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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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METHOD FOR MANUFACTURING THIN FILMS OF CUBI:04
FOR PHOTOELECTROCHEMICAL APPLICATIONS

Abstract. A method has been developed for producing thin semiconductor films of a complex copper-bismuth
system (CuBi,04) with reduced roughness and increased photoactivity.

The application process is carried out under standard laboratory conditions from aqueous solutions of salts,
takes advantage of centrifugation to evenly distribute the coating over the surface, is characterized by low material
consumption, and allows the thin nanocrystalline layers formation with a given thickness. Polyethylene glycol (PEG)
is used to improve the spraying of solution droplets over the entire surface of the CuBi;O4 film, which allows the
dense uniform films deposition.

Scanning electron and atomic force microscopy data demonstrate the ordering of the growth of CuBi,O4
particles (size =200 nm) and a 1.5-fold decrease in the roughness of the relief when polyethylene glycol is added to
the solution. Micrographs show the growth of uniformly sized rounded crystallites.

In a comparative analysis of the XRD diagram of the samples, an increase in the number and intensity of peaks
corresponding to the crystalline phase of Kusachiite (CuBi,Os) with the introduction of PEG into the initial solution
is observed.

Based on the photoelectrochemical measurements results, it was found that the addition of polyethylene glycol
to the electrolyte helps to increase the photoactivity of the samples by 2 times.

The obtained thin polycrystalline CuBi,O4 films are promising for use in photoelectrochemical converters.

Keywords: Solar energy material, spin coating, CuBi,Os, polyethylene glycol.

Introduction. A fundamental condition for a hydrogen economy is the ability to renew, purify, and
efficiently produce hydrogen.

Currently, non-renewable methods for producing hydrogen, such as steam methane conversion, are
cheaper than photoelectrolysis. However, the methane process leads to CO, emissions and is ultimately
limited to natural gas reserves. On the contrary, photoelectrolysis of water does not lead to environmental
pollution, sunlight and water can be considered inexhaustible resources, and with an increase in the
efficiency of use of solar energy, it can be expected that internal costs will continue to decrease [1].

A significant advantage of the hydrogen obtained by photoelectrolysis is the relative ease of storage.
If necessary, hydrogen can be stored and then converted into electricity in a fuel cell, which makes it
particularly advantageous as a fuel for transport or in remote locations without electricity. In addition, it
can simply be burned as fuel for heating or cooking, making it a promising alternative to natural gas.

However, despite significant research efforts over the past decades, fundamental problems still
impede the commercial use of photovoltaics. Such problems include the low efficiency of sunlight, the
corrosive instability of most semiconductors in aqueous solutions, the complex and expensive designs of
PEC elements, etc. Obviously, to achieve progress, innovation is needed in both device design and
material development.

One of the materials that can provide a high photocurrent density and a large overvoltage of the
process of water photolysis is CuBi,04, which was first proposed as a possible photocathode material in
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2007 [2]. However, relatively little is known about this compound, especially in comparison with such
more studied metal oxides as TiO,, Fe,Os;, BiVOs, CuO [3] and complex copper chalcogenides
((Cu2ZnSnS(Se)s) [4].

CuBi;04 is a p-semiconductor and has many promising physico-chemical properties including
magnetic susceptibility, dielectric constant, high-temperature heat capacity, electrochemical capacitance,
photoelectrochemical ability and catalytic properties [5-7]. CuBi,O4 has a small energy of the band gap of
1.5-1.9 eV, and, therefore, can largely absorb the visible parts of the solar spectrum [8-11]. The potential
of the conduction band of CuBiO4 is more negative than the redox potential of H'/H,. Due to this,
CuBi,04 is widely studied for use as a photocathode for solar energy and decomposition of water with
evolution of hydrogen [12-17]. CuBi»O4 can be used as a promising photocatalyst for the decomposition
of organic pollutants and dyes [17].

