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ABSTRACT

Titanium and its alloys are becoming more widely used in engineering and chemical technology.
Recently, new areas of the use of titanium in hemotronics and sensor technology have emerged. A feature of
these industries is the measurement of weak currents that correspond to the current density near the nanoamper
per square centimeter of the surface of the titanium. The corrosion that corresponds to such current densities is
typical of titanium in most natural and many technological environments. At the same time, such currents of
corrosion origin of their size are not acceptable for precision measuring systems. Therefore, it is necessary to
develop new more effective methods for increasing the corrosion resistance of titanium.

The use of the known method of surface passivation anodizing is undesirable for the elements of
electrical circuits. Increasing the transient resistance of thick oxide films after anodizing can have a bad effect on
the functioning of measuring systems.

Previous studies allowed to reveal natural vibrational redox processes in the electrode-electrolyte
system, which allow maintaining the optimal state of the oxidized surface to maintain a balance between the
functionality of the electrodes and the magnitude of the corrosion currents. Therefore, it was proposed to use
pulse-reversal polarization, which simulates the random natural or technological vibrations of the redox potential
of the electrode electrolyte system and may contribute to the densification of thin passive films on titanium.

Determination of corrosion resistance of titanium is a complex task. The direct determination of
corrosion losses by the gravimetry method makes it possible to obtain absolutely irrefutable results. However,
the high corrosion resistance of titanium requires unacceptably large losses of time waiting to lose weight, which
can determine the most accurate scales. Therefore, it used indirect estimates of corrosion resistance. A known
method of polarization resistance has limitations associated with the lower limit of measuring the currents that
arise in the polarization of electrodes at 10 ... 30 mV. Similar problems arise when polarized by a direct current,
as in the polarization resistance indicator P5126, which is capable of measuring only up to 200 kOh for a two-
electrode circuit.

It has been established that constant anode polarization at +4.0 V for 120 seconds causes the formation
of a thick passive film that is yellow in color due to interference of light. The thickness of this film reaches 100
nm. This phenomenon was used as a marker of corrosion resistance. It is established that after pulse-reverse
processing sharply increases the resistance to anodizing - the electrodes do not yellow. It is shown that after
treatment with cathode (-0.050 V) and anode (+0.6 V) pulses duration of 1-10~° s for 2...20 seconds, the titanium
electrodes do not yellow after anodizing at + 3.0 ... 4.0 V. However, the last pulse-reversal mode contributes to
increasing the corrosion resistance of the titanium without significantly thickening the passive film.

KEY WORDS: titanium, corrosion, protection, passive film, compaction, electrochemical treatment,
pulse-reversal mode.

BCTYII
Turan Ta Horo criaBu HaOyBalOTh BCE OUIBIIOrO MONIMPEHHS YB TEXHIilll Ta XiMIYHIA TEXHOJOTI.
OcCTaHHIM 9acoM 3’SBHJIHMCS HOBI Tajy3i 3aCTOCYBaHHS THUTaHY Y XEMOTPOHIIl Ta CeHCOpHiil TexHimi. Ocod-
JIUBICTIO IIMX TajJy3ed € BUMIpIOBaHHS CIIAOKUX CTPYMIB, sIKi BiJIIOBIJAIOTH T'YCTHHI CTpyMy OJIM3BKO HaHO-
amIepa Ha KBaJpaTHUH CaHTUMETp NOBepxHi TWTaHy. Koposis, sika BINNOBiJa€ TakuM TYCTUHAM CTPYMY,
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XapaxkTepHa Il TUTaHy y OLIBLIOCTI MPUPOAHMX i 0araTboX TEXHOJOTIYHUX cepemoBHIIax. [Ipu 1poMy Taki
CTPYMH KOPO3iHHOTO TOXOJPKEHHSI 32 CBOEI0 BEIMYMHOI HENPHITYCTHMI JUIS MPEUU3IHHUX BHUMIPIOBATBHUX
cucreM. Takox Taki CTpyMH 3/aTHI HNPOTACOM AEKITBKOX MICSIB JOPOCTHTH ITACHBHY IUTIBKY JI0 TOBIIMHH
~100 nm, BHaCi/IOK YOro Taka IUTiBKa HaOyBae iHTep(depeHniiHOro 3a0apBieHHs, 10 MOXKEe OYTH HENpHITyC-
TUMO, SKIIO JETajb MOBHHHA MaTH IOBEPXHIO 3 TOYHO BH3HAYEHHMH ONTHYHUMH BIIACTHBOCTSIMH. Tomy
HEOoOX1THO PO3pO0IIATH HOBI €()EeKTUBHIII METOH ITiBUIICHHS KOPO31HOI TPUBKOCTI THTaHy, HE3BaXKAIOUH Ha
Horo i 06e3 TOro BUCOKHUI XiMIYHUX OITip 32 ICHYFOUNMH KJIacU(iKalisMu.

