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Stabilization of oil in water emulsions by compositions of oil soluble surfactants and water soluble
polyelectrolytes

In order to create new effective emulsifiers of oils influence of compositions of oil soluble surfactants and
water-soluble polyelectrolytes on stability of emulsions was studied. It was shown that new composition emulsitifiers
provides high stability of emulsions. The investigations of interfacial tensions of this systems showed that this
phenomenon occurs due to high surface activity of compositions.
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Introduction

New and improved techniques for stabilizing oil-in-water emulsions are being developed but
virtually in all the cases the stabilizing agent has been soluble in either the aqueous phase or the oil phase.
However, there have been many studies in relation to the polymer-surfactant interaction; they were never
used for stabilizing an oil-in-water emulsion. It was discovered recently by Stamkulov et al [1] that by using
a combination of oil soluble surfactant and water soluble polymer, an emulsion that is stable over a period of
month can be formed. This surfactant-polymer pair is oppositely charged. The principle assumed here is that,
an oppositely charged system of water-soluble-polymer and oil-soluble-surfactant should produce a
reasonably stable emulsion. Whether this principle is a general effect, or specific to the Hexadecylamine-
Polyacrylic Acid system, forms the purpose of this paper.

Emulsions are a special kind of colloidal dispersion in which there are two immiscible liquids and
where one of them is dispersed in the other [2]. Nevertheless, it is a well-known fact that the dispersed phase
tends to coalesce and as a result, two distinct immiscible phases are formed [3]. Becher [4] describes
emulsions as, “A heterogeneous system, consisting of at least one immiscible liquid intimately dispersed in
another in the form of droplets.” Therefore, in order to prevent this coalescence, surface stabilizing agents
are generally employed. [1]

Figure 1 - An oil droplet in water; the drop is prevented from contacting and coalescing with other droplets by the
presence of an adsorbed layer of surfactant.

Mechanism of stabilizing an emulsion The distance between the droplets of the dispersed phase,
must be large enough to overcome the Van der Waals force of attraction [5]. Once these drops are far apart
and are uniformly distributed, the time for phase separation is also increased. This is achieved by either of
the following [6]: Charge stabilization, Steric stabilization and Particle Stabilization. Charge stabilization: As
the name suggests, the droplets of the dispersed phase, are covered by the same charge, such that when two
droplets come together they experience a repulsive force and hence, stay apart.

Steric Stabilization: Here, a mechanical barrier, generally a copolymer that is attached to dispersed
droplets surface, separates the droplets from the dispersed phase. This barrier would extend away from the
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surface of the droplets, to a distance where it can prevent Van der Waals force of attraction. Particle
stabilization: This mechanism is not different from steric stabilization as both the mechanisms employ a
mechanical barrier but in this case, the barrier, rather than being formed by a polymer, is formed by solid
particles. Charge and steric stabilization usually involve usage of surfactants and polymers respectively. The
mechanisms are explained in detail in the discussion of surfactants and polymers.

Novel method of stabilizing an Oil-in-Water Emulsion

Stamkulov et al. in 2009 reported ofa report a novel way for preparing oil-in-water emulsion. Here
unlike, what was discussed previously, the surfactant and polyelectrolyte are not soluble in the same phase.
The surfactant used here is Hexadecylamine and the polyelectrolyte is Polyacrylic acid. Hexadecylamine is
oil soluble and positively charged. Polyacrylic acid is water-soluble and is negatively charged.
Hexadecylamine in toluene and Polyacrylic acid in water is taken in equal portions and emulsified. The
resulting emulsion was found to be stable for around a month [4].
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Figure 2 — A schematic representation of the mechanism for the adsorption of polyelectrolyte at the oil-water
interface has an adsorbed layer of surfactant of opposite charge. From Ref. [4]

Here, the stabilization owes to the opposite charges on the two molecules (Hexadecylamine and
Polyacrylic acid) and that they form a bridge between oil and water. Oil attached-Hexadecylamine arranges
itself onto to the chain of Polyacrylic acid, which in turn, is attached to water molecules. It was also shown
by interfacial measurements that in the absence of either Polyacrylic acid or Hexadecylamine, the emulsion
was not as stable as in the presence of both. Literature for similar work is extremely scarce and it is safe to
say that, perhaps this is the first method of its kind.

