Bwinyck 20. [IOPOHOPA3PYIIAIOLUIMY U METAJIOOBPABATBIBAIOIIIMH HHCTPYMEHT — TEXHHUKA
U TEXHOJIOI'UA EI'O U3I'OTOBJIEHUA U IPUMEHEHUA

YK 621.921.34-492.2:620.22-419
E. M. Jlynak, O. I Yepnienko
Inemumym naomeepoux mamepianie im. B. M. baxyns HAH Yxpainu

BIIJIMB TOBABKU MIJI TA CIIVIABY MIIb-TUTAH
HA YHIIVIBHEHHS AJIMA3ZHOT'O ITIOPOLIKY ITPU CIIIKAHHI
3A BUCOKOI'O TUCKY I BUCOKOI TEMIIEPATYPU

Haeseodeno pezynomamu docnioxcennsi eniugy 0006a6ox Mioi ma cniagy Miob-mumaH HA KIHEMmuKy
VWINbHEeHHs AIMa3y NpU CMEOPEeHHI AIMAa3HUX noaikpucmaniynux mamepianie (AIIKM) 3a eucoxozo mucky i
sucokoi memnepamypu. Bcmanoeneno wjo YWwinbHeHHs NOPOWKY aaIMA3y NPOXOOUmMs Hatweuoue 3
dodasanusim Midi, ane 3 000a8K0OI0 CNIABY MIOb-MUMAH, PIGEHb YWINTbHEHHS AIMA3HO20 KAPKACY 8Uld.

Kniouosi cnoea: armasnuii nosikpucmaniynuii mamepian, cRiKauHs, 8UCOKULL MUCK, 2YCMUHA.

AKTyaJqbHOIO 3aJa4€l0 3aJUINAETbCA MaTeMaTUYHE MOJEIIOBaHHS IPOLECIB, SIKi
B1IOYBAIOTHCS TIPH CITIKAHHI aJIMa3HUX MOJIKPUCTATIYHUX KOMMO3UIIHHUX MaTepiamiB (AIIKM) B
YMOBaX BUCOKHX TUCKY 1 TEMIIEpATypH JIJIsl CTBOPEHHS HOBHX aJIMa30BMICHUX MaTepialliB 3 Hamepe.
3aJJaHMMHU BJIACTUBOCTSAMH. EKCriepMMeHTallbHI JaHl A1 CTBOPEHHS TaKUX MOjeJield HaBeleHO B
poOOTi.

Ipu ctBopenHi AIIKM 3 BUCOKMMHU TBEPAICTIO, 3HOCOCTIMKICTIO, TPIIIMHOCTIHKICTIO BEJIMKE
3HAYCHHSI Ma€ T€, HACKUIBKU MIIHUMH, IIUTbHUMH 1 CYIIUTBHUMH OYIyTh TPaHUII alMa3HUX 3epeH [1].
JIst eKCTIepUMEHTAIBHOTO JIOCHI/KEHHST TPOLIECiB, sKi BiJOYBAIOTHCS MPH YHIJIBHEHHI aIMa3HOTO
nopomky B ymoBax ctBopeHHs1 AIIKM mpoBenn Tpu BapiaHTH CHIKaHHHS: aIMa3HOTO MOPOIIKY 0e3
100aBOK; aJMa3HOro TMOPOIIKY B MPUCYTHOCTI PILAKOI MeTaliuHOi ¢a3u 6e3 XIMIYHOi B3aemomii 1 3a
BIZICYTHOCTI SIBHIIIa 3MOYYBaHHS; aJIMa3HOTO MOPOUIKY B MPUCYTHOCTI PIIKOI MeTamyHOi a3y, sika
3MOYYE ajIMa3.

Onepxanns AITKM 3niiicHioBanu nipu TrcKy 8 I'T1a Ta Temmieparypi 1650 °C B amapati BUCOKOTO
TUCKY TUITY «TOPOif». TpUBaIICTh CIIKaHHS 7SI KOKHOI TpymnH 3pa3KiB craHoBuna 5, 10, 15120 c. ns
BCiX 3pa3KiB BHKOPHCTOBYBAJIM aliMa3Hi MOPOLIKH 3epHHUCTICTIO 28/20 MkM. B sikocTi iHepTHOTrO
METay,IKUi XIMIYHO He B3aEMOJII€ 3 alMa3oM (KapOoHOM) Opanu Mifs. Sk 100aBKy, 110 3MOYYE aiMa3s,
Opanu cruiaB migb-tutaH [2]. Bmict Cu B ATIKM anmas-mizab ckiaagae 12 % 06’ emuunx (o maci ~ 26 %).
CuissigHomeHss komnoHeHTiB AITKM anmas-mins-TUTaH HaBeIeHo B Ta0L. 1