XiMiyHHA Omip OUIBIIOCTI METaTiB, CXMJIBHHUX IO MACHBAIlii, IMiIBUIIYIOTh TAKUMH 3arajlbHOBITOMUMU
METOJIaMH, SIK aKTMBHUI aHOJHWH 3aXWCT, [0 BUMAarae IMOCTIHHOI abo MepioauvHoOl moispu3arii, abo OmHO-
Pa3oBo MiJJIAI0Th aHOAYBAHHIO 3 METOK HAPOIIYBaHHS OUIBII TOBCTHX 1 IMUIBHUX MAacHUBHHX ILTIBOK. OOHIBa
METOM HEeNpUAATHI ISl EJIEMEHTIB XeMOTPOHIKU 1 CEHCOPHUKH, OCKIJIBKH TEPIINH TTOB’I3aHUM 3 MOJSPU3ALIEI0
BUPOOIB 3a MiCIIeM X BCTaHOBJEHHs, a NPYrHH — MPHU3BOAWTH OO 30UIBIICHHS IEPEXiJJHOTO OMOpy MiX
KOHCTPYKLIHHUMH €JIeMEHTaMH. 3Ba)Karoul Ha MOTpeOy Npelnu3iiHUX BHMIPIOBaHb Ha PIBHI HAHOAMIIEPHUX
TYCTUH CTPYMY, Oy/ib-siKe 301IbIICHHS IEPEXiAHOTO OMOPY MiXK OKpEMHUMHU (pazaMu € HETIPHUITYCTUMHM.

[Monepenni gocnimxenns [1, 2] BUSBHIN IPUPOAHI KOJIUBAIBHI PEIOKC-TIPOLIECH Y CUCTEMI ENEKTPO—
€JIEKTPOJIT, SKi JAal0Th MOXJIMBICTh YTPUMYBATH ONTHUMAJbHUN CTaH OKHMCHEHO!I IMOBEPXHI JUIS IiATPUMAaHHS
0ajaHCy MK (DYHKIIOHQJIBHICTIO €JEKTPOMIB, SKa YacTO KOPEJIOE i3 MIiHIMI3alli€ro MepexiHOro omopy, i
BEJIMYUHOIO CTPYMIB KOPO3ii, sIKi HEOOX1JHO MaKCUMAIbHO 3HIKYBATH [T MiHIMI3aIlii CHCTEeMaTHIHOI TIOXHOKU
BUMIipIOBaHb. BHUsIBIIEHO, 110 Taki Mpoliecy NpH 30UIbIICHH] IX YaCTOTH CIIPHUSIOTH aKTUBALl KOPUCHUX (YHKITIH
€JIEKTPOAIB IPU 3HIDKEHHI (POHOBHX CTPYMiB KOpO3iHOI npupoau. ToMmy 3aIlpornoHyBajay BUKOPHCTOBYBATH
IMITYJIb,CHO-PEBEPCHY MMOJSIPH3allilo, SKa IMITYye BHMNAAKOBI IPUPOAHI ab0 TEXHOJOTiIYHI KOJMBAHHS PEIOKC-
TIOTEHIIaAJTy CUCTEMH €JIEKTPOA—CICKTPOIIT 1 MOXE CIPUSATH YIIUIBHEHHIO Ta MoAM(IKaIlii TOHKHX MaCUBHUX
TUTIBOK Ha TUTaHi.

METOAUKA EKCIHEPUMEHTIB

[IpssMe BH3HAYeHHS KOPO3iHHMX BTpAaT METONOM TpaBIMETpii, He 3Ba)KAIOUM HA MOXIIUBICTH
OIICP)KyBaTH aOCOJIIOTHO HECIPOCTOBHI PE3YbTAaTH, V JMaHii poOOTI BUKOPHCTOBYBATH HEIOIIIHHO BHACIIIOK
HAJITO BHCOKOI KOPO3iHHOI TPHBKOCTI THTaHy 3 3arajbHO TEXHIYHOi TOYKH 30py. Takuii MeTon BumaraB Ou
HEMPUIIYCTUMO BEJIMKUX BUTPAT 4acy Ha OUiKyBaHHS 3MIHM MacH, SIKY 3JIaTHI BU3HAYMTH HANTOYHIII Tepe3u.
Tomy ckopucTanucs HENPSIMUMHE OLIHKaMU KOPO3iiHOT TPUBKOCTI.