Preparation methods

Recent research has improved techniques for preparation of double emulsions [10], [11]. However
almost all of them seem to refer to two methods as standards for comparison. The methods are simply
referred as one-step and two-step methods. The one-step method involves either, phase inversion of an
already prepared emulsion or by simply putting in all the ingredients together and giving a ,,mechanical
treatment [12]. The two-step method involves preparing an emulsion and then adding the emulsion to the
final continuous phase.

Material
All materials obtained from the manufacturers were used without further purification.

Methodology
The following polyelectrolyte-surfactant combinations were tried.

Table 1 - Combinations used for preparing oil and water emulsions

Surfactant (oil soluble) Polymer (water soluble) Water/ Oil Ratio
1 Hexadecylamine Sodium Polystyrene sulphonate 50: 50

Stearic acid Poly (Dimethyl Diallyl Ammonium Chloride) 50: 50
3 Hexadecylamine Carboxy methyl cellulose 50: 50
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From here forth, the chemical names would be denoted with their abbreviation shown above. It should
be noted that, for molality calculations, the molecular weight of the polyelectrolyte correspond to that of its
monomer. To state an example, the molecular weight of Sodium Polystyrene sulphonate is 1,000,000 but for
molality calculation, the monomer molecular weight of 206 g/mol is used. In this case, 10~ concentration of
Sodium Polystyrene sulphonate to 206 x 10° M of the monomer. The surfactant and polyelectrolyte are
dissolved in their respective phases in a volumetric flask. They are then added together and emulsified using
a high shear mixer for 60 seconds. The dynamic interfacial tension measurements are measured using a
Kruss instruments K100 tensiometer with a Whilhelmy plate, to measure the interfacial tension at the oil-
water interface. Interfacial tension measurements were recorded every 8 seconds, and were started within 2
minutes of the toluene-water interface being formed.

Results

After a series of trails, based on previous work [4], it was found that only one of the three
combinations of surfactant-polymer systems formed a stable emulsion. The Hexadecylamine, HDA and
Sodium Polystyrene sulphonate, SPSS (2), alone gave stable emulsions, which was stable against
coalescence for more than 5 weeks. In all cases, an oil-in-water emulsion is formed. A wide range of
concentrations of Hexadecylamine, HDA and Sodium Polystyrene sulphonate, SPSS (2), gave stable
emulsions which were between the molality intervals of 10” to 3 x 10”. The emulsions were initially
prepared using a low molecular weight version of Sodium Polystyrene sulphonate, SPSS (1). Later, new
Sodium Polystyrene Sulphonate, SPSS (2) was used which had a molecular weight of 1,000,000. The reason
perhaps is the fact that the low molecular weight of Sodium Polystyrene sulphonate, SPSS (1) gave a stable
emulsion with Hexadecylamine, HDA at a concentration of 10~. Even though, this value of concentration is
not high, we wanted to test whether higher molecular weight used in lower concentrations would achieve the
same. In fact, most of the other emulsions that were stable were made using this higher molecular weight
Sodium Polystyrene sulphonate, SPSS (2). However, the lowest concentrations of Hexadecylamine, HDA
and Sodium Polystyrene sulphonate, SPSS-2 that were able to form a stable emulsion was 5.5 x 10° M of
Hexadecylamine and 4.85 x 10~° M of Sodium Polystyrene sulphonate (MW:1,000,000). In addition, in all
the trials with either of them absent (HDA or SPSS (2)) a poorly stable emulsion was formed that was stable
for a few hours.