In recent years, many methods of obtaining CuBi;Os; have been used. Crystalline CuBi,O4
nanoparticles were synthesized using various methods, including solid-phase reactions [8,9,18],
mechanochemical treatment [19-20], hydrothermal crystallization [21-23], thermal decomposition and
complexation [24,25], microwave synthesis [6], ultrasonic method [16], electrochemical synthesis [13,26],
magnetron sputtering [28], floating zone method [29], and sol-gel method [30]. Most of these methods are
not widely used due to complexity, the use of high temperatures and low reproducibility.

In this work the spin coating method was used, which is carried out under standard laboratory
conditions from aqueous salt solutions, uses the advantages of centrifugation to uniformly distribute the
coating on the surface, is characterized by low material consumption, allows the formation of thin
nanocrystalline layers with a given thickness. It is known that the addition of polymers is often used to the
uniform distribution of solution droplets over the entire surface of the deposited films when using the spin-
coating method. In this work polyethylene glycol (PEG) is used for this purpose. The investigations of
photoelectrochemical properties of CuBi,Os; thin films are important for the creation of effective
photocathodes.

Experimental procedure. A solution for depositing CuBi,O,4 films was prepared by mixing copper
nitrate trihydrate and bismuth nitrate pentahydrate (at 0.05M and 0.1M, respectively) with acidification
with concentrated (65%) nitric acid. Subsequently, the resulting mixture was evaporated without boiling to
an amount of 1/5 of the original volume and cooled to room temperature. The preparation of solutions
containing polyethylene glycol - 2000 (PEG) additives was performed after cooling the initial solution,
adding PEG in the amount of 0.25 grams to each 5 ml of the solution. After that, the solution was
subjected to treatment in an ultrasonic bath. The resulting mixture was used for at least an hour, but not
later than a day after preparation.

Films of the complex system copper-bismuth were obtained by the spin coating method. The films
were applied to pre-cleaned optically transparent electrodes, which are a fluorinated tin oxide glass (FTO),
measuring 10*25 mm. During rotation of the FTO, the electrodes were fixed in the horizontal plane by a
special holder, which avoided the displacement of the substrate and eliminated the influence of the
position on the uniformity of film deposition. Rotation lasted 90 seconds at a frequency of 500 rpm.

After application, the films were annealed in a muffle furnace for 2 hours at a temperature of 600°C.

In the future, physico-chemical characterization of all samples was carried out.

With the help of an electronic scanning microscope from JEOL (Japan) with the capabilities of the
micro analysis "JSM 6610 LV", surface micrographs were obtained. Analysis of the elemental
composition excluded the presence of impurities.

The structure and morphology of the surface were studied by atomic force microscopy (JSPM-5200
(JEOL)). During the measurements, images of topography and contrast images for the phase regions were
recorded. During scanning, a region measuring 500x500 nm was examined.

The crystal structure was confirmed by X-ray diffraction on the X-ray diffractometer DRON-4-07.

Photoelectrochemical studies were performed in real time in a solution of 0.2 M Na,SO4 + 0.1 M
phosphate buffer + 10 mM H,O, under modulated illumination with a wavelength of 465 nm in a GillAC
(ACM Instruments) apparatus using a quartz cuvette and a silver chloride reference electrode.

Results and Discussion. Figure 1 compares the results of electron microscopy for CuBiO4 films
deposited on FTO/glass from solutions without organic constituents (Fig. la, ¢) and from solutions
containing PEG (Fig. 1b, d). Microphotographs of the samples surface show that the addition of
polyethylene glycol to the solution contributes to the ordered growth of identical in size and shape grains
100
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(190-210 nm), while precipitation from the primary solution observed the development of chaotic
formations ranging in size from 85 nm to 820 nm and the presence of significant relief changes.
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Figure 1 - SEM micrographs of the surface of deposited CuBi2O4 films a, ¢) without using PEG; b, d) in the presence of PEG

The results of elemental analysis show that the elemental composition of the films corresponds to the
composition of the CuBi,O4 precipitate with an accuracy of = 2 at %. The introduction of polyethylene
glycol into the solution does not affect the composition change and does not contribute to the appearance
of impurities in the composition of the precipitate.

