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Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA OAEP>KaHHIO HAHOCTPYKTYp cTaHyMy (IV) okcupy pisHoi Mmopdosorii,
BCTaHOBJIEHHIO TEXHOJIOTIYHMX OCOOJIMBOCTEM iX CUHTE3Y Ta JOCIIIXEHHIO iX (i3NKO-XiMiYHUX BJIACTUBOCTEN 3
METOIO I0JAJIbIIOr0 BUKOPUCTAHHS SIK YyTJIMBi MaTepiajy JJIsi METaJIOKCUIHUX XEMOPE3UCTVMBHUX ra30BUX
CEHCOpiB. B po60Ti pO3IJIsSIHYTO BIJIMB METO/IB (TEPMIYHOTrO, 30J1b-T€JIb, 1APO-Ta30BOI'0 TPAHCIIOPTY) HA CTPYKTYPY
Ta Mop@doJiorito nopouikiB ctaHymy (IV) okcuny. O6paHo Ta HAyKOBO OOI'PYHTOBAHO HAMOIbII pallioHaJIbHUIN METO],
CHHTEe3y HAaHOPO3MipHUX NopoIKiB SnO2 Ta BUHANHEHO YMOBU (TUII IIPEKYPCOPY, CKJIAT, ra30BOT0 CEPENOBUILA,
IIBUJIKICTh HarpiBy, TPUBAJIICTh CUHTE3Y, TEMIIEpaTypa) CUHTE3y HAHOCTPYKTYpP cTaHyMy (IV) okcuny pizHOi
mopousiorii. [IpoBeeHO NOPiBHIHHS XapaKTEPUCTUK HAHOPO3MipHOro i HUTKonogi6Horo SnO2 i mokasaHo, o
HaHOCTPYKTypu SnO2 pi3HATHCS HE JMLIE Bi3yaJlbHO, ajI€ ¥ MaIOTh BiAMIHHOCTI Y (i3UKO-XiMiYHUX Ta ONTUIHUX

BJIACTMBOCTSIX. BcTaHOB/IEHO BILIMB MOP(OJIOTii Ta MOAUQIKyBaHHS Ha ONTHUYHI, €JIeKTPUYHI XapaKTEepPUCTUKHU Ta



YyTJIMBICTb HAHOCTPYKTYP SNO2. PO3p0671€HO TEXHOJIOTIYHY CXEMY CMHTE3y HAaHOCTPYKTYp cTanymy (IV) okcumy,
3TiTHO SIKOi 3/1iiCHEHO BUGIp 06JIafHAHHS, PO3PAaX0OBAaHO MaTePiaIbHUH Ta TEIJIOBUI 6asaHC. 3p06JIeHO TEXHIKO-
€KOHOMIYHe OOI'PYHTYBaHHSI JIOLiNIbHOCTI OJlepKaHHS HAaHOCTPYKTYp SnO2 pizHOi Mop@oJiorii MeTooM napo-
ra3oBOro TPaHCHOPTY. [IpoBeeHO NOCIifHO-IPOMUCIIOBI BUIIPOOYBAHHS HAHOCTPYKTYP SNO2 B yMOBax Ail04nX
BUPOOHULTB. Kito4oBi cyioBa: ctanymy (IV) okengi, HAaHOPO3MIpHi Ta HUTKOMNOiOHI HAHOCTPYKTYpH, Meton CVD,
HaIMiBIPOBIIHUKY, ra30BUIl ceHCOP, MOIM(DiKyBaHHS, LIMPUHA 32a00POHEHOI 30HH, BOJIbT-aMIIEePHi XapaKTepPUCTHUKHY,

YYTJIVBICTb.

