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MHOUCK OIITUMAJIBHBIX PEKUMOB ITOJYYEHUSA
OBBEMHBIX AMOP®HO-KPUCTAJIVIMYECKUX CIIVIABOB
N3 NOPOUHIKA COCTABA Zr3;TizBe;;sCu;s METOAOM UIIC

O0neMHuble amopdubie MeTanueckue criaBel (OAMC) Ha OCHOBE LMP-
KOHHS IIPEACTABIISIIOT OOJIBIION HMHTEpec Ojaaromaps CBOMM YHUKAJIbHBIM Xa-
PaKTEPHUCTHKAM: BBICOKOW TBEPJOCTH, BEICOKOIH IPOYHOCTH, XOPOIICH H3HOCO-
CTOMKOCTH M KOPPO3UOHHOM CTOMKOCTH. 10 5TOM IMpHYnHe OHH SBISIOTCS HEP-
CIICKTUBHBIMUA MaTepHalaMH JUIS HUCIIOJIb30BaHHUS B MEIUIIMHE, a9POKOCMHUEC-
CKOM O0Tpaciii, aBTOMOOHWJICCTPOCHUH, 3JIEKTPOHHUKE W SHEPreTUKE, B IPOU3-
BOJICTBE CIIOPTHUBHBIX TOBAPOB M YaCOBBIX MEXaHU3MOB, a TAKXKE — B KaYeCTBE
HM3HOCOCTOMKUX U KOPPO3HOHHOCTOMKHUX MOKPHITHIA [1].

AKTyanbHOCTH pPabOThI 0O0yCIOBJEHA HEOOXOJAMMOCTBIO TMOJIy4aTh U3
OAMC wusnenus kenaeMblx GOpM U pa3MEPOB C COXpaHEeHUEM aMOp(HON WK
aMOp(MHO-KPUCTAIUIMYECKON CTPYKTYPHI, YTO HEBO3MOKHO OCYIIECTBHTH Tpa-
IULMOHHBIMA METOAaMH (JTUTheM). BOoJbIIoli noTeHIMan OTMeYaeTcs Y METoa
ruckpoBoro miasMenHoro cmnekanus (MIIC), mo3BOJSIONIEr0 H3rOTaBIMBATH
OAMC 1pu TeMItepaTypax HIKE TEMIIEPATYPHI X KpUCTAILIN3AnH [2].

Iens paboThl 3aKiro4alack B BBIOOpPE ONTHUMAaIbHBIX pexumoB HIIC-
KOHCOJIMIANKA  C(HEPOUIM3UPOBAHHOTO aMOP(HOrO IMOpoImKa (paKIuKA
63-100 MM coctaBa ZrssTi3Bes sCUys g monydeHns Hanboliee IIOTHBIX
aMOP(HO-KPUCTAUTIMICCKUX KOMIIAKTOB C BBICOKOH CTETICHBIO aMOP(HOCTH H C
HAWIY4YIIAM COYETAaHHEM MEXaHMYECKHX CBOMCTB.

Jliis aTOrO0 METOAaMU DJIEKTPOHHON MHMKPOCKOIIMH, PEHTICHOBCKOM M-
(paKTOMETPUM U HU3MEPEHHMS MEXAHUUYECKMX XapaKTEPHUCTHK HCCIEIOBAHO
Brusuue mapameTpoB MIIC Ha dopMupoBaHre aMopGhHO-KPHCTATTHYSCKOM
CTPYKTYPHI MOIYYEHHEIX KOMIIAKTOB M MX CBOMCTB. OOpasiibl IIs UCCIIEI0Ba-
HUS TOJIyYalld CIieKaHueM B uHTepBane Temmeparyp 320-400 °C, naBnenuit
50-125 MIla u Bpemenu cuexanus 7—20 MHHYT.

VYceraHOBIIEHO, YTO 00pasipl, MOJYYCHHBIE MPH KCKPOBOM ILIA3MEHHOM
cunekanun B uHTepBaiie temmeparyp 320-340 °C, perrrenoamopdsl (CTENEHD
amopduoctu Oonee 80 %). OnmHako NpH KOHCOJHMJALMH B HWHTEpBale
320-325 °C mnosyyaeMble KOMIIAKThI MMEIOT BBICOKYIO BHYTPEHHIOK IIOpU-
CTOCTb, KOTOpasi HE YCTpaHAeTCs IMyTEM IOBBIIICHUs AaBjicHusA. HaubOombinee
YIUIOTHEHHUE MPHU MOCTOSTHHOM JaBjieHud B 50 MIla mocruraercs npu Temnepa-
Type 340 °C. Heobxoqumas u AOCTaTOYHAsl BEIMYMHA BPEMEHH CIIEKAHUS MPU
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sToM coctaBuia 15 munyt. C yBeJIHUYCHHEM JABJICHUS PACTET IJIOTHOCTH KOM-
makToB, noxydeHubix UTIC-koncomumarueii npu 340 °C B Teuenue 15 MUHYT.

B xoJile MEXaHMYECKUX HCILITAaHUH 00pa3IoB, CIIEYECHHEIX IPH JAABIEHHUSIX
60 u 70 MIla, moaydeHbl UX Opeaeinl IpouyHocTH Ha cxkatue: 480—640 MIla n
760-800 MIIa, coorBeTcTBeHHO. [laHHbIe 3HAYeHHs B 1,5-2 pa3za HHXE MpoU-
HOCTH OO0pa3loB, BBIPE3aHHBIX W3 KPUCTAJUIMYECKOTO CIUTKA CIUIaBa
Zr3sTizoBesrsCuys.

