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Jna susHauenHs mMexauiuHux 81acmugocmel MOHOKPUCIAILIE AIMA3Y, 8UPOUEHUX Memo-
00M MeMnepamypHozo epadienma, po3pobiieno KOHCMPYKYIIo CheyianbHo20 mpumayd,
wo 0036015€ ix Hepyxomo 3akpinumu. Busnaueno mamepianu O0ns 6ucomosieHus
RIONIOJCKU-YMPUMYBAYA 3 MEMOIO CYMICHO20 GuKopucmanis 3 npuiadom YIMB-1 ouckis
3 OKCUOY YUPKOHIIO, OKCUODY MALHIIO ma Himpudy amominito. Jlocniodcenns ixHix enacmu-
socmeil i 6UNPoOYBAHHI HA MIYHICMb 00360AUIU GCINAHOBUMU, WO OUCKU, BUCOMOBIIEHT 3
HIMpUoy antoMiniro, Haubinbw npudamui 0isi npoeederns docaioxcersv npu 900 C.

Kuro4oBi cjioBa: amMas, MiKpOTBEepIiCTh, MEXaHIUHI BIIACTUBOCTI, IHACHTYBAHHS, HITPHT
AITFOMIHIFO

s onpedenenus mexanuueckux C60UCME MOHOKPUCMANLO8 AIMA3A, GbIPAUJEHHbIX Me-
MoOOM MEeMNEPamypHo20 2paoueHma, papadbomana KOHCMPYKYUs CReyuarbHozo oep-
Jrcamens, NO3GONAOWE20 UX HENOOBUNCHO 3akpenumb. Onpedenenvl mamepuansl Ol U3-
20MOBIeHUsI NOONLOANCKU-0EPIICAMETSL C YETbI0 COBMECHMHO20 UCHOIb308AHUSL ¢ NPUOOPOM
YUMB-1 Ouckog uz oxcuoa yupkouust, okcuoa mazrus u Humpuoa anomunus. Hccredo-
6aHUE UX CEOUCME U UCHBIMAHUL HA NPOYHOCTL NO3GOJUNU YCIMAHOBUMb, YMO OUCKU,
U320MOBIIEHHblE U3 HUMPUOA ATIOMUHUA, HAUbOIee NPUu2oousl OJisl NPOBEOeHUs UCCed0-
eanuii npu 900 C.

KiioueBnle cioBa: ajMa3, MHUKPOTBEPAOCTb, MCXaHUYCCKUC CBOﬁCTBa, HUHACHTHUPOBA-
HUC, HUTPUA AJIFOMUHUA

BumiproBaHHs MIKPOTBEpIOCTI HAATBEPAUX MaTepialiB, OCOOJMBO anamasy,
Ma€ BEJIMKUN MPAaKTUYHHUNA 1HTEpeC, OCKUIBKH I HalOUIbII MIBUIKUN, MPOCTUH,
HEePYWHIBHUN METOJ aHamizy. Pa3oM 3 TUM JaHWI METOJ| € BUCOKOUYTIMBUM JIJIS
JMOCTI/DKEHHST MEXaHi3MiB  IUTACTUYHOI  Jedopmaliii, cTapiHHS, HaKIeIy,
BIJTHOBJICHHSI, pEKPUCTAJTI3aIlll Ta 1HIHMX (PA30BUX 1 CTPYKTYpHHUX MEPETBOPEHb [1].
ToMy TBepIiCTh 3aiiMae OKpeMe Miclle Cepell METO/IIB KOHTPOJIO SKOCTI Ta Bia-
CTUBOCTEH MatepiamiB. PesynpTaTi 6araTh0X MOCHIKEHb CBiYaTh MPO Te, IO
MIKpPOTBEPIICTh MaTepialy OB ’s3aHa 3 OaraTbMa MEXaHIYHMMHU Ta (QI3UYHUMHU
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XapaKTepUCTUKAMHU, Y TepIly Yepry 3 I'PaHULSIMU MILHOCTI, TEKY4YOCTi, BTOMH, 3
MOB3YYICTIO ¥ TPHUBAJOK MIIHICTIO. MIKpOTBEPIICTh TAKOXK B3aEMOIIOB’si3aHa 3
JeSIKUMHM MarHiTHUMH i €IeKTPUYHUMU BIACTUBOCTSIMH.

