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Purpose. Justification of complex emulsifier from the standpoint of physical and chemical
properties of stabilized system.

Methodology. The surface tension was determined by stalagmometric method at the interface
of liquid-liquid and parameter calculation of adsorption layers were determined by methods of
Gibbs and Langmuir.

Findings. It was studied the behavior of molecules mono- and diesters of oleic acid and mono-
and diesters of stearic acid in a mixture of polyethylene glycol 400 at phase interface of oil-water
in the production of cosmetic emulsions. The use of 0,5% by weight. high-dispersive powder of
glauconite, which concentrates at interfaces with formation of a strong spatial coagulation
structure for stability of dispersed system.

Originality. It was proved the increasing of stabilization properties of surfactants mixture via
intermolecular interactions at interface wiyh the formation of dense packing of molecules.

Practical value. It was established the lower limit of complex emulsifier concentration to
reduce the cost of cosmetic products.

Keywords: cosmetic emulsion, glauconite, emulsifier, PEG-400 Stearate, PEG-400 Oleate.

Introduction. Important component of cosmetic emulsions are emulsifiers - compounds that
provide a stable of emulsion. A wide range of surfactants for creating the emulsion system leads to
finding emulsifiers with several benefits and additional features: moisturizing, reparative,
protective, compensatory, and other nutrients.

In domestic cosmetic production there are the most popular of mono- and diglycerides of
fatty acids (E471), glycerol esters, fatty and organic acids (E 472), lecithin, phosphatides (E 322),
ammonium salts phosphatidic acid (E 442), polysorbate, Tween ( E 432 ... E 436), sorbitan esters,
Spenn (E 491... E 496), ethers together esterified polyglycerol and ricin acid (E 473), sodium
stearoillaktaty (E 481), potassium stearoillaktaty (E 482). The main requirement for emulsifier is
the ability to emulsify a wide range of emollients to facilitate the selection of other prescription
ingredients in developing cosmetics.

There are a number of surface-active agents (surfactants) different classes of approximately
equal emulsifying ability. However, while their choosing physical and chemical properties of the
whole system and the scope of the emulsion should be taken into account. Thus, in the acidic
medium cationic emulsifiers are used, and anionic emulsifiers are in alkaline medium. If the polar
phase has a significant amount of salt, it is preferable to use nonionic emulsifiers as in pH
oscillations [1]. The main criteria for the selection of emulsifiers for cosmetic emulsions model
include purity and properties of individual compounds, as well as their availability and the use of a
real cosmetic products.

Setting objectives. We have checked stabilization feature of the mixture of PEG-400 stearate
(according to TU 22942814.007-2000) with PEG-400 oleate (according to TU 942814.006-2000
22) that are compatible with many kinds of cosmetic raw materials, stearin, spermaceti/spermaceti
oil, waxes and others. Despite the fact that these surfactants are compounds that are produced on an
industrial scale, their colloid-chemical characteristics are absent in literature. Knowledge of these
characteristics is necessary for evidence-based approach when developing recipes based on them, as
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appropriate turns their experimental determination. We have investigated the possibility of
minimizing the emulsifier content in the composition of the emulsion by introducing a system of
high glauconite powder. Glauconite (Eng. Glauconite) is natural disperse clay mineral structure of
layered aluminosilicate radial circuits [2, 3]. The purpose of the research is studying of complex
emulsifier, setting the lower limit of concentration for reducing the cost of finished cosmetic
products.

Research results. It’s known that for stabilizing emulsions we can use a mixture of
surfactants. Typically, the ability to adjust the properties of emulsions, in particular, increase their
resistance in this case is much wider compared with individual surfactants. This is inter-molecularly
(associate) the interaction of surfactants on the interfacial boundaries to form a denser and more
orderly packing of molecules on the surface [4]. The most effective stabilizers are blended mixture
of ionic and non-ionic surfactants, often-used mixtures of anionic and nonionic surfactants [5].