Kpome Toro, oTMEUEHO, YTO pa3pyIIeHUE IPOUCXOAUT IO IPAHUIAM YACTHI]
crieueHHOro nopomka. ComocTaBlIeHHE PE3YIbTaTOB CIEKTPOCKOIINH XapaKTe-
PHUCTHYECKHUX IOTEPH dHeprun iekTpoHoB (EELS) u penrrenodaszosoro ana-
mm3a (POA) npuBOIUT K BBIBOAY O HAJIMYHU HA TPAHMIAX MEXKIY YaCTHIIAMH
[OPOIIKA TOCIe KOHCOJMUIAUN XpynKoro okcuaa oepwuins (BeO), kotopslit
MOYET ObITh OCHOBHOW IMPHYMHON YXYIIICHUS MEXaHUUYCCKHX XapaKTCPHUCTHK.
W3 pe3ynbTaToB CHHXPOTPOHHBIX MCCIEAOBAHMI moixyueno, uro BeO mpucyr-
CTBYET B MOPOIIKE U O CIEKaHUs. AHAIN3 COAEPKaHUs KHUCIOPOaa B MaTepu-
ajie Ha pa3IMYHBIX 3Tanax co3ganus OAMC nmoka3bIBaeT, YTO €ro 3HAYUTEI b-
HBI POCT MPOMCXOJMUT BO BPEMs IUIA3MCHHOUW CPEPOMIU3AIMK OCKOJOYHOTO
MOPOLIKA.

CrenaH BBIBOJ O HEOOXOAUMOCTH CHHIKEHHS HAKHUCIOPOKUBAHHS B XOJE
IIPOU3BOJICTBA MOPOIIKA AJIS YIYUIICHHS KaueCTBa I'PAaHUIl MEXKIY YaCTULIAMHU
[MOJy4aeMbIX KOMIIAKTOB. Takke HEOOXOAMMBI JaNbHEHIINE HCCICAOBAHHUS
cBOIiCcTB 00pa3ios, nomydeHHbIX UIIC-korcommpanmeii npu 340 °C B TeueHue
15 munyT npu gapneansx 100 MIa u Beime.

1. Greer, AL., Ma, E. Bulk Metallic Glasses: At the Cutting Edge of Metals Re-
search. MRS Bulletin 32, 611-619 (2007). https://doi.org/10.1557/mrs2007.121

2. E. A. Bazdnikina [et al.] Obtaining parameters for the production of bulk amor-
phous and amorphous-crystalline alloys of the composition Zr35Ti30Be27.5Cu7.5
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SEARCHING FOR OPTIMAL MODES OF PRODUCING BULK
AMORPHOUS-CRYSTALLINE ALLOYS FROM
Zr3sTiBey; sCu;s POWDER BY SPS METHOD

Bulk metal glasses (BMGs) based on zirconium are of great interest due to
their unique characteristics: high hardness, high strength, good wear resistance
and corrosion resistance. For this reason, they are promising materials for using
in medicine, aerospace and automotive industries, electronics, power engineer-
ing, in the production of sports goods and watch mechanisms, as well as wear-
resistant and corrosion-resistant coatings [1].

The relevance of the work is due to the need to obtain products of desired
shapes and sizes from BMGs with preservation of amorphous or amorphous-
crystalline structure, what can not be done by traditional methods (casting). A
great potential is noted for the spark plasma sintering (SPS) method, which
makes it possible to fabricate BMGs at temperatures below their crystallization
temperature [2].

The aim of this work was to select the optimal modes of SPS consolidation
of a spheroidized amorphous powder of the 63-100 pum fraction of the
Zr3sTizBe,7 5Cu; 5 alloy composition in order to obtain the densest amorphous-
crystalline compacts with a high degree of amorphism and with the best combi-
nation of mechanical properties.

For this purpose, electron microscopy, X-ray diffractometry, and measure-
ment of mechanical characteristics were used to study the influence of SPS pa-
rameters on the formation of the amorphous-crystalline structure of the result-
ing compacts and their properties. Samples for research were obtained by sin-
tering in the temperature range of 320—400 °C, pressures of 50-125 MPa, and
sintering time of 7-20 minutes.

It was established that samples obtained by spark plasma sintering in the
temperature range 320 — 340 °C are X-ray amorphous (amorphous phase
amount is more than 80%). However, during consolidation in the range of 320
325 °C, the resulting compacts have a high internal porosity, which can not be
eliminated by increasing the pressure. The greatest compaction at a constant
pressure of 50 MPa is achieved at a temperature of 340 °C. The necessary and
sufficient value of the sintering time was 15 minutes. With increasing pressure,
the density of compacts obtained by SPS consolidation at 340 °C for 15
minutes increases.
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In the course of mechanical testing of samples sintered at pressures of 60
and 70 MPa, their ultimate compressive strength were obtained: 480-640 MPa
and 760-800 MPa, respectively. These values are 1.5-2 times lower than the
strength of samples cut from a crystalline ingot of the ZrssTizgBe,7 5Cuy 5 alloy.

In addition, it was noted that the destruction occurs along the boundaries of
the particles of the sintered powder. Comparison of the results of electron ener-
gy loss spectroscopy (EELS) and X-ray diffraction analysis (XRD) leads to the
conclusion about the presence of brittle beryllium oxide (BeO) at the bounda-
ries between powder particles after consolidation, which can be the main reason
for the deterioration of mechanical characteristics. From the results of synchro-
tron research, it was found that BeO is present in the powder even before sinter-
ing. An analysis of the oxygen content in the material at various stages of the
creation of BMGs shows that its significant increase occurs during the plasma
spheroidization of the shard powder.

It is concluded that it is necessary to reduce oxygenation during powder
production in order to improve the quality of the boundaries between the parti-
cles of the resulting compacts. It is also necessary to further study the proper-
ties of samples obtained by SPS-consolidation at 340 °C for 15 minutes at pres-
sures of 100 MPa and higher.
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