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[TpoBenu moCHiKEHHS BIUTUBY CKJIQAY Ta YMOB YTBOPEHHS MOJM(IKOBAHOTO LIapy Ha 3MiHEHHS
dboToximiuHOi akTHBHOCTI THUTaHy (IV) okcuay. BcTaHOBHIIN 3aJI€KHICTh MK IIBHAKICTIO T1POJIZY
IOMIHATY 1 CHJIIII0 HATPiI0 Ta KIJBKICTIO BOAOPO3YMHHUX coyiel Ha moBepxHi TuTaHy (IV)

OKCHJLY.
Kmouosi cnosa: muman (IV) okcuo, kapoOouizayia anrominamuux posuunis, moougpikayias mumany (IV) oxcuoy,
gomoximiuna axmusHicmo.

M3MEHEHM S CBOMCTB TUTAHA (IV) OKCHJIA [TPY TIOBEPXHOCTHOM OBPABOTKE
Ksuxk K.C., ctynent, ['apunosa JI. A., K.T.H., CT. Ipeno.
3anopooicckuil HayuoHanbHblll yHusepcumem, Ykpauna, 69600, 2. 3anopooicwe, yi. Kykoscvrkozo, 66

[lpoBenu wuccienoBaHME BIMSHUSL COCTaBa M YCIOBHHA 00pa3oBaHUs MOIU(UIMPOBAHHOTO CIIOS Ha H3MEHEHUE
¢doroxumuyeckoit aktuBHOocTH THTaHa (IV) okcupa. YcCTaHOBMIM 3aBHCHUMOCTH MEXIY CKOPOCTbIO THAPOJIN3a
aIIOMMHATa U KPEMHUS HaTpUs M KOIMYECTBOM BOJOPACTBOPUMBIX collelf Ha nmoBepxHocTH TUTaHa (IV) okcnma.

Kmiouesvie crosea: muman (IV) okcuo, kapboHuzayus amioMuHamuslx pacmeopos, moouguxayus mumana (IV) oxcuoa,
Gomoxumuneckas akmusHOCHb.

CHANGES OF PROPERTIES OF TITANIUM (IV) OXIDE UNDER SURFACE TREATMENT
Kvik K.S., student, Havrylova L.O., Candidate of Technical Sciences, senior teacher
Zaporizhzhya national university, Ukraine, 69600, Zaporizhzhya, Zhukovskogo Street 66.
INTRODUCTION

Titanium (1V) oxide — is one of the most important inorganic compounds, which is consumed by industry [1]. Titanium
(IV) oxide is a high-quality pigment [2].

One of important questions of pigmental titanium (V) oxide production is elaboration of effective ways of decrease of
photochemical activity of the surface and increase of the quality and of the durability of articles produced on the basis
of it [5]. In the manufacture this problem is solved by means of surface treatment. It was reasonable to use for surface
treatment a carbonization method, which consists in putting hydrated aluminium and silicium oxide of weak aluminate
liquor by means of their neutralization with gasiform carbonic acid on the surface of titanium (1) oxide [6,7].

Obijective of this paper is a study of the structure of modified layer on the surface of titanium (1) oxide depending on
conditions of the process; of the influence of composition and conditions of formation of modified layer on the change
of photochemical activity of titanium (IV) oxide.

MATERIALS AND METHODS OF RESEARCH

Object of research is samples of titanium (IV) oxide. During the study of physical-chemical transformations in the
process of carbonization of diluted aluminate liquors as base material we used chemically pure reagents: aluminium
hydroxide Al(OH); (C1-00 TY ¥V 14-10-008-99), sodium hydroxide NaOH (I'OCT 2263-79), and soluble water glass
(content of SiO, 28-33%, ACTVY 13078-67), carbon (V) oxide (99,9%, AICTVY 4817 - 07). Solutions that we studied
were prepared by means of dissolution of some samples of aluminium hydroxide in 40% solution of sodium hydroxide
and then directly before the carbonization they were adjusted for working volume with distilled water. We had the
following experimental procedure: preliminary temperature-controlled reaction vessel was filled with 500 ml of
aluminate liquors with specified concentration, stirrer was switched on, and in 10 minutes of stirring carbon (IV) oxide
was added. Analysis of components was carried out according to well-known methods: analysis of aluminium — by
means of trilonometric measurement with dithizone, analysis of silicon — by means of measurement of complex
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compound of silicomolybdic salt or by means of weight method. Content of general carbonate and bicarbonate alkali
was determined by means of measurement by chloride acid with phenolphthalein and methylorange.

