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Abstract. The hydrothermal method and traditional sol-gedcpss for the synthesis of SiO
particles were comparatively studied. For the sgsith of SiQ, tetraethyl orthosilicate
(tetraethoxysilane or TEOS) and ammonium chlorididOH) (as a catalyst) were used. Sias
prepared by the TEOS hydrolysis reaction at roompgrature and hydrothermal treatment.
Morphology and structure of the final products weharacterized by X-ray diffraction (XRD),
Fourier transform infrared spectrum (FT-IR) andmsgag electron micrograph (SEM). It was
found that SiQ product synthesized by the TEOS hydrolysis reactibroom temperature has an
amorphous phase. XRD analysis shows the preserare ahorphous halo - a strong peak at Bragg
angle 21 °-22 °. The hydrothermal treatment leadsystallization of the material.

1. Introduction

In recent years, silicon dioxide (Si)Chas been widely used in various industries, sashlmechanical
engineering telecommunication, micro-electroniecg] aonstruction. Silicon dioxide has unique eleatri
magnetic and optical properties, thermo stabilitgl bow flammability [1-4]. Studies have shown thia
use of silicon dioxide as filler in composite mééy, even in small quantities, significantly impes their
original properties [5-7]. SiPexists in many crystalline forms, the most popwaes being quartz,
cristobalite, tridymite, stishovite, and coesitat lis best-known form is amorphous silicon dioxidée
SiG, nanopatrticles are commonly synthesized by meanvardus approaches, such as precipitation [8,
9], sol-gel [10, 11], and hydrothermal synthesi®, IB]. Other methods that can be used includesarnza
chemical method [14], an electron beam method aaméchanochemical method [15].

Generally, amorphous Sj@an be produced by mixing aqueous solutions ofusndnetasilicate with
acid. For example, Musi Filipovi¢-Vincekovic and Sekovaii[16] precipitated silica by the reaction of
sodium silicate solution neutralization with$0, solution. Primary Si@particles were ~ 15 to ~ 30 nm
in size, and they are aggregated into bigger pastidmorphous Si©particles showed a specific surface
area up to 130 fg' depending on the parameters of the precipitationgss. Wardiyati, Adi and Deswita
[17] synthesized SiPby the sol-gel method using a precursor of@ and catalyst of 8O, at a
sintering temperature &f 600 °C. The size of the obtained particles wasi@dd®0 nm. Meanwhile, the
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surface area was 298.31%m Qisti, Indurate and Suprihatin [18] used thelfaghermal method in
synthesizing Si©to produce nanosilica that was uniform and homegas.

The present paper is aimed to investigate influexideydrothermal treatment on the crystalline form
of SIO, synthesized by the sol-gel method.

2. Materialsand methods

2.1 Materials

All reagents used were of analytical grade puritythis synthesis procedure, tetraethyl orthositic
(tetraethoxysilane or TEOS) was used. It was puwethdrom Sofex Silicone, Moscow, Russia (99.9 %
purity). TEOS is the chemical compound with thenfala Si(OGHs),. TEOS it is a colorless liquid that
degrades in water. TEOS is the ethyl ester of eitiei acid, Si(OH).

Ammonium chloride (NHOH) used as catalyst was purchased from Sofexo8#icMoscow, Russia
(99.9 % purity). To carry out the TEOS hydrolysemction, distilled water by GOST 6709-72 "Distilled
water - Technical specifications" (pH=6.6) was usEge TEOS hydrolysis reaction (synthesis of $iO
was carried out according to the scheme:

CoHs C\?\HS C%Hi CyH5
hY 3 N, R
/0 /Cij OH /O FaH OH A /;‘zﬂj ;0
i il & — | 050 — P—8i w0 — 0—Si~=0H+ C2His—0
CiH3 o OB Y, CoH; \O CHs o
/ " /S
ot ~ / P
CoHj CaH5 CI Hj Cij

Total reaction:
S|(0C2H5)4+ 2H,0 = SIQ(geI) + 4C,HsOH
2.2. Hydrothermal synthesis
To carry out TEOS hydrolysis under hydrothermal ditons, the GSA-0.3 high-pressure reactor was
used (fig.1). The reactor is designed for scient#nd experimental research and chemical reachions
supercritical conditions of high pressure and tapee.

a
Figure 1. Sketch of reactor capacity (a) and installed itattan (b)
Hydrolysis of TEOS in an alkaline medium at roormperature was carried out for 3 days, followed
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by drying at a temperature of 110-120° C. Hydrayi TEOS in an alkaline medium under hydrothermal
treatment was carried out in a high-pressure redtgmperature 300 ° C, pressure 55 MPa) for 7 your
followed by drying at a temperature of 110-120 ° C.

