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The addition of molybdenum into the titanium material Ti—Cr—TiC signifi-
cantly changes the composition and properties of nanostructured film, which
is fabricated due to the friction on air and under high temperatures. Predom-
inant contents of brittle oxide TiO, (rutile) within the films in the process of
friction determines the high wear of materials. There is no titanium oxide
TiO, within the newly fabricated film of titanium material containing molyb-
denum, whereas hydroxides and molybdenum oxides prevail in terms of
quantity, and ensure high protective and lubricate properties of film.

Hobasienne monubaeHa B TuTaHoBbIM mMaTepuasa Ti—Cr-TiC sHauMTeTbHO U3-
MeHsIeT COCTAaB M CBOMCTBA HAHOCTPYKTYPHOM IJIEHKH, KOTOpas obpasyeTcsa B
pesyJbTaTe TpeHusS Ha BO3AyXe IIPU BBICOKUX TeMIepaTypax. BuICoKoe comep-
sKaHMe Xpynkoro okcuzga TiO, (pyTuia) B IEHKAaX B IPOIlECCe TPEHUS OIIpese-
JseT BbICOKMIT m3Hoc MaTtepuanoB. Okcuzaa TiO, HET B CBEKeIIPUTOTOBJIEHHBIX
IIEHKAX TUTAHOBOI'O MaTepHaJia, COAEPsKallero MoJubaeH, B TO BpeMsd KaK
TUAPOKCUABI ¥ OKCUABI MOJUOAEeHA ITPeodaasaioT B KOJTUUYECTBEHHOM BBIpaske-
HUHU ¥ 00eCIIeUYnBalOT BLICOKIE 3aIIlUTHBIE 1 CMAa30UHbIE CBOIICTBA IIJIEHKHU.

HomaBanusa monaiomeny y turamoBuit martepisna Ti—Cr-TiC smauno 3MmiHIOE
CKJIaJ i BJIACTUBOCTiI HAHOCTPYKTYPHOI ILIIBKU, IKA YTBOPIOETHCA BHACJIIOK
TepTA Ha IIOBiTPi 3a BUCOKUX TeMnepaTyp. BucoKuil BMicT KPUXKOTO OKCULY
TiO, (pyTuay) B miIiBKax y mpoIieci TepTa BUSHAUAE€ BUCOKUI 3HOC MaTePiAIiB.
Okcuny TiO, HemMae y HIONHOIPUTOTOBAHUX ILIiBKaX TUTAHOBOTO MaTepisiy,
10 MiCTUTH MOJIiIOIeH, ¥ TOM Yac AK MiIpoKCUAU ¥ OKCUIM MOJIiOIeHy IepeBa-
JKaIoOTh y KiJbKicHi# Mipi i 3a0e3meuyioTh BHCOKI 3aXMCHI Ta 3MallyBajabHi
BJIACTHUBOCTI ILIiBKH.
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1.INTRODUCTION

The mechanism of wear of titanium material Ti—Cr—TiC was already
studied before[1, 2]. The influence of chromium as an alloying element
on the mechanism of wear of titanium material Ti—Cr-TiC was previ-
ously examined. It is shown that nanostructured films are being gen-
erated in the process of wear of the material on air and under the room
temperature, and act as the solid-film lubricants. These films consist
of chromium and titanium oxides, hydroxides, nitrides, and hydrides.
The additional alloying of titanium material allowed a significant raise
of its strength and wear resistance within the temperature range of
250-750°C[3].

This paper is aimed at the examination of influence of molybdenum
on nanostructured film formation at the high-temperature friction of
titanium material Ti—Cr—Mo—TiC on air.

The investigation was carried out on such compositions as Ti, Ti—
Cr-TiC, Ti—-Cr—Mo—-TiC, which were obtained by the pressing and the
subsequent sintering in vacuum of 0.13 Pa from powder mixture of
electrolytic titanium of the fraction 180 + 40 um, Cr;C, and Mo of the
fraction 10 um. The porosity of sintered materials was 10-12% . It was
sought to obtain a partial dissolution of molybdenum in titanium base
within the Ti—Cr—Mo—TiC material. The presence of free molybdenum
was supposed to ensure its full participation in oxide films formation
process. The molybdenum trioxide formation is known to occur at the
temperature of 250°C and to intensify at 500°C [4].

The wear-resistance of sintered materials Ti, Ti—Cr-TiC, Ti—Cr—
Mo-TiC is studied. The friction test is carried out according to the
scheme of 3 specimens: disc on air under the temperature of 550°C,
loading of 3.0 MPa, test time of 1 h and slip velocity of 1.0 m/sec. Disc
was produced from nitrated titanium alloy VT-14. The area of samples
section is 0.85 cm?. The wear-resistance of friction pair is estimated
according to intensity of samples and disc wear, which is measured ac-
curately to 25.

