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HccnenoBana cTpykTypa U TpUOOTEXHUYECKHE XapaKTEPUCTUKU cried€HHOro craBa Al-40Sn, ympou-
aéHHOTO YacTturamu Al;Ti paznmuanoit 00BEMHON KOHIIEHTpaIii. KoMITO3UIIHOHHBIE 00pa3Ilhl CIEKATNUCh
mpu 710 °C B Teuenue 1 vaca, a 3aTeM JOYIUIOTHSUIMCH B 3aKpBITOHN npecc-hopme npu Temneparype 250 °C
n gasneHuu oxono 300 MIla. HcnblTanus Ha W3HOCOCTOMKOCTH IPOBOAMJIMCH Ha TpuboTecTepe
«Tribotechnic» B OTCyTCTBHE CMa3KH IO CXEM€ «ITaJiell—IUCK» TPU TMMOCTOSHHOW CKOPOCTH CKOJBKCHHS
0,6 M/c, moBpITIIast Harpy3Ky depe3 kaxasie 1000 M myTtu Tpenms. B kagecTBe KOHTpTENIa MCIOIB30BATH
CTaJdbHOM JUCK U3 3akanéHHou ctanu Mmapku 40X tBépaoctbio 48—50 HRC. YcTaHOBIEHO, YTO KOHIIEHTpA-
uust TBEPABIX "acTul] 32 00. % oOecrieunBaeT MaKCHUMalbHYIO H3HOCOCTOWKOCTH CIIEYEHHBIX 00Pas3IoB
Al-Al3Ti—Sn. JlameHelmmit poct comepskanus arfoMuHIIOB 10 40 00. % mpuBoauT K GOPMUPOBAHHIO 3HA-
YUTEIBHOTO KOIMYECTBA XPYNKUX KOHTAKTOB MEXTy TBEPABIMU YaCTUIIAMH, YTO OTPUIIATEIIEHO CKa3bIBACTCS
Ha U3HOCOCTOMKOCTH HCCIIEAyeMbIX MarepuanoB. CaenaH BBIBOMA, YTO JJISl MOBBIMICHUS U3HOCOCTOMKOCTH
KOMITO3UTOB JIAaHHOW CHCTEMBI CIIeyeT OOWBATbCS PABHOMEPHOIO pa3MeEIIeHUs YaCTHIl TBEPJAON (a3bl 1O
nepuMeTpy MarpuuHbix 3épeH. OOHapyKeHO, YTO BEJIUYMHA WHTCHCUBHOCTH W3HAIIMBAHUS KOMITO3UTOB
Al-Al3Ti—Sn Bo3pacTaeT ¢ yBeIUYCHUEM JaBICHUS Ha IOBEPXHOCTh TPEHUS, TOTa KaK 3Ha4eHue ko3 du-
[MEHTa TPEHUS CHIDKAETCS M MPAKTUYECKH HE 3aBHCHT OT COCTaBa MCCIeNyeMbIX MaTepuanoB. PaccMoTpeH
MEXaHH3M HU3HAIMWBAHUS KOMIIO3UITHOHHBIX 00pa3IoB THOPHIHOTO (ha30BOTO COCTaBa IMpH TPEHUH 0€3 cMa-
309HOT0 MaTepHalia 1Mo CTaJbHOMY TUCKY. M3HammmBaHuWE KOMIIO3UTOB JTAHHON CHCTEMBI OCYIIECTBISICTCS
JIBYMSI OCHOBHBIMH MEXaHU3MaMHU: JIe(OpMAIIHOHHO-OKUCIUTENFHBIA N3HOC TTOCPEICTBOM IIACTHYECKOH Jie-
(hopManmuu TOHKOTO TMTOBEPXHOCTHOTO CJIOS M €T0 OXPYITIMBAHUS MEITKUMH OKCHIHBIMH YaCTHUIIAMH, a TAKXKE
YCTaJIOCTHBIM M3HOC IIyTEM BOBJICUCHUS B JIe(hOpMAIIUIO CIIBUTOM 3EPEH BEPXHETO CJIOSl 00pasiia ¢ mociery-
IOIIHUM UX OTCIOCHHUEM I10 OJIOBSIHHBIM MPOCIIOKaM, HCUEPIABIINM PECYPC IIACTUYHOCTH.

