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JIETYBaHHA HepeXiJ_IHI/IMI/I MeETajlaM1

2. Structural and phase state of aluminum, titanium and zirconium surface layers after pulse laser alloying with
transition metals

Pedepar:

1. Po6oTa nmpucBsiueHa JOCIiIPKEHHIO 0COOIMBOCTEN CTPYKTYPOYTBOPEHHS! B TOBEPXHEBUX LIAPAX alOMIHII0, TUTAHY
Ta UPKOHIIO IIPU JIa3€pHOMY JIETYBAaHHI CyMilllaMy MOPOLIKiB NepeXigHNX METaiB. JJOCIiIKEHO TEPMIYHY
CTabisbHICTh (Pa30BOr0 CKJIALY [IOBEPXHEBUX LIAPiB alIOMIHIIO MiCIs J1a3epHOro JIeryBaHHS CYMIIIIIIO ITOPOUIKIB
Migi Ta 3asniza. [eTeporeHHa CTpyKTypa 30HU JIETYBAaHHS MiCTUTh Y CBOEMY CKJIaZi iHTepMeTastifgHi ¢pasu, y Tomy
4KCJli KBa3ikpUCTaliuHy ikocaeapryHy 0-¢a3sy. Bifmnany 30Hu 1a3epHOro JIeryBaHHS 3pa3KiB 00YMOBIIIOIOTh
dopmMyBaHHS iHTEpMeTasigy-anpokcuMaHTy. [TokazaHo, mo 0-¢asa 3aIMIIaeThCs TEPMIYHO CTiMKOIO IpU
TeMIIepaTypi, 6;IM3bKiil 0 TeMIIEpPATypH IJIaBJI€HHS aloMiHieBoi MaTpuLi. JlocaimkeHHs (pa3oBOro CKiamy
[IOBEPXHEBUX LIAapPiB TUTAHy Ta LMPKOHIIO IIiCJIS JIA3€PHOTO JIETYBAHHS CyMilllaMy IIOPOUIKIB MePEXiIHUX METaJliB (Zr

+ Ni ra Ti + Ni, Bif[oBifgHO) BUSIBUIIN, 110 iMITyJIbCHE JIa3€pHE JIeTyBaHHS B cucTeMi criiasiB Ti-Ni-Zr He npuBoguTh



o popMyBaHHS ikocaepr4yHOi 0-(a3u NpU BCiX 3aCTOCOBAHUX PEXKAMAX OOPOOKH, a IPUBOJUTD JIUIIE 10
dopmyBaHHS (Ha3u-alPOKCUMAHTH, IO CBIIYUTH [IPO HEHLOCTATHICTb €HePreTUYHUX I1apaMeTPiB JIa3epHOTro
JIeTyBaHHSI. 3alIPOIIOHOBAHO CIOCi6 J1a3€pHOro 3MilJHEHHSI IOBEPXHEBUX II1apiB TUTAHOBUX CIJIABIB, SIKUI [TOJISITAa€E B
HaHECEHHI JIETYBaJIbHAX OPTaHiYHUX CyMillleil Ha 3pa30K BUPOOY Ta MOJasIblIe iMITyJIbCHE JIA3€PHE OIJIABJICHHS
IIOBEPXHIi. 3aIIPOIIOHOBAHO i BUKOPUCTAHO METOJ, MOZIE/IIOBAHHS 0O€PHEHOI IPaTKU KBa3iKpUCTasiyHOi
ikocaepryHOi CTPYKTypHY Ha OCHOBI iHTepnpeTalii nocainoBHocti GPiboHayyi. BkazaHuit MeToq, NoIrae y
PO3MHO>KEHHI 6a30B0Oi IPyIu BY3JIiB, 5Ki JIeXKaTb Ha KiHISX BEKTOPIB ikocaepa, 3a OAHUM i3 3alIPOIIOHOBAaHUX
PEKYPEHTHUX aJIrOPUTMIB. BUSIBJIEHO, 110 KiJIbKICTh CAMOHAKJIAAHD BY3JIiB Y MOZ€JIi KOPEJIIOE 3 iIHTEHCUBHOCTSIMU

BiZITOBiTHUX €KCIIEPUMETAJIbHUX pedIIEKCiB.

2. The paper is devoted to the research of structural formation peculiarities in surface layers of aluminum, titanium
and zirconium after laser alloying with the mixtures of transition metal powders. It was studied thermal stability of
the phase composition of surface layers of aluminum after laser alloying by the mixture of copper and iron
powders. It was found that heterogeneous structure of alloying zone contains intermetallic phases including
quasicrystalline o phase. Annealing of laser alloying zone of the samples caused the formation of intermetallic
approximant and the alignment of microhardness average values in zone depth. It was shown that o phase remains
thermally stable at a temperature which was close to the melting point of the aluminum matrix. It was shown that
high cooling rate during pulse laser treatment of cast alloy with quasicrystalline composition of the Al-Cu-Fe
system caused increasing in the quantity of o phase in the structure of laser treatment zone which was
accompanied by increasing in the values of integral microhardness. Research of phase composition of the surface
layers of titanium and zirconium after laser alloying with mixtures of transition metal powders (Zr + Ni and Ti + Ni
respectively) revealed that pulse laser alloying in the Ti-Ni-Zr alloy system did not lead to formation of icosahedral o
phase at all applied processing modes. It was proposed the method of laser reinforcement of surface layers in
titanium alloys which consists in covering the sample by alloying organic mixtures and in subsequent pulse laser
treatment in the mode of surface melting. Active interaction of titanium matrix with the substances of the alloying
mixture is accompanied by the formation in the structure of its surface layers of titanium carbides and nitrides
which in its turn leads to increasing of average microhardness values of the laser treatment zone structure in
comparison with the initial microhardness of titanium in several times. The method of modeling the reciprocal
lattice of a quasicrystalline icosahedral structure which was based on the interpretation of Fibonacci sequence was
proposed and used. The specified method consists in the reproduction of the base group of nodes which were
located at the ends of icosahedron vectors according to one of the recursive algorithms. The cross sections of the
model which were oriented perpendicular to the symmetry axis of the II, IIl and V order, were coexisted with the
corresponding experimental diffraction patterns of icosahedral phases. It was found that the quantity of nodes
self-assemblies in the model correlated with the intensities of the corresponding experimental reflexes. The
results of the research can be used in engineering (aviation and automobile industry) when creating wear-resistant
coatings on parts of tools which affected by frictional wear in contact areas during the operation and in nuclear
power engineering (construction of reactors) during production of constructive fuel cells in the active zone of

nuclear reactors.
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