Processing of results was carried out with help of regression analysis.
RESULTS AND THEIR DISCUSSION

Experimental results of the research showed, that the volume of photochemical activity directly depends on the velocity
of hydrolysis of aluminate and sodium silicium, that is on hydrodynamic regime. As a result of intensification of
barbotage hydrolysis of sodium aluminate is unequal, and is characterized by a big velocity gradient at the 1% and 2™
stages. Photochemical activity of samples, worked out in such regime, decreases insufficiently because of creation of
modified layer in consequence of unequal discharge of hydroxides on the surface of titanium (IV) oxide. Under optimal
feed rate of liquid and gaseous phase the velocity of hydrolysis of aluminate and sodium silicium at the 1% and 2"
stages of the process become equal that leads to the creation of uniform picturizing foam on the surface of titanium (1V)
oxide. The samples obtained from such regime has a low volume of photochemical activity (lower than 0,2 Warburg
conditional units).

The process of surface treatment with the velocity of hydrolysis of sodium aluminate of 2,4-2,7-10* g-mole/I*sec,
allows to obtain the samples of titanium (IV) oxide with PCA, equal to 0,15 Warburg cond.u., which is lower than the
indexes for foreign samples, obtained in chloride way.

The rise of concentration of sodium aluminate in the solution provokes the increase of hydrolysis velocity, which is
accompanied by increase of sediment amorphism and by the decrease of the index of its refraction and by the increase
of water-soluble salts on the surface of TiO,,

Presence of WSS in TiO, provokes the deterioration of weatherability of the surface with its usage: under the influence
of ultraviolet irradiation difficult processes of photo renovation of TiO,, and processes catalyzing oxidation of adjacent
wiring layers to plainer water-soluble compounds, and also general destruction of binder layer take place in the paint
film. Non-persistent renovated titanium oxide (Ti*"), reacting with atmospheric oxygen diffusing through paint film,
transforms in titanium (1) oxide again, while reactions of oxidation and destruction of binder layer are irreversible. In
such case film is damaged, humidity, which sweetens off soluble compounds, penetrates there. Parts of pigment in the
surface layer become free of binder layer and pigment is easily removed. Presence of WSS reinforces this influence, as
they react with diffusing water and in such way they further pilling and destruction of pigment material.

In order to obtain prime quality product and a product with good weatherability it’s necessary that the content of WSS
was minimal.

CONCLUSIONS

1. We have carried out the research of the composition and structure of modified layer on the surface of titanium (I1V)
oxide depending on the conditions of the process; the influence of the composition and conditions of the formation of
the modified layer on the change of the properties of titanium (1) oxide.

2. It was detected that the rise of the concentration of sodium aluminate in the solution provokes the increase of the
velocity of the salts hydrolysis.

3. When the velocity of salts hydrolysis of aluminate and silicium sodium increases, the index of the refraction
decreases and water-soluble salts on the surface of titanium (IV) oxide increases.

4. It was ascertained that the volume of photochemical activity directly depends on the uniform distribution of the
modifiers on the surface of the parts of titanium (IV) oxide.

BCTYII

Turan (IV) okcung — oaHa 3 HAMBOXKIMBIIIUX HEOPTaHIYHUX CIHONYK, SKa CIOKHUBAETHCA
npoMucioBicTio [1]. 3aBAsku yHIKaJbHUM BJIACTHBOCTSAM c¢epH MOro 3acTOCyBaHHS MOCTIMHO
posmmpiototbes. Turtan (IV) okcHl € BUCOKOSKICHUM MIrMeHTOM [2].

Tutan (IV) okcun icHye y BUIIIA1 KUIbKOX Moaudikamii. Y npupoil 3ycTpiyaroThCsl KPUCTAIH 3
TeTparoHaJbHOIO CHHTOHI€I0 (aHaTa3, pyTUII) 1 pOMOIYHOIO CUHTOHIEIO (OPYKHT).

BpykuT B mpupoai 3ycTpidaeTbes piLAKO 1 KOMEPLIHHOTO 1HTepecy He mpeicTaBiise. PyTunbHuii
tutan (V) okcun kpamie po3ciroe CBITIO, HDX aHAaTa3HU, TOMY OCTaHHIH BUKOPHCTOBYETHCS
HabaraTo piaue. J{o Toro , aHaTa3z MeHI aTMOC(HEPOCTINKUM, HIXK PyTHIL.
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AHara3 Habararo Tipiie Mpaire B 3aXUCTI MoJiMepy (akpuiaTy, riactMacH) Bij Y@ mpoMeHiB 1
NPU3BOIUTH 10 (oToKaTamizy (pyiHHYBaHHS Marepiany IiJ BIUIMBOM COHSYHOIO CBITJIA) 1 BTpaTH
BJIACTUBOCTEH mosTiMepy (BiIOYBaeThCS AECTPYKILisl, 3MiHA 3a0apBieHHs, MeJeHH) [3].