Figure 2 shows the results of films investigation on an atomic force microscope. On scans in 3D
format, growth figures up to 146 nm (figure 2a) are formed from the initial solution, whereas for films
deposited from solutions with polyethylene glycol content only growth up to 94 nm is observed (figure 2b).
Experiments showed that when using a solution with PEG, the roughness of the surface decreases by a
factor of 1.5, and the crystallites have a rounded shape characteristic of the CuBi,O4 compound.

4958 x 455 8 « 145.6 nm 4508 x 459.8 x 94.0 nm

oy / oy /
£ £
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Figure 2 - Micrograph of surface obtained on AFM
for deposited CuBi204 films a) without using PEG; b) in the presence of PEG
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Figure 3 shows the X-ray diffraction patterns of CuBi,O4 films deposited on glass / FTO from the
initial solution (figure 3a) and solutions containing PEG (figure 3b). Crystallographic analysis of X-ray
data and EDAX measurements confirm the presence of the Kusachiite phase (CuBi,O4). The peaks of
SnO; from the substrate on the diffraction diagrams are due to the small thickness of deposited CuBi,O4
films (less than 500 nm).

From the results of XRD it is obvious that the introduction of polyethylene glycol into the solution
positively affects the film structure. There is an increase in the diffraction peaks and their intensities.
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Figure 3 - XRD diagram of deposited CuBi2O4 films a) without using PEG;
b) in the presence of PEG: # FTO; * CuBi204

The photosensitivity of the deposited CuBi>O4 films was studied by photoelectrochemistry with
modulated illumination with a wavelength of 465 nm (a solution of 0.2 M Na;SO4 + 0.1 M phosphate
buffer + 10 mM H»0,). Figure 4 shows the photocurrent curves for samples of CuBi,Os thin films.
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Figure 4 - Photopolarization curve under modulated illumination with a wavelength of 465 nm
in the "light off /light on" mode for the CuBi204 electrode without using PEG (a) and in the presence of PEG (b)
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Photoelectrochemical study of deposited films showed that the photocurrents are negative, and the
resulting semiconductor is characterized by a p-type conductivity. A comparison of the photocurrent
values indicates that the photoelectrochemical activity of films deposited from solutions containing
polyethylene glycol was found to be 2 times higher when switching from the light off mode to the light on
mode (figure 4b) than the precipitated ones without the addition of PEG (figure 4a).

The developed method of deposition of a complex copper-bismuth CuBi,O4 system allows obtaining
photocathodes with high photosensitivity.

Conclusion. A new composition of a solution for the thin films deposition of the copper-bismuth
(CuBi;04) complex system on FTO/glass by the spin coating method has been developed.

The physicochemical characterization of samples precipitated from solutions containing and without
polyethylene glycol was carried out. The positive effect of the use of PEG is shown.

Surface micrographs showing the ordering of the growth of CuBi,Oj particles (size =200 nm) with the
addition of polyethylene glycol to the solution were obtained by SEM.

The results of AFM indicate a 1.5 times decrease in the roughness of the relief and the formation of
equidimensional rounded crystallites.

For all films, the XRD method confirmed the presence of the crystalline Kusachiite phase
corresponding to the CuBi,O4 compound. Comparative analysis of the XRD diagram of samples obtained
from solutions containing PEG and "pure" (without PEG) shows an increase in the number of peaks and
their intensity in the first case.

Based on photoelectric measurements, it is established that CuBi,O4 films precipitated from solutions
containing polyethylene glycol show a photoactivity of 2 times higher.

Thus, the developed method of deposition of a complex copper-bismuth CuBi,O4 system makes it
possible to obtain polycrystalline films with high photosensitivity, p-type conductivity, which are
promising for use in photoelectrochemical converters as photocathodes.