Bigomuii MeToz moJIsIpU3aniiHoOro Ornopy A03BOJISIE PEECTPYBATH 3MiHY KOPO31MHOT TPUBKOCTI MeTary i
KOpPEKTHO II IHTEpIpEeTyBaTH, SKIIO MPOTATOM JOCII/KEHb HE BiAOYBAa€ThCS CYTTEBUX 3MIH Yy MOABIHHOMY
enextpudHoMy miapi [3]. Y poOoTi BHKOPHCTOBYBaJM IHAMKATOp Hoispu3aniiiHoro omopy P5126, skxuii Oy
pozpodienuii B KIII im. Iropst Cikopcbkoro i Mae BepxHIO Mexy BuMmiptoBanb 10 200 kOhm. BumiproBanus
BHKOHYBAJIM 3a JIBOCJICKTPOIHOI cxeMoro. [lapy enektpomiB 3 TutaHy Mapku BT1-00 topmunoo 0,1 mm i
rabapuramu 40 x 4 mm 3aHypIOBaIX y ITOCHITHUIN pO3UMH i migkmtodanu 1o P5126, skuit BugaBas iH(opmarito
PO CepeHii A Mapy iIEHTUYHHUX EIEKTPOIIB IOJPU3AIiHHIN OMTip KOXKHI 2min.

Kopo3iliHy TpHBKICTh TUTaHOBHX EJIEKTPOJIB ITiJBHIIYBAJIN IMITYJIbCHO-PEBEPCHOIO IMOJSIPU3AIIEI0 Y
posunHax 3 % NaCl ta 6 m LiCl 3a KIacHYHOIO TPHEICKTPOIHOI CXEMOI0 1 3 IUIATHHOBHM JOTIOMIKHHM
CIIEKTPOIOM 1 XJIOPHACPIOHMM EJICKTPOIOM MOpPIBHSAHHSA 3 JomoMororo moteHmiocrata ITH-50-1.1. Ileprmid
pO34YMH iMITYyE MOPCBKY BOJIY, a JHpYTHH € TirpOCKOMIYHHM CEpEOBUIIEM €JIEKTPONITY 3 BHCOKHMH
OCMOTHYHHMH BIIACTUBOCTSIMHU, SIKE 3aCTOCOBYIOTh Y CEHCOPHIH TEXHILIi.

301bIIeHHST KOPO31iHOI TPUBKOCTI THTAHOBHX €JIEKTPOAIB aHAII3YBaJIHM TAaKOX 32 CTIHKICTIO ONTHYHHUX
BJIACTHBOCTEH iX TOBEpPXHI /O CTalliOHApHOI aHOAHOI mMoJisipu3alii B OOpaHMX PO3YMHAX NpHU 301IbIICHHI
MOTEHIIATY i CTPYMOM.

PE3YJBbTATH TA IX OGTOBOPEHHS

3 Meror0 BHOOPY ONTHMAIBHOTO CIOCOOY IMITYJIBCHO-PEBEPCHOI MONISpU3allil eNeKTPOIiB BUKOHAIIN
cepilo eKCIePUMEHTIB, PeXKUMH SKUX HaBelIeHO Yy Tabiwmi 1.

