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INFLUENCE OF METHODS OF THERMOCHEMICAL TREATMENT
ON THE STRUCTURE AND SURFACE PROPERTIES OF TITANIUM

The effect of thermochemical treatment of Ti samples of VT-0 grade, used in particular in the
manufacture of containers for storage of radioactive waste, on the structure and surface properties was
studied. The following methods were used in the processing with B-medium: in powders, in the coating,
and combined with an aqueous electrolyte solution provided the microhardness of 15.24-10.06 GPa
within the 20 pm layer. In the 50 pm layer, obtained by treatment in powders, it ranges from 14.13
GPa to 7.95 GPa. The Ti oxides Ti,O3, TiO are present in diffusion layer of the samples, along with
TiB, Ti;B,, and in a smaller quantity TiB,. In this case, there is the competitive nature of formation of
B and O phases. The diffusion layer, which is obtained by plasma treatment in electrolyte, includes
nanosized fine dispersed Ti boride phases at grain boundaries. Studies of radiation-absorbing ability of
samples show that it depends on the Ti treatment method. Maximum absorbance is observed at the
combined method. Production of wear-resistant coatings on Ti, which include Ti-B-, O-Ti-B-containing
phases, is a way to raise safety and reliability of nuclear power systems for various purposes.
Keywords:  thermochemical treatment, microhardness, diffusion layer, titanium borides, radiation
absorbance.

JocainzkeHo BILIMB XiMiko-TepmiuHOi 00pooku 3pa3kiB Ti cniasiB mapku BT-0, mo nommpena,
30KpeMa, Yy BHPOOHMUTBI KOHTeliHepiB 1Js1 30epiraHHsl pafioakTHMBHHX BiAX0liB, Ha CTPYKTYpy i
BJIacTHBOCTI nMoBepxHi. CrocoOu ix 00podku B cepeoBUIL, 10 MiCTHTL 00p, Oy/1M Taki: y mMopomKax,
o0Ma3Kax i KOMOIHOBaHHM 3 PO3YHHAMU €JIEKTPOJIITY, 0 3a0e3neyyBaB MikporBepaicTb 15,24 -10,06
I'lla B mapi g0 20 mxm. MikporBepaicTh mapy riauouHow a0 50 MKM, OTPHMAaHOro 00pPOGKOI B
nopomkax, koaupaerbes Bin 14,13 I'lla go 7,95 I'lla. Y audysiiinomy mapi Takux 3paskis nopsaja 3
TiB, Ti;B, i, B menuiii mipi, TiB,, npucytHi okcumu tutany TiO;3, TiO. Tyr MaeMo KOHKypeHTHHIT
XapakTep yTBOpPeHHs 0opuaHuX i okcnaHux (pas3. EgextposiTHa mia3ma crBoproe audysiiinmii map i3
HaHOpPO3MipHMMHU JpioHonucnepcHumu  ¢azamu  GopuaiB Ti mo mexkax 3epen. [lociimkeHHst
NMOTJIHHAHHA pajianii 3pa3skamMu MOKa3a/IH, 110 BOHO 3aJIe:KHTh BiJ cnocody ix 00podku. KomOinoBanuii
crmocid AaB MaKCHMAJIbHY CHEKTPAJbHY MOIJIHHAJIBLHY 34aTHicTh. OTpuMaHHS 3HOCOCTIHKHX
nokputtiB Ti, 1o ckaany sikux Bxoaate Ti-B-, O-Ti-B-micTaui ¢a3u, nae MokiuBicTs miABHIIMTH
Oe3neKy Ta HailiHiCTh sSIGPHUX €HEPreTHYHHX YCTAHOBOK Pi3HOTr0 Lij1ILOBOT0 NPU3HAYEHHS.

KnrouoBi cioBa:  Ximiko-TepMiuHa 00poOKa, MiKpOTBEpAICTb, Audy3iliHuil 1ap, OOpUIM TUTaHY,
CIEKTpaJibHa MOTIHHAIIBHA 3/[aTHICTb.