BuBYeHHS MEXaHIYHUX BIIACTHBOCTEH Ta MEXaHIYHOI MOBEIIHKN CHHTCTUIHHUX
aJIMa3iB, BUPOILEHUX METOJIOM TEMIIEpaTypHOro I'pai€HTa, € JOCUTh BAXKIIMBUM,
OCKUTBKY JTO3BOJISIE BUSIBUTH BIUIMB Ha MEXaHIYHI BJACTHBOCTI PI3HUX OCOOIUBO-
CTeW POCTy, 30KpeMa CKJIaJly pOCTOBOi CHCTEMH, TUCKY, TEMIIEPATypH, KUIBKOCTI
Ta TUIY JOMIIIOK.

Jlis BUBUEHHSI MEXaHIYHUX XapaKTEPUCTUK OyJI0 BUKOPUCTAHO 3pa3Ku aiMasy
po3mipamu 2—4 mm (macoro 0.1-0.16 ct), BHpOIIEHI METOIOM TEMIIEPaTypHOTO
IpajiieHTa, 3 BUKOPUCTAHHAM BIANOBIAHUX PO3UMHHMKIB [2]. MOHOKpHCTaNN ai-
Ma3y Maid KyOOOKTaeApHUIHUI rabiTyc 3 He3HAYHUM PO3BUTKOM TpaHei poMOo-
nonekaenpa (110) ta rerparontpuokraeapa (311) (puc. 1).

a o 8

Puc. 1. Monokpucranu anMasy: a — tuny 11b, macoro 0.1 ct; 6 — Tumy 1b, macoro 0.16 ct;
6 — tuny lla, macoro 0.14 ct

Hocmimkenas npoBoawinn mpu temmneparypi 900°C 3 BUKOpPHUCTaHHSIM ycCTa-
HOBKH YIMB-1 (puc. 2) [3]. BumiproBaHHsSI MiKpOTBEPAOCTI 31iHCHIOBAIN METO-
JIOM BIABJIIOBaHHS B HAarpiTy MOBEPXHIO 3pa3kiB / Ta iHACHTOpA 3, sIKi 3a JOIIOMO-
rOI0 BEPTHKAIBHUX IITOKIB 4 3’€IHAHI 3 TATapIsiMH 5. 3pa3kd Ta IHACHTOP
HarpiBajM MOJIOJCHOBUM HarpiBadeM. 3aJuIIKOBUN THUCK TMOBITPS B poOOUil Ka-
Mepi mpu Harpiei ckiagaB 6musbko 0.0013 Pa. Tsrapmi omupanucs Ha pyxomy
IUTOINAKY, TIPY OITyCKaHHI SKO1 1HACHTOP pa3oM 3 TATapIsIMHU OITyCKaBCs Ha 3pa3-
KA JIMIIEe i JI€F0 CUIM TSOKIHHS, 3aBISKH YOMY HABaHTa)KCHHS BiIOyBaiocs
piBHOMIpHO. Bici iHIeHTOpa Ta TprMada 3pa3kiB Oyiu 3MillleHI OJHA BiJTHOCHO
OJHOI Ha 5 mm.

CxIaHICTh BUMIPIOBAHHS MIKPOTBEPJOCTI MPHU BUCOKUX TEMIIEpaTypax cra-
HOBUTH 3aKpIIJICHHS 3pa3kiB y Tpumaui 2 (puc. 2), skuil mae (opmy aucka
niamerpoM 15 mm 1 Bucotoro 5 mm. Hamm Oyma po3poGieHa MeToauka
HiATOTOBKY 3pa3KiB MOHOKPHUCTATIB aliMa3y 3 iXHIM (piKCyBaHHSAM y CIELiaIbHO
pOo3po0JIeHNX KepaMIdyHUX JTUCKaX.