OneprkaHa 3aICKHICTh MOJAPU3ANIHHOIO OMOPY SIEKTPOXiMIYHO OOPOOJICHUX THUTAHOBHX CIIECKTPOIIB
MojIaHa Ha puc. | BIIHOCHO OCi KaTeropii, sika JeMOHCTPYE HOMEp PEXUMY OOpOOKH BiAIIOBIAHO a0 Tabmui 1.
I3 puc. 1 BugHO, WO NONApPH3ALINHWE omip, SK XapaKTEPUCTHKa OIOpY CHCTEMH IIPOTH Iepediry
eJIEKTPOXIMIYHOI peaxilii, O4ikyBaHO 3pocTa€ 31 301IBIICHHSM YacTKU aHOAHOI MOJISpU3allii y peKuMi 00poOKH
(pexxumu 4—7 Ha xkpuBux 2 i 3, puc. 1). Buxia kpuBoi 2 Ha maro npu 200 kOhm NosiICHIOETECS TTIEPENOBHEHHSIM
uudposoro Oydepa iHIUKATOPa 1 HEMOXKIIMBICTIO BiZIOOpa)kaT pe3ysbTaTH BUMiptoBaHb. OKpiM IIbOro, Omip y
200 kOhm nHabGimxaeTbcsi NO BEPXHBOI MEXi BHMipioBaHb iHmukaropa P5126. Ilpore nunamika pocry i
BUIIAJIKOBI BIAXMJICHHS BUMIPIOBAHOIO OIOpPY, SKi s pexxuMy Ne 5 Tparuisuincst HaBiTh MiCNsl TPUBAJIOTO Yacy
BUMIpIOBaHb ¥ mposiBisuin cebe Ha 1mppoBoMy iHAMKaTopi 3HadeHHsMu MeHme 200 kOhm, natoth 3mory
TOBOPHTH IPO BipOTiIHY €KCTPANOJISIII0 JaHUX 3TiAHO 3 KpuBoK 3. BipHICTH NPHITYIIEHHS OO0 3pOCTaHHS
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MOJISIpU3aLlifHOTO oropy Bix pexxumy Ne 4 no pexxumy Ne 7 minrBeppKyeTbes iHTep(epeHIiHHIM [TOKOBTIHHSIM
TIOBEPXHI THTaHy micis pexumy Ne 7, IO CBIUUTH NMPO YTBOPEHHS MACHUBHHX IUTIBOK TOBIIUHOKO OJIM3BKO
100nm.

Tabnuug 1. Pexxumu nonsipu3aniii TiraHoBuX enektpoiB y 6 m LiCl
Table 1. Polarization modes of titanium electrodes at 6 m LiCl

Pexxumu enexTpoxiMigyHoT 00poOKH
[Tapamerpu

Nel Ne2 Ne 3 Ne 4 Ne 5 Ne 6 Ne 7
[epuwmii immynee mukiy, V — — —0.05 —0.05 —0.05 0.60 -
Hpyruii iMmynbce ukiy, V -2.00 -1.40 0.60 0.10 0.60 0.60 4.00
Tpusaicts iMmynscy, s 60 60 1 1-10° 1-10° | 1-107 120
TpuBaiicts 00poOKH, s 60 60 2 20 20 20 120

[pumiTku mwoa0 crany B B B B B B osta
MTOBEPXHI MiCIs 00pOOKHU TIOBEPXHSI

Puc. 1. 3anexHicTh MOIAPHU3AIIIHOIO OITOPY

Re, [ €JIEKTPOJIB 13 MONIPOBAHOI TUTAHOBOI (OJIBITU Yy
kOhm 3 6 m LiCl Big pexxumy eIeKTpoXiMigHOT 00pOOKH
210 \ IpHU 1oYaTkoBoMy omnopi 149 kOm:

1 — BUMIpsIHA 3aJIOKHICTh; 2 — BEPXHS MeXa
200 | 1 L o ———g  BUMIPIOBAHHS; 3 — IDOrHO30BAHA 3aJICXKHICTb.
\ Pexxumu 00poOky HaBeneHo y Tabmuii 1.
2 Fig. 1. The polarization resistance dependence of
190 r the polished titanium foil electrodes in 6 m LiCl
from the electrochemical treatment modes by
180 ! ! ! L ! ‘ I the initial resistance of 149 kQ:
1 2 3 4 5 6 7 1 —measured dependence; 2 — upper measurement
Processing mode number limit; 3 — predicted dependence.

Processing modes are given in Table 1.

