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Abstract

Silica (SiO2) particles are increasingly more used for the productions of polymer composites. But introduction of silica in polymer dis-
turbs the natural structure uniformity also this technique is difficult with the aid of the high propensity of silica to agglomeration. So to
create polymer composites it is better to use fillers with a hydrophobic surface. In this study, it was investigated the possibility of surface
amendment of Silica particles for their hydrophobization. Silica particles had been organized by way of the tetraethyl orthosilicate hy-
drolysis reaction at high temperature and pressure. The morphology and shape of the silica were studied by way of X-ray powder diffrac-
tion, approach of particle measurement analysis by using laser diffraction, and electron micrograph. For floor amendment of silica parti-
cles was use hydroalcoholic answer of sodium methylsiliconate. The bought results of the contact perspective measurements show that
the floor of initial particles of silica is hydrophilic (contact perspective — 74°). The surface of Silica particles after the change are strongly
hydrophobic (contact angle — 92-126°). The most suitable is the introduction of a modifier in an amount of 2%..
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1. Introduction

Currently, polymer composites have been observed huge utility in
different industries, such as automotive, military, medical, aero-
space and energy. Polymer composites are normally natural poly-
mer composites typically crammed with distinct fillers. Their resi-
dences combine the advantages of the inorganic filler cloth (i. e.,
electro-optical, photoconductivity, magnetic and dielectric proper-
ties) and of the natural polymer (i. e., fluidity, viscoelasticity,
elasticity). Of specific pastime are polymer composites with silica
[1-6]. Alnamel et al. has shown that the addition of Silica powder
to acrylic resin improves the have an effect on power and trans-
verse power of acrylic resin [7]. Hsieh et al. has set up that the
fracture electricity of the bulk epoxy perhaps multiplied from 77
to 212 J/m2 with the aid of the addition of 20 wt.% silica nanopar-
ticles [8].

The presence of silica nanoparticles (4.5 wt.%) in the polypropyl-
ene-Silica nanocomposites leads to an extend of each Young
modulus and impact strength, from 1.2 GPa to 1.6 GPa and from
3.4 kdim? to 5.7 kJ/m? respectively [9].

Introduction of filler Silica in polymer disturbs the polymer matrix
uniformity. Interaction of fine-dispersed strong particles with a
pol-ymer is eastimated via homogeneity degree of particles and
polymer adhesion to their surface [10]. It is very tough to resolve
such a hassle by way of conventional strategies of mixing of parti-
cles Silica and polymer, considering that this technique is intricate
by way of the excessive propensity of Silica to agglomeration.
Homogeneity diploma of Silica particles and polymer adhesion

depend on physico-mechanical properties of Silica particle surface.

To enhance the dispersion and compatibility of nanofiller in the
polymer matrix, in many instances its floor is modified [11-15],
which leads no longer only to improvement of the filler distribu-
tion in the polymer matrix, but additionally affords a possibility of

their chemical interaction, ensuring a strong chemical bond be-
tween two incompatible phases.

To create polymer composites it is better to use fillers with a hy-
dro-phobic surface. Benefits of fillers with a hydrophobic surface
include accelerated dispersion of the fillers into polymeric media,
decrease viscosity of the mix, larger compatibility with the poly-
mer, improved electrical properties in a mineral-filled polymer
system, and accelerated cure of thermoset polymers in contact
with the mineral surface [16]. The surface is called hydrophilic, if
the contact angle between liquid and strong surface is much less
than 90°, in any other case the floor is referred to as hydrophobic

(fig. 1) [17].
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Fig. 1: Schematic diagram of contact angle

The floor of Silica particles is polar, and organic modifier surfac-
ing is essential for its hydrophobization for enhance particle distri-
bution in matrix and lets inloading the maximum quantity of filler
in the polymer. The strategies utilized for education of hydro-
phobic surfaces consist of the introduction of nanoroughness onto
a low floor energy fabric and  then decrease its floorenergy, by
means of chemical modification [18-23].

This work gives the opportunity of floor change of silica particles
for their hydrophobization. Silica particles were
once synthesized using by way of the tetraethyl orthosilicate (tet-
raethoxysilane or TEOS) hydrolysis response at hydrothermal
treatment.

2. Material and Methods

2.1. Materials
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In this synthesis procedure, we use tetraethyl orthosilicate used to
be purchased from Vitohim Ltd., St. Petershurg, Russia (99.9 p.c
purity). Tetraethyl orthosilicate (TEOS) is the chemical compound
with the method SiCgH,,O,4. The Silica particles had been got
through TEOS hydrolysis reaction at temperature 300 ° C and
pressure 55 MPa for 7 hours, observed with the aid of dried at a
temperature of 110-120 ° C.