Tabmaung 1. CnisBignomennsa koMmnonentis AIIKM anMa3-Miab-Turan

Kommounenta 006’ emHMi1 BMIcT % Macosuii BMicT %
Anmas 88 77,4
Ti 4 45
Cu 8 18

['yctuny anmasznoi (a3u po3paxoByBalId IIISIXOM BHpPAaXyBaHHS MacOBOI YacTKH JOOAaBKHU 31
3HAYeHHs TyCTHHH Martepiany, (tab;i. 2). Bushauenus ryctuam AIIKM mpoBOguId METOIOM
TAPOCTaTUYHOTO 3BAKYBaHHS.
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PA3JEJT 2. HHCTPYMEHTAJIBHBIE, KOHCTPYKIJHOHHBIE 1 ®YHKI[HOHAJIBHBIE MATEPUAJIBI
HA OCHOBE AJIMA3A U KVEUYECKOI' O HUTPUJIA FOPA

Tabnuus 2. 'yctuHa anMa3Hol ¢a3u B moikpucTaaax 3 pi3HOIO 3B’ SI3K010, L0 J0CSATAETHCS 3
Pi3HOI TPUBAJIOCTI CIIIKAHHSA

. . I'ycTuHa anMasHoi (a3n B MOTiKpHCTAi, r/cM®
TpuBadiCTh CIIKaHHA, C . .
Anmas Anmas-Miib AnMa3-MiIb-TUTaH
5 2,25 2,83 2,46
10 2,57 2,95 2,90
15 3,25 2,81 3,01
20 3,37 2,90 2,94

[Ipu cnikaHHI anMa3HOro MOPOIIKY 0e3 J00aBOK CIOCTEPIraeTbCs 3pOCTAHHA T'YCTUHH 31
301IBIIEHHSAM Yacy CIIIKaHHS Y BCbOMY JOCIIDKEHOMY YacOBOMY iHTepBaii. [ 'ycTuHa anmasHoi (asu
B KOMITO3UTI ajMa3-Mi/ib, SIka BCTAHOBIIOETHCS IIICIS CIIKAHHS TMPOTITOM 5 CEKyHJ Maike He
3MIHIOETHCS 31 30UTbIIEHHAM TpHBasocTi cmikanug 10 20 c. I'yctuna anMasHoi a3y B KOMIO3HTI
aJiMa3 — Mi/ib — TUTaH 3pocTae 10 15 cekyH[, noaasiblie CliKaHHS He BeJle 10 YIIUIbHEHHS YaCTUHOK
ajyMasy.

Haiinmkya ryctuHa anMazHoi (Ga3u CIOCTEpIraeThCsi B KOMIIO3UTI aiMa3-MiJib (CepemHe
sHauenHs 2,87 r/cm®, mo cknagae 93 % Bia TeopeTnuHoi ryctunm). KoMImosut anmas — Minb — THTaH
Mae JIeIIo BUILY TYCTHHY aaMa3Horo Kapkacy (3,01 r/em®, mo cknanae 95 %). Le Bkasye, mo 1o6aBka
CIUIaBY MiJb-TUTaH Ji€ OLIbII aKTUBHO Ha Mpolec crmikanHs. [lodikpucran Ha OCHOBI aIMa3HOTO
mopouiky 6e3 100aBok Ma€e rycTuny 3,37 r/em®, o craHoBUTH 96 %, sIKa HOCATAETHCS 33 HANTOBIINIL
qac crikanHs — 20 ¢. 3 106aBKO¥O Mifi YITITBHEHHS alIMAa3HOTO MTOPOIIKY KOMIIO3UI[IHHOMY MaTepiai
MIPOXOAUTH HAWIIBHUIIE, ACIIO MOBIILHIIIEC MPUIIBUIITYE YIIUIBHEHHS J00aBKa Mifi 3 TuTaHoM. Lle
Mo>ke OyTH OB’ 513aHO 31 3MEHIICHHSM TEIUIONPOBIAHOCTI CUCTEMH (JIOBILIUI Yac HarpiBaHHS).