J.C. Ilyzukosa, M.B./Ieprauesa, I'.'M. XycypoBa

AK "J1.B. Cokonbckuii aTBIHIAFHI JKaHAPMAid,
KaTaJn3 KOHE EKTPOXUMISI HHCTHTYTHI"', AnMathl, Kazakcran

DOOTO3JIEKTPOXUMHUSAJIBIK KOJIJAHYFA
APHAJIFAH )K¥KA CuBi:04 IINTEKAJIAPBIH AJTY 9ICI

Annoronusi. CuBi,O4 - cy ¢oTonu3 npoueciH yJikeH (OTOTOK THIFBI3IBIFBI MEH YJIKEH aCKblH KepHEyMeH
KaMTaMachl3 €Te ajlaThlH MaTepuayl Oobin TaObutaabl. OJ THIABIM CallbIHFAH aiiMarbIHBIH dHEprusicel 1,6-1,8 3B
OoyaThIH P-TUNTI METAJUI-OKCUITI apajac jKapThUIald OTKIi3rim OoJjbln TaObUIaJbl JKOHE CTaHAAPTTBl CYTEKTI
9JIEKTPO/IKA KATBICTHI HOTEHIM A IlaMaMeH 1 B ke3inge GpoToToK Oacranaubl.

Kazipri xe3ne KaObIKIIamapabl >kacayblH TYpIli omicTepi Oenrimi »oHe onapiblH SpKaWchIchiHAa Oenrimi Oip
apTHIKIIBUIBIKTAp MEH KeMImikrep ToH. OcChl omicTepAiH KONIIUIri KypAENIiriHe, >KOFapbl TeMIIepaTypaHbl
naliananybIHa J)KOHE Halllap *KaHFBIPTHUTYbIHA OaliIaHBICTHI KEHIHEH KONJaHyFa OonMaisl.

Byn sxympIcTa TY3mapIblH Cy epiTIHIUIEpIHEH CTaHIAPTTH 3epTXaHAJBIK JKaFJaiiapaa sKypri3iieTid spinning
coating omici KOJIaHBIIAIBI, YCTIHTI OeTi OOWBIHIIA KaOBHABI OipKeNKi Oelry YIIiH HeHTpU(yTalay apTHIKIIBUIBIK-
TapblH NaiianaHagbl, a3 MaTepual ChIHBIMABUIBIFBIMEH CHIIATTANa/bl, KaJIbIHABIFbI OENrill KYKa HAaHOKPHUCTAJIbI
KabaTTapIsl KaTBIITaCTEIpyFa MYMKiHIIK 6epeni. CuBi>O4 KaOBIKIIaapbIHBIH OapibIK O€TiHE ePIiTiH/l TaMITBUTAPBIH
TO3aHAAHYBIH JXKaKcapTy YIIiH nommdTwieHrukoids (II19I0) kommamputamel, Oyil THFBI3 Oip TEKTi KaOBIKIIaapibl
TYHZBIpYFa MyMKiHIiK Oepeni. Anbiaran CuBixOy4 jxyKa KaObiKmanapsl (oTo31eKTpOXUMHUSUIIBIK KAaCHETTEPiH ipreni
3epPTTEY YIIiH )KaKChI.

KaObIKmanap/p! jkary YILIIH anjblH ajla Ta3apThUIFaH 3JIEKTPOATap PeTiHIe (TOPHpIICHTeH Kajlalbl OKCHII
(FTO) xabateiMeH xaObUIFaH ONTHKAJIBIK MOJIIIP IIBIHBI IUIACTHHANAP KoyAaHbUIAbl. 1llery kesiHae aneKTPOATHIH
KOJIZICHEH JKa3bIKTHIKTA OpHaJlacyblH apHaibl YCTaFblll KaMTaMachl3 €TTi, OHBIH KOHCTPYKIMACHI alHalFaHzIa
TOCEHIIITIH BIFBICYBIH OOJIBIPMAyFa JKoHE KaOBIKIIAHBIH OipKesKi KaFbUIybIHA Tepic acep OoNmpipMayFa MYMKIHIIK
Oepmi. Aitrany 90 cekyHn immiHAe, MUHYThIHa 500 aifHAITBIM JKHLTITT Ke31HIE KY3ere achIPBUIIBL.

