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B paHHOM paboTe 6bL10 UCC/IE[0BAHO KOPPO3MOHHOE noBegeHue cnnaea TiNi B KpyrnHO3epHUCTOM
M yNIbTPaMesIKo3epPHUCTOM COCTOSIHUAIX B HEOPraHU4eckux cpepax. Mosy4yeHbl faHHbIE O MUKPOCTPYKTYype
cnnaBa TiNi nocie KOPPO3MOHHLIX WCMbITAaHUIA TPaBUMETPUYECKMM MeToAoM. WMccnepoBaHue
B aKTUBHbIX 3JIeKTPO/IMTaX MOKa3aso, YTO pacTBOpeHue HUKeNupa TUTaHa B CrJiaBe C ayCTeHUTHOM
CTPYKTYypoOM obsieryaercs. Boicokas akTUBHOCTb HUKeIUAA TUTaHa C y/IbTPaMesIko3epHUCTOM CTPYKTYPOM
06bsACHAETCA TeM, YTO CMJIaB MMeeT MeHbLUUA pa3Mmep 3epHa U 60/blyI0 AJIMHY FPaHuL, a Takxe
BbICOKYO MJIOTHOCTb ANC/IOKALLMIA MO rpaHUL,AM.

This work deals with the corrosion behavior of the TiNi alloy in the coarse-grained and ultrafine-
grained states in inorganic media. Data on the microstructure of the TiNi alloy were obtained after
corrosion tests by the gravimetric method. Research in active electrolytes has shown that the
dissolution of titanium nickelide in the austenitic structure alloy is facilitated. The high activity of
ultra-fine grained titanium nickelide is due to the smaller grain size of alloy and longer boundary
lengths as well as a high density of dislocations along the boundaries.

BBEAEHUE CIIJIABBL Ha OCHOBE THTAaHa M HUKeI - CIiyiaBbl NiTi.

B nocsieiHMe eCSTUIETHS ObLIH CO3/IaHBI MaTepHaIbl
C YyIbTpaMeJIKO3epPHUCTOU CTPYKTYPOH C pa3Mepom
3epHa 100-300 HM, KOTOpble 00amAIOT YHUKAIb"
HOH CTPYKTYPOH U CBOMCTBAMH, U3MeHSIOT QyHIA-
MeHTaJIbHble XapaKTePUCTUKH, TAKHUE KaK TeMIlepa-
Typsl Jebas u Kiopy, HaMarHU4YeHHOCTb HaChIIIe-
HHSA U T.[. MaTtepHasl ¢ 3¢PpekToM HaMATH GOpMBI
(3I1®) y>ke HAIJIM IIHPOKOe IIPUMeHeHHe B MeJU-
LMHe B KayeCTBe MMIIJIAHTHPYEMBIX B OpraHU3M
MaTepHaJIoB C AJIUTeIBHBIM CPOKOM CITY>KObI. OCO6BIM
KJIACCOM CIIJIAaBOB C MaMATbI0 GOPMBI ABISIOTCH

