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ABSTRACT
Modified xanthan gum is often used in a variety of industries such as pharmaceuticals, the food

industry, and the oil industry. The use of modified xanthan gum in emulsions can solve two
problems, stabilize and thicken. This work is dedicated to the study of oil-in-water emulsion
stability. The continuous phase of the emulsion consists of agueous solutions of modified xanthan
gum (XG-g-MMA), alkyl polyglycoside (APG), and silicon dioxide nanoparticles (SiOz), and kerosene
was used as a dispersed phase. Modified XG was prepared by grafting with methyl methacrylate
to improve its properties. To determine the stability, the stratification time was monitored, and
rheological properties and droplet sizes of emulsions were determined. The results showed that
the emulsions based on XG-g-MMA and APG have better properties than the emulsions based on
XG and sodium lauryl ethoxy-sulphate (SLES). Emulsions with 0.3% XG-g-MMA, 5% APG and 0.2%
Si02 demonstrated stability for up to 2 years, whereas emulsions with 0.3% XG stay stable for up
to 1 year.
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Introduction

Many building materials, paints, lubricants, etc.
are being emulsions. In the cosmetic industry, all
creams and lotions are W/O, O/W and W/O/W
emulsions, which makes it possible to select creams
depending on skin type. There are new medical
preparations based on emulsions with functional,
useful components [[1], [2]].

However, emulsions are thermodynamically
unstable systems, undergo coalescence,
gravitational separation, flocculation, form water
and oil phases, so a stabilizers are required for their

long-term stability. Basically, synthetic surfactants
are used to stabilize emulsions, but synthetic
surfactants are considered aggressive and limit the
scope of use of emulsions. In this regard, biological
surfactants are proposed which are safe and
biodegredable. An example of biosurfactant is alkyl
polyglycoside (APG). APG is a nonionic biosurfactant,
which is a derivative of glucose and fatty acids [3].
The raw materials for obtaining these surfactants
are starch, glucose and fatty alcohols. These
products are derived from corn and other grains,
therefore considered renewable. The final product
of the reaction using acid catalysts is a mixture of
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compounds containing a hydrophilic sucrose part
and a hydrophobic alkyl part [[4], [5]]. APG is used as
a foaming agent in detergents, replaces surfactants
such as lauryl sulfate, lauryl ethoxysulfate, and has a
milder effect on the skin [6]. Biopolymers are often
used as stabilizers which are less toxic and
biodegradable [[7], [8], [9]]. One of the biopolymers,
xanthan gum, is an extracellular polysaccharide of
the bacterium Xanthomonas Campestris [10].
Xanthan is widely used in medicine, cooking,
construction and other areas, but there are many
works proving the great effectiveness of Modified
xanthan [[11], [12], [13], [14], [15], [16], [17], [18],
]19]]. After modification xanthan gum demonstrates
better properties as viscosity, solubility and stability
[[20], [21], [22], [23]].

In this work modified xanthan was used to
improve the stability of the emulsion. The ratios of
the ingredients are shown in Table 1.

Experimental part

Materials

Biopolymer Xanthan gum (XG) as a powder
(Sigma-Aldrich Chemical Co,, USA),
alkylpolyglucoside (APG) as a 50% solution (Spec
Chem Industry Inc.,, China), sodium lauryl
ethoxysulfate (SLES) — 70% solution (OMED, China),
silicon dioxide nanoparticles (40 nm) as a 40%
solution (Sigma-Aldrich Chemical Co., USA) and

kerosene (Kloriant, Kazakhstan) were used.
Modified xanthan gum was produced in a
laboratory.

Emulsion preparation

Aqueous sol solution surfactant, polymer, and
silicon dioxide were mixed and distilled water was
added till the required volume. The solution was
placed on a magnetic stirrer and kerosene was
added while stirring. After adding kerosene, the
solution was stirred for 15 minutes at a speed of 700
rom. Prepared emulsion immediately was poured
into a measuring cylinder and observed for phase
separation over time. Thus, emulsions were
prepared with different ratios of components to
determine the best concentration of each of the
components.