LikaBuMH € pe3ynbTaTu puc. 1 JJIsi peKUMIB 31 CTAI[iOHAPHOIO KaTOJHOIO TOJIIPHU3ALIIET0, SKi MTOKa3aJIH
JIOCUTh BHUCOKI 3HauyeHHs omopy. Lle Moke 3maTucsi AMBHUM, 3BOXKAIOUM Ha MOXKJIMBICTH YTBOPEHHS TiAPHIIB
TUTaHy, SIKi BIIPI3HSAIOTBCS BUCOKOI MpOBiAHICTIO. [IpoTe HIYOro IMBHOIO Yy IbOMY HEMAa€, OCKUIBKU
3aCTOCOBAaHU MpHJIa IPUHIMIIOBO BiIPi3HSE OMIYHUIA OIip CEPEOBUIL BiJ| HOJISPU3ALIIHOIO OMOPY HpOLECy,
SIKMH “TTIIKJTFOUSHHH™ TTapajiesibHO 0 EMHOCTI IMOBIHHOTO €JICKTPUYHOro mapy. Toxi MmiABHICHUH OMip BKa3ye
Ha TaJIbMyI04y (DYHKIIIO TIAPUAIB i YaCTKOBO BiTHOBJICHUX OKCHIIB TUTaHY Ha IEpeOir iHIIUX EICKTPOIHUX
mporieciB. lle poOuTh OakaHOIO Taky OOpOOKY 3a MOTPeOM TraJibMyBaTH KOpPO3il0, SKIIO HE 3Ba)KaTH Ha
HECTIMKICTh TAaKOr'0 MOKPUTTS. TOMY TPUBAJIICTh 1 aMILTITYly KaTOAHHUX IMITyJIbCIB BAPTO CYTTEBO 3HM)KYBATH.

TpuBaymicTe 1 aMIUTITYly aHOJHHMX IMITYJbCIB TeX OakaHO 3HU3UTH, ajne oOJIaZHAHHS HE J03BOJISIE
BUKOPUCTOBYBATH IMITYJIECH, KOPOTIHi, Hix 1-107 s. ToMy BHGIp ONTHMANEHOrO PXUMY 3YIMHHIIN Ha MiHIMyMi
KpHBOi 3 pHc. 1.

[Nomanpmi IOCHiKEHHS] BUMarajid yCyHYTH OOMEXEHHs Niana3oHy BHMipIOBaHHsS XIMIYHOTO OINOpPY
TUTaHy, TOMY NEpeHIIUIn 10 ONTUYHOrO MeToAy. /i 1IbOro MopiBHIOBAIM KOJIP MOBEPXHI THTaHY JIO 1 MiCIA
eNeKTPOXiMiyHOT 00poOKH. Ilicis YMCIEHHUX eKCHEepUMEHTIB, 3iilicHeHuX y 3 %-my po3umnHi NaCl, Oyno
BCTaHORBJICHO, 110 PEKUM TPUBATICTIO 1 min i3 MOCTiIOBHOT0 uepryBanus anonuux (+1,0 V) i katogaux (—0,1V)
IMITYJIBCIB 1O 1-107 s KOXEH MO03BOJISE TABUIIUTH CTIHKICTH THTAHOBOI ITOBEPXHI 10 CTAIliOHAPHOI aHOIHOI
nmossipusanii (puc. 2). Sk BumHO 3 puC. 2, oOpaHa IMIyJILCHO-pEBEPCHA OOpOOKa HE 3MIHIOE ONTHYHHX
BJIACTHBOCTEH MOBEPXHI THTaHY, aJie Micis Hel TUTaH BUTPUMYE aHOAHY Noispu3aiito 1o +5,0V, Toxi sik 6e3 Hel
KOBTi€ Bxke npH +2,0 V. BapTto BiagMiTHTH, 11O Mics IMITYIbCHOT 00po0Oku TuTaH npu +5,0 V HaOyBae ciadmoro
YKOBTOT'O 3a0apBJICHHS], HDK HEIiArOTOBAaHWHM TUTaH IICJIs CTAI[lOHAPHOI aHOIHOI Nossipu3ariii mpu +2,0V.

Amnanorivsi gociipkenHs BukonaHi B 6 m LiCl, sikuif BUKOPHCTOBYIOTh Y CEHCOpHIil TeXHilli, OKa3anu
noxiOHi pesynbrati (puc. 3). TuTaHOBI eNeKTpoAM Micis IMIYJIbCHO-PEBEPCHOI OOpPOOKHM BHUTPUMYIOTH
CTalliOHapHY aHOAHY moyspu3alliio g0 +4,0 V, Tomi sk 0e3 00poOku XOBTiIOTh Bke mpu +3,0 V. 3aranom,
OLIIHIOIOYH Pe3yNbTaTH PUC. 2 1 pHC. 3, a TAKOXK JOJATKOBUX HE HABEJCHUX JOCIIiB, MOXKHA CTBEPXKYBATH, 110
301IbIIEHHS KOHUEHTpAIl XJIIOPHAY Y PO3YMHI NPU3BOJNUTH JIO HIBEIIOBaHHS pe3yibTaTiB 00poOOK — y
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KOHIEHTPOBAHUX XJIOPUAHHUX PO3YMHAX 3aXUCHUI pe3yabTat CHOCTepiI‘aCTLC}I TUTBKH y pe)KI/IMiB, HABCICHUX Ha