CuBi,O4 KaOBIKIIaTapBIH KaFyFa apHAJFaH epIiTiHAIHI JaldbIHAAY OipHEeIIe Ke3eHIe OTTi, O MBIC IICH BUCMYT
a30T TY3IApbIH apajacThIPy JKOHE KOHIICHTPALMSUIaHFaH a30T KBIMKBUIBIMEH (65%) KBIMIKBUIIAHABIPY, epiTIHIIHI
OynaHIBIpy KOHE TEMIIEpaTypachlH OeMe TeMIepaTypachlHa JeiiH TeMeHAeTy. KypaMblHaa MOIMITUIEHTINKOIIb
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(IT9T") Gap epitiHaiiepaeH KaObIKIIAIAPbIH TYHABIPY JXKOHIHIET! SKCIEPUMEHTTEp YIIIH epiTiHiire opdip 5 mi
epitinaire 0,25rp TI9I-2000 kocbuiapl. TuiMIl apanacTelpy YLIH YIbTPaIbIOBICTBIK BaHHA KOJIJAHBLIJIBL.
DKCHeprUMEHT HOTHIKEINepi AaibIHIalIFaH epITiHAIHI THIMII MaiianaHy Mep3iMi AaiblHIaFaHHaH KeliH Oip ToyJIiKTeH
apThIK 00JIMaybIH KOPCETTI.

Conrbl Ke3ekTe Mydenpai nemre KaObIKmanapasl 2 carar 0oiitbl 600°C Temmneparypana KyWaipy Xysere
ACBIPBUIBL

OU3MKaNBIK-XUMISUIBIK 3epTTeyJIepaiH HaTmxkenepi aptypii [I3I' kypambl 6ap 3JIeKTpOIMTTEpIEH JKacalFaH
YJrinepae alTapiblKTai alblpMalIbUIBIKTAPAbl aHBIKTAbL.

CkaHepili AIIEKTPOHIBIK JKOHE aTOMIBIK-KYII MHKPOCKONMSIHBIH nepekrepi CuBiO4 OemmexTepiHiH ocyiHiH
perke kenrtipyin (kememi ~200 HM) >KOHE epITiHAIre MOJIMATHJICHIINKONIh KOCBUIFAaH Ke3le penbedTiH Kemip-
OYIBIpIBIFBIHBIH 1,5 ece ToMeHAeyiH kepceTeni. MukpodoTorpadusina Oipkenki emeMIi ToHreNeK KpUcTaiaapabH
ecyi OaliKkanaipl.

bacrankel epitinaire 13" enrisrenne ynrinepain XRD diagram canbicThipmanbl Tajpaybinaa kusachiite
(CuBi204) xpucTanasik hazacbiHa CONKEC KEIETIH MIBIHAAP CaHbl MCH KAPKBIHIABUIBIFBI KOOCHETIHI OaliKaambl.

DOTOANEKTPOXUMHSIIBIK ~ OJILICYJIEPAIH HOTIDKENEpl HEri3iHAE OAIIEKTPOJIHUTKE IOJMITHICHIIMKONIBAI KOCy
yJiriiepaiiH poTOaKTUBTIIINIH 2 ecere apTThIpyFa bIKIaJ €TeTiHI aHBIKTaJIbI.

Ocepunaiinia, (OTOANEKTPOXUMUSIIBIK TYPJISHIIPTilITepe KOJIAaHy YIIiH nepcneKTuBaiibl Mbic-BUCMYT CuBirO4
KYpAeN OKCHATI XYHeHI TYHIBIpY 9iicTeMeci >koFapbl (POTOCE3IMTANIBIFEl P-THIITI MOJUKPUCTANIBI TTICHKAIAP bl
ayra MYMKIiHZIK Oepeni.

Tipek ce3nep: KyH SHEPTHACH MaTepHalAaphl, spin coating, CuBi>O4, TOMHATHICHT THKOb.