Measurements

The stability of the emulsions was determined
by visual observation, the time of the kerosene
phase appearance (the formation of a layer of
kerosene on the surface of the emulsion) was noted

over time. To determine the effect of salinity on
stability, sodium chloride solution was added to the
emulsion. The content of sodium chloride in the
emulsions was 5, 15, and 30 g/L.

The samples that showed the highest stability
were analyzed on a Bohlin rheometer, Rheolab QC
to study the rheological properties. Rheological tests
(viscosity and shear stress versus shear rate) were
carried out at 30, 60, and 80°C.

The sizes of the dispersed phase droplets were
measured on a scanning electron microscope Auriga
Crossbeam 540 Carl Zeiss. To obtain images before
analysis, the samples were applied to a film and
dried at room temperature. In this way, photographs
of capsules of volatilized kerosene were obtained.

Table 1 - Content of emulsions
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1 0.1 2 5 7 |3

2 0.1 1 5 7 |3

3 0.1 02 |5 7 |3

4 0.1 01 |5 7 |3

5 0.1 0 5 7 |3

6 0.2 2 5 7 |3

7 0.2 1 5 7 |3

8 0.2 02 |5 7 |3

9 0.2 01 |5 7 |3

10 |0.2 0 5 7 |3

11 |03 02 |5 7 |3

12 |02 02 |2 7 |3

13 |02 02 |3 7 |3

14 |02 0.2 3 |7 |3

15 |02 0.2 5 |7 |3

16 02 |02 |5 7 |3

17 03 |02 |5 7 |3

18 03 |02 |5 9 |1

19 03 |02 |5 6 |4

20 03 |02 |5 7 |3 |s

21 03 |02 |5 7 |3 |15

22 03 |02 |5 7 |3 |30
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Results and discussions

Emulsion stability
Observations have shown that the stability of

the emulsion depends on the amount of each
component. Emulsions prepared with 5% APG were
more stable than with SLES (the same ratio). Also,
emulsions with 0.3% XG-g-MMA stayed stable for
more than 2 years, while emulsions with XG with the
same amount stayed stable for about 1 year.
However, with an increase in the polymer content,
became a gel-like state. The
stabilizing effect at a

the emulsion
nanoparticles showed
concentration of 0.2%.

Also, the statement proved that with an increase
in the ratio of the oil phase, the stability of an
emulsion increases, so with the increase of the
kerosene volume increased the stability of the
emulsion. Salinity stability testing showed that
emulsions with XG-g-MMA stay stable at salinities
up to 30 g/I, while XG emulsions break down already
at 5 g/l salinity. The visual observations are shown in
Table 2.

Table 2 - Results of emulsion stability by visual control

Sample Ne Stability

1 Not stable

2 Not stable

3 Not stable

4 Not stable

5 Not stable

6 Not stable

7 Not stable

8 Stable for 1 month

9 Not stable

10 Not stable

11 Stable for over 1 year
12 Not stable

13 Not stable

14 Not stable

15 Not stable

16 Not stable

17 Stable for over 2 years
18 Not stable

19 Stable for over 2 year
20 Stable for over 1 year
21 Stable for over 1 year
22 Stable for over 1 year

Rheology properties

To determine the rheological properties, the
most stable emulsions with the composition
XG(0.3)-APG(5)-Si02(0.2) and XG-g-MMA(0.3)-
APG(5)-Si0,(0.2) were chosen. The results of
viscosity and shear stress measuring showed that at
30°C with a change of shear rate from 1 to 100 s7,
the shear stress of the XG-g-MMA(0.3)-APG(5)-
Si0,(0.2) emulsion reaches 16 Pa, XG(0.3)-APG(5)-
Si05(0.2) reaches 9 Pa. And the viscosities of XG-g-
MMA(0.3)-APG(5)-Si0,(0.2) and XG(0.3)-APG(5)-
Si0,(0.2) decrease to 0.16 Pas and 0.09 Pa's
respectively.