BKa3aHUX pHUCYHKax.

ol ol 1ol o
Puc. 2. ImnynscHO-peBepcHa 00pobka y 3 % NaCl (2) migBuinye CTifKiCTh ONTUYHUX BIACTUBOCTEH IMOBEPXHI
tutany (/) no cranionapHoi (mpotrsirom 60 ¢) anoaHOi nonspuzanii: 3 — tutad (2) micns +3,0 B; 4 — turan (2)

micnst +5,0 B; 5 — turan (/) micns +2,0 B. / — no4aTKoBuii cTaH; 2 — Micis iMITyJIbCHO-PEBEPCHOT MONSIpHU3aLii
anoxanumu +1,0 B i xkarogaumu —0,1 B imMmynscamu tpuBaictio koxen 1107 ¢ mporsrom 20 c.

Fig. 2. Pulse-reverse processing in 3% NaCl (2) increases the stability of the optical properties of the titanium
surface (/) counter the stationary (within 60 s) anode polarization: 3 — titanium (2) after +3.0 V; 4 — titanium (2)
after +5,0 V; 5 — titanium (/) after +2,0 V. / — initial state; 2 — after 20 seconds pulse-reverse polarization with
anodic +1,0 and cathodic -0,1 V pulses (each pulses 1:107 s).

AT

Puc. 3. ImnynscHO-peBepcHa 00pobka y 6 m LiCl (2) migBuiye CTiHKiCTh ONTHYHUX BIACTHBOCTEW MOBEPXHI

tutany (/) o cranionapHoi (mpotsirom 60 ¢) anoaHOI nonsgpuzanii: 3 — tutad (2) micns +3,0 B; 4 — turan (2)

micnst +4,0 B; 5 — turan (/) micns +3,0 B. / — novaTkoBuii craH; 2 — micis iMITyJIbCHO-PEBEPCHOT MONSIpHU3aLii
anoxammu +1,0 B i xkarogaumu —0,1 B imMmynscamu tpuBasictio koxen 1107 ¢ mporsrom 20 c.

Fig. 3. Pulse-reverse processing in 6 m LiCl increases the stability of the optical properties of the titanium
surface (/) counter the stationary (within 60 s) anode polarization: 3 — titanium (2) after +3,0 V; 4 — titanium (2)
after +4,0 V; 5 — titanium (/) after +3,0 V. / — initial state; 2 — after 20 seconds pulse-reverse polarization with
anodic +1.0 and cathodic -0,1 V pulses (each pulses 1:107 s).

YTOYHHUTH BIACTHBOCTI ITACHBHUX IUTIBOK IPH 3MiHI TPHBAJOCTI IMITYJIbCHO-PEBEPCHOI OOpOOKH Jae
3mory CEM. AmnaiizyBaju HasABHICTH NPOOOIB MACHBHOI IUIIBKH, SIKI MAalOTh 3aTATYBAaTHCS METATHUTaHOBOIO
kuciotow. OcTaHHs, SIK BiJOMO, MOXKE 3B’ A3yBaTH 10HM Ba)KKUX METANiB y MaJOpO3YMHHI MeTatuTaHaTu. Ilicimsa
00poOKku 3a pexxumoMm Ne 5 3aranpHOl TpHBajicTio 2 i 120s, enekTpoau NPOMHUBAIN HPOTSATOM XBHJIMHH
posunsom 1-107° M mitpaty cBumo 3 1-10° M nonirekcamernnenryasiguay (ITTMI), sikuii BigirpaBas pois
KOMIUIEKCOYTBOpIOBaYa W 3HIDKYBaB aKTHBHICTH I1OHIB CBHHII0O B OOMIHHUX peakmisiX. 3acTOCyBaHHS
KOMILJIEKCHOI COJIi TOSACHIOBAJIM IOOOIOBaHHIMH I10JI0 MOXKIIMBOCTI cOpOLii i0HIB CBUHIIIO HE JIMILE HA MICIAX
po0oiB, aye i Ha TOBEPXHI MIOKCUAY TUTAaHY, OCKIIBKU IIMPOKO BiZIOMa 3/IaTHICTh AESKUX HECTEXIOMETPUYHUX
OKCUIB O OOMIHHHMX peakuiii [4]. MeTaTuTaHaT CBHHIIIO TOBHHEH SCKPaBO BUIUIATHCS Ha (OHI TIOKCHUAY
turany Ha CEM-300paxkeHHsx. SIk BHIHO 3 puc. 4, 30UIbIIEHHS TPUBAJIOCTI 0OPOOKH MPU3BOIUTH JIO 3MEH-
LIEHHSI KUTBKOCTI Mpo0oiB macuBHOI IUIiBKU. [Ipn 11bOMY 3MEHIIYETHCS KUIBKICTh MIIIHO COPOOBAaHUX TIIOOYI
I[II'MI" Ha HOBepXHi OKCHAHOTO IIapy, fAKi 3aJMINAIOTh Ha 3HIMKY YOpHI IITPHXH, L0 HE JAlOTh BTOPHMHHUX
€JIEKTPOHIB. XIMIYHUN aHaJi3 y SCKpaBUX TOYKaX IOKa3ye MpUCYTHICTH A0 10 % cBuHmIO. Y CipuX 30Hax i Ha
YOpPHUX IITpUXax aHali3 mokasye 100 % TuraHy, OCKIIBKHM Hi KHCEHb, Hi BYIJIEIb 3 a30TOM HE 37aTHI JaBaTé
BiquyTHHH curHan y 3acrocoBanoMy CEM. 3anoBinbHoro mosicHeHHst 3minn copouii [I'MIT Big tpuBanocTi
06pobKH pexuMoM Ne 5 omepxatn He Bhamocs. VIMOBIpHO, Iie MOB’SI3aHO 3 OLIBIIMM BIUTHBOM IMi[KIaIKH
TUTaHy Yepe3 TOHKI OKCHHI IIapy ITOPIBHSIHO 3 TOBCTIIINMH.

