg/L), mechanical
impurities (0,067 %), sulphur (0,163 %)[9].

Water-in-oil emulsions of 30%, 40%, 50%, 60 % (vol.) concentration were prepared by mixing of oil
with 20 %solution of sodium chloride in water. Emulsification was carriedoutusing an IKA T 10 basic
ULTRA-TURAX homogenizer (Germany) at 10000 rpm for 30 min. The prepared emulsion was left for a
week to stabilize by adsorption of surface active components of the crude oil. The increase of the mixing
time and the number of rotations did not have a significant effect on the oil emulsion stability.

The kinematic viscosity of the oil emulsions was measured by means of glass viscometer for oil and
oil products bythe time of the outflow of the oil emulsion.

The dispersion of water droplets was measured using an optical microscope. A drop of crude oil was
placed on the glass slide and spread on it. The images were processed using a «Leica DM6000M»
microscope of the National nanotechnology laboratory of al-FarabiKazakh National University.

To determine the destabilizating ability of demulsifyer 50 ml of crude oil in graduated glass test tubes
and placed into a thermostat. The aqueous phase separation was visually monitored at regular time
intervals. The water separation in percent (W, %) was calculated as relation of volume of separated water
to the original volume of water in the emulsion.

To determine the demulsifying ability of the demulsifyer, 50 ml of oil was placed in a graduated test
tube, the required amount of demulsifier was added with a microdoser and mixed with a homogenizer for
5 minutes at 10000 rpm. Then the tube was placed into a thermostat at 40-60 °C and the volume of water
separated was determined every 10 minutes. At the same time, the state of water layer and the interface
were observed and assessed visually.

Results and discussion

Concentrations of model emulsions vary from 30% to 60% (vol.). The watering of crude oil
emulsions corresponds to these concentrations for oil fields of Kazakhstan in average as a result of
exploitation. Increasing of water content helps to model oil emulsion with different viscosity.

Emulsions with 10% and 20% of water are close to initial oil without water by their viscosity.
Increasing of water content in oil till50 % - 60 % effects on oil emulsion viscosity significantly (Fig. 1).
The viscosity of 60 % (vol.) model emulsion increases by 50 times in comparison with dewatered oil.

It is known that naphtenic acids, fatty carbon acids and their salts, asphaltenes, resins and high
molecular weight paraffins are the base natural stabilizers of oil emulsion [10, 11]. According to
quantitative analysis of oil components (asphaltenes, resins andparaffins) the stabile emulsions can formon
the basis of the probe of North-West Konysoil[9]. Analysis of the dispersion degree of the model emulsion
samples by means of the optical microscopy allows to relate them to highly dispersed system. Hence, it
confirms that the water droplets cannot sedimentunder the gravity. Theinvestigatedwater-in-oil emulsions
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are characterized by droplets of spherical shape and polydispersity. The sizes of water droplets range from
091 um to 19.1 um (Fig. 2).
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Figure 1- Influence of water concentration on kinematic viscosity of oil emulsion. T=20°C

According to the optical microscopy images,theincreasing of water concentration in the emulsions is
accompanied by growth of the average diameter of the droplets(Fig. 2).1It is obvious that the increasing the
water dropletsize in an emulsions results inan increaseof watering degrecanddecreasing the
emulsionstability. However, so-called "cold settling" of model emulsions, i.e. sedimentation without
heating, and the thermal treatment of them from 40-60° C did not lead to the separation of water.
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Figure2— Optical microscopy images of oil emulsions with different water concentration (resolution 100 pm)
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To study the demulsification 1 ml of 1% aqueous solution of Tweens was introduced into model
emulsionsof different concentrations and then emulsionswere mixed with Tween surfactant for 5 min
usingthe homogenizer.

The addition of Tween-20 and Tween-80 solutions showed that there is no separation of water at 40°
C and 50° C. The risein the temperature to 60° C led to the separation of water within 10 minutes and
reached a constant value after 120 minutes of observation.
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Figure3— The amount of water separated from oil emulsions of different concentrations
at the addition of Tween-20. T = 60°C

Fig.3 shows that water separation percentage increases with the growth of dispersed phase
concentration of water-in-oil emulsions. For 60% emulsion, the water separation was 63 %.

The maximum degree of dewatering for Tween-80 was insufficient, about 12% for emulsions studied
after the same observation time.

The greater demulsifying effect of Tween-20 can be explained by the difference of interfacial activity
at the water/oil interface and different hydrophilic-lipophilic balance of their molecules (HLB for Tween-
20 1s 16.7, and for Tween-80 is 15.0) [1]. The higher the number of polysorbate, the higher the value of its
HLB, the lower its value; the ability to create stable emulsions of o/w decreases. The use of Tweens for
demulsification was interesting, since they are of natural origin, based on sorbitol and fatty acids from
base oils: coconut oil for Tween-20, olive oil for Tween-80. Tweens have the property of easily
decomposing in natural environments|12]. Therefore, they will not cause a deterioration of the quality of
oil processed, in comparison withotherchemical reagents.