The rheology performance decreases with the
rise of temperature, which can be seen in Diagrams
1, 2, and 3. At 60°C the shear stress of the XG-g-
MMA(0.3)-APG(5)-Si02(0.2) emulsion reaches 12.5
Pa, XG(0.3)-APG(5)-Si0,(0.2) reaches 7 Pa. The
viscosity of both emulsions changes slightly, showing
0.13 Pasand 0.07 Pa-s. At 80 2C the maximum values
drop to 9.5 Pa for XG-g-MMA(0.3)-APG(5)-Si0(0.2)
and to 4.7 Pa for XG(0.3)-APG(5)-Si0,(0.2 ).

Thus, it can be noted that emulsions with XG-g-
MMA(0.3)-APG(5)-Si02(0.2) showed better results
compared to XG(0.3)-APG(5)-Si0,(0.2).

Emulsions prepared using modified xanthan
have demonstrated resistance to salinity. With the
addition of salt up to 30 g/l the rheological
parameters of the XG-g-MMA(0.3)-APG(5)-Si0,(0.2)
emulsions did not differ much (Diagram 4), showing
14-16 Pa.

Drop sizes

SEM images showed that the kerosene capsules
emulsified with XG had diameters ranging from 2 to
45 um, with an average diameter of ~20 um (Figure
1). Kerosene capsules emulsified with XG-g-MMA
had diameters ranging from 2 to 20 um, with an
average diameter of ~10 um (Figure 2). Thus, it can
be understood that the stability of the emulsion with
XG-g-MMA is due to the uniform formation of
smaller capsules compared to the emulsion with XG.

Traces of nanoparticles can be seen on the walls
of the capsules which also have a stabilizing effect,
forming a layer at the oil-water interface (Figure 3).
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Diagram 1 - Rheological properties at 302C
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Diagram 4 - The dependence of rheology of emulsions on salinity at 302C
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Figure 3 - Nanoparticles of SiO: at oil/water interface
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Conclusions

The results of the stability study showed that the
emulsion prepared with the addition of modified
xanthan gum (XG-g-MMA(0.3)-APG(5)-Si0>(0.2))
remains stable for more than 2 years, while the
emulsion with the addition of unmodified xanthan
gum (XG(0.3)-APG(5)-Si0(0.2)) remains stable for
more than 1 year. When the alkylpolyglycoside is
replaced with sodium ethoxysulfate, the stability
drops markedly.

According to the results of the study of
rheological properties, it was found that the
emulsion with the addition of XG-g-MMA has a shear
stress value of 16 Pa at 309C, 12.5 Pa at 602C and 9.5
Pa at 802C, while the emulsion with the addition of
XG reaches 1.8 times less value - 9 Pa at 302C, 7 Pa

at 60°C and 4.7 Pa at 802°C. Also, the emulsion with
the addition of modified xanthan gum shows
resistance to salinity up to 30 g/I, while the emulsion
with the addition of xanthan gum breaks down at a
salinity of 5 g/I.

Thus, the use of an emulsion with modified
xanthan gum XG-g-MMA(0.3)-APG(5)-Si02(0.2) can
become one of the effective methods used in
enhanced oil recovery or other industries.
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TYWIHAEME