Interfacial tension

As previously done [1], the interfacial tension measurements were measured at the oil-water
interfaces in the presence of Hexadecylamine, HDA, and Sodium Polystyrene Sulphonate, SPSS (2)
complexes. It is necessary to record these measurements as these give insight to the mechanism of
stabilization of the emulsion. Stamkulov [1] indicated that when Hexadecylamine is used without Poly
Acrylic Acid, a poorly stable emulsion is formed and measured the interfacial tension for pure
Hexadecylamine that is absorbed at the oil water interface. It was observed that at very low concentrations of
Hexadecylamine, typically in the range of 10 to 107, the interfacial tension was very high — around 35
mN/m, which is close to the interfacial tension between pure toluene and water. However, as the
concentration of Hexadecylamine was increased by a factor of 10, the interfacial tensions dropped to 2.6
mN/m and similar results were observed with the polymer, Polyacrylic acid. Expecting similar patterns,
interfacial tension measurements were taken for pure Polystyrene Sulphonate, SPSS (2) absorbed at the oil-
water interface. So far, we have seen from previous work [1], and present experimental result that neither
Hexadecylamine, nor Sodium Polystyrene Sulphonate lowers the interfacial tension of the oil water interface
when used at concentrations in the order of about 107. Interfacial tension measurements were not as
problematic as Stamkulov [1] found. It was a alittle surprising that a thick layer between Hexadecylamine in
Toluene and Sodium Polystyrene Sulphonate was not formed, given that they are oppositely charged. Also,
unlike with Stamkulovs work, the interfacial tension reached a constant value much quicker. In Stamkulovs
case, it was in a few hours and sometimes extended to days. Here, it reached thatstate within two hours and
with some cases, less than an hour. Therefore, it is likely that Sodium Polystyrene Sulphonate reaches the
interface quicker that Polyacrylic acid.
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Figure 3 - Interfacial tension as a function of HDA concentration at the oil-water interface.
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Figure 4 - Interfacial tension as a function Sodium Polystyrene
concentration at the oil-water interface.

Graphs show the interfacial tension as a function of concentration of Hexadecylamine and Sodium
Polystyrene Sulphonate respectively. It is easy to note that in both the cases, the interfacial tension drops
drastically after a certain concentration threshold. This happens maybe at lower concentrations, the polymer
fails to provide the necessary viscosity of the continuous phase to prevent the oil droplets from coalescing.
At higher concentrations of Hexadecylamine, micelle formation becomes much easier.

It is also rather surprising that the interfacial tension drops to a minimum and rises again as seen in
Graph 3. Stamkulov [1] observed this exact phenomenon. We were also able to reproduce this feature.
Previously [1], it was explained that the polyelectrolyte was extending away from the oil water interface. It
can also be explained that initially, there is a strong attraction between the Hexadecylamine-Toluene and
Sodium Polystyrene Sulphonate-water phase. As Sodium Polystyrene Sulphonate starts to attach
Hexadecylamine, they form a complex. This complex would have the Sodium Polystyrene Sulphonate
extending into the water phase on one side and the other side attached to Hexadecylamine. The strong
interaction between the two might lead to what might be seen in associative phase separation [10]. In
associative phase separation, oppositely charged surfactant-polyelectrolyte in aqueous solutions tend to
associate into one viscous phase containing both and another empty clear aqueous phase. Here it might be
that initially, Hexadecylamine tries to pull Sodium Polystyrene Sulphonate and keep it in the oil phase.
However, since Sodium Polystyrene Sulphonate is oil insoluble, it might be pulled back into the aqueous
phase again. All this would be seen happening in the first 500 seconds of the interfacial tension recordings.
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Conclusion