Additives manufacturers in supporting documentation declare the sharp increase in the
stability of emulsions joint application stearate and PEG-400 oleate, but did not cite any
quantitative guidance. We built mathematical dependence compatible emulsifiers influence in the
process of obtaining an emulsion. Experimental samples emulsions prepared using the following
technologies: pre-weighed vegetable oil, emulsifier and water heated in a water bath to the
temperature 80-90°C. To the fat phase water was added at a ratio of fat and water phase and 30:70
emulsified using laboratory homogenizer (1500 rev/min.) until smooth. Determination of the
colloidal stability of the samples was performed after 24 hours after complete cooling and
structuring system. As the variable factors were taken: the content of PEG-400 stearate x; content
oleate PEG-400 x,. Response function y; chosen colloidal stability of the emulsion.

Table 1.
Plan of experiment

Content of PEG-400 stearate, | Contentoleate PEG-400, | Stability of emulsion,
Ne | Xo X1 X2 y1
conditions 9/100 g conditions | ¢/100 g %
1 |+1 +1 15 +1 0,75 100
2 | +1 -1 1,0 +1 0,75 42
3 | +1 +1 1,5 -1 0,25 38
4 | +1 -1 1,0 -1 0,25 66

The main level for factor x;is 1,09/100 g, the range of variation of 0,5; basic level for factor
X1,5 g/100 g range of variation of 0,25. The resulting dimensionless regression equation takes the
form:
Y1 =84,27 — 16,03x; + 4,23X; — 3,54XX3

Checking the criterion of Fisher at significance level o = 0,05 showed that the resulting
equation is adequate experiment. Fig. 1 shows one of the surfaces obtained depending colloidal
stability of emulsion from the joint presence of emulsifiers.

We can conclude the feasibility of using PEG-400 stearate as emulsifier systems for oil /
water together with PEG-400 oleate in an amount of 1.5% at a ratio of 2:1 to 3: 1. Thus, the
combined use of stearate and PEG-400 oleate together can reduce the emulsifier content of 3% to
1.5% to give satisfactory emulsion stability. Revealed that a further increase in the content of
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surfactants in the composition of the emulsion does not result in significant improvement
emulsifying, action shows no significant effect on the behavior of the system. Therefore, it is
disadvantageous from an economic point of view.

The phenomenon of synergy that occurs in mixtures of surfactants, taken in the ratio of 2: 1
to 3: 1, can be explained partly anionic character PEG-400 stearate, interacting with the nonionic
PEG-400 oleate. The observed synergistic effects demonstrated by studies [6], which found that the
mixture ionogenic of surfactants (sodium alkyl benzene sulphonate) and nonionic of surfactants
(proksanol-228) more surface-active than each of the studied surfactants. Also in [7] that the
introduction of ancillary of surfactants accompanied by an increase adsorption of primary of
surfactants and decrease interfacial tension.

In the study published works about stabilizing emulsions there was found an opportunity to
improve the structure of the emulsion cosmetic product through the use of fine powders of minerals.
The first publications explaining the mechanism of action of stabilizing powders appeared about 15
years ago, mainly foreign sources [8-18]. The mechanism of stabilizing powders action due to the
formation of high structural and mechanical barrier resulting adhesive interactions powder to the
surface of the emulsion dispersed phase. Powder particles concentrated at the interface boundaries
and form a very solid coagulation spatial structure that stabilizes the dispersed system. Powders of
hydrophilic surface (clay, silica) direct stabilize emulsions; hydrophobic powders (soot, water
repelling agent Aeros, cellulose) are able to stabilize inverse emulsions [19-20]. To stabilize
cosmetic emulsions used bentonite in an amount of 1...2% [21].