OnocepeqKoBaHO MiATBEPAUTH 30UTBLIEHHS TOBIIMHU INAapy MIOKCHAY THTaHy IIpU IEpexoil Bin
00poOku 2 s 1o 120 s Baanocst Ha eNeKTPOAax, sKi BUMAKOBO IOraHO BiJIMUIIH BiJl COJIi 3 BUCOKUM OCMOTHYHUM
koedimieHToM. SKIIO mMpomMHMBaTH 3pa3kuW MeHIIe ABOX Ai0 i 3MiHIOBaTH Boamy piamie, HiK 20 pasiB, TO
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METaTHTaHOBa KUCIOTa YTPUMYE €IEeKTPOIIIT, IKMIA Jajli PU CYIIiHHI eJEeKTPOJIB COpOY€E BOJIOTY i MPHUCKOPIOE
KOpO3i0 y MicIsiX po0OoiB.

Puc. 4. CEM-300pa)<eHHs IOBEpXHI TUTAaHY Micisl IMITYJIbCHO-peBepcHoi 00poOku y 6 m LiCl anogaumu +0.60
B i karomqaumu —0,050 B iMmmynbcaMu TpUBaITICTIO 1-10™ ¢ xoxeH npotsirom, ¢: 1, 3, 4—-2; 2—120.
1, 2 — nicns npomuBaHHst po3urHOM Kominiekcy cBuHIEO(I) i [ITMT'; 3, 4 — micist KOpOTKO4acHOTO
MIPOMUBAHHS y TUCTHUIILOBAHI BOJII Ta KOPO3ii Ha MOBITPI MPOTATOM ABOX Ji0.

Fig. 4. CEM images of the titanium surface after a pulse-reverse processing in 6 m LiCI with anodic +0.60 V
and cathodic -0,050 V pulses (each pulses 1-10” s) by duration: 7, 3, 4—2's; 2— 120 s.
1, 2 — after washing with the solution of the lead(I1)-PGMG complex; 3, 4 — after short-term washing
in distilled water and corrosion in air for two days.