I.C. Ily3ukoBa, M.B. /IlepraueBa, I'.M. XycypoBa

AO "VHCTHTYT TOIUIMBA, KaTalu3a 1 dJICKTPOXUMHH
uM. [/[.B. Cokonbckoro", Anmarel, Kazaxcran

CITIOCOB U3I'OTOBJIEHUSI TOHKHUX IIJIEHOK CuBi2O4
JIJISI ®OTOSJEKTPOXUMHUYECKUX TIPUMEHEHUI

Annotanusi. CuBi;O4 siBIsIeTCS. MaTepHaIoM, KOTOPBI MOXKeT 00ecreunTh OOJIBIIYIO INIOTHOCTE (JOTOTOKA U
OoxpIoe mepeHanpshDkeHrne mporecca ¢oronusa Boabl. OH mpeAcTaBisieT co00i CMEMIaHHBIA METauI-OKCHIHBIN
MOJYTIPOBOIHUK p-TUIIA C SHEpruel 3ampenieHHoi 30HH 1,6-1,8 3B n morenmmanom Havama ¢oTtoToka okomo 1 B
OTHOCHUTENBHO CTaHIAPTHOTO BOJIOPOAHOTO 3JIEKTPO/IA.

Ha ceromnsmHuii 1eHb M3BECTHBI Pa3lIMUHBIE METOJbl HAHECEHHS IUICHOK M, KaKAOMY M3 HHUX IPUCYIIN
OIIpEJeNICHHBIE IPEUMYIIIECTBA M HEJOCTATKH. BONBIIMHCTBO M3 3TUX METOAOB HE HAXOAUT IIUPOKOTIO MPUMEHEHUS
U3-3a CJIOKHOCTH, UCTIOJIb30BAHHS BBICOKHX TEMIIEPATyp M HU3KOH BOCIIPOM3BOANMOCTH.

B nanHO#l paboTe wucmonb3yeTcs MeToJ Sspinning coating, KOTOpPBIH NPOBOAMTCS MpPU CTaHJAPTHBIX
7na00paTOPHBIX YCJIOBHSX M3 BOJAHBIX PAacTBOPOB COJIEH, MCHOJB3YeT MPEUMYIIECTBA LEHTPUPYTUPOBAHUS LIS
PaBHOMEPHOTO paclpeseIeHUs] IOKPBITUS 10 MOBEPXHOCTH, XapaKTEPU3yeTCsd HU3KOH MaTepHaIoeMKOCTHIO,
M03BOJISIET (POPMHUPOBATH TOHKHE HAHOKPHCTAJUIMYECKHE CJION ¢ 3a/aHHOW TomuuHoil. [Tonmmatunenrmukons (11910
UCTIONB3YETCS ISl YJIYYIICHUS] pacIlblIEHHsl Kaleilb pacTBopa Ho Bcel moBepxHocTH IuieHkH CuBixOs4, uTO
MIO3BOJISIET OCAX/ATh IUIOTHBIE OJHOPOIHBIE MIIeHKHU. [lomyuennble ToHKHE uIeHKH CuBiO4 Xopomo noaxoasr s
(hyHIaMEHTAIBHBIX HCCIIEAOBAHUM (POTONTEKTPOXUMHUUECKHX CBOHCTB.

Jlisi HaHeCeHWs! MJICHOK WCIOJB30BANIM 3JIEKTPOJIBI, MPEICTABIAIONINAE COO0H MPEABAPUTENBHO OUHIIECHHbIC
OINITMYECKH IpO3payHble CTEKIAHHbIE IUIACTHHBI, IHOKpBITHIE cioeM ¢ropupoBanHoro okcupa onosa (FTO).
[TonoxxeHne 3meKTpoga B TOPU3OHTAIBHONW IJIOCKOCTH MPU OCAXKICHUU OOECICUMBAJ CIIELHUATIBHBINA JepiKaTelb,
KOHCTPYKIMSI KOTOPOTO IIO3BOJIMIA M30€XKaTh CMEIIEHMS MOAJOXKKHM MPU BPAIEHHHM M HCKIIOYUTH BIIUSTHHE
HOJIOKEHHUS Ha PaBHOMEPHOCTh HAHECEHWs IUICHKU. Bpamenue ocymectBisuiocs npu gacrore 500 oboporos B
MUHYTY B TeueHue 90 cekyHn.

