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HU3BKOTEMIIEPATYPHE IUKJTYBAHHSA TEXHIYHOI'O AJIFOMIHITO

HICJIA JTASEPHOTI'O JIETYBAHHA MIJIIIO TA KOBAJIBTOM

KoBanboBa B. M., acnipant

3anopizbkuii HaYIoOHAILHUL YHI8EpcUumen,
8y1. JKykoscvkozco, 66, m. 3anopiscoics, 69600, Vrpaina,

vikovalyova@gmail.com

MeronaMu peHTreHiBChbKOTo (pazoBoro Ta MerasorpadiyHOro aHalli3iB JOCIIJUKEHa CTPYKTypa IOBEPXHEBHX MIapiB
JIA3EPHOJICTOBAHOTO MIJI0 Ta KOOATbTOM TEXHIYHOTO ANIOMIHIIO MiCAS HHU3BKOTEMICPATYPHOTO IHMKITYBaHHS.
BcraHoBieHO, 110 3HAYHA TUCIEPTi3allis CTPYKTYpH Ta (OPMYBaHHS IHTCpMETANITHUX (a3 MPHU3BEIU O 3POCTAHHS
MIKpOTBEPIOCTI B 30HI JIA3ePHOTO JIETYBaHHA Y 3...4 pa3u (3aJeKHO BiJ peKUMIB JazepHOi 00poOku). TepmonukiIigHa
HU3BKOTEMITEpaTypHa 00poOKa MPU3BOIMIIA IO TIOCTYIIOBOTO 3MEHIIICHHS CEPEeIHIX 3HaYeHb MIKPOTBEPAOCTI BHACIIOK
pelnakcailii 3HaK03MiHHUX MiKpOHAMPYKEHb y CTPYKTYPi 30HH JIeTYBaHHS.

Knouosi cnosa: nasepue necysanms, cmpykmypa, K8a3ikpucmaniuna (asa, inmepmemanioni (asu, mepmoyuriiyna
0bpobKa.
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HU3KOTEMIIEPATYPHOE HUKJIMPOBAHUE TEXHUYECKOI'O AJIIOMUHUSA
IHOCIJIE JIASEPHOTI'O JIETUPOBAHUA MEJIbIO 1 KOBAJIBTOM

Kosanesa B. H., aciupant

3anopostcckuil HAYUOHAILHBLI YHUBEPCUMEN,
ya. Kykosckoeo, 66, 2. 3anopooicve, 69600, Ykpauna

vikovalyova@gmail.com

MertogaMu pEeHTI€HOBCKOTO (ha30BOr0 M METAIOTPa)MUECKOr0 aHAIM30B HCCIEAOBaHA CTPYKTYpa IMOBEPXHOCTHBIX
CJIOEB JIa3€PHOJECTHPOBAHHOTO MEIbI0 M KOOATbTOM TEXHHYECKOTO AMOMHHHUS TOCIE HHU3KOTEMIIEPATypHOTO
TEPMOLMKJIMPOBAHUA.  YCTaHOBIEHO, YTO 3HAYWTENbHAS  JAWCIEPrH3alUsl CTPYKTYpel H  (OPMHUpPOBAHHE
MHTEPMETANIMAHEIX (a3 MPUBETN K BO3PACTAaHHIO MUKPOTBEPAOCTH B 30HE JIa3€pHOTO JernpoBaHus B 3...4 pa3a (B
3aBUCHMOCTH OT PEKUMOB Ja3epHOi 00paboTky). TepMouukinueckas HU3KOTeMIepaTypHas o0paboTka IPHBOANIA K
MOCTENICHHOMY YMEHBIICHHIO CPEJHUX 3HAU€HHH MUKPOTBEPJOCTH BCIEJICTBHE pelaKCalMd 3HAKOIIEPEMEHHBIX
MUKPOHANPSKEHUH B CTPYKTYPE 30HBI JISTHPOBAHUS.

Kniouesvie crosa: nazepnoe nezuposanue, cmpykmypa, KEA3UKPUCMALIUYECKAs Gasza, uHmepmemaninuouvie @asvl,
mepMoyuKIuuecKas 06pabomxa.