Ha puc. 4(3) BuaHO KpHCTaIH XJIOPUIY JIITiIO, SKi BUPOCIH i/l 4ac BUCYUIYBaHHS y BaKyyMi (XiMI4HHA
aHaJi3 KpUCTally 1oKa3aB 6 % xiopy). O4eBUAHO, 1110 BOHU POCIH, MIATATYIOUH €IEKTPOIIT 13 TEMHO-CIpOi 30HH
KOpO3iiHOro yImkomkeHHs (puc. 4(4)), BKPUTOI METaTUTAHOBOIO KHCIIOTOMO (XiMiuHMI aHaii3 nokaszas 0,12 %
xJ0py). LleHTpoM i€l 30HH, BOYEBHIb, € IPOOiH MaCHBHOI ITIBKM TUTaHy. | eJIeBHIHA METaTUTAHOBA KUCIIOTA B
npo0oi 3amacana eneKTpoiT mij yac noispusanii y posunHi LiCl. Ilicist yoro BoHa jerijjpaTyBajia MpoTAroM
J00u ¥ BUTICHSUIA 3 ce0e TirpoCKOMIYHHUN eNeKTPOIIT, IKUW T0YaB ITOTJIMHATH BOJIOTY 3 MOBITPs i pO3BUBATH
KOpO3iiHMIA Npoliec B HEHTPY B pi3Hi Ooku. Ha puc. 4 He mokazaHo, ane Ha MOraHO BIIMHUTHX €JIeKTpoIax, IIo
nomsipuzyBaiii 20 s 1 120s, Takux MIMPOKUX YHIKOMKEHb HE CIIOCTEpIraliy, o BKa3ye Ha CTIHKINIy i, BiporiaHo,
TOBCTIIly TTACHBHY IUTIBKY. BapTo MaTu Ha yBas3i, 110 TOBCTIillla TACUBHA IUTIBKA O3HAYa€ OUIBIINNA IepexiqHui
oMiyHuil omip. SkicHe mpomuBaHHs npotrsiroM 2 days 3 Oinbmr HixK 20-TH pa3o0BOIO 3MIHOIO BOIHU TOBHICTIO
yCyBa€ TaKi yIIKO/KEHHSI HaBITh y BUMAAKY PEXUMY 00pOOKH IPOTATOM 2.

BUCHOBKHU

TakuM YMHOM, MOJKHA CTBEpUKYBATH, 110 BAAIOCS PO3POOUTH OpUTiHAIBHHUI METOJ ITiABUIIEHHS KOPO-
31HOI TPUBKOCTI TUTAHY IULIXOM IMITYJIbCHO-PEBEPCHOI MOAPU3aLliil Y BOJHUX PO3UMHAX EICKTPOJIITIB aHOTHHU-
Mu (+0,60 V) i katomuumu (—0.050 V) immynscamn tpuBamictio 1-107° s ympomosk 2...20 s. 36iablueHHs
KOpO31HHOI TPUBKOCTI MiATBEPIKEHO 3POCTAHHSM MOJISIPU3AL[IHHOTIO OMOPY eNEKTPOIIB 1 TX 3aTHICTIO BUTPUMY-
BaTH 0e3 3MiH ONTHYHHUX BJIIACTHBOCTEH IMOBEPXHI CTALliOHAPHY aHOAHY Nosipu3anito Ha 1...3 V Bumly, HiX 1e
MOXIIMBO Ul THTaHy Oe3 Takoi oOpoOku. Bapro Haromocutu, mio 30i7bHICHHS MOJISPH3ALiHHOTO OMOpYy He
TOTOXKHE HOTOBILEHHIO [TACHBHOI IUTIBKM H 3pOCTaHHIO HEPEXiTHOr0 OMIYHOTO OLOPY.

VIMOBipHO, 3ampoInoHOBaHMIT METOI BUKIHKAE CTPYKTYPHi 3MiHM B TOHKMX TIACHBHHX IUTIBKAX THTaHY,
TIOB’sI3aHi 3 1X YIIUIFHEHHSIM, BHACHIJIOK YOTrO 3MiHA KIHETHKHU X POCTYy CHpHs€e 301IBIICHHIO XIMIYHOTO OTMOpY
Mmatepiainy. [Toka3oBo, 110 301IbIIEHHS] KOHIEHTPALIT XJIOPUIiB y PO3UMHAX IMITYJIbCHOI 1 CTalliOHAPHOI MOJISPHU-
3allii BUSIBWIO TEHJCHIIIO 0 HiBENIOBAHHS PE3yJIbTATiB 3alPOIOHOBAHOI0 MeToAy. T00TO, MpUposa MaCHBHUX
mapiB KapAuHaIbHO He 3MiHIoeThcss. CEM-300pakeHHs, y T.4. HACHiAKIB KOPO3il 3 TOHKUMH JIOKJILHHMU TUTiB-
KaM{ PO3YMHIB XJIOPUIB, MiATBEPIUIN YTBOPSHHS TOHKHX YINIIBHEHHX NACHUBHHX IIAapiB BHACIIOK 3aCTOCY-
BaHHS 3aIIPOIIOHOBAHOTO METOAY 0 TUTAHOBHUX ENICKTPOJIIB.
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