HccnenoBano BIMsIHHE XMMHMKO-TepMH4YecKoii o0padorku obpasuos Ti cniaBoB mapku BT-0,
HCIOJIb3YeMOli, B YaCTHOCTH, B POU3BO/ICTBE KOHTEHHEPOB /ISl XPaHEHHUsI PAIUO0AKTHBHBIX 0TX0J0B,
Ha CTPYKTYpPy U cBoiicTBa moBepxHocTH. Cnoco0bl X 00padoTku B Oopcoiepxkaiueil cpeae ObLIM
TAKMMH: B IOPOLIKAX, O0Ma3KaXx M KOMOWHMPOBAHHBIH € BOJHBIM PACTBOPOM JJIEKTPOJIMTA,
obecneyuBaBiuii Mukporsepaocts B 15,24 - 10,06 I'lla B c1oe 10 20 MkM. MHKPOTBepAOCTb €051
rayouHoii 10 50 MkM, noay4eHHoro o6padoTkoii B mopomkax, kojedaercs or 14,13 I'lla xo 7,95 I'lla.
B mu¢dysnonnom ciioe Takux odpasuos Hapsay ¢ TiB, Ti;B4 u, B menbieii mepe, TiB,, npucyrcTByoT
okcuabl THTaHa Ti0;, TiO. B 3TOM ciaydyae mMeeT MecTO KOHKYPEHTHBIH XapakTep o0pa3oBaHus
OopuaHoii M oOkcHAHOH (¢a3. DJeKTPOIMTHass miaa3Ma co3gaeT AuG@PY3HOHHBINH caoil ¢
HAHOpa3MepHbIMH MeJKoaucnepcHbiIMH  ¢a3zamu OopuaoB Ti y rpanun 3epen. HccienoBanus
NorJIouiaouiell CnocoGHOCTH PaJMalMU 00pa3slaMH NOKA3aJIM, YTO OHA 3aBHCHT OT crocoda HuX
00padoTKn. MaKCHMAJIbHYI0 CHEKTPAJIbLHYI0 MOIVIOIIAINYI0 CHOCOOHOCTh A2 KOMOHHHPOBAHHBII
cnocod. ITosyyenme wusHococtoiikmx mokpbiTHii Ti, B coctaB koropbix BxogaT Ti-B-, O-Ti-B-
coep:kamue (asbl, AaéT BO3MOKHOCTH IOBBICHTH 0€30IaCHOCTb W HAJEKHOCTb SIIEPHBIX
JHEPreTHYeCKHX YCTAHOBOK PA3JIHYHOIO [e1eBOr0 Ha3HAYeHHU .

KiaroueBble c10Ba: XUMHKO-TEpMHYECKass 00pabOTKa, MHUKpPOTBEpHOCTb, Au(Qy3uoHHBIH CIOM,
0OpuUABI TUTAHA, CIIEKTPaJIbHAs MMOTJIOMIAOIIAs CIOCOOHOCTD.
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1. Introduction

Titanium and its alloys have low density, high mechanical properties and specific
strength, high corrosion resistance. Titanium alloys without hardening have low wear
resistance and a tendency to sticking and scuffing in friction units [1]. To improve the
performance properties of titanium and its alloys, there are all known methods from laser
[2] to the thermochemical treatment (TT), which increasingly acts as boron saturant [3].
The boriding temperature at all saturation processes is above 1000 °C with soaking
duration 4 to 8 hours, and thus the layers obtained are of small thickness 13 pm [4, 5].

In this paper we study the influence of TT of titanium samples of brand mark VT-0,
used in the manufacture of containers for radioactive waste storage, on the structure and
properties of the surface. The goal of our investigation is to obtain a boron-containing
wear-resistant coating on titanium.

2. Experiment

Studies were carried out on titanium samples of VT-0 grade, which were treated with
the following methods:
1) by a boron-containing powder in mixture with substances, inhibiting titanium
oxidation at a temperature of 970-1000 °C for 3 hours;
2) by the combined process, including treatment in an aqueous electrolyte solution
according to the method [6], followed by treatment with a boron-containing powder
mixture at the temperature of 980 °C for 3 hours;
3) in an aqueous solution of boron-containing electrolyte in the mode: voltage U = 80 V,
current density j = 2.0-2.7 A/cm” in progress, soaking time ¢ = 7-28 min.

The microstructure of treated samples was showed up by etching in 0.5% HF
solution. The metallographic analysis of the samples was performed on the microscope
"Neophot-21" and microhardness tester “PMT-3" under a load of 50 g. The identification
of phase components of the diffusion layer was carried out by X-ray diffraction analysis
with diffractometer “DRON-2" in the iron and copper radiation. Relative radiation
absorptance of titanium samples, treated with various TT-methods, was evaluated in
comparison with that of untreated ones taken per unit.