Takum ynHOM, came pyTuiibHa Gopma tutany (IV) okcuny € eauHuM 1 6e3aIbTEpPHATHBHUM OiLTHMM
MII'MEHTOM B CTaHJIAPTHUX OO0JACTSIX MPOMUCIOBOCTI I TPHAAHHS OUIM3HU 1 CTaOLIBHOCTI
CHCTEMH IITMEHT + HOCIH.

Uuctuit tutan (V) okcung — Oe30apBHI KpuCTaiau, sKi NpPU HarpiBaHHI JKOBTIIOTH, a IICIA
OXOJIOJIKYBaHHS CTalOTh Oe30apBHIMU [4].

Turtan (IV) okcua 31aTHUI yTBOPIOBATH 3 OKCHJIAMH IMEPEXiTHUX METAIIB TBEpJl po3uuHU. [Ipu
[IOMY CITOTBOPIOETHCS KPUCTATIIYHA PEIIiTKA, 1 HIrMEHT Ha0yBa€ KOJIbOPOBUH BIATIHOK.

Turan (IV) okcun amdorepnuii [10], ToOTO mposBIis€e SIK OCHOBHI, TaK 1 KUCJIOTHI BJIACTHUBOCTI.
[ToBiTbHO pO3YMHSAETHCSA B KOHIIGHTPOBAHIM Cip4aHid KHCIOTI, YTBOPIOIOYM BiJIMOBiIHI COJIi
YOTHUPHOXBAJICHTHOIO THTAHY:

TiO, + 2H,SO, — Ti(SO4)2 + 2H,0

Y KOHIEHTPOBaHMX PO3UMHAX JyriB ad0 MpH CIUIaBi 3 HUMHU YTBOPIOIOTHCS TUTAHATH — COJI
TUTAHOBOI1 KUCJIOTH:

TiO; + 2NaOH — Na,TiO3 + H,0
Te x BinOyBaeThcs 1 B KOHIIEHTPOBAHUX PO3UMHAX KapOOHATIB ab0 rizpokapOoHaTiB:
TiO; + K,CO3 — K, TiO; + CO,1
TiO, + 2KHCO3 — K, TiO3 + 2C0O,1 + H,0

Turan (IV) oxcua — GaratodyHKLIIOHATBHUM MaTepian, JaBHO M YCHIIIHO BHUKOPHCTOBYETHCS B
noyiiMepHuX BHpoOax. IIpoTsrom TpuBamoro yacy BiH 3aCTOCOBYBABCS JIUIIE B SIKOCTI OCHOBHOIO
6ioro 6apBHuka. Crorogni TiO, NpUBHOCHUTH B MOJIMEPHY HNPOMMCIOBICTH IIOCH OlbIle, HIXK
sckpaBuil Ot xomip. Ha enementapHOMy piBHI BiH € ()OTOUYTJIMBUM MarepiaioM, 0OCOOIUBICTh
SIKOTO TOJISITAa€ B MOXKIIMBOCTI B3a€MOJIIT 31 CBITJIOM. JlOCHITHUKY 3HAXO/AATh BCE HOBI 3aCTOCYBAHHS
TiO,, sxi sk 1 panime 0a3ylOTbcs Ha B3aeMojii wyacTHHOK aucriepcii TiO, 31 cBiTJIIOM, OIHAK
HaWOLIBIII JKaJIaHUMH SIK 1 PaHIIIe 3AIMINAIOTHCSA HOTO MITMEHTHI Ta aHTHOKCHIAHTHI BJIACTHUBOCTI.

Hns otpumanns tutany (IV) okcuay 3acTocoBYylOTH J1Ba CIOCOOM: CIpYAHOKUCIHUNA — IS
KOHIIEHTpATIB, 1m0 MIcTATh Oinbine 40% TiO2, 1 XJIOpUAHUN — €KOHOMIYHO BUTITHUN TUTBKH TSI
nepepoOKH KOHIEHTPATIB, 1110 MicTATh He MeH1Ie 80% TiO,,

Hezanexxno Big cnocoOy orpumanss tutal (IV) okcua Bipi3HAETHCS BUCOKOIO (POTOKATATITHUHOIO
1 poroximiuHOIO akTUBHICTIO (DXA).

@doToxiMiyHA AaKTHUBHICTh — 3/IaTHICTh MIFMEHTIB ()OTOXIMIYHO CEHCUOUII3yBaTH OKUCIIOBAJIbHO-
JEeCTPYKLIHHI TNPOLECH, 10 BUKIUKAIOTh PYHHYBaHHS IUIIBKOYTBOPIOBAaYiB MOOJIM3Y MOBEPXHIi
MITMEHTHUX YaCTHHOK.

