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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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TITANIUM OXIDE-OXIFLUORIDE SYNTHESIS AND
STUDY OF ITS PHOTOCATALYTIC PROPERTIES

Abstract. The research article discusses a new method for the photocatalyst synthesis based on a mixture of
titanium oxide - titanium oxyfluoride. The synthesis was performed by dissolving titanium metal in an acidified
solution of ammonium bifluoride, followed by oxidation to the highest oxidation state and hydrolysis with ammonia
to obtain metatitanic acid. The decomposition of metatitanic acid was carried out in a muffle furnace at a temperature
of 380°C. It was found that during the precipitation of metatitanic acid, the titanium compound with the fluoride ion
also passes into the precipitate, which, after calcination, transforms into titanium oxyfluoride. Photocatalytic activity
was determined by the oxidation reaction of the methyl orange dye upon irradiation with ultraviolet radiation. The
source of ultraviolet radiation was a DRT-125 lamp with a wavelength in the range of 200-400 nm. Suspensions
containing 60 mg/L of the dye and various contents of the photocatalyst in the concentration range of 1-7 g/L were
subjected to oxidation. The construction of the calibration graph and the determination of the concentrations were
carried out on an SF-2000 spectrophotometer at a wavelength of 466.4 nm. The operating wavelength was
determined by scanning the solution in the wavelength range of 200-800 nm. It was found that as a result of
oxidation, the solution pH shifts to the acidic side to 3.5, which leads to a shift in the wavelength of the maximum
absorption; in this regard, the solutions pH was adjusted to the same values.

Key words: Titanium oxide, titanium oxyfluoride, photocatalyst, ultraviolet radiation, oxidation.

Introduction. Highly dispersed titanium oxide in its pure form, as well as doped with various
elements in the processes of heterogeneous oxidation of various organic compounds, exhibits high
photocatalytic activity, and oxidation proceeds to carbon dioxide and water [1-4]. This phenomenon
formed the basis of numerous developments aimed at cleaning air and water environments from various
organic compounds [5]. Nanocrystalline titanium oxide also has bactericidal activity, which makes it
possible to use it not only for photocatalytic purification, but also for simultaneous disinfection [6-8].

The mechanism of photocatalytic reactions proceeding on titanium oxide was proposed. Light
absorption in TiO, occurs at wavelengths less than 387 nm (for anatase with a band gap of 3.2 eV), which
leads to electron advancement from the valence band to the conduction band of the semiconductor. This
excitation process creates an electron in the conduction band and an electron hole in the valence band. The
electron-hole pairs formed in this way migrate to the surface, where they can initiate oxidation-reduction
reactions with adsorbed organic molecules [9].

The most common method for titanium dioxide synthesis today is the hydrolysis of its compounds
both in an aqueous medium, where its inorganic salts are precursors, and in an organic medium using
titanium tetrabutoxide or tetraisopropoxide [10-13]. When precipitating in an aqueous medium with
ammonia, alkalis and alkali metal carbonates, the minimum size of primary particles does not depend on
precipitant nature, but varies by the synthesis conditions, while aggregates of various sizes are formed
[14]. The sol-gel method makes it possible to synthesize titanium dioxide with various geometric shapes
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of primary particles - spherical, needlelike, filamentous and others [15-17]. Electrochemical anodizing of
titanium foil in fluorine-containing ethylene glycol resulted in a self-assembled membrane of titanium
dioxide nanotubes with a high ratio of length to diameter (about 1500) [18].

Materials and methods of research. In this research work, the precursor was synthesized by
dissolving a titanium plate in an ammonium hydrogen fluoride solution with a concentration of 100 g/L. In
the first hour, dissolution proceeds very intensively, then the rate decreases by half for each hour, while
the plate surface was covered with a layer of insoluble violet-red precipitate. When the solution is
acidified with hydrochloric acid, there was an intensification of the process. After complete dissolution, a
green solution with a precipitate was obtained. By air flush and heating to 90°C, the precipitate was
completely dissolved. Then the solution was electrochemically oxidized in the anode half-space until
discoloration. Hydrolysis was carried out with an aqueous solution of ammonia with vigorous stirring for
4 hours. The precipitate that formed was washed and calcined at a temperature of 380°C.