In this respect, the use of glauconite powder of high interest to change the surface tension at
the interface of emulsion, which determines the structure of the emulsion cosmetic product. Clay
minerals glauconite has the unique properties compared with other clay minerals:

1) dispersed particles are spherical shape of glauconite and virtually no swell in aqueous
solutions;

2) the active exchange of potassium cations;

3) high physical and chemical activity that characterized the exchange and adsorption
capacity;

4) the ability of unauthorized isothermal restore the structure in time, that is manifestation
of self-organization;

5) the ability to regenerate [2, 22].

The research was conducted on the verge of an oil-water adsorption because it is on this
verge plays a major role in stabilizing the fat globules in emulsion systems. For the experiment,
prepare a series of solutions with different concentration of the surfactants in sunflower oil. Used a
mixture of PEG-400 stearate of PEG-400 oleate in the ratio of 2:1 and 3: 1. Fig. 1 shows the
interfacial tension isotherms emulsifier mixture containing powder glauconite from 0,1 to 3,0%.
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Fig. 1. Isotherms of surface tension emulsifier blends with glauconite powder at the
interface of liquid-liquid

Figure 1 presents the surface tension isotherm for a mixture of stearate and PEG-400 oleate
in the ratio of 2:1 and 3:1, with the addition of fine powder glauconite introduced in an amount of
0.1, 0.3, 0.5, 1.0, 2.0, 3.0. As shown in the figure, the introduction of glauconite in an amount of 0,1
to 0,5% effectively reduces the surface tension of both the ratio of 2:1, and to 3:1. However, a
mixture of emulsifiers 2:1 is more effective compared with a ratio of 3:1, which can be seen on
location isotherms in the figure. Moreover, the introduction of 0.5% of glauconite in most
environments emulsion reduces surface tension, showing a great surface activity, due to its better
adsorption at liquid-liquid boundaries. Glauconite additives Efficiency 1,0, 2,0 and 3,0% lower
compared to that probably explains a powder on the surface of emulsion droplets so that most of the
surface is a dispersion medium. To ensure the stability of the emulsion should be dense surface
coverage drops powder. Obviously, if the degree of wetting powder stabilizer medium and
dispersed phase varies greatly, the entire powder volume will be in the phase that wets it well and
will not stabilize [23, 24]. This is probably observed in excess of the optimal concentration of
powder more than 0,5%.

Mathematical treatment received isotherms of surface tension makes it possible to apply the
fundamental equation of Gibbs and build Gibbs isotherm adsorption. To calculate the parameters of
the initial adsorption layer treated area isotherms (for concentrations of 0,5 g/100 g), as the
processing isotherms after entering the plateau (after reaching the critical micelle concentration) is
not correct. The study of these characteristics is important for selection of the most effective
stabilizer that can emulsify system with a defined content of fat phase and get songs from a certain
distribution of drops in size, which in turn will determine a number of consumer characteristics,
among them easy distribution in the skin, absorption, etc.
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The relationship between adsorption G, kmol/m? surface tension o, N/m, and the
concentration of dissolved substances adsorbed C, kmol/m*® expressed by the equation Gibbs

adsorption isotherm:
c\dbd
r=-— (ﬁ) =

The knowledge of the adsorption maximum values (Fig. 3) allows determining the thickness

of the adsorbed layer (9) interfaces on the verge of an oil-water:
[oo-M

p )

M — molar mass of surfactants, kg/mol,

p — density surfactants, kg/m?,

I'o — limiting the concentration of the substance adsorbed per 1 m®of the interface, the
maximum adsorption, mol/m 2.
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Fig. 2. The surface tension isotherm in coordinates Gibbs

Since the accumulation of surfactants in the interface is only possible to a certain value, the
value of adsorption I'co calculated from Langmuir equation:

[ = oo 2 ,
1+bC
b — adsorption equilibrium constant, equal to the rate constants of processes of adsorption

. 1
and desorption, B = =K

Langmuir adsorption isotherm lead to the appearance of the line:

c_ 1 +1 c
' Too-b Too
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Fig. 3. Adsorption isotherm in coordinates Langmuir

The value of monolayer adsorption I'co finds a cotangent ratio adjacent cathetus to the

opposite cathetus: tg a = F%o Octg a = Toor,

The constant adsorption of equilibrium is due to the length of the segment OM on the chart:

h=—.

oo

oM

For more information on colloidal chemical behavior of surfactant mixture at the interface
oil-water boundaries can give constant K = 1/C. This constant, as constant adsorption equilibrium

can indirectly characterize molecular interactions in mixed adsorption layers.