[TpuknagoM BHYTPIIHBOKPUCTAIIYHUX peakiiil € (oToTpomiuHi fBMINA, SIKI CYNPOBOIKYIOTHCS
3MIHOIO 3a0apBJICHHS OKCH/IIB 1 BUPOOIB HA X OCHOBI 1]l BILTHBOM COHSIYHOTO CBITJIa 1 BITHOBJICHHS
ix mepBicHoro crany B TempsBi [23]. MexaHi3aM QOTOTpOMii MOSCHIOETHCS YTBOPEHHSIM
xpoMoopUUHUX BY3JIIB B KpuCTail HectexiomerpuuHoro tutany (IV) okcuny B HpUCYTHOCTI
JIOMIIIIKOBHX 10HIB Fe?* , crti T.J. BHACTIIOK OKMCHO-B1IHOBHUX PEaKIlii:
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Ti* + lees Ti
Cr —3e > Cr%
Fe?* — le < Fe*

OmauM 13 BaXJIMBUX IIUTaHb BHUPOOHUIITBA TmirmMeHTHOro TuTany (IV) okcuay € po3poOka
e(eKTUBHHUX CIOCO0IB 3HIKEHHS (POTOXIMIYHOI AKTMBHOCTI TMOBEPXHI 1 MIJBHINEHHS SKOCTI Ta
JIOBrOBIYHOCTI BHpOOiIB Ha ii ocHOBI [5]. BupimeHnHs i€l mpoOieMu IOCATaEThCS B MPaKTHII
BUPOOHMIITBA LIUIIXOM IOBEPXHEBOI 00poOku. UMcneHHi AocmiKeHHs: Moau(]iKoBaHOI MOBEPXHI
nokazanu, mo tutaH (IV) okcun B pe3ynapTaTi MOBEPXHEBOI OOPOOKHM 3MIHIOETHCS 32 PaxyHOK
BIIACTHBOCTEH MoOuQikoBaHOTO Mmapy. AAcopOoBaHI OKCHIM 3a PaXyHOK CBOIX TiAPOKCHIBHHX
Ipyn YTBOPIOIOTH 3 TMOBEPXHEBUMH TiApOoKCUIbHUMH rpynamu TuTany (1V) okcumy BomaHeBi
3B’S13KH, 3MIHIOIOYH TUM CaMUM aJCcOPOLIHHI BIaCTHBOCTI OCTaHHBOI.

l'onoBHUM 3aBHaHHSIM 3MIHEHHS IOBEpXHEBHUX BiactuBocTedl Tutany (IV) okcumy 3 meroro
3HIKEHHS (DOTOXIMIYHOI 3MI0HOCTI € HalOLIBII NMOBHE OJIOKYBaHHS aKTHBHHX IICHTPIB Ha HOTO
noBepxHi. HeoOxinHicTh 30epeKeHHS BUCOKHMX MIrMEHTHHX Ta ONTHYHUX BJIACTUBOCTEH TUTaHy
(IV) okcuay BuMarae HaHECCHHs OLIBII TOHKOTO €KPAHYIOUOIO IIapy, IO MOMJIMBO JIMIIC TPU
PIBHOMIpHOMY PO3MOJiIEHHI MOAU]IKATOPIB HA MOBEpXHI yacTHHOK TUTaHy (1V) oxcumy.

Byo nouiasHIM BUKOPUCTOBYBATH /ISl IIOBEPXHEBOI 00p0oOKH KapOOHi3aliifHu# crocio, 1o
TMOJIATa€ B HAHECEHH1 Ha moBepxHio TuTany (IV) okcuay rigparoBaHUX OKCUIIB ATFOMIHIIO 1

ra3onoiOHUM BYTJIEKUCINM ra3oM [6,7].

MonudikyBaHHs TIOBEpXHI COJISIMH CHJIIIIO, AJTIOMIHIIO, IIMHKY 30UIbIIye TiApO(UIBHICTh
MOBEpPXHI, a MOAU(IKYBaHHSI JKUPHUMH KHUCIOTaMH, alipaTHYHUMU aMiHaMH, COJIIMHU
YETBEPTUHHUX aMOHIEBHUX OCHOB 1 OCOOJMBO CHJIIIMOPTaHIYHUMH CIIOJTyKaMu Tipodo0lizye
noBepxHto. [linbuparoun uis KO)KHOTO BHJy IUTIBKOYTBOPIOBaua CBOi MOJU(IKATOPH, OTPUMYIOTh
Mapku mirMeHTHoro tutany (1V) okcuny pizHoro npusnaueHHs. Hanpukinan, anarasuuit tutan (1V)
okcua Mapku A-1 6e3 moBepXHEBOi 0OPOOKH 3aCTOCOBYIOTH Ul IOKPUTTIB BCEPEANHI IPUMIIIEHB,
a tutan (V) oxcun mapku A-01, o6poGnenuit cionmykamu Al i Si; 11 TOKPUTTIB PYTHUIIEHOTO
tutany (1V) oxcuny mapku P-1 6e3 noBepxHeBoi 00pOOKH MPU3HAYEHO JJISl 30BHIIIHIX TOKPHUTTIB,
mapku P-01, oOpoOnenuii cmomykamu Al i Si; 1 HOKPUTTIB cepenHboi arMocdepocTiikocTi,
mapku P-01, oOpoOienuit crmomykamu Al, Si i Zn; s 30BHIIIHIX MOKPUTTIB 3 BHCOKOIO
aTMOC(epoCTIHKICTIO.