KiiroueBble cjI0Ba: M3HOCOCTOMKHIA KOMIIO3UT, aIOMUHHECBBIC CIIJIaBbI, ,I[PICHCpCHO-yr[pO‘IHéHHBIﬁ KOMIIO-
SHHHOHHLIﬁ Marepual, CriICKaHue, MCXaHN3M U3HAIIVBaHUS.
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Abstract

The structure and tribological properties of sintered Al-40Sn alloy reinforced with Al;Ti particles of
different volume concentrations were studied. The composite samples were sintered at 710 °C for 1 hour and
then compacted in a closed die at a temperature of 250 °C and a pressure of about 300 MPa. Wear resistance
tests were carried out using a tribotester Tribotechnic (France) in the absence of lubrication according to the
pin-on-disk scheme at a constant sliding speed of 0.6 m/s, increasing the load every 1000 m of friction path.
A steel disk made of hardened grade 40X steel with a hardness of 48—50 HRC was used as a counterbody.
It was found that the concentration of hard particles of ~ 32 % by volume ensures maximum wear resistance
of the sintered Al-Al;Ti—Sn samples. A further increase in the content of aluminides up to ~ 40% by volume
leads to the formation of a significant number of brittle contacts between the hard particles, which negatively
affects the wear resistance of the studied materials. It was concluded that in order to increase the wear re-
sistance of composites of this system, it is necessary to achieve uniform distribution of hard phase particles
around the perimeter of matrix grains. It was found that the wear intensity of Al-Al;Ti—Sn composites in-
creases with increasing pressure on the friction surface, while the value of the friction coefficient decreases
and is practically independent of the composition of the studied materials. The wear mechanism of the com-
posite samples of hybrid phase composition under dry friction against a steel disk is considered. The wear
process of the composites of this system is carried out by two main mechanisms: deformation-oxidative wear
through plastic deformation of a thin surface layer and its embrittlement by small oxide particles, as well as
fatigue wear through involvement in deformation by shear of grains of the upper layer of the sample with
their subsequent delamination along tin interlayers that have exhausted their plasticity resource.

Keywords: wear-resistant composite, aluminum alloys, dispersion-hardened composite material, sintering,
wear mechanism.

DOI: 10.32864/0202-4977-2025-46-4-363-374

Aopec onsa nepenucku:

A.JI. Cxopenyes

Hucmumym ¢uszuxu npounocmu u mamepuanogedenus Cubupckozo
omoenenus Poccutickoii akademuu nayk (M@IIM CO PAH),

npocn. Akademuueckuil, 2/4, . Tomck 634055, Poccua

e-mail: skoralexan@mail.ru

Address for correspondence:

A.L. Skorentsev

Institute of Strength Physics and Materials Science of Siberian Branch
Russian Academy of Sciences (ISPMS SB RAS),

pr. Akademicheskii, 2/4, Tomsk 634055, Russia

e-mail: skoralexan@mail.ru

[na yumuposanusa:

A.JI. Cropenyes, H.M. Pycun.

BrusHue gacTuI aTIOMHHHIOB THTAHA HA TPHOOTEXHUUCCKHUE
xapakTepucTuku cruiaBa Al-40Sn npu TpeHnn 6e3 cMa304HOro
MaTtepHana o CTalH.

Tpenue u u3HOC.

2025.—T. 46, Ne 4. - C. 363-374.

DOI: 10.32864/0202-4977-2025-46-4-363-374

For citation:

A.L. Skorentsev and N.M. Rusin.

[Effect of Titanium Aluminide Particles on Tribological Properties of
Al-40Sn Alloy under Dry Friction Against Steel].

Trenie i Iznos.

2025, vol. 46, no. 4, pp. 363-374 (in Russian).

DOI: 10.32864/0202-4977-2025-46-4-363-374

364


mailto:skoralexan@mail.ru
mailto:skoralexan@mail.ru

Tpenue u usnoc
2025. —T. 46, Ne 4. — C. 363—374
A.JI. Crkopenyes, HM. Pycun

Friction and Wear
2025, vol. 46, no. 4, pp. 363—374
A.L. Skorentsev and N.M. Rusin

CHucox UCnoJIb30BAHHBIX HCTOYHUKOB

1.

10.

11.

12.

13.