The results clearly show that stable emulsions can be formed with oppositely charged oil soluble
surfactant and water-soluble polymer systems. So far two such systems have been successful namely the
Hexadecylamine - Polyacrylic acid combination and the Hexadecylamine - Sodium Polystyrene sulphonate
combination. It is also to be noted that these combinations give stable emulsions at various concentrations,
which remain stable for more than a month. However, other than poor attraction between the surfactant —
polymer systems in the other cases, no other explanation can be given at this stage. Though, the aim of this
project was not the analysis of new methods of preparing double emulsions, it does appear to have achieved
it. All the previous literature and research indicate [7]-[10], that the double step process of preparation of
double-emulsion is universally accepted. This involves preparing one emulsion first and then pouring that to
another phase being the next step [10]. Here, an extremely simple step has been discovered where, the entire
process of preparing just involves merely homogenization. Though, only two concentration ranges of the
surfactant-polymer were observed forming stable double emulsions, other concentrations are likely to give
the same result. It needs to be emphasized that none of the emulsions showed any confirmatory images of
double emulsions immediately after shear mixing. They have to be left undisturbed for weeks to get such
clear images. The dip of the interfacial surface tension also, cannot be clearly explained and involves around
a lot assumptions due to lack of literature regarding the interaction between an oil soluble surfactant and
water soluble polyelectrolyte that are oppositely charged.
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H.III. Cramkynos, K.b.Mycab6ekos, C.b.Alinaposa, I1.JIykxam, C.I111.Kymapranuesa, A.Kenxebekon
Maiifa epuTiH 0a3-bIH JKOHe Cy/Ja ePUTIH NOJHIJIEKTPOJUTTEPAIH KOMIO3HIMSCHIH KOJJIaHy apKbLIbI Typa
IMYIbCHSIIAP/ABI TYPAKTAHABIPY

MyHalAbIH THIMI SMYJIBIaTOPJIapbiH Jaspliay MaKcaThbl YILIH Typa IMYJIbCHSHBIH TYPAKThUIBIFbIHA Maii/la epUTIH
BA3-ap MeH cynma epuTiH TOJMAIEKTPOJIMUTTIH KOMIO3WIMSUIAPBIHBIH 9Cepi  KapacThIPbUIABI. AHBIKTaIFaH
KOMITO3MIVSUTBIK  AMYJIbraToOpiIap AMYJIbCHSHBIH JKOFapbl TYPaKTBUIBIFBIH KamTamachl3 erefi. BA3-abiH Malaarbl
epITIH/ICI - MOTUAICKTPOIUTTIH Cy ePITIHIICI IeKapachIHAAFbl (ha3a apasiblK KePUTYIiH OJIIIeMi, aHBIKTAFaH dPPEKT
(haza apaybIK KepiUTyIiH KYIITI TOMCH]ICYIMEH MAPTTAIFaHbIH KOPCETTI.

Kinmmik co30ep: smynvcusnap, bemmik kepiny, noaudnekmpoaum, bA3.
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H.ILI. Cramkyno, K.b.Mycabekos, C.b.Aiinaposa, [1.Jlykxam, C.I11.Kymapranuesa, A.KenxedexoB
Cradnanuasusi NpsIMbIX IMYJIbCHH € TOMOIIBI0 KOMIIO3ULUH MACJIOPACTBOPHUMOTO NAaB U BOIOPACTBOPUMOT0
MOJIHAJIEKTPOJIUTA

C uenpto  pa3pabotkn  3(P(GEKTHBHBIX ~ AMYJIBraTOpoB  He(TEH HM3YYEHO  BIUSIOHHE  KOMIIO3UIIUU
MacnopactBopuMoro ITAB u  BOJOpPacTBOPUMOrO IMOJIMAIEKTPOJITA HA YCTOMUUBOCTH MPSIMBIX  3MYIIBCHI.
YCTaHOBNEHO, YTO HOBBIE KOMIIO3HUIIMOHHBIE AMYJIBraTOphl OOCCHEYMBAIOT BBICOKYIO YCTOMYMBOCTH 3IMYIBCHH.
W3mepenne Mex(a3sHOTO HATSHKCHHS Ha TpaHUIE MacisiHBIA pacTBOp ITAB - BOIHBIH pacTBOp MOJMIICKTPOIHTA
I0Ka3aJI0, 4YT0 0OHApY)KeHHBIH 3P (HeKT 00yCIIOBICH CUIIBHBIM CHIDKEHHEM MeX()a3HOTO HATSHKSHHSI.