MogaunduKaumanaHfaH KCaHTaH LWaibipbl GapMaLeBTUKa, TaMaK KaHe MyHall eHepKacibi CUAKTbI
9pTYpAi cananapaa *Kui kongaHoinagpl. MogudukaumManaHFaH KCaHTaH WaibIpbiH 3MyAbcuAnapaa
KONAAHY, TYPaKTaHAbIPY KOHEe KOHMAHAbIPY CUAKTbI eKi MaceneHi wewyi MyMKiH. byn xymbic
MYHaWAbIH, CyAafbl 3MYNbCUACBIHbIH, TYPAKTbI/IbIFbIH 3epTTeyre apHaifaH. IMyNbCUAHDBIH, Y34iKCI3
basacbl moanduUKaLmanaHFaH KCaHTaH WanblpbliHbiH, (XG-g-MMA), ankuanonurnmkosuariy, (APG)
KIHe KpeMHWUI AnoKcnai HaHobenwekTepiHiH, (SiO2) cynbl epiTiHAinepiHeH Typaabl, an aucnepcTi
dasa petiHae KepocuH KongaHbiFaH. MogudukaumananFaH XG, OHbIH KacMeTTepiH aKkcapTy
YWiH MeTUIMETaKpUNaTTbl ery apKblibl anbiHAbl. TYPaKTbINbIKTbI @HbIKTay YLWiH KaTnapaaHy
YaKbITbl GaKblnaHAbl, 3My/bCUA TaMLUbINAPbIHbIH, PEONOTUANBIK KacueTTepi MeH eswemaepi
aHbIKTanabl. Hotuxkenep XG-g-MMA koHe APG HerisiHAeri amynbcuanapabib, XG KaHe HaTpui
naypun atokeucynbdatol (SLES) HerisiHaeri amynbcuanapra KaparaHga »aKcbl Kacuerrepre ue
60naTbiHbIH KepceTTi. KypamblHaasbl 0,3% XG-g-MMA, 5% APG xaHe 0,2% SiO2 6ap amynbcua 2
JKblIFa AeMiH TypaKTbl 60N1aTbIHbIH KepceTTi, an KypambiHAafbl 0,3% XG 6ap amynbcuanap Tek 1
XblIFa AeWiH TypaKTbl 606N Kanapl.

TyliiH ce30ep: 3MyNbCUA TYPaAKTbIbIFbI, MOAUDUKALMANAHFAH KCAHTAH CaFbi3bl, eriareH nonaumep.
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AHHOTALUMA

MopuduumpoBaHHaa KcaHTaHOBaA KameAb 4YacTO WMCMNOb3YyeTCA B Pa3/IUYHbIX OTPACAAX
NPOMbILWNEHHOCTM, TaKMX Kak ¢apmaueBTMKa, NULLEBaA NPOMBbIWAEHHOCTb W HedTAHaA
NPOMBIWNEHHOCTb. Mcnonb3oBaHne MoAUOUUMPOBAHHON KCAaHTAHOBOM Kameau B 3My/NbCUAX
MOMET pewunTb Ase npobnembl: cTabunnsvpoBaTb U 3arycTutb. [JaHHaa paboTa nocssauieHa
NccNepoBaHmUIo0 CTabunbHOCTU 3MyNbcun HedTU-B-BoAe. HenpepbiBHan ¢pasa smMynbCcum COCTOUT U3
BOAHbIX pacTBOpoB MOAMOULMPOBAHHOWM KCaHTaHOBOM Kameam (XG-g-MMA),
ankunnonurnmkosuaa (APG) u HaHovacTuL, AMoKeuaa KpemHus (SiOz2), a B KayecTBe AucnepcHoM
basbl ucnonb3oBaH KepocuH. MoguduumposaHHaa XG 6blna nonydeHa nyTemM NPUBUBKM
MeTUAMETaKpunaTa ANa  yAydlleHWa ero CBOWCTB. [na  onpedeneHusa  cTabunbHOCTU
KOHTPOZIMPOBANWN BPpeMA Pacc/0eHUaA, onpeaensnn peonormieckme CBOMCTBa U pasmepbl Kanenb
3MYNbCUIA. Pe3ynbTaTbl MOKa3anu, 4To sMy/IbCUM Ha ocHose XG-g-MMA 1 APG 061afatoT iydwmmm
CBOWCTBaMM, YeM 3MYNIbCUM HA OCHoBe XG u naypunatokcucynbdaTa HaTpua (SLES). Imynbeus ¢
0,3 % XG-g-MMA, 5 % APG n 0,2 % SiO2 nokasana cTabunbHOCTb A0 2 NeT, Toraa Kak aMybCcun ¢
0,3 % XG ocratotcs cTabunbHbiMK 10 1 roga.

Kntoveebie c¢n06a: CTabUNbHOCTL 3MYAbCUM, MOAMOULMPOBAHHAA KCaHTAHOBas Kameap,
NPUBUTBIN NoUMEP.
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