2. The thesis for for a candidate of technical science degree in speciality 05.17.01 «Technology of inorganic
substances». - National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute", Kyiv, 2018. The
dissertation is devoted to the obtaining of tin (IV) oxide nanostructures of various morphologies, the establishment
of technological features of their synthesis and the study of their physical and chemical properties for further use
as sensitive materials for metal oxide chemoresistive gas sensors. The influence of methods (thermal, sol-gel,
vapor transport) on the structure and morphology of tin (IV) oxide powders is considered in the paper.
Investigation of tin (IV) oxide samples, synthesized by different methods, shows that the used methods allow to
obtain nano-sized particles of SnO2 and, in accordance with the results of X-ray analysis, the formation of a pure
phase of tin (IV) oxide occurs in all samples. However, the most promising is the vapor transport method (CVD),
which produces single crystals SnO2 of high degree of crystallinity, and powders based on them have higher values
of the specific surface area and characterized by better adsorption properties. Therefore, the vapor transport
method was chosen for synthesis of SnO2 nanostructured powders. As a result of the studies on the influence of
temperature, composition of the gas medium and the heating rate when using the CVD method, technological
features of the synthesis of nanosized and one-dimensional SnO2 nanostructures were invented. It was
established that: the pure SnO2 phase is formed at 1123 K; dosage of oxygen to the carrier gas in the amount of 5%
vol. leads to a change in the morphology of SnO2 from circular particles to the elongated lamellar form; reducing
the heating rate of the furnace from 80 deg/min to 20 deg/min changes the morphology of the tin (IV) oxide from
nanosized to one-dimensional nanostructures; with a rise in temperature from 1123 to 1323 K the thickness of the
filaments SnO2 increases. The comparison of the characteristics of nanosized and one-dimensional SnO2 has been
carried out. The influence of morphology and modification on optical, electrical characteristics and sensitivity of
SnO2 nanostructures is established. It has been shown that SnO2 nanostructures differ not only visually, but also
are vary in physical and chemical properties. In particular, they are dissimilar by intensity of peaks on
diffractograms, by values of the specific surface area, and in the case of one-dimensional SnO2, differ in the
presence of a strong band of oscillations with a maximum for the value of a wave number of 563 cm-1, which is
characteristic of infrared spectra of one-dimensional SnO2 structures. The study of optical characteristics of
modified and unmodified samples of nanosized tin (IV) oxide and one-dimensional SnO2 nanostructures shows
that one-dimensional tin (IV) oxide samples much stronger absorb UV radiation in comparison with nanosized
SnO2 samples. The determined values of the band gap width for nanosized and one-dimensional SnO2
nanostructures are in the range from 3.85 to 4.2 eV and from 2.8 to 3.4 eV, respectively. The comparison of the
volt-ampere characteristics of the nanosized and one-dimensional tin (IV) oxide indicates a different nature of the
curves due to differences in the morphology of SnO2 nanostructures. For nanosized SnO2 at all temperatures,
there are non-linear dependencies that are characteristic of semiconductor materials. While the one-dimensional
SnO2 is characterized by ohmic (linear) volt-ampere curves that are typical for substances with metallic
properties. In the study of electrical properties of tin (IV) oxide samples modified by argentum, a lack of a linear
relationship between the value of the electrical resistance and the amount of the introduced modifier was found
for both nanosized and one-dimensional SnO2. Calculated values of the sensitivity of SnO2 samples indicate that
among unmodified tin (IV) oxide powders the higher response to acetone has a one-dimensional SnO2. Among the
modified SnO2 powders, the highest sensor respond has nanosized tin (IV) oxide with argentum content of 10% by
weight. Modification of one-dimensional SnO2 samples results in deterioration of sensitivity towards acetone. A
technological scheme for the synthesis of tin (IV) oxide nanostructures was developed, according to which the
choice of equipment was made, material and thermal balance was calculated. Feasibility studies for obtaining of



SnO2 nanostructures of different morphologies by CVD method are done. Experimental-industrial tests of SnO2
nanostructures in the conditions of existing production are carried out. Keywords: tin (IV) oxide, OD and 1D
nanostructures, CVD method, semiconductors, gas sensor, modification, bandgap width, current-voltage curves,

sensitivity.
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