[lnanasoH UX IPUMeHEHHS 3aBUCUT OT TeMIlepa-
TYphl MAapTeHCUTHOTO IIPeBpallleHUsI U MeXaHHYe-
CKHX CBOMCTB. OHU 00/1aaI0T BEICOKUMHU YIIPYTHUMH
CBOMICTBAMHU, CIIOCOOHBI U3MEHSTH CBOIO POPMY IIpH
HM3MeHeHUH TeMIIepPaTypbl K He Pa3pyllaloTcs B yCI0-
BUSIX 3HaKOIlepeMeHHOI Harpys3ku. ®a3oBsle mepe-
XOJ bl B TAKUX CI/IaBaX XapaKTePHU3YIOTCS IHPOKUM
THCTePe3uCcoM U OOIBIINM HHTEPBAJIOM TeMIIEpPaTyp,
B KOTOPOM MaTepHaJl NPosiBiseT 3pPeKThl NaMITH
dopMel U cBepxymnpyrocTtu [1-8]. BuoxuMHuUecKas
COBMECTUMOCTb QHU3UOTOTHUYECKUX KUIKOCTEHN
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K1 MeTa/UIM4eCKUX UMIIJIAHTATOB BO MHOTOM OIlpe-
Je/nsieTcs 3MeKTPOXUMHUYeCKUM B3aHMOJelCTBHeM
MeXy HIMHU, KOTOpPoe 06BIYHO IIPUBOAUT K IIePEeHOCY
MOHOB MeTaJIJIOB B TKaHeBble JKUJKOCTH. B 3TOM ciy-
Yae MMILIAHT MOKET TaKyKe COepsKaTh TS KeJlble 3J1e-
MEHTBI, TOKCHYHBIe IJIS1 OpraHu3Ma. OfHaKo OLleHUTh
OHMOXMMHUYECKYI0 COBMECTHMOCTbD 10 KOHLIEHTPALU K
TOKCHYHBIX 3/1eMeHTOB HeBO3MOKHO, 0COBeHHO ec/u
KX BBeJleHHe B COCTaB UMIIIAHTATa IIPUBOJUT K 3Ha-
YHTEeTbHOMY IOBBIIIEHUIO €r0 KOPPO3HOHHOMU CTOH-
KocTH [9-23]. IIoCKOJIBKY KOPPO3HOHHBIE CBOMCTBA
MMIIJIAHTATA SIBJISI0TCS Ba)KHEHMIITM MU [TIOKa3aTeIsSIMH
OHMOXHMMHUYeCKON COBMECTUMOCTH, HEOOXOAHUMO yUH-
ThIBaTh KaK IIPSIMble KOPPO3HOHHBIe IIPOLeCCHI, CBS-
3aHHBbIe C [IePeX0J0M HOHOB Yepe3 IpaHuIly pasfena,
TaK U peakIUH, IIPUBOASIIHE K 00pa30BaHHUIO IIJIOXO
IIPOBOASIIMX 3aIIUTHBIX IIJIEHOK. KaK paBHJIO, TaKHe
3aIUTHBIE IIJIEHKH 33IeP’KUBAIOT BEIOPOC TOKCHUHBIX
HMOHOB B TKaHb, B pe3yjbTaTe 4yero MMIIAHT, COAepsKa-
M TOKCUYHBIE 37IeMeHTHI, c71abo B3aMOJeHCTBYeT
C OKPY>KAIOIIKMMHK TKAHAMH U CTAaHOBUTCS IIPAKTH-
YeCKH MHEePTHHIM I10 OTHOIIEHHIO K 6H0JIOrHYeCKUM
cpemam.

Koppo3roHHas CTOMKOCTb BO MHOIOM OITPeZeIsieTCst
cTereHbio IepeKTHOCTH MaTepHasa U 0CO6eHHOCTIMU
ero MMIIJIAHTAllUK B OPTaHHU3M YeJIoBeKa KaK OJHOr0
13 Haubosee aKTHBHBIX HOCHTeIEl arpecCUBHBIX CPefl
[15-20]. TRaHU - ca0KHas OHMoOIOrHUecKas CUCTeMa,
KOTOpas pearvpyeT Ha BBeZleHUe MMIIJIAHTATa U3MeHe-
HHeM COOCTBEHHOM CTPYKTYPBI BIJIOTb 0 GH3HUECKOr0
M MeXaHHYeCKOro paspylleHus. [I03ToMy BasKHO 3HATh
0c06eHHOCTH KOPPO3HOHHOTO IIOBeJeHH I, BIUSIOIIHe

Ha 6I/IOXI/IMI/I‘-IECKYIO Hu 6HOMEX3HI/I‘-IGCKYIO COBMECTH"
MOCTb C TKaHSIMH OpPraHH3MaA. KpOMe TOTr'0, BA>KHO
3HaTb KOPPO3HMOHHOE II0OBeIeHHE MaTepHaJjld B pa3/IU4-
HBIX CpeaX, B KOTOPbIX ﬂaHHbII;I MaTepHal MOXKeT OBbITH
HCIIOJ/IB30BaH.

