VIK 621.45

BJIMSIHUE HAHOYACTHI TIO2 HA MUKPOTBEPJIOCTb
AJIIOMUHUEBBIX CIINTABOB AA2024

Maxan X.M.!, Konosanos C.B.1?, [Tanuenko N.A.>
! Camapcknii yansepcurer, r. Camapa, hamid19812020@gmail.com
2 Cubupckuii Tocy1apcTBeHHbI yHuBepcuTer, r. Hosokysueik, konovalov@sibsiu.ru

Kntouesvie cnosa: Memannuveckas mampuya, HaHoyacmuyvl, aIOMUHUEBbIL CNIAS,
UHmMepMemaniuyeckue coOeOUHeHuUsl.

Opnum u3 Hambosee CIOXKHBIX aCHEKTOB MPOU3BOJACTBA MPOYHBIX, JIETKUX U JOCTYIHBIX
MHXEHEPHBIX MATEpPHAJIOB SBJIETCS JIOCTM)KEHUE BBICOKOTO OTHOIIEHHS IIPOYHOCTH K BECY,
MOAXOJIALIETO JUISl UCIIOJBb30BaHUs B TPAHCIIOPTHBIX CPECTBAX. AJTIOMUHUEBBIN CIUIaB (Cepusi 2XXX)
SBJIIETCSL KJIFOUEBBIM CIUIABOM, MCIOJB3YEMBIM B KOHCTPYKLHUSAX CaMOJIETOB, IJI€ YCTOMYMBOCTh K
MOBPEKICHUSIM SBIIETCS OCHOBHBIM KpUTEPUEM POEKTUPOBAaHUS. MaruueBble CIUIaBbl CEPUU 2XXX
00JIaZIaf0T TOBBIIICHHON MPOYHOCTHIO 3a c4eT Bbiuenenus a3 paspymenus AloCu u Al,CuMg n
KAueCTBEHHOW YCTOWYMBOCTBIO K PA3BUTHIO YCTAJIOCTHBIX TPEIIMH IO CPAaBHEHUIO C JAPYTUMHU
QTIOMHUHHUEBBIMHU CIIaBamu [ 1, 2].

B xauecTBe 0CHOBHOTO MeTajuta ObLT BhIOpaH amroMHUHUEBBIN crutaB AA2024 Giaroaaps ero
BBIJIAIOIIMMCS CBOMCTBaM, B TOM YUCJIE€ HU3KOW TUIOTHOCTH, YI€JIbHOW MPOYHOCTU. MeTainueckue
HAHOKOMIIO3UTHI TMPUBJICKIM 3HAUYUTEIbHOE BHUMAHHUE HCCIEAOoBaTeNneil Onaromaps IIUPOKOMY
CIIEKTPY MPUMEHEHUH B a9POKOCMUYECKOHN MPOMBIIIJICHHOCTH, aBTOMOOMIIBHBIX U SHEPreTUYECKUX
TEXHOJIOTHUSIX, a TaKKe B OMOMEIMIIMHCKOW MHXKEHEPHH 3a CUET UX YHHKAIbHONW HaHOpPa3MEpHOM
aApXUTEKTYphl U IPEBOCXOAHBIX MEXaHUYECKUX CBOMCTB. B 3TOM HccinenoBanuu Oblia nccienoBaHa
MHUKPOTBEPIOCTH CIliaBa amroMuHus AA2024 mpu pa3snu4HO#i Macce HaHodacTull [3, 4].

B kagecTBe 6a3zoBoro marepuaia BeIOpaH amoMUHHEBBIH crutaB AA 2024 (92,2 % Al, 0,73 %
Si, 0,20 Fe, 5,2 % Cu, 0,50 % Mn, 1,04 % Mg, 0,11 % Zn, 0,01 % Ti, 0,01 % Pb (macc.%). B kauecTBe
apMUPYIOMIUX MaTepUuaoB ObLT BBIOpaH Mopomok u3 Hanoyactuil TiOz.

JIig mony4yeHus alnroMUHHEBOIO KOMITIO3MTA JI0JI1 HAHOIIOPOILKA B CIUIABE BapbUPOBAIACh U
coctasistia 0, 2,5, 5,0 u 7,5 mace %.