MonudikyBanHs abo moBepxHeBa 00poOka mirmeHTHoro TuTaHy (V) okcunmy Ckiagaerbes, SIK
BIJIOMO, 3 TPbOX CTa/liii: 00€3XJIOPIOBAHHS IIPH XJIOPUAHOMY CIIOCO01 BUPOOHUITBA. Y BUPOOHHIITBI
nirmeHTHoro Tutany (1V) oxcuay o0e3xyIoproBaHHS € TUIBKM OJHIEI0 3 MEepIIUM CTaii
MOBEPXHEBO1 0OPOOKH 1 BUKOPHCTOBYETHCS TUIBKH MTPH XJIOPUIHOMY CIIOCOO1 BUPOOHMIITBA.

Jpyroro cTafiero MoBepXHEBOI OOPOOKM € HAHECEHHS MMOBEPXHEBOTO IIapy HEOPTaHIYHUX CITOJIYK
I IPUAYIIEHHS POTOXIMIYHOT aKTHBHOCTI.

Tpetbolo cTajiero MOBEpXHEBOT 0OPOOKU € HAHECEHHS 30BHIIIHBOTO MIAPY OPraHIuHUX CHOJYK JJIs
JOJaHHs MOBepXHI 4acTUHOK TUTaHy (IV) okcuny opranodinbHuX BiracTuBocTed. Lle miaBuirye
3MOYYBaHICTh 1 JUCHEProBaHICTh MITMEHTY B OpPraHIYHUX CHOJYYHMX MaTepiainax 1 Horo
CeIMMEHTAIlIHY CTIHKICTh y (apOax.

KapOonizaris mossirae B 00poOI1i aTlFOMIHATHOTO PO3YMHY Ta3aMH, 10 MICTATh BYTJICKHCIIUMA Ta3.
XiMi4HI peaxiiii, IKi pU LbOMY IPOTIKAIOTh MOXHA CXEMAaTUYHO MPEACTAaBUTH HACTYITHUM YHHOM.
Byrnexucnuit ra3 HelTpanizye BUTbHUA KayCTUYHUN JTYT:
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2NaOH + CO; = Na,CO3 + H,O

VY pe3ynbrari 1i€i peakiii KayCTHYHUN MOJYJb PO3YMHY 3HMKYETHCS, PO3UYMH CTA€ HECTIHKHM 1
CTBOPIOIOTHCSI YMOBH JUISI TLAPOJIITHYHOTO PO3KIIaIaHHs aJlOMiHATY HATPIlO:

NaAlO; + 2H,0 2 Al(OH); + NaOH

YTBOpeHUH TIpU IIbOMY BUIBHUH JIYT 3B'A3YETHCSA B COJY HOBUMH IOPLISMU BYTJIEKHCIOTO Tazy, 1
PO3KJIaJJaHHA AJIIOMIHATYy HATPilO TPUBAE.

INpapokcua anoMiHIIO, MO0 BUAUISETHCA MPU KapOoHi3alii — 1e ribcut 1 gyactkoBo Oaiiepur. [lpu
rOOKIM KapOoHi3allii B KiHIII MPOIECy BIIOYBAETHCS BUNAAAHHSI B 0CaJl allfoMOKapOoOHAaTa HATPItO
Na,O - Al,O3 - 2CO, - nH,0.

B monepenHix A0cipKEHHSAX BCTAaHOBJICHO, IO KapOOHI3aIlisl aJlFOMiHATHUX PO3YUHIB € CKJIQJHUM
reTepOreHHUM XIMIYHUM TPOIIECOM, IO MPOTIKA€ MPU HASBHOCTI TPHOX (a3: piaKoi, ra3omnoaioHoi i
TBepAoi. Y mporeci kapOoHizalii BiAOyBaeTbcs AK (izuyHa aacopOIlis BYIJIEKUCIOTO Ta3y
AIIOMIHATHAM PO3YMHOM, TaK 1 IOTJMHAHHS, IO CYNPOBOKYETHCS XIMIYHOIO B3a€EMOIIEI0 3
YTBOPEHHSM aJIFOMiHii TAPOKCUAY — TBEpAOI (a3u.