Photocatalytic activity was determined by the oxidation reaction of the methyl orange dye upon
irradiation with ultraviolet radiation. The source of ultraviolet radiation was a DRT-125 lamp with a
wavelength in the range of 200-400 nm. Suspensions containing 60 mg/L of the dye and various contents
of the photocatalyst in the concentration range of 1-7 g/L were subjected to oxidation. The construction of
the calibration graph and the determination of the concentrations were carried out on an SF-2000
spectrophotometer at a wavelength of 466.4 nm. Operating wavelength was evaluated by scanning the
solution in the wavelength range of 200-800 nm. It was found that as a result of oxidation, the pH of the
solution shifts to the acidic side to 3.5, which leads to a shift in the wavelength of the maximum
absorption; therefore, the pH of the solutions was adjusted to the same values. To compensate for the
thermal energy released by the lamp, the oxidation process was carried out in a thermostatically controlled
cell.

Result and discussion. According to figure 1, subsequent to the results of X-ray phase analysis, the
obtained sample is a mixture of titanium dioxide in the anatase form and titanium oxyfluoride (TiOF>).
Such a composite material is a promising anode material in lithium-ion batteries [19].
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Figure 1 — X-ray diffraction pattern of a photocatalyst sample

In accordance with figure 2, electron microscopic studies have shown that powder aggregates consist
of smaller particles; the average particle size calculated from the X-ray diffraction patterns using the
Scherrer formula is 30-35 nm.

A spectrophotometric study of the prepared suspensions made it possible to estimate the adsorption
degree of methyl orange on photocatalyst surface. The study was carried out with vigorous stirring without
light access. In conformity with curve 1 in Figure 3a, in the first half hour the adsorption was 4.67%,
followed by attenuation. Function selection for a given curve gives an equation of the form y = -5.506In
(x) + 99.722. As follows from equation, after 10 hours the maximum adsorption will be about 18%. It
ought to be noted that there is no visual change in the photocatalyst color. Conforming to curve 2 in figure
3a, intense oxidation of the dye is observed under ultraviolet irradiation. In addition, according to figure
3b, an oxidation intensity increases with an increase in the content of the catalyst in the suspension.
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Figure 2 — Microphotography of a photocatalyst sample
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Figure 3 — Dye adsorption and oxidation dynamics

In the kinetics of homogeneous, fermentative and heterogeneous catalytic reactions, the Michaelis -

Menten equation is often used [20]:

_ kcatx[E]t*[A]

B A+Km

where K., and product of kea| E]c — parameters of the Michaelis - Menten equation: Michaelis constant and
limiting speed; Wy — initial reaction rate; [A] — initial reagent concentration (substrate). The Michaelis-
Menten model assumes that substrate A initially forms a complex with catalyst E, which converts to
product B much faster than in catalyst absence. The rate constant ke, is much higher than the non-catalytic
reaction constant k. The constant ke, is also called the "number of rotations" because it corresponds to the
number of substrate molecules converted into a product by one catalyst molecule in 1 s. The equation
contains two parameters that do not depend on substrate [A] concentration, but characterize the properties
of the catalyst: this is the product kea [E] t, which corresponds to the maximum reaction rate Wmax at a
high substrate concentration, and Ky, which characterizes the affinity of the catalyst to the substrate. The
Michaelis constant is numerically equal to the substrate [A] concentration at which Wy reaches half the
maximum value Wnax. The high affinity of the enzyme for the substrate is characterized by a low K, value
and vice versa.

To calculate Wnax and Ky, it is necessary to find the values of Wy at different initial concentrations of
the dye and at a constant concentration of the catalyst. Figure 4a shows the kinetic curves. Wy conforms to
the slope of the corresponding curve. Water was taken as the resulting reaction product, as a final product
in the oxidation of organic compounds. In obedience to figure 4b, plotting in coordinates Wo = f (Wo/[A])
(Eadie-Hofstee coordinates) gives a straight line, the tangent of inclination angle is equal to "minus" K,
and the segment cut off on the ordinate corresponds to Wmax. When processing the results, Wmax is 0.026
mmol/min, and K, = 0.12 mmol.

Wo
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Figure 4 — Kinetic curves of methyl orange oxidation process
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Figure 5 — The action of temperature on the oxidation state of methyl orange

The influence of temperature on the process under study was investigated. Plotting Ino/1000*T
coordinates in accordance with figure 5 gives the slope tangent of 1.27. With these data, we can calculate
the value of the effective activation energy: Eerr = R*10%a, which will be 10.5 kJ/mol.