Ha puc. 1 BunHO, yTO 1006aB/IeHNE HAHOYACTHI] OKA3bIBAET BIMSHUE HA TBEPAOCTD PAa3IMUHBIX
MatepuainoB. Cpeanss TBepAocTh 00pa31oB ¢ fodaBieHueM 2,5% u 5% mace. TiO2 yBenuuunach 10
120 u 138 HV cOOTBETCTBEHHO IO CpPaBHEHUIO C 00pa3loM 0e3 HAHOYACTHIl, KOTOPBIH HUMen
tBepaocTh 97 HV. MukpoTBepaocts 00pa3lioB yiyyllajiach C YBEIHMYEHHEM KOJIMYECTBa
HAHOYACTHI], YTO MOXHO OOBSICHUTH 00Jiee paBHOMEPHBIM pacIpee/IeHUEM BbIIETICHNUN U YaCTHULL B
MHUKPOCTPYKTYpE, TaK KakK IMOCJe BBEJICHHU HAHOYACTHUI] 00pa3yroTcs Menpyaiiime ocaaku [5 , 6, 7].
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Pucynox 1 — Bausnue nanovacmuy na meepoocms komnozuma AA2024

Pa3BuTHE ONHOPOAHBIX U MEIKUX BBIACIECHUN U MHTepMeTanueckux coeaunennii (MMC)
co3zaer Oonpiie mojiei nedopmanuy, KOTOphIE B3aWMOJAEUCTBYIOT € JUCIOKAIUMSIMHU, YMEHbIIAs
JBMDKEHUE JTUCIIOKAIMKA M, TAKMM 00pa3oM, MOBBIIIAs TBEpAOCTh 0Opa3ioB. [o Mepe yBenndeHus
BECOBOTO MpoIeHTa okcuaa tutana konmmdectBo UMK Ha ocHoBe Al-Ti Takke yBenmnuuBaeTcs, U
OKHJIaeTCsl, YTO UX BBICOKAs TBEPAOCTb OyJeT Haulosiee 3HAYUTEIBHBIM (PAKTOPOM IMOBBIIICHUS
TBEPAOCTH CILJIaBa 3a CUET JO0OaBJICHHs OKCHUJIAa TUTAHA.

319


mailto:hamid19812020@mail.com
mailto:konovalov@sibsiu.ru

Cnucok JurepaTypbl

1. Andersen S.J., Marioara C.D., Friis J., Wenner S., Holmestad R. Precipitates in aluminum
alloys. Advances in physics: X, 2018, 3(1), 1479984,

2. Chaudhry, M. A., Ali, L., Ghauri, K. M., & Igbal, J. (2019). Development and
characterization of nanoparticle metal matrix composites:(Al 2024-SiC np). Materials Research
Express, 2019, 6(9), 095032.

3. Maxan M.X.M, Konosanos C.B., ITanuenko M.A., ITamkosa [[.JI. MccnenoBanue
CBOWCTB M CTPYKTYpBI aIOMOMATPUYHBIX KOMIIO3UTOB, apPMHPOBAHHBIX yacThuamu tio2: edn:
hbkntw. TTon3yHnoBckuit Bectauk, 2022, 2(4).

4. Hmud Ali A, Hamid M. Mahan, and A. S. Jomah. "Effect of Cooling Media and
Tempering Temperature on the Mechanical Properties of Reinforcement Steel.” Int. J. Appl. Eng.
Res 13 (2018): 3979-3987.

5. Mahan Hamid M. "Effect of heat treatments on the mechanical properties of welded joints
of alloy steel by arc welding."” Diyala journal of engineering sciences 12.2 (2019): 44-53.

6. Joel J., & Xavior A. Effect of alloying elements on the mechanical behavior of microwave
synthesized composites. Procedia Manufacturing, 2019, 30, 208-215.

7. Santos S.L.D., Toloczko F.R., Merij A.C., Saito N.H., Silva, D.M.D. Investigation and
nanomechanical behavior of the microconstituents of Al-Si-Cu alloy after solution and ageing heat
treatments. Materials Research, 2021, 24.

THE EFFECT OF T1O2 NANOPARTICLES ON THE MICROHARDNESS OF
ALUMINIUM ALLOYS AA2024

Hamid M. Mahan?, S.V. Konovalov*?, Irina Panchenko?
12Samara University, Samara, Russia, hamid19812020@mail.com
2Siberian State Industrial University, Novokuznetsk, Russia

Keywords: Metal matrix, nanoparticles, aluminum alloy, intermetallic compounds.

An aluminum alloy, AA 2024, was reinforced with different mass fractions of titanium
dioxide nanoparticles (0%, 2.5%, 5%, and 7.5%) by stir casting, this was followed by a solution
treatment at 500°C for 3 h, quenching in water, and aging at 175°C for 3 h. The purpose was to
investigate the effect of TiO2 nanoparticles on the microstructure and mechanical properties of the
stir-cast aluminum alloy AA2024. The hardness values in different positions of the composite
aluminum were greatly improved compared to the samples without nanoparticles. Furthermore, the
distribution of elements within the interior of the grain boundary was homogeneous, which increased
the intercrystallite hardness values. The results showed that 5 wt.% of TiO2 was the optimum fraction
to achieve the highest microhardness. The increase in hardness can be attributed to the uniformity of
the microstructure and the more even distribution of Al.CuMg precipitates, which act as
strengthening factors in aluminum alloys with nanoparticles. As more titanium particles are added,
the formation of Al.CuMg compounds decreases, and the formation of Al>Ti;Cu compounds
increases. Consequently, the hardness increases significantly due to the formation of numerous
titanium-rich intermetallic compounds.
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