Mertoto ganoi poOoTH €: TOCTiHKEHHS CTPYKTYpH Moau(ikoBaHOTO mapy Ha oBepxHi Tutany (IV)
OKCHJly B 3QJIHOCTI BiJl YMOB IpOIECY; BIUIMBY CKJaJy Ta YMOB YTBOPEHHS MOJU(IKOBAHOTO
mapy Ha 3MiHy QoToximiunoi akTuBHOCTI THTaHy (IV) OKCHy.

MATEPIAJIM I METOAU JOCJIIDKEHHSA

O6’extoM pmocmimkeHHss € 3pasku tutaHy (V) okcumy. Ilpm BuBuUeHHI (i3HMKO-XiMIYHHX
MEepPEeTBOPEHD Yy Mpolieci KapOoHizallii po3BeeHUX aTOMIHATHUX PO3YUHIB K BUXITHHUX MaTepialiB
OyJiM BUKOpHCTaHI XiMIYHO YHCTI peakTwBH: amtoMiHii rigpoxcun AI(OH); (I-00 TY V 14-10-
008-99), natpiit rizpokcua NaOH (I'OCT 2263-79) i "pinke ckno" (Bmict SiO; 28-33%, ACTY
13078-67), xapoou (IV) oxcunx (99,9%, ACTY 4817 - 07). HocmikyBaHi pO3YWHU TOTYBAJIUChH
IIJIIXOM PO3YMHEHHS MMEBHUX HaBICOK alroMiHIN Tigpokcuay B 40% po3uuHi HATpil Tipokcuay i
MOTIM JTOBOJWJIMCH TUCTUIILOBAHOIO BOJIOIO, 10 pobodoro o0'emy (1 miTp) Oe3mocepenHbo nepen
noyaTkoM KapOoHizauii. Ilopsmgoxk mnpoBeneHHs agochifiB OyB HACTyNMHUH: Yy MONEPEIHBO
TEPMOCTAaTOBAHY pPEAKIIIiHY nocyauHy 3anuBaiocs 500 MJ alrOMIHATHOIO PO3YMHY 13 3a/1aHOIO
koHneHTpaniero ( Big 0,01 mo 0,1 mons/m AlyOs), BMmuKamack wmimanka i depe3 10 XBuiuH
nepemMinryBaHHs npomnyckainu kapooH (IV) okcu.

AHami3 KOMIIOHEHTIB TPOBOJAMIU MO BiIOMHM METOJIWKAM: AalfOMIHIIO - TPUIOHOMETPUUHHM
TUTPYBAHHSM 3 JIMTU30HOM, KPEMHIIO - KOJOPHUMETPYBAHHSIM KOMILUIEKCHOTO 3'€IHAHHS
KPEeMHEMOJIIO1eHOBOT comi  abo BaroBUM MeTooM. BMicT 3arambHOro KkapOoHAaTHOro i
O01kapOOHATHOTO JYTy BW3HAYABCS THUTPYBAHHSIM XJIOPUIHOIO KHCIOTOK 3 (eHondTaneiHoMm i
METHJIOPAHKEM.

O6po0Oka pe3ynbpTaTiB MPOBOIUIIACH 32 IOTIOMOTOI0 PETPECIHHOTO aHaATI3Y.
PE3YJIBTATHU TA iX OGTOBOPEHHSI

Ak mokasye JiTepaTypHUI OIS 3a7a4da 3HIKCHHS MBUAKOCTI (POTOOKUCTIOBAIBHUX TPOIIECIB Ha
noBepxHi tutrany (IV) okcumy Moxe OyTH BHpillleHa HalifHUM OJOKYBaHHSM aKTUBHHX IIEHTPIB Ta
OyTH TPaHUYHO TOHKHH 1 TIOCUTh LIUIBHUH, 1100 3MEHIIUTH O MIHIMyMY ()OTOXIMIYHY aKTUBHICTb
130eperTy BUCOKI ONTHYHI BJACTUBOCTI MITMEHTY.

OCHOBHUM KpUTEpieM Yy BHOOpI ONTHUMAJIbHHX YMOB ITOBEpXHEBOI OOpOOKM € BU3HAUYEHHS
doroximigHOi akTUBHOCTI 3paskiB TiO,, mo xapakrepusye epeKTUBHICTH MOAM(DIKYBaHHS, TOOTO
AKICTb EKPaHYIOUOTO LIapy.
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Jnst  migBumieHHs — atMmocdepocTtiiikocti  moBepxHto  TuUTaHy (IV)  okcumy  0OpoOIsSIOTH
HEOPTraHIYHUMU CIIOTyKaMHu (OKCHUIaMH alioOMiHito, CHIilito 1 T.4.). [Ipu 1boMy B SIKOCTI MOOITYHHX
CIIOJIYK YTBOPIOIOTBCS BOJIOPO3YMHHI COJi, SKI TPH TMPOMHUBAHHI OOpPOOJICHOTO MPOAYKTY B
OCHOBHOMY BHAaisitoThesi. Onmnak nesika wyactuHa BPC y Burmsimi gomimok ajgcopOyeTsest Ha
noBepxHi MoaudikoBanoro TiO,, 1110 HEraTUBHO BILIMBA€E HA IMITMEHTHI BIACTUBOCTI 1 (POTOXIMIUHY
akTUBHICTB Ti0,.