METO/AbI NCCNEAOBAHUA

B KauecTBe MaTepHasla UCCIeI0BaHU I ObL1 BBIOPaH JBYX-
KOMIIOHEHTHBIM CIUIaB: CIUIaB Tiyg;Nisy o, AMEIOIIUN
[IpY KOMHaTHOM TeMIlepaType CTPyKTypy B2 aycTeHuUTa,
¢ OLIK penterkor Tumna CsCl. [l 06pa3oBaHMs TBEPAOLO
pacTBopa Ha ocHoBe TiNi K HUCK/IIOUeHHU S IPeAbICTOPUH
oJTyueHHU s MaTepHasla CIIJIaB 3aKaJKMBaIX U3 061acTH
romoreHHocTH (0T 800 °C) B Bozle. CpeIHHI pa3Mep 3epHa
3aKaJIeHHOro CrutaBa cocTaBiisaa 200 Mrm. st GopMu-
POBaHHS yIbTPaMeNIKO3epHUCTON (YM3) CTPYKTY P
criaB TiNi 6bL1 TOABEPrHYT BOCBMH IIUKJIAM I10 MApII-
pyTy Bc mpu Temnepatype 400 °C [24-25]. [l BbIsIBIIe-
HUMSI MUKPOCTPYKTYPbl HCXOJHOI0 HUKe/IHJa TUTaHa
KCIIOIb30BaJIM TPaBUTe/Ib CIeAYIOLIero coctaBa: 60%
H,0 + 35% HNO;+5% HF. HccnegoBaHre MUKPOCTPYK-
TYPbl IIPOBOJMJIOCH HA OITHYECKOM MeTajjIorpadu-
JeckoM MHuKpockorie OLYMPUS GX51, a TaksKe € IIOMO-
IIbIO CKAHU PYIOIek 3/IeKTPOHHON MUKPOCKoIKHK (COM)
JEOL JSM-6490LV, HHBepTHUPOBAaHHBIM MHKPOCKOII
AXIO OBSERVER Z1M B pe;kHMMe TeMHOT0 I10J15 (uccie-
TOBAHUSI ITPOBOAIMIIKCH B IADOPaTOPUH QU3UKU TBEP-
zoro teja MHCTUTYTa GU3UKH MOJIEKY/I U KPUCTA/IJIOB
Yormcroro penepaabHOro MCC/IeL0BaTeIbCKOro eHTpa
PocCHICKON akaJeMHH HayK). Ilepell UCIIBITAHUSIMU
Ipe/iBapUTe/IbHO IPUTOTOB/IEHHBIE 06pa3Libl B3BEIlH-
Ba/IM Ha aHAJTUTUYeCKUX Becax, 06pa3Libl IoMelaam

INTRODUCTION

In recent decades, ultrafine
grained materials with a grain
size of 100-300 nm have been
developed, which have unique
structures and properties that
modify fundamental characteris-
tics such as Debye and Curie tem-
peratures, saturation of magne-
tisation, etc. Materials with a
shape memory effect (SME) are
already widely used in medi-
cine as the implantable materi-
als with long operating lifetime.
The alloys based on titanium and
nickel (NiTi alloys) make a spe-
cial class of shape memory alloys.
The range of their applications

depends on the martensitic trans-
formation temperature and the
mechanical properties. They have
high elastic properties, are able to
change their shape with changes
in temperature and will not frac-
ture under alternating loads.
Phase transitions in these alloys
are characterised by broad hyster-
esis and a large temperature range
in which the material exhibits
shape memory and superelasticity
effects [1-8]. Biochemical compat-
ibility of physiological fluids and
metal implants is largely deter-
mined by the electrochemical
interaction between them, which
usually results in the transfer of

metal ions into the tissue fluids.
In this case, an implant may also
contain heavy elements that are
toxic to an organism. However, it
is not possible to assess biochem-
ical compatibility by the concen-
tration of toxic elements, espe-
cially if their incorporation into
the implant leads to a significant
increase in its corrosion resistance
[9-23]. Since the corrosion proper-
ties of the implant are the most
important indicators of biocom-
patibility, both direct corrosion
processes involving transition of
ions across the interface and reac-
tions leading to formation of low
conductive protective films must
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Tabauua 1. Ckopocmb Koppo3uu cnaaga Tiag 1Nis, g 8 pazauyHbix
3NeKmpoAumax
Table1. Corrosion rate of Tiyg,Nisq o alloy in different electrolytes

PactBOpbI
Solutions

CKOpOCTb KOppO3uu, r/m?- 4
Corrosion rate, g/m2- h

K3|CG YM3 | UFG
3% Nacl 4,72-10°5 521075
TMHQl 1,041-10 1215-107
5M HCl 5,38 -
1M H,50, 52107 6,80-107
5M H,SO, 9,805 -

B 9KCHKATOP, IJle HCIBITyeMbIN obpa3el] KOHTaKTH-
POBaJI C arpecCMBHOU Cpefor IpH TeMIepatype 25 °C.
O6pas3Libl [TOMeIIA/IH B PACTBOP Ha OIlpefie/IeHHOe BpeMs
10 IIOSIBJIEH U S 3aMeTHBIX CJIe/I0B KOPPO3UH. [Tocyie UCIIbI-
TaHHUN 00pa3nbl IPOMBIBAIN BOLOM, obpabaThiBaIn
CIIMPTOM, CYIIM/IH 1 B3BelIMBATH HAa AaHATUTHYECKUX
Becax. CKOPOCTh KOPPO3UHU OIpefie/IsiIu TPaBUMeTPHU-
YeCKUM MeTOZIOM. I1ocie BbIIepsKKH 06pasIibl JOBOLHIIH
10 IIOCTOSTHHOT'O Beca M U3MePSUIH IT0TepIo Beca. OLIeHKY
CKOPOCTH KOPPO3UH ITPOBOIUIIH IT10 OpMYJIe:

V=(m, m)/St @D

rge m, - Macca obpasua g0 KOPPO3MOHHBIX HCIIBITA-
HHM; M - Macca obpasia 11ocie KOppO3HOHHBIX HCIIBI-
TaHUH; S - IIomaab 06pasia; t -~ BpeMst KOpPPO3HOHHBIX
HCIBITAHUH.

PE3Y/IbTATDI

['paBHUMeTpHUYECKUM MeTofoM Obla OlleHeHa CKOPOCTh
KOppO3HH crutaBa Tiyg;Nisy g B KPYITHO3EPHHUCTOM H YJIb-
TPaMeJIKO3ePHHUCTOM COCTOSIHUSIX. B Tab/1.1 mprBeeHbl
3Ha4eHHU S CKOPOCTeH KOPPO3HH B PACTBOPaX Pa3TMYHBIX
3/IeKTPOJIUTOB,

HccnemoBaHue KOPPO3UH CILIaBa B 3% HOM pacTBope
XJIOpHJa HaTpHs [10Ka3ajo, YTO CKOPOCTh KOPPO3UH
YM3 B 1,1 pa3a npesslillaeT CKOPOCTh KOPPO3UH CIIJIaBa
c K3-cTpykTypoii. B 6oree arpecCHBHON KOPPO3HOHHOM
cpene (1 M HC]) ckopocTs Koppo3suu criiaBa TiNi B ynsrpa-
MeJIKO3ePHHCTOM COCTOSSHUHM BBIIIE, YeM B KPYITHO3ep-
HUCTOM - B 1,2 pa3a. [ToBblllIeHHe MOJISIPHOCTH (KOHLIEH-
Tpauuu) pactBopa o 5 M HCl moka3saro, 4To CKOpocTh
KOPPO3UH B YIBTPaMe/IKO3ePHHUCTOM COCTOSIHUHU IIOBBI-
CHJIACh B Pa3bl, IIOCKOJIBKY I10C/IE BRIAEPKKH B JaHHOM
pacTBope obpa3ser; B YM3-COCTOSSHHUH MOTHOCTBIO Pac-
TBOPHJICS 10 CPABHEHHUIO € 06pa3noM B K3-cocTOSHUH.
Ob6o6b1as ony4eHHble JaHHbIe, MOSKHO CIe/IaTh BBIBOZ
0 TOM, 4TO B aIPeCCUBHBIX CPe/laxX CIJIAB CO CTPYKTYPOH
YM3 KoppoaupyeT c 60/1bller CKOPOCTBIO, UeM CILIAB CO
CTPyKTypol K3, 4To CBSI3aHO C pa3HOM KOHIIeHTpallien
CTPYKTYPHBIX fleGeKTOB M 3HAYHUTe/IbHO Pa3HULIEH ITPO-
TSKeHHOCTH [PaHML] 3ePeH.

AHaloru4HoOe NoBefleHHe HabnlofaeTcs B cep-
HOM KHCJIOTe pa3sHbIX KOHIIeHTpaluK. [Ipu Bcex 3Ha-
YeHU X KOHIeHTPALlMU CePHOM KHCJIOThI CKOPOCTh

be considered. Typically, these
protective films inhibit the release
of toxic ions into a tissue, with the
result that the implant containing
the toxic elements poorly interacts
with the surrounding tissue and
becomes virtually inert in rela-
tion to biological environment.
Corrosion resistance is largely
determined by the degree of defec-
tiveness of the material and the
characteristics of its implanta-
tion as one of the most active car-
riers of aggressive media [15-20].
Tissues present a complex biologi-
cal system that reacts to introduc-
tion of an implant by changing its
own structure up to and including

physical and mechanical destruc-
tion. Therefore, it is important
to know the corrosion behaviour
that affects the biochemical and
biomechanical compatibility with
the body tissues. In addition, it is
important to know the corrosion
behaviour of the material in vari-
ous media where the material can
be used.