Podrabinnik P., Gershman 1., Mironov A.,
Kuznetsova E., and Peretyagin P. Tribochemi-
cal Interaction of Multicomponent Aluminum Al-
loys During Sliding Friction with Steel // Lubri-
cants. — 2020 (8), 24

Bassani P., Molteni M., and Gariboldi E. Micro-
structural Features and Thermal Response of Granu-
lated Al and A356 Alloy with Relevant Sn Addi-
tions // Materials & Design. — 2023 (229), 111879
Sadawy M., Metwally H., Abd El-Aziz H., Adbel-
karim A., Mohrez W., Mashaal H., and Kandil A.
The Role of Sn on Microstructure, Wear and Corro-
sion Properties of Al-5Zn-2.5Mg-1.6Cu-xSn Al-
loy // Materials & Design. — 2022 (9), 096507
Wang D., Wu X., Gao K., Wen S., Wu H., Qiu J.,
Wei W., Huang H., Zhou D., and Nie Z. Study on
the Microstructure and Wear Behavior of Mg-Con-
taining Al-12Sn-4Si Alloys // Journal of Materials
Research and Technology. — 2022 (18), 338—351
Zeng M.Q., Hu R.Z., Song K.Q., Dai L.Y., and
Lu Z.C. Enhancement of Wear Properties of Ul-
trafine-Structured Al-Sn Alloy-Embedded Sn Na-
noparticles Through in situ Synthesis // Tribology
Letters. — 2019 (67), 84

LiS., LiY., Guo H., Wen Z., and Zhu Z. Effect of
Electromagnetic Stirring Frequency on Tribological
Performance and Corrosion Resistance of Al-Sn
Bearing Alloy // Materials Today Communica-
tions. — 2022 (32), 103898

. Rusin N.M., Skorentsev A.L., and Kolubaev E.A.

Effect of Equal Channel Angular Pressing on Me-
chanical and Tribological Properties of Sintered Al-
Sn Composites // Journal of Materials Engineering
and Performance. — 2020 (29), 1955—1963
Confalonieri C., Casati R., and Gariboldi E. Ef-
fect of Process Parameters on Laser Powder Bed Fu-
sion of Al-Sn Miscibility Gap Alloy // Quantum
Beam Science. — 2022 (6), 17

Heydari V., Alizadeh M., and Pashangeh Sh. In-
vestigation into Microstructural and Mechanical
Properties of Al-Sn Alloy Fabricated Using Accu-
mulative Roll Bonding Combined with Heat Treat-
ment // Journal of Materials Research and Technol-
ogy. — 2023 (26), 3481—3495

Hernandez O. and Gonzalez G. Microstructural
and Mechanical Behavior of Highly Deformed Al-
Sn Alloys // Materials Characterization. — 2008
(59), 534—541

Pycun H.M., Cxopenues A.JL., Biacos U.B. Biu-
STHHE XKeye3a Ha TPUOOTEXHUIECKHUE CBOWCTRA CIie-
4&HHBIX cru1aBoB Al-Sn // Tpenue u uznoc. — 2022
(43), Ne 4, 502—514

Rusin N.M. and Skorentsev A.L. Mechanical
Properties of AI-Sn Composites Alloyed with Tita-
nium // Physics of Metals and Metallography. —
2025 (126), 91—100

Straumal B., Molodov D., and Gust W. Grain

14.

15.

Boundary Wetting Phase Transitions in the Al-Sn
and Al-Sn—Pb Systems // Materials Science Fo-
rum. — 1996 (207-209), 437—440

Evans E.B., McCormick ML.A., Kennedy S.L., and
Erb U. The Effect of Inclusion Size on Grain
Boundary Wetting in A1-Sn Alloys // Applied Phys-
ics A Solids and Surfaces. — 1987 (42), 269—272
Kpareasckunii U.B. Tpenue u usHoc. — M.: Ma-
muHOCTpoeHue. — 1968

References

1.

10.

11.