Ha puc. 1 HaBOAATBbCS pe3yNbTaTH IOCHIIKCHHS BILIMBY TEXHOJIOTIYHHX (haKTOPIB Ha BEIUYHUHY
($oTOXiMIYHOT aKTUBHOCTI 3pa3kiB Tutany (IV) okcuny.
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doToxiMiuHA AKTUBHICTb, YM
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Pucynok 1 — 3miHa ¢poTOXIMIYHOT aKTUBHOCTI B 3a1exHOCTI Bil BMicTY CO7 B KapOOHI3yrouoMy
Up
LI>1; 1< 1.

rasi IpHu CIiBB1IHOIIEHHAX

Pr

ExcniepumeHTanbHi pe3ysnbTaTi AOCTIHKEHb MOKa3yTh, 0 BeTUYMHA (POTOXIMIYHOI aKTMBHOCTI
3HAXOAMTHCS B MPSIMIiM 3aI€KHOCTI BiJl BUIAKOCTI T1POJII3Y alIOMIHATY 1 CHIIILIIO HATPiI0, TOOTO
BIJl T1IpOJMHAMIYHOIO pexumy. BHachimok iHTeHcugikamii OapOoTaka TiIpoii3 alroMiHATY
HaTpIIO MPOTIKAE HEPIBHOMIPHO, XapaKTEPU3YIOUHCh BEJIMKUM MepenagoM mBuakocten Ha I-ii 1 11-
i cragisx. DoToxiMiuHAa AKTHBHICTH 3pa3KiB, OOpOOJIEHUX B TaKOMYy pEXUMI, 3HIKYETHCS
HE/IOCTaTHbO Yepe3 YTBOPEHHsS MOJM(IKOBAHOIO INApy BHACIIJOK HEPIBHOMIPHOTO BHJIIEHHS
riipokcuaiB Ha noepxHi TuTany (IV) oxcuny. [Ipu onTUMalbHUX MIBHUIAKOCTIX MOJadl pPiaAKoi 1
ra3onofioHoi (a3 MBUAKICTH TIAPONI3Y amtoMiHaTy 1 cuiinito Hatpito Ha I-iif i ll-iif cragisx
IIpPOLIECY BUPIBHIOIOTHCSA, L0 TMPU3BOJUTH JO YTBOpEHHS Ha moBepxHi TuTaHy (lIV) oxcuay
PIBHOMIPHOI €KpaHytoo4oi IUTBKHU. 3pa3ky, OTPUMaHi 3a TaKOTO PEKUMY, MalOTh HU3bKY BEIUYHHY
(dboToximiuHoi akTBHOCTI (HIkue 0,2 ym. oa. BapOypra).

VYTBOpPEHHSI PIBHOMIPHOTO PEXUMY MOKJIMBE JIMIIE NMPH CYBOPOMY JOTPUMAaHHI CHiBBiJHOIIEHBb
MIX BUTPATOIO pEeareHTiB, BUPAXKEHUM CTAaBJICHHSIM HaBEeIEHUX IIBUJIKOCTEH piaKoi 1 ra3oBoi das.

Ha puc. 2 Ha oci opauHAT BIIKIaA€HI IIBUAKOCTI TIAPOIITUYHOTO PO3KIAJaHHS alFOMIHATY HATPIIO,
a Ha oci abcuuc — BenmuurHa (HOTOXIMIYHOI aKTUBHOCTI 00poOieHux 3pas3kiB tutany (1V) oxcumy.
KpuBa nokasye, 1o 31 30UIbIIEHHSIM IBUAKOCTI TiApoi3y (HOTOXiMIYHA aKTHBHICTH 0OpOOIEHNX
3paskiB TuTany (1V) okcuny 3pocTae.
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Pucynok 2 — 3alexHICTh BEIHYMHH (POTOXIMIUHOI aKTHBHOCTI 3paskiB Ti0, Bia IMIBHIKOCTI

riapomnizy coneit (Ha ll-iit cranii)

ITpoBeneHHs mpolecy MoBEpXHEBOI 0OPOOKH 31 MIBUIKICTIO TAPOJII3y allfoMiHaTy Hatpio 2,4-2,7 -
10™ r-mMoub/n*ceK, J03BOIISE orpumaru 3pa3ku tutany (IV) oxcuny 3 ®XA, piBuoi 0,15 ym. o.
BapOypra, 1110 Hukue MOKa3HUKIB I 3apyOI’KHUX 3pa3KiB, OTPUMAHUX XJIOPHUM CIIOCOOOM.