RESEARCH METHODS

A two-component alloy was chosen
as the material of study: Tiyg;Nisg 9
alloy, which has a B2 austen-
ite structure at room tempera-
ture, with a CsCl-type BCC lattice.
The alloy was quenched from the
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homogeneity region (from 800 °C)
into water to form a TiNi-based
solid solution and to eliminate
the precursor of the material. The
average grain size of the quenched
alloy was 200 pm. The TiNi alloy
was subjected to 8 cycles of the Bc
route at 400 °C to form an ultra-
fine grain size (UFQ) structure
[24-25]. An etchant of the follow-
ing composition was used to reveal
the microstructure of the origi-
nal titanium nickelide: 60% H,0 +
35% HNO; +5% HF. The microstruc-
ture was examined with the aid of
an optical metallographic micro-
scope OLYMPUS GX51, as well as
by scanning electron microscopy
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Puc.1. ®omozpaguu nosepxHocmu 06pasu0e cnaagd Tiyg Nis, o 00 KOPPO3UOHHBIX UCNBIMAHUU: d — KPYNHO3epHUCMOe COCMOSIHUE;

Fig.1. Photographs of the surface of Ti,g ;Nis, o alloy samples before corrosion tests: a - coarse-grained state; b - ultrafine-grained

State

Ha puc.2 npencTaBieHsl CTPYKTYPhl IOBEPXHOCTHU

KOPPO3MH HHUKeIHJa THTaHa ¢ YM3-CTpyKTypou
BhIIIE, YeM € K3-cTpyKkTypou. B 5 M pacTBope cepHOU
KHUCJIOTe 06pa3iibl CIIJIaBa C YIbTPaMeTKO3ePHUCTOM
CTPYKTYPOK IIOJIHOCTBIO PACTBOPHUJIMCh Yepe3 Tpoe
CYTOK IIpPOBeJeHHUs HCCIelOBaHUL, B TO BpeMs KaK
06pa31ibl B KPYITHO3€PHUCTOM COCTOSIHHUU ITOJTHOCTBIO
KOPPOAHPOBA/IH 3a 15 CyTOK ITpOBe/leHH S UCIIBITAHUH.
TemM caMBIM CKOPOCTH KOPPO3HUU B YM3-COCTOSIHHU
Ha HeCKOJIbKO IIOPSI/IKOB BhIIIe CKOPOCTH KOPPO3UH
B K3-cocTogaHUH.

Ha puc.l npencTaBieHa oITHYeCKasi MUKPOCKOIIHS
MI0BEPXHOCTH 06pas31oB critaBa Tigg ;Nis o B KpyIIHO3ep-
HHCTOM U Y/IBTPaMe/IKO3€PHHUCTOM COCTOSTHHSIX.

06pa3LIoB CIIJIaBa B KPYITHO3ePHUCTOM U Y/IBTPaMeJIKO-
3ePHUCTOM COCTOSHHUSAX IOC/Ie KOPPO3HOHHBIX MCIIbI-
TaHUM B pactBope 1 M H,SO,. IIpy faHHOM KOHIIEHTpa-
LIMH PacTBopa He Hab/IogaeTcsi 3aMeTHBIX KOPPO3HOH-
HBIX [IOBPesK/IeHU, Ha [I0BEPXHOCTH 006pa3LioB HMeIOTCS
JIMIIB IIPOAYKTHL KOPPO3U K KaK B KPYIIHO3€PHUCTOM, TaK
U Y/IBTPAMEJIKO3epHHCTOM COCTOSHUH.

KopposuonHsle uctisITaHus B 1 M HCl Takske He mIpu-
BOJST K [TOBPeKJeHHUI0 06pa3LoB, COITPOBOXKIAIOIIEMYCSI
He3HauHTe/IbHOH ITO0Teper Macchl 06pasLoB, Ha IIOBEPX-
HOCTH Hab/II0Jal0TCs MPOAYKTH KOPPO3UH; B Cllydae
y/IBTPaMeIKO3ePHUCTOI0 COCTOSIHUS 0bbeMHas 10714

(SEM) JEOL JSM-6490LV, inverted
microscope AXIO OBSERVER Z1IM
in dark field mode (research was
conducted in the laboratory of
solid state physics of Institute of
molecular and crystal physics of
Ufa Federal Research Center of
Russian Academy of Sciences).
Before testing, the preliminary
prepared samples were weighed
on an analytical scale and then
placed in a desiccator where the
test sample came into contact
with the corrosive medium at a
temperature of 25 °C. The sam-
ples were placed in a solution
for a specified time until visible
signs of corrosion appeared. After

testing the samples were washed
with water, treated with alcohol,
dried and weighed on an analyt-
ical scale. The rate of corrosion
was determined by gravimetric
method. After exposure the sam-
ples were brought to a constant
weight and the weight loss was
measured. The corrosion rate was
estimated using the formula:

V= (m,-m)/St oy

where m, is the weight of the
sample before corrosion testing,
m is the mass of the sample after
corrosion testing, S is the sample
area, tis the corrosion test time.