The parameters for each adsorption layers of surfactant mixtures with different content of
glauconite are summarized in Table 2.

Table 2

The values of adsorption layers of powder mixtures emulsifier glauconite on the verge
of liquid-liquid phase

Emulsifiers, powder of Interphase Constant of Limiting Thickness of
high content of tension, o, adsorption adsorption,I" | adsorbed layer,
glauconite, % mN/m equilibriumb | oo, umol/m? 5, Nm

Stearate-oleate 2:1, 4,5 9,5
0,1 17,0 28
0,3 55 124
0,5 4,0 344

Stearate-oleate 3:1, 2,0 54
0,1 19,0 12
0,3 6,5 89
0,5 5,0 218

Analysis of the data presented in the table shows that a mixture of stearate oleate in the ratio
2:1 tightly adsorbed on the verge of an oil-water because the value of its marginal adsorption higher
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(4,5 vs. 2,0 umol/m?). The thickness of the adsorbed layer of both compounds is high enough,
probably due to the formation of glauconite additional structures. Adsorption layers of surfactant in
the ratio of 3:1 over dilution, since the thickness of the adsorbed layer less than in surfactants in the
ratio 2:1. Increase of stearate in a mixture of emulsifiers weakens the interaction and interfacial
layer thickness is reduced from 9,5 to 5,4 Nm. Comparing the adsorption equilibrium constants
shows that it corresponds to the maximum content of glauconite powder 0,5% in the mixture of
emulsifiers, taken in the ratio 2:1.

Conclusions. Thus, to stabilize the emulsion cosmetic emulsifier selected following
composition: a mixture of stearate and PEG-400 oleate in the ratio 2:2 with a highly dispersed
powder of glauconite 0.5%. The composition of complex emulsifier allows not only provide 100%
emulsion stability, but also its long life without the use of additional stabilizers.
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UCCIEAOBAHUE CHHEPITETHYECKUX E®PEKTOB B CHUCTEME

KOMIVIEKCHOI'O OMYJBI'ATOPA

MAHK B.B., [IOJIOHCBKA T.A.

HalﬂlOHaﬂbellz YHUsepcumeni nuwyeesblx mexuHono2ull

Heab. OOocHOBaHME cOCTaBa KOMIUIEKCHOTO 3MYJbIraTopa ¢ MO3ULUN (PU3MKO-XUMUYECKUX
CBOMCTB CTAaOMIM3UPOBAHHOMN CHUCTEMBI..

Mertoauka. [IoBepXHOCTHOE HATSKEHUE HA TPAHULE KUIAKOCTb-KHIKOCTb OIPEACIIIN
CTaJarMOMETPUYECKHM METO/I0OM, pacdeT MapaMeTpoB aJCcOpPOIMOHHBIX CIOIB — MeTonamu ['nbbca
u Jlenrmropa.

Pe3yabTaThl. M3yyeHo moBeneHHEe MOJIEKYJI MOHO- U AMA(UPOB OJIEMHOBOM KHUCIIOTHI U
MOHO- U JUI(PHUPOB CTEAPUHOBOW KHUCIOTHI B CMECH C MOJMAITHIEHTIHKoNeM-400 Ha rpaHwuIle
paznena ¢da3 Macio-Boja INpHU  IPOU3BOJCTBE KOCMETHYeCKHX AMmyibcuil. [Ipeanoxkeno
ucrions3zoBanue  0,5%  macc.  BBICOKOJUCHEPCHOIO  IMOPOIIKA  IVIAYKOHWUTA,  KOTOPBII
KOHIICHTpUpYeTCS Ha Mexda3HOW TpaHHWIe ¢ oO0pa3oBaHHEM MPOYHON MPOCTPAHCTBEHHOM
KOAryJIsiHMOHHOW CTPYKTYPHI ISl CTOMKOCTH JUCIIEPCHON CUCTEMBI.