BucHoBku

1. ITonikpucTan Ha OCHOBI aJIMa3HOTO MOPOIIKY 0€3 700aBOK Mae T'yCTHHY, IO CTAaHOBHUTh
96 % BiJ TEOPETUYHOI, SIKA JOCATAETHCS 32 HAWTOBIINN Yac crikanasg — 20 c.

2.3 no0aBKOK MiJl YIIUIBHEHHS aJMa3HOTO KapKacy B KOMITO3UIIIMHOMY Marepiaii
MIPOXOIUTH HAWIIBU/IIE, JIe MaTepiall Ma€ HAWHWKIY T'YCTHHY aJIMa3HOT CKJIaI0BOI.

3. Kommno3ut anma3z — MiJip — TUTaH Ma€ JIeHI0 BUILY TYCTHHY anMasHoi ¢as3u. Lle Bka3ye Ha
Te, 10 J0OaBKa CIIaBY MiIb-TUTaH Jli€ OLIBII aKTUBHO HA MPOIIEC CIIKAHHS.

Tlpusedenuvl pe3ynbmamsl ucciedosanusi 6UAHUA 000AB0K MeOU U CNIABA MeOb-MUMAH HA KUHEMUKY
VAJOMHEHUSL AJIMA3A NPU CO30AHUU AAMA3HBIX NOMUKpUcmaiiuveckux mamepuanos (AIIKM) npu evicoxom
OasnieHuU U 8bICOKOU memnepamype. YcmanogneHo, ymo YniomHuenue nopoutka aimaza npoxooum ovicmpee ¢
dobasneHuem meou, Ho ¢ 000ABKOU CNAABA MeOb-MUMAH, YPOBEHb VIJIOMHEHUs. AIMA3HO20 KAPKACA Gblllle.

Knwuesvie cnosa: ammasuviii NOIUKPUCMALTUYECKUL MAMEPUAI, CHEKaHue, GblCOKOe OaGieHue,
NAOMHOCHb.

INFLUENCE OF COPPER ADDITIVES AND COPPER-TITANIUM ALLOY
FOR CONSOLIDATION DIAMOND POWDER WHEN SINTERED
UNDER HIGH PRESSURE AND HIGH TEMPERATURE

The results of the study of the influence of copper and copper-titanium alloy additives on the kinetics
of diamond sealing during the production of diamond polycrystalline materials (APKM) by high pressure-
high temperature are given. It was established that the densification of diamond powder passes faster with
the addition of copper, but with the addition of copper-titanium alloy, the density of the diamond frame is
higher.

Key words: diamond polycrystalline material, sintering, high pressure, density.
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EXTREME HT-HP CONDITIONS FOR ACTIVATION
OF NOTICEABLE OXYGEN DIFFUSION IN GaN

Oxygen diffusion in bulk GaN crystals was studied after HT-HP annealing at temperatures
up to 3400 K and pressures up to 9 GPa. For this purpose, GaN crystals containing V-shape macro
domains, i.e. overgrown pinholes with high oxygen concentration, were grown by Halide Vapour
Phase Epitaxy (HVPE) method. Investigated HVPE GaN crystals before annealing showed sharp
step-like oxygen concentration profiles on interfaces between pinholes and matrix. Oxygen
concentration in overgrown pinholes is significantly higher (No = (2-4)x10%° ¢cm™) than that in the
bulk matrix (No <1x10*" cm) and directly corresponds to the free electron concentration in GaN.
This characteristic was used to estimate the change of oxygen concentration profile due to annealing.
Confocal micro-Raman spectroscopy was applied to measure the profiles of the free electron
concentration, which is directly related to the concentration of oxygen impurity. Photo-etching
method was used to reveal the pinholes in as-grown and annealed GaN samples and confocal micro-
Raman spectroscopy was applied to measure their profiles of the free electron concentration across
the pinhole-matrix interface. Lateral scanning across the interfaces between pinholes and matrix in
the HVPE GaN crystals after annealing showed the diffusion blurring of the profiles. Analysis of the
obtained data allowed for the first time for estimation of oxygen diffusion coefficients Do(T, P). The
obtained values of Do(T, P) are anomalously small similarly to those, obtained by Harafuji et al. by
molecular dynamic calculations for self-diffusion of nitrogen. Whereas oxygen and nitrogen are on
the same sublattice it could explain the similarity of their diffusion coefficients. Results of this study
also confirm the stability of the nitrogen sublattice of GaN against the formation of vacancies even at
temperatures close to the melting point as Harafuji et al. theoretically predicted earlier.
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