M. K. XKypunos!, A. 3. Aomibmarxkanos', H. C. Usanos!, b. B. Teabtaes?, A. E. Hyprazuna!

'AK "J1. B. COKONbCKHIf aThIHAAFHI KAHAPMai, KaTaJIu3 JKoHE 3JICKTPOXUMHUSI HHCTUTYTHI", AiMaThl, Kazakcras;
2

2AK "KazakcTaH *0J1 FRUIBIMH-3€PTTEY HHCTHTYTHI", Anmatsl, Kazakcran

TUTAH OKCUAI-OKCU®OPUAIHIH CHHTE3I
KOHE OHbIH ®OTOKATAJIMTHKAJIBIK KACUETTEPIH 3EPTTEY

AnHoTanmusi. Makaiaza TUTaH OKCHJI — THTaH OKCH()TOPHIIHIH KOCIACHI HETi3iHIEe (hOTOKATATH3ATOPIbI
CUHTE3IICY/IIH jKaHa ojici KapacTelppuiFaH. CHHTE3 MeTall THTaHAbl aMMOHHA OU(MDTOPHUIIHIH KBIIKbUIIAHFAH
epITIHIICIHE epiTy apKbUIbl, OJaH KeWiH MeTaTHTaH KbIIIKbUIBIH ajly YIIiH XXOFapbl TOTBIFYy KyHiHe IeWiH »oHe
aMMHaK THIPOJM3IMEH TOTBIFY apKBUIBI KY3€re achIpbULABL. MeTaTUTaH KBIIIKBUIBIHBIH BIIBIPayhl My(eNbIi MemiTe
380°C rtemmeparypama Xyprizingi. MeraTutaH KbIIIKBUIBIH TYHIBIPY KE3iHJEC THTAaH KOCBUIBICHI (hTOP HOHBIMEH
Oipre TyHOara ©TETIHIrT aHBIKTAIABI, OJT KaJbIIMJICHICHHEH KEHiH THTaH OKCU(TOPHIIHE aifHANAIbl. DIEKTPOHIBI
MHUKPOCKOIIHSUIBIK, 3epPTTEYJICp HOTHEKECIHJE, allbIHFaH YHTAKTBIH arperarrapbl ycak OeJIIICKTepAeH Typajbl,
onmapasiH oprtamia memepi [lleppep GpopMynacklH KOMmaHBIT PEHTICHAIK AUGPAKIKS YATUIepl OOMBIHINA SCenTeN-
reH, 30-35 HM KypaiIbL.
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doToKaTANUTHKAIBIK OCJICeHAUTIK YIbTPAKYJTIH COYJECIMEH COyJIeJeHY Ke3iHIe METHJI KbI3FBUIT Caphbl
OOSIFBILIBIHBIH TOTBIFY PEAKIMSACHl APKbUIbI AHBIKTAIIbI. YJIBTPaKyIriH coyneneny ke3i JIPT-125 wmambr Gousl,
OHBIH TOJNKBIH Y3bIHABIFBI 200-400 HM apansirbiHga 6ossl. KoHnnenTpauusics! 1-7 r/n apansirbiaga 60 Mr/ia OOsSFbIII
neH (hOTOKATAIM3ATOPBIH P TYPJl Ma3MyHbI 0ap CyCHEH3UsUIap TOThIFyFa yiubipansl. Konuenrpanuscel 466,4 HM
TOJIKBIH Y3BIHIBIFbIHIA aHBIKTANBI, 01 200-800 HM TOJIKBIH Y3bIHBIFEIHAAFEI €PITIH/IHI CKaHepey apKbLibl aHbIK-
Tanael. TOTEIFY HOTHXKECIHAE epiTiHmiHIH pH-bI KBIIKBUT JKaFbIHA Kapal 3,5-ke aybicajpl, OyJ1 MaKCHMAJJIbI CiHIpY-
JIH TOJKBIH Y3BIHJBIFBIHBIH BIFBICYBIHA OKENCTIHIIT aHBIKTANIbI, OCBIFaH OaiNIaHBICTHI epiTiHauiepaiH pH MoHi
Oipaeit MoHIEpre KeNTipii.

Tyiiin ce3aep: Tutan okcumi, THTaH OKCH(PTOPHAL, GOTOKATATH3ATOP, YIABTPAPHOIET COyIEIeHYi, TOTBIFY.