The structure of friction surface was studied by section perpendicu-
larly to the surface of titanium material friction as well as to the sur-
face of samples oxidized on air under the temperature of 550°C during
1.0 h. The studying process is carried out on X-ray unit URS-50I under
the iron radiation.

2. RESULTS AND DISCUSSION

The structure of Ti—Cr—Mo—TiC material is a titanium base, alloyed
with chromium and molybdenum, which contains uniformly distribut-
ed inclusions of titanium carbide and not fully dissolved inclusions of
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Fig. 1. Structure of Ti—Cr—Mo—TiC material (x500).

TABLE. Wear and friction coefficient of titanium materials under the tem-
perature of 550°C and sliding rate of 1.0 m/sec.

Material composition | Wear intensity, pum/km | Friction coefficient
Ti 1360 0.23
Ti—Cr-TiC 700 0.25
Ti—Cr—Mo—-TiC 20 0.26

molybdenum (Fig. 1).

The wear testing (see Table) shows high wear intensity of the fric-
tion pair titanium—nitrated titanium, which amounts to 1360 um/km.

However, there is no pair adhesion as at the friction under the room
temperature. The wear of Ti—Cr—TiC material is twice as lower as of
titanium, but still high enough and amounts to 700 um/km. The addi-
tion of molybdenum reduced the wear of the pair to 20 pm/km. The
friction coefficient remains irrespective of the composition of titani-
um material and equals to 0.23-0.26. Visual inspection of friction sur-
faces has showed that there are tears along the friction direction in
samples from Ti and Ti—Cr—TiC. That is an evidence of significant
plastic flow of surface layer of materials within the friction area. No
tears were seen on the samples of materials, which contain molyb-
denum, due to the influence of this plastic flow on formation of Ti—Cr—
Mo solid solution. It was already mentioned in [2] that molybdenum
essentially increases the strength of titanium base of material at the
specified temperature of 550°C. As a result, the plastic strain of fric-
tion surface layer also decreases.
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The metallographic study (Fig. 2) reveals the formation of white

Fig. 2. Surface of material friction: Ti (a), Ti—-Cr—TiC (b), Ti—Cr—Mo-TiC (c)
(x63).



EFFECT OF Mo ON FORMATION OF FILM AT FRICTION OF Ti—Cr—-Mo-TiC 817

films on the surface of friction. The softening of surface layer reflects
the character of its destruction. The destruction of the film by tracks
(Fig. 2, a, b) is seen at significant plastic strain (Ti, Ti—Cr-TiC). If no
plastic flow is evident, the film is destructed as a spot (Ti—Cr—Mo—TiC)
and probability of its damage is significantly reduced (Fig. 2, c).

Phase composition of the film on the surface of friction differs from
that on oxidized surface of material. Simple oxides such as titanium,
chromium and molybdenum nitrides are generated on the surface of
specimens oxidized on air, while mostly oxides of complex composition
(hydroxides) are being formed on the surface of friction. The film on
the friction surface of titanium consisted of oxides TiO, (rutile), Ti;Os;,
TigO;;, and nitrides TiN that ensured the sliding of friction pair with-
out adhesion but with the disastrous wear. As opposed to friction un-
der the room temperature, the high-temperature friction of titanium
ensured more intensive oxidation and subsequent recovery of de-
structed oxide films. The main constituent of film of Ti—Cr—TiC mate-
rial is oxide TiO, (rutile) as in case of pure titanium. This material has
a little bit lower but still high wear. Chromium oxides Cr;0;,, CrO, and
compounds like spinel Cr;Ti;O were also constituents of film. In com-
parison with titanium, these constituents contributed to reduction of
wear of the Ti—Cr—TiC material. There is no TiO, oxide on the friction
surface of Ti—Cr—Mo—TiC specimen, and newly generated film con-
tains the following compounds (in order of intensity reduction of the
lines on X-ray pattern): Mo;04(OH)s, Mo;0,(OH)g, M0yO,4, Cr;O,, and
Mo,N, Cr;Ti;0.

Hydroxides and molybdenum oxides prevailed in terms of quantity.
Titanium is to some extent engaged in formation of wear-resistant
film, which contains mainly oxidation products of such alloying ele-
ments as molybdenum and chromium. It also acts as the constituent of
complex compound like spinel Cr;Ti;0. Brittle oxide was the main con-
stituent of the film on the surface of Ti—Cr—Mo—TiC sample oxidized
on air, but no evidence of it was found within the film generated at
friction of this material.

The reduction of level of titanium part and increase of activity of
alloying elements in the process of films formation at friction is ac-
companied by the reduction of wear intensity of titanium material and
subsequent improvement of lubricate and protective properties of new-
ly generated films.

3. CONCLUSIONS

The presence of molybdenum in the titanium material Ti—Cr—Mo—-TiC
contributes to the formation of solid films with high lubricate and pro-
tective properties under the conditions of high temperatures. These
films contain mainly hydroxides and molybdenum oxides.
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