3. Results and discussion

As a result of the TT, the diffusion layer on the surface of samples is obtained with a
microstructure as in Fig. 1.

Fig. 1 Microstructure of Ti sample:
a) after the TT in the boron-containing medium x1000;
b) after a plasma treatment in the electrolyte for 28 min., x800.
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Fig. 2 The depth profile of microhardness for the Ti diffusion layer: a) 1 — after combined
treatment in electrolytic plasma and TT followed by coating with amorphous B and Al powder at 1223
K for 3 hours; 2 - treatment in powder medium at T = 1223 K for 3 hours; 3 — TT with coating by
amorphous B and Al powder at T = 1223 K for 3 hours; b) electrolyte plasma treatment in the B-
containing medium: 1 - at j = 2.3-2.7 A/cmz, U=240-280 V, t = 28 min.; 2 — at j = 2-2.4 A/cmz, U=
=240-280 V, ¢ =7 min.

The microhardness of layer of depth up to 50 um, obtained in the TT with B-containing
powders, ranges from 14.13GPa to 7.95GPa (Fig. 2a). At combined treatment the
microhardness is slightly higher 15.24-10.06 GPa (Fig 2a.) within a layer depth up to 20
pum. For Ti, at electrolyte plasma treatment (EPT) within 28 and 7 minutes, the
microhardness distribution in the layer with thickness 75-80 um is shown in Fig. 2b. The
layer micro—structure includes two phases, one of which is located on the depth of 25 um
from a surface with microhardness of 13.14 GPa, and the other one is on the sample depth
up to the 80 um with microhardness from 6 to 8 GPa depending on the processing mode.
We notice that at EPT the probability of formation of oxides is small, while the borides are
represented by virtually all known compounds: TiB, TizBy, TiB,, Ti;g7Bso. Uniqueness of
the layer, obtained in the electrolyte plasma, is as follows: borides do not form a
continuous layer. They are mostly formed at the grain boundaries, in dislocations,
microdefects, and have nanoscale size. The result is a precipitation strengthening of Ti
surface by boride phase particles. In the case of TT with B-containing powders, we have
the competitive nature of formation of boride and oxide phases. With the limitation of
oxygen in the sample surface (which is achieved in various ways of hermetic sealing) the
growth of boride phase, with B diffusion from saturating medium, slows down and is
pushed aside by the growing oxide. If a sample surface has time to form Ti diboride, then
boron contained in it in an amount of 28-30 wt. % slowly begins, at temperatures above
1073K, to oxidize to B,O;, which prevents the further rapid diboride oxidation. Exactly it
gives borides some advantage over the oxides in the process of diffusion. With increasing
oxygen on the surface of Ti sample, the oxide at a certain concentration gets preferential
growth.

The study of absorptance of Ti, processed in a variety of TT methods, shows that the
maximum absorptance is observed for the samples treated with the combined method: in
the electrolyte plasma at 45 V, current density 0.13-1.3 A/cm” for 22 min followed by TT
in coating with amorphous B and Al powder at 1223 K, for 3 hours (Fig.3, a).
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Fig. 3 Absorptance of Ti of VT-0 grade: a) 1 — untreated sample; 2 — TT in coating with amorphous B at 1273
K, 5 hours; 3 — EPT in B-containing medium at j = 0.13-1.3 Alem?, U = 25-45 V, ¢ = 18min followed by TT in
coating with amorphous B at 1223 K, 3 hours; 4 — TT in B carbide powder at 1243 K for 4-5 hours; 5 —
thermo—cycling in amorphous B; b) 1 — untreated sample; 2 — EPT in B-containing medium at j = 2.3-2.7
A/cmz, U =240-280 V, t = 28 min; 3 — EPT in B-containing medium at j = 2-2.4 A/cmz, U=240-280 V, ¢
=="7 min.

Fig. 3, b shows the absorptance of titanium by samples treated with an aqueous solution
of a boron-containing electrolyte at different current densities and treatment times. From
the graphs it is seen that the absorptance for a given treatment method depends on the
current density and saturation duration.

4. Conclusions

Thus, the depth of layers, hardness, and phase composition of titanium and its
absorbance depend on the method of titanium treatment. As a result of research, there are
observed more high-quality characteristics of titanium treated by the combined method.
The production of wear-resistant coatings on titanium, which include titanium-boron and
oxygen-titanium-boron-containing phases, is one of the possible ways of solving urgent
problems of safety and reliability of nuclear power systems for various purposes.
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