Kniouegvie cnoga: smynvcuu, nogepxnocmmuoe namsasjcenue, noaudiekmpoaum, I1AB.
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KOJ’IJ’IOI/IIIHO-XI/IMH‘ICCKI/IC XaAPaKTEePUCTUKHU 30J151, IPUTOTOBJEHHOT0 HA OCHOBE HAHOIIOPOIIIKA 'Y-Ale;;

Hcenedosanvt sekmponosepxnocmuble ceoticmea u azpecamushas ycmouuusocms AlLO;, (Alu C, «Degussa»)
6 pacmeopax NaCl. Onpedenenvl onmuueckue Xapakmepucmuki 3050 — GOJHOB0U IKCHOHEHM U OMHOCUMENbHbI
Ko Puyuenm pacceanusi wacmuy. Coenano 3axiouenue, Ymo KoazyIayus 307 NPOmeKdaem npeumyujecmeeHHo no
0e30apbepHoMy MeXanusmy 6 NOMEHYUANbHOM MUHUMYME, O00YCI0IeHHOM Npeobadanuem cui OUCNEPCUOHHO2O
APUMSIICEHUST HAO CUNAMU CMPYKMYPHO20 OMMAIKUGAHUSL HA OMHOCUMENbHO OONbUWUX PACCIMOAHUSIX MENCOY
yacmuyamu.
Knwuesvie cnosa: Hanonopowku, — CUHmMes,  dzpe2amvl  YACMUY,  YCHMOUYUBOCMb,  KOLIOUOHO-XUMUYECKUE
Xapaxmepucmux 307s.

BBenenue

PazpaboTka COBpeMEHHBIX KOHCTPYKIIMOHHBIX H ONTHYECKHX MAaTepUaloB C  33JaHHBIMH
(hyHKIMOHATHHBIMA ~ CBOMCTBAMH  MPEHAIONIAraeT HEOOXOAMMOCTh NIETAIBHOTO U3Y4YCHHS  (HU3UKO-
XUMHYECKUX U KOJUIOUTHO-XMMUYESCKIX CBOWCTB TUCIIEPCHI (30JICH U CyCIICH3HIA), TOJyUYEeHHBIX HA OCHOBE
HAHOIIOPOIIIKOB PAa3IMYHOTO TPOWCXOXKACHUS M KPHUCTALTMYECKOH Mmomudukanmuu. B mocnemnHee Bpems
OOJBIION  MHTEpEC  BbI3bIBACT  MOJydYeHHE  (DYHKUIMOHAJIBHBIX  MaTepHajoB  Ha  OCHOBE
HAaHOCTPYKTYPUPOBAaHHBIX CHCTEM OKCHJIOB METAJIOB C 33JIaHHBIMU (DU3UKO-XMMUYECKHMMHU CBOMcTBaMu. B
0OJIBIIION CTETIEHH 3TO OTHOCHUTCS K crcTeMaM Ha ocHoBe Al,Os.

JKcnepuMeHTAIbHAA YaCTh

B pabGore Obutn wuccnenoBanbl 30mu  Y-Al,O;, NPUrOTOBICHHBIE HAa OCHOBE KOMMEPUYECKOTO
HAHOINOPOIIKA, MOJYYEHHOI'0 METOAOM IuazMoxuMuueckoro cuntesa (Alu C, ¢pupma Degussa). ITopomok
OTIIMYAJICS BBICOKOW YUCTOTOH, comepxanne Al,O; coctaBmsno 99,8 %. YnenpHas MOBEPXHOCTH MOPOIIKA
paBHa 10015 M*/r, HCXO/IHBIE YACTHUIIBI OKCH/IA ATFOMMHMS B MOPOIIKAX M 30JIX arJIOMEPHPOBAHbI, CPETHHUIA
pasmep CTPYKTYPHOMI €MHUIIBI arperara, CorJIaCHO 3JIEKTPOHHO-MUKPOCKOITMUYECKUM JaHHBIM) COCTaBIISI = 26
HM.

Pe3ynbTaTel U HX 00Cy:KIEeHHE
[lorenmmomerpuueckoe TuTpoBanue aucrnepcuu Y - Al,Os; mpoogmnu B mHTepBasie pH=3.5-9.0 c

KoHIeHTpanueil porosoro snexrpommta NaCl 107, 107 10” u M. Pe3ynbrarTsl mpuBeacHsI Ha PUCYHKE 1.
Buano, uro touka nynesoro 3apsna (TH3) ¢ poctom koHneHTpamuu (JOHOBOTO 3JIEKTPOJIHMTA CMEIIANach B
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