Hayunass HoBu3Ha. Jl0Ka3aHO TMOBBINICHHWE CTAaOWIM3AlMOHHBIX CBOWCTB cMecu [1IAB
IyTeM MEXMOJEKYJISIPHOTO B3aMMOJEHCTBHS Ha Mex(a3HOW TrpaHHIle C 00pa30BaHUEM ILIOTHOU
YIaKOBKHU MOJIEKYJI.

IIpakTnyeckasi 3HAYUMOCTb. Y CTAaHOBJICH HUKHUM MPEIe] KOHUEHTPALMN KOMILJIEKCHOTO
AMYJIBraTopa Ui CHUKEHHUS Ce0ECTOUMOCTH KOCMETUYECKUX U3/IETHI.

KioueBble ci1oBa: KOCMETHUYECKas SMYJIbCHUs, TJIAYKOHUT, SMynbrarop, creapat [121'-400,
oneat [121-400.
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JOCJIIITKEHHS CHUHEPI'ITUYHUX E®EKTIB B CUCTEMI

KOMIIVIEKCHOI'O EMYJIBI'ATOPA

MAHK B.B., [IOJIOHCBKA T.A.

Hayionanvnuii ynieepcumem xapyuogux mexHonoziti

Meta. OOrpyHTyBaHHSI CKJIaJy KOMIUIEKCHOTO €MYyJbraTopa 3 MO3HIl (i3UKO-XIMIYHHX
BIIACTHBOCTEH CTAa01Ti30BaHOI CHCTEMHU.

Metoauku. [ToBepxHeBuil HaTAT Ha MEXI piAMHA-PIAMHA BU3HAYAIM CTAIATMOMETPHYHUM
METOIOM, PO3paxyHOK MapaMeTpiB ajcopOuiiHux mapiB Merogamu ['i06ca Ta Jlenrmropa

Pe3yabTaTn. BuBueHO NOBEAIHKY MOJIEKYJ MOHO- 1 inedipiB 01€THOBOI KUCIOTH Ta MOHO- 1
nuedipiB CTEapuHOBOT KUCJIOTH y cyMimni 3 moietuieHrmkoneM-400 Ha mMexi moainy ¢das omis-
BOJa MpH BHUPOOHMIITBI KOCMETHYHHMX eMYyJbCiii. 3ampomoHoBaHo BuKopuctanus 0,5%mac.
BHCOKOJIUCIIEPCHOTO MOPOIIKY TJIAYKOHITY, III0 KOHIICHTPYETHCS Ha MibK(a3Hii MeX1 3 YTBOPCHHIM
MIITHOT TPOCTOPOBOT KOATYIIAIIIHHOT CTPYKTYPH IS CTIMKOCTI IUCTIEPCHOT CUCTEMH.

HaykoBa HoBu3HA. J[oBeleHO MigBUINCHHS CTabumi3amiiHOl BracTuBOCTI cymimni [TAP
yepe3 MDKMOJIEKYJISIDHY B3a€MOJI€I0 Ha MDK(a3HI MeXi 3 YTBOPEHHSM IIUIBHOI YIaKOBKU
MOJICKYJI.

IIpakTHyHa 3Ha4YMMicTh. BCTAaHOBICHO HWXKHIO MEXY KOHIEHTpamlii KOMIIJIEKCHOTO
eMYJIbraTopa Jijisl 3HKEHHsI CO01BaApTOCTI KOCMETHIHUX BHUPOOiB.

Knrwowuosi cnosa: xocmemuuna emynvcis, enaykonim, emyaveamop, cmeapam IIET-400,
oneam I1ET™-400.
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