RESULTS

The corrosion rate of Tiyg ;Nis g
alloy in the coarse-grained and
ultrafine-grained states was esti-
mated by the gravimetric method.
Table 1 shows the corrosion rates in
various electrolyte solutions.

A study of corrosion of the alloy
in 3% sodium chloride showed
that the corrosion rate of UFGis 1.1
times higher than the corrosion
rate of the alloy with CG structure.
In a more aggressive corrosive envi-
ronment (1 M HCl) corrosion rate
of TiNi alloy in ultrafine-grained
state is 1.2 times higher than in
coarse-grained state. Increasing
the molarity (concentration) of the
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Puc.2. ®omozpaguu nosepxHocmu 06pasu,os cnaasa Ti49,1Ni5019, NOAY4eHHbIX C NOMO-
wbto COM (a, ¢) u uHeepmuUpo8aHHO20 Mukpockona (memHoe noae) (b, d) e pacmeope 1 M
H,SO,: a, b- kpynHo3epHucmoe cocmosiHue; ¢, d — yibmpameAko3epHUCmoe coCmosiHue
Fig.2. Photographs of the surface of Tiyq ;Nis,, oalloy samples obtained using SEM (a, c)
and an inverted microscope (dark field) (b, d) in a solution of 1 M H,SO,: a, b - coarse-
grained state; c, d - ultrafine-grained state

50 MKM | pm

50 MKM | pm
=¥

" SOMKM{um:, 17:49 SEI

Puc.3. ®omozpaguu nosepxHocmu 06pazyoe cnaagad Tiyg ;Nisy o, N0AYYEHHBIX C NO-
mouybto CIM (a, ¢) u uHeepmuposaHHo20 mukpockona (mem+oe nose) (b, d) 8 pac-
maope 1 M HCl: a, b - kpynHo3epHUCmoe cocmosiHue; ¢, d — yabmpameAKo3epHUCMOoe
cocmosHue

Fig.3. Photographs of the surface of Ti,g ;Nis,, o alloy samples obtained using SEM (a, c)
and an inverted microscope (dark field) (b, d) in 1 M HCl solution: a, b - coarse-grained
state; ¢, d - ultrafine-grained state
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Gonblle, yeM B KPYIIHO3€PHHUCTOM
COCTOSIHMH, B TO XK€ BpeMs OHH
boslee paBHOMEPHO pacIpe/ie/ieHbl
I10 [IOBEPXHOCTH (pHC.3).

Hccnemosanus B 3% NaCl moka-
3a/IM, 4TO II0 CPAaBHEHUIO C HCIIBI-
TaHUSIMH B PacTBOpPax KHCJIOT,
HabmomaeTcsl MeHbIllee KOIHYe-
CTBO IIPOJyKTOB KOPPO3uH (puC.4).
IIpx 3TOM B CTPYKType CIlJIaBa
BBIJIEJISIIOTCS 06/1aCTH Pa3IMYHOIO
KOHTPACTa, 06/1aCTHU B yIbTpaMe-
KO3epPHHCTOM COCTOSIHUH HMeEIOT
pasmep mopsanka 200+£20 MKM
(puc.4c), B KPYyIHO3ePHHUCTOM
COCTOSTHUU — 0K00 400+£30 MKM
(puc.4a).

HccnemoBaHUs 06pasLoB IoCyIe
KOPPO3HOHHBIX UCIBITAHUU B 5 M
HCl Ha UTHBEPTUPOBAHHOM MUKPO-
cxore (puc.5b, ¢) mo3BoxuIH ompe-
JOeTHUTh XapaKkTep KOPPO3HOHHBIX
MIOBPEXXJeHU M. B c/ly4dae KpyIniHO3ep-
HUCTOTO COCTOSTHHUS HabMI0MAI0TCs
r1y6oKkHe NUTTUHTH, 3aHUMaIoIIHe
bosee 50% roBepxHOCTH obpasia,
B y/IBTPaMe/IKO3ePHHUCTOM COCTOSI-
HHH OLIEHUTL CTPYKTYPY U II0BEPX-
HOCTb He IIPeJICTaB/IsIeTCsI BO3MOXK-
HBIM (IIOCKOJBKY pacCTBOpeHHe
00pa3LIoB IIPOK30III/IO PaHbIIIe OKOH-
YaHHS CPOKA KOPPO3HOHHBIX HCIIBI-
TaHUH). Mcce[oBaHUS C UCIIONIB30-
BaHHeM CKaHHUPYIOIIeH 3/1eKTPOH-
HOM MHKPOCKOIIMH TaK>Ke I103BO-
JIUJIU OLIeHUTb CPefHUU pa3Mep
U IIyOHHY SM IUTTUHTOBOM KOP-
PO3HH B KPYyIIHO3epPHHCTOM COCTOSI-
HUU (puc.5a). CpeiHUN pa3Mep sIM
cocrapsiser 0koso 100 10 MKM.