In addition, the great amount of ethylene oxides, their number in Tweens equals to 20, favors the
study of demulsifying action of them. They have developed hydrophilic part able to penctrate to an
interfacial layer around the water droplet.

Heating to 60 °C reduces the viscosity of the oil medium and increases the difference between the
density of the dispersed phase and the dispersion medium, facilitating the coalescence of water globules in
accordance with the Stokes law when they collide. However, a further increase of temperature to increase
the water separation is not advisable, since this can lead to volatilization of light oil fractions.

The demulsifying effect of compositions of Tweens with anionic surface-active substance sulfanolwas
studied. Sulfanol is a more hydrophilic surfactant than non-ionic Tween. Therefore, for increasing the
hydrophilic-lipophilic balance the demulsifying effect of the Tween-sulfanolmixedcomposition was
investigated. Composition Tween 20 — sulfonolwas used in a ratio of 1: 1 (vol.).In addition, sulfanol refers




H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

to a sufficiently accessible technical anionic surfactantbecause it is produced as a mixture of related
sulfonates and can be obtained from an wastes of petroleum industry.

At room temperature and with a temperature rise up to 40 °C in the presence of the
surfactantcomposition, the water separation, as in the case of individual Tween-20 and Tween-80, was not
observed. Starting from 50 °C, after 10 minutes of settling, the degree of dehydration was 60 % and
reached 95.24% for 30-50 % of water-in-oil emulsions after 100 minutes of treatment. At 60 C for 30-50
% emulsions the maximum degree of dehydration is 97.01%, and for 60% of emulsion - 83.96% (Fig. 4).

For Tween-sulfanol mixture in the difference with individual non-ionics it is seen that 60% emulsion
has lower water separation in comparison with emulsions with small water concentration.
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Figure 4 — Degree of dewatering of oil emulsions of different concentration in the presence
of the composition Tween-20 - sulfanol. T =60 ° C

For aqueous mixtures of Tween 80 —sulfanol the degree of water separation at 50 °C for 30-40% of
emulsions, the degree of dewatering was 78.43%. For 60% emulsion W = 63.43% at the same
temperature. With an increase of temperature till 60 °C for water-oil emulsions of 30-40%, the maximal
dehydration degree was 82.09% and 75.63% respectively, for 60% emulsion — 59.7% (Figure 5).
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Figure5— Degree of dehydration of water-in-oil emulsions of different concentrations in the presence
of the composition Tween-80 —sulfanol. T = 60 ° C
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The Tween-20 — sulfanol formulation shows a greater demulsifying effect on oil emulsions in
comparison with individual non-ionic surfactants. This occurs probably due to the greater interfacial
activity of Tween-20 compared to Tween-80 and higher HLB value and the Tween-20 —sulfanol has an
additive demulsifying effect displacingthe natural stabilizers from oil/water interface.

Conclusion

The demulsifying action of nonionic surfactants Tween-20, Tween-80 with high HLB value and their
mixtures with anionic sulfanolwas studied on model emulsions based on the crude oil of North-Western
Konys oil field.

The use of Tween-20 for breaking down the oil emulsions did not exceed 63% at 60 °C. The mixture
of 1% water solutionsof anionic and non-ionic surfactants at a ratio of 1:1 (vol.) shows a better
demulsifying action. According to results, the maximum demulsificationwas observed for the composition
of Tween 20 —sulfanol at 60 °C and equals to 97.01% after 100 minutes of thermochemical treatment of
artificial water-in-oil emulsions with water content of 30-50%. The research results showed the
opportunity of using Tweens mixtures with anionic surfactantsulfanolas effective demulsifying agents.
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A. 0. Ammm0erosa, K..Omapoea, LI AGapaxmanosa
Ox-Dapadbu areiHAarsl Kazak YITTHIK YHUBEPCHTETI