[linBuIeHHs] KOHIIEHTpAIll aJOMIHATy HATPil0 B PO3YMHI BUKJIMKAE 30UTBIIEHHS IIBUIKOCTI
T1APOi3Y, 0 CYHIPOBOIKYETHCS 3pOCTAHHIM aMOPGHOCTI 0Cay, a TAKOK 3MEHILEHHSIM MOKa3HUKA
HOT0 3aJTOMJICHHS Ta 30UIBIIEHHSIM BOJJOPO3YMHHUX cosieil Ha moBepxHi Ti0;,

[Tpucytnicte BPC B TiO; BuKIMKae MOTIpIICHHS aTMOC(PEPOCTIHKOCTI MOKPUTTS 3 HOro
BUKOPHUCTAHHSAM: MiJ BILIUBOM Y@ ompomiHeHHs B J1ako]apOoBii IUIBII BiIOYBarOThCS CKIIAIHI
nporecu oToBigHoBICHHS T10; i KaTamizyroun IM OKUCIIOBAHHS MPWICTIHMX IIApiB CHOIYYHOTO
70 OLIBII MPOCTHX BOJOPO3YMHHUX CIHOJYK, a TaKOX 3arajbHa JECTPYKLis IOB’SI3yIH0UOro.
Hecriiikuii BITHOBJICHHI THUTaH OKCHIY (Ti3+), pearyroun 3 AuyHIYIOUUM Kpi3hb JakodapOoBe
MOKPUTTS KUCHEM TOBITpPs, IEPETBOPIOETHCS 3HOBY B TuTaH (IV) okcun, Toai K peakiii OKMCICHHS
1 JECTPYKIUIi CIOIYYHOTO € He3BOpOTHUMH. [Ipu 1boMy mopyuryeTbest CyUIIbHICT IUTIBKU, B HeEl
MIPOHHUKAE BOJIOTA, sIKa BHJIYTOBYE PO3UMHHI CIIOJIYKH. YaCTHHKH MIrMEHTY B IMOBEPXHEBOMY HIapi
3BUTBHSIOTBCS BiJI CIIOYYHOTO, 1 MIrMEHT JieTko BuaanseTbes. [IpucyrtHicte BPC mocuimoe 1eit
BIUIMB, TaK SIK BOHU BCTYNAalOTh B PEAKIii0 3 JU(PYHAYIOUOIO BOAOIO 1 TAKMM YMHOM CIIPUSIOTH
PO3MYLIYBaHHIO 1 pyHHYBaHHIO MITMEHTHOTO MaTepiaiy.

JUis oTpUMaHHS MPOJYKTY BUCOKOI SIKOCTI 1 3 XOPOIIOK aTMOC(EpOCTIHKICTIO HEOOXiqHO, 1100
BMicT BPC OyB MiHIManbHUM.

BUCHOBKHA

1. IlpoBeaeHo nOCHIKEHHSI CKIIAAY 1 CTPYKTYpH MOAM(IKOBAHOTO HIapy Ha rnoBepxHi Turany (IV)
OKCHIY B 3QJI)KHOCTI BiJl YMOBH NpOIIECYy; BIUIMB CKJIaJy Ta YMOB YTBOPEHHS MOJH(IKOBAHOTO
mapy Ha 3MiHEHHS BiIacTuBocTel Tutany (IV) okcuny.
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2. BusiBnieHo, 1o miBUIICHHS KOHIIEHTPAIIl aJlFOMiHATY HATPil0 B PO3YMHI BUKJIMKAE 301IbIICHHS
IIBUAKOCTI T1APOIII3Y COJEH.

3. [Ipu 30imbIIEHH] MIBUAKOCTI TIAPOII3Y AIFOMIHATY 1 CHITIIIIIO HATPitO BiAOYBa€ThCS 3MEHIICHHS
MOKa3HUKA 3aJIOMJICHHS Ta 301JIbIICHHSIM BOJJOPO3YMHHHX COJIeH Ha moBepxHi Tutany (IV) okcuny.

4. 3’sicoBaHO, 10 BeJWYMHA (HOTOXIMIYHOI AKTUBHOCTI 3HAXOJUTHCSA B MPSIMIN 3aJ€KHOCTI Bia
PIBHOMIPHOTO po3MoIiieHHs Mo udikaTopiB Ha moBepxHi yacTHHOK TuTany (1V) oxcuny.
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