OBCY)XXAEHUE

CpaBHeHHe 3HaUeHHUN CKOPOCTeM
KOPPO3HH B Pa3IMYHBIX 3JIEKTPO-
JMTaX [0Ka3aJo, YTO [JIs CIlIaBa
Tiyg 1Nisg 9 cO cTpyKTYypoH K3 pac-
TBOPpeHHEe B CEePHOMU KHCJIOTEe
B 4,9 pasa Bhlllle, YeM B COJISIHOM
B KMCJIOTe, [/ HUKe/IHUAa TUTaHa
¢ YM3-cTpyKTypox - B 5,6 pas.
Bricokass aKTHUBHOCTb HHKE-
JIHUAA TUTaHA ¢ YM3-CTpyKTypou
06BsICHSIeTCS 3HAYHUTENIBHBIM
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yMeHbIIeHHeM pa3Mepa 3epeH
1 60JIBIION MPOTSSKeHHOCTBIO Ipa-
HUII, a TaK>XXe BBICOKOM IIJIOTHO-
CTBIO JUCIOKALUK 110 FPaHULIAM
3epeH, UTO B COBOKYIIHOCTH IIPHUBO-
OUT K YCKOPEHUIO IIPOLIeCCOB pac-
TBOPeHM S IIPU B3aUMOMAEHNCTBUU
C aKTHBallMelN BHeIIHero HOCH-
Tesis. IIoBbIIIeHHe KOHIIeHTPaIlu1
pacTBopa IPUBOAUT K 3HAUUTE/Ib-
HOMY YCKOpPEeHHIO [IPOLIeCCOB KOPPo-
3uu B crutase Tiyg ;Nigg o € 601bmmMm
comep>kaHueM Ni, B ToM uucje
[0 TIOJIHOIO PacTBOPeHHs ob6pas-
0B (5 M H,SO, - KpyIIHO3epHHUCTOe,
yAbTPaMeIKO3epPHUCTOe COCTOS-
Hus; 5 M HCI - ynsTpamenkosep-
HHCTOe COCTOSIHHe). BBISIB/IeHO, YTO
pacTBOpEl 1 M cepHOM U CONSHOU
KHCJIOT I10CTIe MeCSTUHOM BBIJIEP’KKHU
He U3MeHSIOTCS 110 I1BeTy, M KaKHX-
nubo BeIIeTIeHUH He 06HapysKeHO,
B TO BpeMsI KaK PacTBOPEL 5 M costs-
HOM U CEPHOI KUC/IOTBI IIpHobpenu
droneToBylo, a 3aTeM 3eJleHYIO
OKPacKy, 4To 06yC/I0B/IeHO ITPeUMY-
I[eCTBEHHBIM BblIJle/leHHeM HOHOB
TUTaHa (+4) U HUKend (+2).

ITpowecc pacTBopeHus crutaBa Tiyg ;Nisy g B pacTBOpax
KHUCJIOT NP 60NBIINX KOHLIEHTPALIUSX UeT I10 MexXa-
HU3MY IUTTUHI006Pa30BaHMS, YTO MOATBEPKIAIOT
NpHBeJeHHble OTOrpadur MHUKPOCTPYKTYP.

solution to 5 M HCl showed that
the corrosion rate in the ultrafine
grained state increased manifold,
since after soaking in this solu-
tion the sample in the UFG state
was dissolved completely compared
to the sample in the CGC state.
Summarizing the data obtained,
it can be concluded that in aggres-
sive media the alloy with UFGC
structure corrodes at a higher rate
than the alloy with CG structure
due to the different concentration
of structural defects and the sig-
nificant difference in the extent of
grain boundaries. Similar behav-
iour is observed in sulphuric acid
at different concentrations. At all