M. K. Kypunos!, A. 3. Aounbmarxkanos!, H. C. Usanos!, b. b. Tenbraes?, A. E. Hyprasuna!

'AQ "UHCTATYT TOIUIMBA, KaTanusa U diaekrpoxumud uM. J1. B. Cokonbckoro", AnmMarsl, Kazaxcran;
2A0 "Ka3axCTaHCKHI JOPOIKHEI HAyYHO-HCCIIEN0BATENbCKAN HHCTHTYT", Anmatsl, KazaxcTan

CHHTE3 OKCHUJA-OKCUDPTOPUJA TUTAHA
U UCCJEJTOBAHUE ETO ®OTOKATAJIMTUYECKHAX CBOVCTB

AnHoTanusi. B cratee paccMarpuBaeTcs HOBBI MeTOJ] CHHTe3a (DOTOKATANIU3aTOPa HA OCHOBE CMECH OKCH
TUTaHa — OKCH(TOpHI THTaHA. CHHTE3 OCYIIECTBISUICS ITyTEeM PacTBOPEHUS METAIUINYECKOrO TUTAHA B IOAKHUCIICH-
HOM pacTBope 0udTopuIa aMMOHHS C IOCIIEAYIOIINM OKUCICHHEM JI0 BBICLICH CTEIEHH OKHCICHUS U THAPOJIU30M
aMMHAKOM C IIOJyYCHHEM METaTUTAHOBOH KHCIOTHI. Pa3iokeHHe METaTHTAaHOBOW KHCIOTHI MPOU3BOAWIOCH B
MydenpHO# meun npu Temneparype 380°C. YcTraHOBIEHO, UTO MPH OCAKICHUHA METATHTAHOBOM KHCIOTHI B 0CaJOK
MEPEXOIUT TAKXKE COCANHEHHE TUTaHA CO (PTOPUA-HOHOM, KOTOPOE I0CIIe NPOKAUTUBAHHS EPEXOIUT B OKCUPTOPU
THTaHa. DJIEKTPOHHO-MHKPOCKOIMYECKUE HUCCICAOBAHUS OKA3aIM, YTO arperarhl MOJyYeHHOTO MOPOLIKA COCTOST
n3 OoJiee MEJIKIX YacTHII, CPEJHUHN pa3Mep KOTOPBIX PacCUMTaH U3 peHTreHorpamM 1o ¢gopmyie [leppepa 30-35 am.

@DOTOKATATUTHYECKYIO aKTHBHOCTh ONPEICIUIN 110 PEaKMU OKUCICHHSI KPACUTENs METHIOBOTO OPAH)KEBOTO
npH 00Jy4eHUH YIbTPa(UOIICTOBEIM H3ITydeHHEM. VICTOYHHMKOM YIBTPaduONIEeTOBOrO M3JTyYeHUs CIyKHia JiamIa
JPT -125 ¢ gmuno#t BomHe! B nuana3oHe 200-400 M. OKHUCICHUIO MOIBEPTAIMCH CYCIICH3UH, conepkamue 60 Mr/a
KpacHuTens M pa3ludHBIe COAepKaHWs (OTOKATaam3aTopa B JAWama3oHe KoHIeHTpauuii 1-7 1/m. OmnpeneneHune
KOHIICHTPALUi IIPOU3BOAMIOCEH IPH JAITMHE BOJHHI 466,4 HM, KOTOpas OIpeneisuiach yTeM CKaHUPOBAHUS PacTBOpa
B nuanasone mmuH BormH 200-800 HM. YcTaHOBIIEHO, YTO B pe3ynbTare okucieHus pH pactBopa cmermaercs B
KUCIIYIO CTOPOHY 70 3,5, 4TO IPUBOIHUT K CMELICHHIO JUTMHBI BOJIHBI MAKCHUMAJIBGHOTO ITOJIOIICHHUS, B CBA3U C ITUM
NPOU3BOAMIIACE KOPPEKTHPOBKa pH pacTBOPOB 10 OJMHAKOBBIX 3HAUCHUIH.

KaroueBble cioBa: OkcHI THTaHa, OKCU(PTOPHUA THTaHA, (OTOKATAIHM3ATOP, YIbTPAQUOIETOBOE H3ITydYEHHE,
OKHCIICHHE.
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