LOW-TEMPERATURE CYCLING OF TECHNICAL ALUMINIUM AFTER LASER
ALLOYING BY COPPER AND COBALT

Kovalyova V., graduate student

Zaporizhzhya National University,
Zhukovsky str., 66, Zaporizhzhya, 69600, Ukraine

vikovalyova@gmail.com

The wide use of aluminum and its alloys is limited by inconsistency of some of its technical properties (such as
hardness, wear resistance, etc) with high technological requirements. The imperfection of construction properties of
investigated materials can be compensated by formation of particular structures in surface layers. Quasicrystalline
alloys are characterized by complex of special physical and chemical properties (mechanical, thermal, etc.). These
properties determine possible applications of such materials. There exist a number of methods (thermal and electron
beam deposition, etc.) which allow getting the quasicrystalline coating. The resulting coatings are characterized by high
brittleness and relatively low adhesion to the matrix material. Most known today QC-phases are formed in alloys of the
Al-Cu-TM (TM - transitional metals: Fe, Co, Cr, Mn), where Al is the basic element of chemical compound. The
formation of most of these alloys occurs in the process of non-equilibrium crystallization. In this regard the wide
prospect has the method of laser surface alloying of aluminum and its alloys by a mixture of transition metals powders.
This method allows obtaining the coating with high adhesion on the matrix material. The authors of have already
demonstrated that the method of aluminum laser alloying by copper and iron powders mixture can be used to obtain
wear-resistant coating. It is known that quasicrystal decagonal phase (D-phase) can be formed in the ternary Al-Cu-Co
alloys in a narrow range of component concentrations. The non-equilibrium crystallization conditions at extremely high
cooling rates can promote formation QC-phases. But the narrow range of homogeneity and mainly peritectic type of
reaction complicates the formation of this phases. Pulsed laser alloying is accompanied by the formation of highly
dispersed structures in laser alloying zone due to high cooling rate of the melt (~10* K/s for this laser). The structure of
the surface layer of the samples has a quite heterogeneous chemical composition. That is caused by the following
factors: high temperature gradients, arising in the process of quenching of the melt; the capillary effects of Marangoni-
Gibbs-type in the laser alloying zone. These features of the structure obtaining during the laser alloying can contribute
to the creation of time-concentration conditions necessary for the formation of QC-phase in some parts of the laser
alloying zone.

Key words: laser doping, structure, quasicrystalline phase, intermetallic phases, thermal cyclic processing.

VY mporueci ekcrutyaTanii roTOBUX BHUPOOIB 3 HAaHECEHUMH IMOKPUTTSIMH BOHH MOXXYTb 3a3HABAaTH
PI3HUX BUJIB TEIJIOBOI [Iii, 30KpeMa B o0acTsax KpioreHHux Temmnepatyp [1]. [Ipuuomy Tepmiunumii
BIUIMB MOXKE€ MaTH SIK CTAaIllOHAPHHWM, TaK 1 3MIHHUW XapakTep. Y 3B’S3Ky 3 UM y poOoTi Oyio
JOCHIJKEHO BIUIMB HHU3BKOTEMIIEpAaTypHOi TepMouukiaiyHoi o0poOku (TLHO) B iHTepBaii
temmeparyp 300 K<»>80 K Ha cTpykTypHHIi CTaH Ja3epHOICTOBAHKX 3Pa3KiB TEXHIYHOTO ATFOMIHIO
CYMIIIIIIO MTOPOIIKIB MiJli Ta KOOaIbTy. PeHTreHorpadiuHo BCTaHOBIIEHO, 110 (pa30BUil CKiIa 30HU
nazeproro jeryBanHs (3JIJI) micias Takoi TL[O He 3MiHIOBaBCS TMOPIBHSHO 3 BHXIJHWAM, MICIsS
JeryBaHHs, craHoM 1 siBisaB cob6oro ['TIK-TBepauii po3umH Ha OCHOBI amioMiHIO (o -¢aza),
MoHOKIiHHY a3y Al;3Cos Ta kBasikpuctamiuny D-dazy [2,3]. HeoOxigHO 3a3HaYUTH, IO
peHTreHorpadiuHo crocrepiranocs Aeske po3mupeHHs audpaxmiiinux makcumywmiB. Lle moxe
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Oyt 00yMOBJICHO SIK HasBHICTIO TEPMIYHUX MIKpOHAIPYKEHb, AKi BUHUKIH B pe3yabTari THO, Tak
1 CTpPYKTYpHUMH 3MiHaMU B caMux (azax (puc. 1).

BumMiproBaHHsS MiKpOTBEpAOCTI MOBEpXHEBHX MIapiB 3paskiB micis JIJI 3 wacrotoro 10 I'p mokasasno
CYTT€BE MIIBUILEHHS CEPEHIX 3HAa4eHb /1, MOPIBHAHO 3 MaTpulelo (pUc. 2), Mo MOB’SI3aHO SK 3
BHUCOKOIO mucnepcHicTio crpykrypu B 3JIJI, Tak i1 3 (opmyBaHHSM BHCOKOMIITHUX JAPIOHHX
iHTepmetamiaiB: D-da3u ta dazu Ali3Coy.
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Puc. 1. ludpaxrorpamu Big HOBEPXOHBb 3pa3KiB AJIFOMIHIIO HICIIs JTa3€PHOTO JIETyBaHHS MIIIIO Ta KOOAIBTOM:
a — BUXITHH# cTaH; 6 — micis 50 TepMoIHKIIiB B iHTepBaiti Temneparyp 80 <> 300 K