2.3. Resear ch Methods

The research was performed with the use of high-eegiipment from High Technologies Center of V.G.
Shukhov BSTU (Belgorod, Russia). X-ray phase aiglygas performed with the use of the DRON-3
diffract meter (Cul& radiation, Ni filter) according to the standardthwal. The tube voltage amounted to
20 kV, the anode current was 20 mA, and the dateotation rate was 2.4 degrees per minute with 1°
angular pitch. The measurement rate limit reach@@014000 pulses per second. Data analysis and
preliminary processing was performed with PDWintwafe (DrWin, Qual) using the PDF JCPDS
database (version 2.02 1999).

Scanning (raster) electronic microscopy was usadtie surface morphology identification and
microanalysis of the surface layer of the derivisimioth compound. Microphotography was performed
using electronic microscope Tescan Mira 3 LMU.

The Fourier transform IR spectrum was recordedguaitR spectrometer VERTEX 70. The specimen
was pressed with a spectroscopically pure KBr matri

3. Result and discussion

X-Ray diffractometer (XRD) analysis was carried @gutthe @ range of 0°-35°.The result of X-Ray
diffraction pattern of Si@Qsynthesized by the TEOS hydrolysis reaction ahreemperature and under
hydrothermal treatment is shown in Figure 2. Analysf Figure 2 (a) shows the presence of an
amorphous halo - a strong peak at Bragg angle 22 °: This result indicates that Si@roduct
synthesized by the TEOS hydrolysis reaction at raemperature has an amorphous phase. The
diffraction pattern in Figure 2(a) showed only greak which indicatesthat the SiProduct has a high
degree of purity. The XRD peak of SiGynthesized by the TEOS hydrolysis reaction atrdtyhermal
treatment (fig 2,b) becomes sharper at room tenyerat can be concluded that hydrothermal treatme
leads to crystallization of the material.
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Figure 2. XRD analysis of Si@ synthesized by the TEOS hydrolysis reaction atrrdemperature (a) and
hydrothermal treatment (b)

Figure 3 shows the microstructure of $i€ynthesized by the TEOS hydrolysis reaction atmroo
temperature (a) and hydrothermal treatment (blurei@a shows images of the amorphous, Sadticles.
As can be seen, primary particles show a tendemfiyrtn bigger particles (aggregates). Particle dizes



MEACS 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 327 (2018) 052026 doi:10.1088/1757-899X/327/5/052026

not exceed @m. Microphotography shows that the powder obtaimasl high levels of porosity. Analysis
of micrographs of silica powder obtained using loyldermal treatment (fig 3,b) also shows that the
received substance has a crystalline structurec(irgal size in transverse dimension reachgs?0 The
analysis of electron microscopy confirms the resaftX-ray phase analysis in terms of the crystaliof
the obtained substances. However, the microphqibgrdfig 3,b) shows a significant amount of the
substance with an amorphous structure. For a caenpldymorphic transformation infe-quartz, higher
temperature 073 °C and pressure of at least (0bhMPa) is required.
P Ry SN
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Figure 3. Microphotography of Si@synthesized by the TEOS hydrolysis reaction atrré@mperature (a) and
hydrothermal treatment (b)

Figure 4 shows the IR-spectrum of Si€ynthesized by the TEOS hydrolysis reaction ardtyeérmal
treatment. As presented in Figure 4, band corratipgnto 3460 crl is the stretching vibrational
absorption of silicon hydroxyl and physic adsorgtiwater (HO), and 1620 cthcorresponds to the
bending vibrational absorption of physic adsorptiager (—OH bending vibrations of,8 molecules). A
very strong and predominant absorbance peak comdsm to 1080 cihcan be assigned to Si—-O-Si
asymmetric stretching vibrations. The IR band apomding to 457 cthis due to O-Si—O bending
vibrations. The IR band corresponding to 788'dm assigned to Si-OH group. Presence of physic
adsorptive water indicates that the material haaraarphous phase, i.e. that complete crystallinadio
SiG, during hydrothermal treatment did not occur.
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Figure4. FT-IR spectra of Si@synthesized by the TEOS hydrolysis reaction atdtyermal treatment
Bands corresponding to 1078, 788 and 457 ane the characteristic adsorptive peaks 0f,Si@d the
IR-spectrum diagram of the samples matches thelatdriagram of hydrated SiO
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4. Conclusion

SiO, particles have been synthesized successfully bpthydrothermal method and traditional sol-gel
process. It was found that SiProduct synthesized by TEOS hydrolysis reactiaimam temperature has
an amorphous phase. XRD analysis shows the presérane amorphous halo - a strong peak at Bragg
angle 21 °-22 °. The XRD peak of Si€ynthesized by the TEOS hydrolysis reaction duhiydyothermal
treatment becomes sharper at room temperaturan lbe concluded that hydrothermal treatment leads t
crystallization of the material.

The microphotography of SiOsynthesized by TEOS hydrolysis reaction at roompterature also
shows images of the amorphous Sparticles. The microphotography of Si€ynthesized by the TEOS
hydrolysis reactionat hydrothermal treatment shthas the obtained substance has a crystallinetateic
However, it shows a significant amount of the salbseé with an amorphous structure. For a complete
polymorphic transformation int-quartz, higher temperature and pressure are esfjuir
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