X100 100Mkm|pm 2050 SEl
[

18 50 SEI

x100 100 MKM | gm
Tt

20 mKM | fim
=

50 MKM |4m

—

Puc.4. ®omozpaguu nosepxHocmu 06pazy08 cnaasa Tiyg 1Nisg o, NOAYHEHHBIX C NO-
mouibto COM (a, ¢) u uHeepmuposaHHozo mukpockona (memHoe noae) (b, d) e pac-
meope 3% NaCl: a, b - kpynHozepHucmoe cocmosiHue; ¢, d — yAbmpamenko3epHuUcmoe

cocmosiHue

Fig.4. Photographs of the surface of Tiyq ;Nis, o alloy samples obtained using SEM (a, c)
and an inverted microscope (dark field) (b, d) in a 3% NaCl solution: a, b - coarse-grained

state; ¢, d - ultrafine-grained state

BbIBO/bl

values of sulphuric acid concen-
tration, the corrosion rate of tita-
nium nickelide with UFG struc-
ture is higher than that with CG
structure. In 5 M sulphuric acid
solution, the samples of ultra-fine
grained alloy completely dissolved
after 3 days of testing, while the
samples in coarse grained state
completely corroded by 15 days of
testing. Thus the corrosion rate in
the UFG state is several orders of
magnitude higher than the corro-
sion rate in the CG state.

Figure 1 shows optical microscopy
of the surface of Ti,Nis, o alloy
samples in the coarse-grained and
ultrafine grained states.

HccnenoBaHU roKasaliu, 4yTo B YIbTPaMEJIKO3E€PpHH-
CTOM COCTOSSHHHM KOPPO3HOHHO€ PACTBOPEHHE ITPOKC
XOOHT ropa3fo HHTEeHCHUBHeE, 9eM B KPYITHO3€pHHCTOM

Figure 2 shows the surface struc-
tures of coarse- and ultrafine-
grained alloy specimens after cor-
rosion testing in 1 M H,SO, solu-
tion. At this solution concentra-
tion no visible corrosion damage is
observed, except for corrosion prod-
ucts in both coarse and ultrafine
grained states on the surface of the
samples.

Corrosion tests in 1 M HCl also
do not result in damage to the
specimens, accompanied by a
slight loss of specimen mass.
Corrosion products are observed
on the surface; in the ultrafine
grained state the volume frac-
tion is higher than in the coarse
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Puc.5. ®omoezpaduu nosepxHocmu 06pazuos cnaasd Tiyg 1 Nisg o, N0AYHEHHBIX € NOMOUbI0 CIM (a) u UHBEPMUPOBAHHO20 MUKPO-
ckona (mem+oe none) (b, c) 8 pacmsope 5 M HCl 8 KpynHo3epHUCMOM COCMOSHUL

Fig.5. Photographs of the surface of Tiyg ;Nis, o alloy samples obtained using SEM (a) and an inverted microscope (dark field) (b, ¢) in a
solution of 5 M HCl in a coarse-grained state
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DISCUSSION

Comparison of corrosion rates in
various electrolytes has shown that
for Tiyg ;Nisy o alloy with CG struc-
ture the dissolution rate in sulph-
uric acid is 4.9 times higher than
that in hydrochloric acid, and for
titanium nickelide with UFG struc-
ture it is 5.6 times higher. High
activity of titanium nickelide with
UFG structure is explained by the
significant reduction in grain size
and the large extent of boundaries
as well as by the high density of dis-
locations on the grain boundaries,
which together lead to accelerated
dissolution processes in interaction
with the activation of the external
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carrier. Increasing the solution
concentration leads to a signifi-
cant acceleration of corrosion pro-
cesses in TiygNis, ¢ alloy with high
Ni content up to complete dissolu-
tion of samples (5 M H,SO, - coarse-
grained, ultrafine grained state;
5 M HCI - ultrafine grained state).
It was found that 1 M sulfuric acid
and hydrochloric acid solutions
after one month exposure did not
change colour and did not show any
precipitation, while 5 M hydrochlo-
ric acid and sulfuric acid solutions
turned purple and then green,
which is due to the predominant
release of titanium ions (+4) and
nickel ions (+2).

The process of dissolution of
Tigg ;Nisg ¢ alloy in acid solutions
at high concentrations follows the
mechanism of pitting, which is
confirmed by the above mentioned
photos of microstructures.

CONCLUSIONS

Studies have shown that corro-
sion dissolution is much more
intense in the ultrafine grained
state than in the coarse-grained
state. Increasing the concentra-
tion of solutions leads to a sig-
nificant growth of the corro-
sion rate, up to complete disso-
lution of samples. The dissolu-
tion process of TiygNis o alloy in

acid solutions at high concentra-
tions follows the mechanism of
pitting.
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