THO npusBoauia 10 NOCTYIOBOIO 3arajJbHOr0 3MeHIIeHHs 3HaueHb /1, 1o Bciit 3JIJI. IloscHenns
TAaKOMY JIEIIO MapaJoOKCaIbHOMY €KCIIEpUMEHTAIbHOMY (DakTy MOKHa JaTH 3 HACTYIHUX
MipkyBaHb. Binomo [4], mo TLO y Oynp-ikoMmy iHTepBail Temieparyp (HaBIiTh y KpIOTE€HHIN
obnacti (80<>300 K)), cynmpoBOmIKYETbCS TaK 3BAaHUM «CTPHKLIHHUM e(pEKTOM»: MEPioTHIHUMH
«PO3TATYBAHHSIMI Ta «CTUCKAHHSIMI TPATKHA BHACIIIOK BUHUKAIOYHX TPATIEHTIB TEMIIEPATYP.

Pe3ynpTaToM Takux 3MiH IpaTKd OyJ0 BUHMKHEHHS MEXaHIYHMX HaINpy>KeHb, SKI MOCHIIIOBAIH
3aranpHUM HanpyxeHuil cran 3JIJI, orpumanuii Ge3nocepeqHBbO MICHsS JIETYBAaHHS, OCKIJIBKU
LIBUAKOCTI TAPTYBAHHS PO3ILIABY CATAU MPU IIbOMY 10* K/e. ExcniepuMeHTaIBHO 7K BCTAHOBIIEHO
CMajaHHs 3HaYeHb MiKpoTBepaocTi. Ile oO3Ha4yae, 110 TOBMHEH ICHYBaTH  SIKHUIICH
HU3bKOCHEPTeTUUHUI  MeXaHi3M  penakcalii  HampyKeHb, BIAMIHHUH Bl  3BHUYAHHOIO
JUCIIOKAIHHOT0, OCKUJIBKH 3apO/IPKEHHS 1 pyX IUCIOKalii B IHUCIEpCHIN rerepodasHiii cuctemi €
yckimagHeHuM. HeoOximHo 3a3HauMTH, 10 JeTalbHUN  MeTtanorpadiuamii  anamiz  3JIJI
Oe3rmocepeIHbO MiCHs JIETYBaHHS JIO3BOJMB BHUSIBUTH B 30HI 3HAUHY KUIBKICTh Makpoze]eKTiB
CTPYKTYpH — IOp, pO3MipoM 65n3bK0 4...6 MKM (puc. 2), GopMyBaHHS SIKUX I1OB’S3aHO, OUEBUIHO,
3 pI3HUMHU KoedilI€EHTaMH TEPMIYHOTO PO3LIUPEHHS CTPYKTYPHUX CKJIAJIOBHX [5].
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Puc. 2. Po3nozin cepenHix 3HaueHb MiKpoTBepaocTi 3a riaubuHoro 3J1J1 naszepHosieroBanux 3pa3kiB IpH 4acToTi
cmigyBanns immyisciB 10 T a — BuxinHuit cran; 6 — micis 50 TepMonukiniB B iHTepBaii temmnepatyp 80<>300 K
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Toni MoXHa MNPUMYCTHTH, WO I JpiOHI MakpoaeekTH sKpa3 1 crTaiu ePEeKTUBHUMU
penakcaTopaMu HamnpykeHb, ski BuHukiau B 3JUJI 1 mpu nerysanni, i npu TIO. Ha kopucts 1150ro
NPUIYIICHHS BKa3ye 1 QakT BiacyTHOCTI MikporpimuH micns TLHO 3 pi3HOIO KIUTBKICTIO
TEPMOITUKJIIB.
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Puc. 2. MikpocTpyKTypa MOBepXHEBHUX IapiB 3pa3KiB TEXHIYHOTO AJIIOMIHII0 0e310CcepeIHbO MiCIIs JIa3epHOTO
JIETYBaHHS M0 Ta KOOAILTOM

OTxe, NazepHe JIETyBaHHS TEXHIYHOTO AIOMIHIIO MOPOLIKAMU MiJi Ta KOOalbTy MPU3BOAUTH JI0
MiABUILIEHHS CEPEeIHIX 3HAYeHb MIKPOTBEPAOCTI 3a TNIMOMHOIO 30HM JIETYBAaHHS NpuUOIM3HO B 3-4

nedexrrictio y Hil. TL[O 3paskiB B inTepBam Ttemmeparyp 80<>300 K Bukimkae moctymose
3HWKCHHSI ~ CEpeIHIX  3HaueHb  MIKPOTBEPIOCTI  BHACTIJIOK  pellakcamii  3HaKO3MIHHUX
MIKpOHAIPYXEHb Y CTPYKTYpi 30HH, SIKi BUHUKJIH B TIPOLIECI TEPMOIIMKITYBaHHS.
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