[IpuroTtoBnenue pactsopa A HaHeceHUs IIeHOK CuBiO4 MPOUCXOAMIO B HECKONBKO 3TAaloOB, BKIIOYAIOIINX
CMEUIMBaHUE a30THBIX COJEeH MEAM M BHCMYTa C IOJKHCICHHEM KOHIEHTPUPOBAaHHOH (65%) a30THOI KHCIIOTOH,
BBIMAPUBAHUE U CHIKEHUE TEMIIEPaTypbl PacTBOpPa 10 KOMHATHOM. J{71s1 S3KCIIEPUMEHTOB MO OCAXKIECHUIO IIICHOK U3
pacTBOpoB ¢ conepkanueM noiuatmwieHrmkois (I19I0), B pacteop modasisum 0,25 rp [19I-2000 Ha Kaxasle 5 mi
pactBopa. Jlnst 3¢h(eKTHBHOrO mNepeMEeIIMBaHMSA HCIIOIb30BANIN YIbTPA3BYKOBYIO BaHHY. Pe3ynbTaThl 3KcIepH-
MEHTOB IIOKa3ajH, YTO ONTHUMAJBbHBIH CPOK HCHOJIBb30BaHWS IPUTOTOBICHHOTO PAacTBOpa HE Ooiee CyTOK Iocie
MIPUTOTOBJICHHSI.

B nocnengHio odepenb OCYIIECTBISUICS OTKHUI IUICHOK B My(enbHOH Ileydn B TeYeHHe 2 4YacoB IpH
temmnepatype 600 “C.
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Pe3ynbraThl (HM3MKO-XMMHYECKUX HCCIICNOBAHUI BBISBWIIM 3HAYUTENbHBIE OTIMYUS B 0Opa3lax, W3TOTOBIIEH-
HBIX U3 AJIEKTPOJIUTOB C Pa3IMYHbBIM coaepxanuem 101 .

JlaHHbBIE CKaHHUPYIONIEH 3MEeKTPOHHONH M AaTOMHO-CHJIOBOII MHUKPOCKOIHMH JAEMOHCTPHUPYIOT YHOPSIOYMBAHHE
pocta yactun CuBiO4 (pazmep =200 HM) u cHmkeHue B 1,5 pasa mepoxoBaTocTeil penbeda npH a100aBIeHUN B
pacTBOp noJaudTWIEHTIMKoIs. Ha MukpodoTorpadusx BUIEH pOCT paBHOPa3MEPHBIX OKPYTIIBIX KPHCTAJUIUTOB.

IIpn cpaBuurensHoM aHamm3e XRD diagram o0pasuoB, HaOmrogaercst yBeIMYEHHWE KOJIMYECTBA U
WHTEHCHBHOCTH IHKOB, COOTBETCTBYIOIMX KpucTayummueckoil ¢aze Kusachiite (CuBi,O4) mpu BBemenun I10I B
WCXOJHBIH PacTBOP.

Ha ocHOBaHum pe3ynbTaToB (DOTORIEKTPOXHMMHYECCKUX HM3MEPEHUH YCTaHOBJICHO, 4YTO jgo0aBjieHHE B
AIIEKTPOJIAT MOTHATHICHTIIUKONS CIIOCOOCTBYET YBEIIMICHUIO (POTOAKTUBHOCTH 00pa3IoB B 2 pasa.

Takum oOpa3oM, pazpaboTaHHAs METOIMKA OCAXKACHHUS CIOXHOOKCHIHOW cHucTeMbl Menb-BHCMYT CuBiO4
H03BOJIAET IONYYaTh MOJIMKPUCTAIUINYECKUE TUIEHKH P-TUIIA IPOBOAUMOCTH € BBICOKOH (POTOUYBCTBHTEIBHOCTBIO,
HEPCIEKTUBHBIC ISl NCIIOIB30BaHUs B (POTOIEKTPOXUMHIECKHX PeoOpa3oBaTesx.

KaroueBble ci10Ba: MatepHualibl Uisi COJIHEUHO SHEpruu, spin coating, CuBi,O4, HONMUITUIICHTTUKOIb.
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