For surface change of Silica particles we use hydroalcoholic solu-
tion of sodium methylsiliconate (30% aqueous solution) with the
components CHsSiO;Na was bought from Vitohim Ltd., St. Pe-
tersburg, Russia.

2.2. Research Methods

The lookup used to be performed using tools of Center for radia-
tion monitoring and the Department of theoretical and applied
chem-istry of BSTU named after V.G. Shukhov (Belgorod, Rus-
sia). ANALYSETTE 22 NanoTec used to be used for Silica parti-
cles measurement analysis. Analysette 22 NanoTec has a exten-
sive vary of particle measurement measurements. The decrease
limit of dimension is about 0.01 pum.

ANALYSETTE 22 NanoTec plus lets in you to pick out three
posi-tions of the measuring cell, which, except adjustment, permit
meas-urement in 5 exclusive ranges.

The segment analyses have been carried out by using X-ray dif-
fraction method using the DRON-3 diffractometer. The DRON-3
diffrac-tometer having the following operation parameters: U = 20
kV, I = 20 mA, and X-ray tube furnished with Cu goal and a
mono-chromator in X-ray diffracted beam, has been used.
Scanning (raster) digital microscopy was once used for the floor
morphology identification and microanalysis of the floor layer of
the Silica particles. Microphotography was performed the use of
elec-tronic microscope Tescan Mira 3 LMU.

The following approach for identifying contact angle: on the sub-
strate a layer of the powder to be studied is positioned in a skinny
layer. A drop of liquid (2 ml) is distributed onto the substrate. The
silhouette of the drop is seen through a digital camera connected
to a PC to seize video photographs of the drop. Image analysis
software is used to calcu-late the contact angle. Water drop con-
tact perspective measurements are made using distilled water. The
attitude is determined 1 second after the drop is positioned on the
substrate surface.

3. Results and Discussion

Figure 2 shows the X-ray diffractogram (XRD) of the product
synthesized by using the TEOS hydrolysis response at hydrother-
mal treatment. The crystalline phase were recognized the usage of
the JCPDS (2000). The analysis of the XRD sample shows that
the product is shaped by way of the crystalline segment quartz
(Silica - JCPDS 46-1045).
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Fig. 2: XRD analysis of the product synthesized by the TEOS hydrolysis
reaction at hydrothermal treatment

Figure 3 indicates scanning electron microscopy (SEM) photo for
Silica particles acquired by way of TEOS hydrolysis response at
hydrother-mal treatment. They are predominantly person particles
of trian-gular or hexagonal shape.
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Fig. 3: SEM image of Silica particle synthesized by the TEOS hydrolysis
reaction at hydrothermal treatment

The differential Silica particle size histogram (figure 4) shows a
size range from 0.1 mkm to 10 mkm.
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Fig. 4: Silica particle size distribution

Samples of Silica particles had been modified via sodium me-
thylsiliconate. To precipitate OH- companies on the floor of Silica
particles, moist milling, boiling and sonication (22 Hz) were per-
formed. After all, the product used to be dried at one hundred
twenty ° C The fixing of OH-groups on the floor of Silica particles
two proceeds in accordance to scheme:

/|
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sio, ; + H0 — 5y si0, —

- OH
/

After elimination of the solvent from the product, it is essential to
carry out the polymerization of the modifier at a temperature of a
hundred and sixty ° C for 10 minutes. The amendment response
proceeds according to the following scheme:
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Table 1 shows contact angles of Silica particles before and after
the modification.

Table 1: Contact angles of Silica particles

Modifier content,% Contact angle, ° (degrees)

92
115
126
126
126
126
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The acquired effects of the contact attitude measurements exhibit
that the floor of preliminary Silica particles is two hydrophilic
(contact attitude — two 74°). The surface of Silica particles after
the modification are strongly hydrophobic (contact angle — 92-
126°). Analysis of the records in Table 1 showed that the greatest
is the introduction of a modifier in an quantity of 2%. With a
smaller amount of modifier, the wetting angle is much lower.
When more than 2% of the modifier is introduced, the wetting
perspective does now not change and is equal to 126 °.

4. Conclusion

The experimental results mentioned in this paper published that
samples of Silica particles should be modified by sodium me-
thylsiliconate. Silica particles used to be synthesized the use of by
means of the tetraethyl orthosilicate (tetraethoxysilane or TEOS)
hydrolysis response at hydrothermal treatment. The analysis of the
XRD sample allowed us to establish that the product is shaped via
the crystalline section quartz. The differential Silica particle
measurement histogram two showed a dimension vary from 0.1
mkm to 10 mkm. The received consequences of the contact angle
measurements exhibit that the surface of initial Silica particles is
two hydrophilic (contact perspective — two 74°). The surface of
silica particles after the modification are strongly hydrophobic
(contact perspective — 92-126°). Authors mounted that the top-
quality is the addition of a modifier in an amount of 2%.
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