MOJAEJbAI MYHAU SMYJIbCHASATAPBIHA HOHJbI EMEC BA3 TBUH-20
K9HE TBUH-80-HIH JEIMYJbCHAJTAY 9CEPI

AnHoTtamusi. MyHaiapl eHaeyre MadbIHIAYAA MYHAH SMYJIbCHSUIAPBIH OYy3y MAaHBI3ABI OOIFAHIBIKTAH
Kazakctan PecmyOnmkachl YIIiH >KaHA ACOMYJIBCHAIAYIIBI KOMIIOSHIFIAPIBI KACcay ©3CKTI MOcene OOmbIm
Tabsrnagsl. JKoraps! ruapodumbai-manodumsai 6amanc (['J1b) monine ne noHasl emec BA3 TuH-20 xone TBUH-80-
HIH ACIMYIBCHAIAY dcepi seprrendi. TepMOXHMISIBIK OHACY Al 3CPTTCY YIIiH CYJbl (haza KOHICHTpanmsiapsl 30%,
40%, 50%, 60 % (kei.) OOJATHIH MOACI NI MYHAH MY JIbCHSIAPHI KOTIAHBLIABL. MyHAH My IbCHSCHIHBIH CyChI3IaHy
mopekeci Teun-20 arpicsiga 60°C-na 63%-naun acmanst. Teun-20, Teun-80 sxone annouasl BA3 cymbpanon 1:1
(k61.) KaTbIHACTA¥bl KOCHANAPABIH KATBHICHBIHAAFBl TEPMOXMMISUIBIK TYHIBIPYJBIH ONTHMAIABI IIAPTTAPHI
anbIkTangel. TBuUH-20 MeH aHmOHAsI BA3 cymp(anon 1:1 (Kel1) KaThIHACTAFbl KOMITO3ZHIMSACHI MAKCHMAJIBI
JCIMY IbCHSIAY IBI KepceTei skone 30-50% cybl 0ap MyHail sMyascusanapbiaaa 60°C 100 MHHYT TYHABIPYJaH KeifiH
97,01%-ra TeH ekeHi TabbuTABL. Jleamynprupneyi peareHrrep perine Teunmepain aHuoHasl A3 cynbdanomver
KOCTIAJIAPBIH KOJIJAHYFa O0JIaThIH MYMKIHIITT KOPCETLI.

Tipek co3aep: TCPMOXHUMHAIBIK ACIMYIBCHAIAY, HOHIBI eMSC OCTTiK-akTWBTI 3artap, TsuH-20, TBHH-80,
cyIb(aHoT, Cy-MYHAIIIBI 3MY IbCHSLIAP, MYHAH MY IbCHAIAPBIH OY3Y.

YAK 544.7: 543.54: 544.72
MPHTH 31.15.35

A.0.Amnms0exoBa, K.M.Omaposa, III.AGapaxmanosa
Kazaxckuii HaUMOHATBHBIN YHUBEPCUTET UMEHH anb-Dapadu

JESMYJIbIAPYIOIIEE JEVCTBUE HEMOHHBIX TAB TBUH-20 U TBUH-80
HA MOJAEJBbHBIE HE®TAHBIE OMYJbCHHA

Annortamus.Pazpymenne HEQTSHBIX IMYIBCHH SBIIETCS BAXKHOH YACTHIO MOATOTOBKH HE(TH K mepepaboTKe,
MO3TOMY Pa3padOTKAa HOBBIX ICIMYIBTHPYFOIIHX KOMIO3HIUH SBIICTCS aKTyaJIbHOH mpoOiemor mi PecmyOmmkn
Kazaxcran. B pabote paccmorpenonesMy nprupyomice aelictsue HenoHHbIX [TAB TeuH-20, TBuH-80, 0bmagaromux
BBICOKMM 3HaucHHE TuaApopmibHO-mumoduibabiM Oamancom (I'JIB). Jlng wmccnenoBaHHA TEPMOXUMHYECKOH
00paboTKH BOJOHE(TSIHON SMYIbCHH OBIIM HCIONB30BAHBI MOJCIBHBIC HE(TSIHBIC SMYJIbCHH HA OCHOBE HE(TH
MecTopoxkacHuICegepo-3anaonstti Kownvic ¢ kOHOCHTpammed BomHOH (aser 30%, 40%, 50%, 60 % (oObeMmH.).
Crenenp 06€3B0KuBAHIS HEDTIAHOM My IbCHE B TIPUCYTCTBHH TBUHH-20 HEe mpeBbicHa 63% mpu Temmeparype 60°C.
OmnpeneneHbl ONTHMAIBHBIC YCIOBUS TEPMOXHMHYCCKOTO OTCTAMBAHHS B NPHUCYTCTBHH CMece HEHOHHBIX [TAB
Tun-20, Teun-80 u anmonnoro [1AB cynsdanonas cootnomeHmn 1:1 (00BeMH.). MakCHMATBHAS ICHMY TbCAITHS
6puta oOHapyykeHa s kommosuuuu Teue 20 — cymsdanon B coorsourcHun 1:1 (06vemu.) mpu 60°C u pasHa
97,01% mocne 100 MumHYT OTCTaMBaHMA A BOAOHE(TIHBIX 3MYIbCHI C comepxaHueM BoAbl B Hedru 30-50%.
PesympTaTsl MOATBEPKIAIOT BO3MOKHOCTh HCIIOJIB30BAaHMA cMeced TBHHOB ¢ aHmOHHBIM [IAB cymsdanorom B
KAYCCTBE ICIMY IbTHPYIOIIHX PCATCHTOB 11 00C3BOKHBAHHUA HE(TH.

KimogeBbie €/10Ba: TEPMOXHMHYECKOE ACIMYJIBIHPOBAHUE, HCHOHHBIC IOBCPXHOCTHO-AKTHBHBIC BEIICCTBA,
Teun-20, TBuH-80, cynb(anon, BoZOHE(DTIHBIC 3MYIBCHH, PA3PYIICHHE HE(PTAHBIX MY JIbCHH.
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