Podrabinnik P., Gershman L., Mironov A., Kuz-
netsova E., and Peretyagin P. Tribochemical Interac-
tion of Multicomponent Aluminum Alloys During Slid-
ing Friction with Steel // Lubricants. — 2020 (8), 24

Bassani P., Molteni M., and Gariboldi E. Micro-
structural Features and Thermal Response of Granu-
lated Al and A356 Alloy with Relevant Sn Addi-
tions // Materials & Design. — 2023 (229), 111879

. Sadawy M., Metwally H., Abd El-Aziz H., Adbel-

karim A., Mohrez W., Mashaal H., and Kandil A.
The Role of Sn on Microstructure, Wear and Corro-
sion Properties of Al-5Zn-2.5Mg-1.6Cu-xSn Al-
loy // Materials & Design. — 2022 (9), 096507
Wang D., Wu X., Gao K., Wen S., Wu H., Qiu J.,
Wei W., Huang H., Zhou D., and Nie Z. Study on the
Microstructure and Wear Behavior of Mg-Containing
Al-12Sn-4Si Alloys // Journal of Materials Research
and Technology. — 2022 (18), 338—351

. Zeng M.Q., Hu R.Z., Song K.Q., Dai L.Y., and

Lu Z.C. Enhancement of Wear Properties of Ul-
trafine-Structured Al-Sn Alloy-Embedded Sn Na-
noparticles Through in situ Synthesis // Tribology
Letters. — 2019 (67), 84

LiS., Li Y., Guo H., Wen Z., and Zhu Z. Effect of
Electromagnetic Stirring Frequency on Tribological
Performance and Corrosion Resistance of Al-Sn
Bearing Alloy // Materials Today Communica-
tions. — 2022 (32), 103898

Rusin N.M., Skorentsev A.L., and Kolubaev E.A.
Effect of Equal Channel Angular Pressing on Me-
chanical and Tribological Properties of Sintered Al-
Sn Composites // Journal of Materials Engineering
and Performance. — 2020 (29), 1955—1963
Confalonieri C., Casati R., and Gariboldi E. Ef-
fect of Process Parameters on Laser Powder Bed Fu-
sion of Al-Sn Miscibility Gap Alloy // Quantum
Beam Science. — 2022 (6), 17

Heydari V., Alizadeh M., and Pashangeh Sh. In-
vestigation into Microstructural and Mechanical
Properties of Al-Sn Alloy Fabricated Using Accu-
mulative Roll Bonding Combined with Heat Treat-
ment // Journal of Materials Research and Technol-
ogy. — 2023 (26), 3481—3495

Hernandez O. and Gonzalez G. Microstructural
and Mechanical Behavior of Highly Deformed Al-
Sn Alloys // Materials Characterization. — 2008
(59), 534—541

Rusin N.M., Skorentsev A.L., and Vlasov LV.

365



Tpenue u usnoc
2025. —T. 46, Ne 4. — C. 363—374
A.JI. Crkopenyes, HM. Pycun

Friction and Wear
2025, vol. 46, no. 4, pp. 363—374
A.L. Skorentsev and N.M. Rusin

12.

13.

Iron Effect on the Tribotechnical Properties of Sin-
tered Al-Sn Alloys // Journal of Friction and
Wear. — 2022 (43), 330—338

Rusin N.M. and Skorentsev A.L. Mechanical
Properties of Al-Sn Composites Alloyed with Tita-
nium // Physics of Metals and Metallography. —
2025 (126), 91—100

Straumal B., Molodov D., and Gust W. Grain
Boundary Wetting Phase Transitions in the Al-Sn

14.

15.

and Al-Sn—Pb Systems // Materials Science Fo-
rum. — 1996 (207-209), 437—440

Evans E.B., McCormick M.A., Kennedy S.L., and
Erb U. The Effect of Inclusion Size on Grain
Boundary Wetting in A1-Sn Alloys // Applied Phys-
ics A Solids and Surfaces. — 1987 (42), 269—272
Kragelsky L.V. Treniye i iznos [Friction and wear]. —
M.: Mashinostroyeniye. — 1968 (in Russian)

E-mail: FW]@tut.by

Ji1st mpuoOpeTeHus MOIHOrO TEKCTA CTaThH, 00paladTech B PElaKIMIO Ky pHaa.

Anpec penakuuu: 246050, yn. Kuposa 32a, r. 'omens, benapycs. Tenedon/daxc: +375 (232) 340636 /34 17 11
Full text of articles can be purchased from the editorial office.
Address: 32a Kirov Street, Gomel, Belarus, 246050. Phone: +375 (232) 34 06 36. Fax: +375 (232) 34 17 11

366


mailto:FWJ@tut.by