Jlns BUTOTOBNICHHS KEPaMiYHUX IUCKIB OyJI0 BHBUCHO MPOLEC CITIKAHHS Ma-
Tepialy TpuMada 3pa3ka 3 MOXJIMBICTIO 3aKPIIUICHHS B HHUX ajMa3HUX KPHUCTAIB.
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Puc. 2. Cxema KoMipkH yc-
tanoBku YIMB-1[3]: I -
JIACK 31 3pa3kaMy CHHTETHY-
HOTO anMasy, 2 — TpuMad
JMcKa 31 3pa3kamu, 3 — aj-
Ma3Huil iHAeHTop bepkosu-
ya, 4 — IITOK, SIKUU 3’€HYE
BaXKH 3 IHIECHTOPOM, J —
Tarapui macoro 50-1000 g

JIMCcKM BUTOTOBISUIM 3 TEPMOCTIMKUX MarepialiB —
HITPHUJy QJIIOMIHIIO, OKCHIy MarHit0 Ta OKCUIY IHp-
KOHIO 3 BUKOPUCTAHHIM 3B’5I3yI0OYOr0 Ha OCHOBI CH-
mikatHoro kjiero. [lopomku 1ux matepiaiiB 3epHHUC-
ticTio 40—-100 pum 3minryBanu 31 3B’ A3K010 Ta (hopMy-
BaJIM IUISIXOM IpecyBaHHs npu Tucky 0.2—0.3 GPa B
HWITIHAPUYHIN 1ipec-¢opmi giamerpom 15 mm. ITicns
cnpecoByBaHHsS BUTpuMyBaiu mpu ¢ = 900°C 3 mome-
pensboro cymkoro npu 110-120°C.

[TnacTMHKM, BUTOTOBJICHI 3 OKCHJIy MAarHIfO, ITiCIIS
TepMIYHOI 0OPOOKH 3a3HAIN PYHHYBaHHS, TOMY LIei Ma-
Tepiall 0/[pa3y BHITyUYHIIH 3 TOAAIBIIHNX KCIIPIMEHTIB.

Jns gocimimpkeHb 3 BUSHAYCHHS MIITHOCTI Ha CTH-
ckaHHs 0yJsio oOpano nucku 3 AIN ta ZrO,.

PyliHiBHE HaBaHTa)XE€HHs, SKE MPUKIAAATOCS IO
3pa3KiB 3 OKCHIY IMPKOHIt0, He nepeBuryBaio 1 kN.
SIKiCTh BUTOTOBJICHHX 3pa3KiB HE JO3BOJISUIA OTPUMATH
OLIBII TOYHI 3HAYCHHS PYHHIBHOTO 3yCHIUIS 1 BU3HAUU-
TH BENMYMHY Reompr. HaBaHTaXeHHs, SKe TpUKIafaid
JI0 3pa3KiB 3 HITPHUAY ATIOMIHIO, B CEPETHHOMY CTaHO-
Busio 27.05 kN. MilHicTh Ha CTUCKaHHS 3pa3KiB, BUTO-
ToBneHuX 3 AIN, nocarano Reompr = 160 MPa.

Jlani 3 TemnepaTypHOi CylIKH i TepMOOOpOOKH,
MIIIHOCTI Ha CTHUCKAHHS, a TAaKOX 3O0BHIMIHINA BHUI
JUCKIB 3 HITPUIY ATIOMIHIIO, OKCUIY MarHiro Ta OK-
CUly IIUPKOHIIO HaBEJIEHO B TAOJIHIII.

[Ticiss mpoBeneHHST OCHTIIPKEHb OyJio 3po0JIeHO
BHCHOBOK IIPO T€, 1110 3alPECOBYBATH aJIMa3u JUIsl I10-
JAITBIINX JTOCTIHKEHh HAMOUTBIT JTOPEYHO Y ITiTOXK-
Ky-yTpHUMYyBau, BUTOTOBJIEHY 3 HITPUIY AaJIOMIHiI0.
[Ticnst monepeaHbOro CIpPEeCcOBYBAaHHS AMCKAa HITPHUIY
QTIOMIHIIO 3pa3Kd aJMa3iB PO3MIIIyBaU Tak, 1100
LEHTp 3pa3ka 30iraBcsi 3 BICCIO iHIGHTOpA. 3 METOIO
30UIBIIEHHS] MIITHOCTI JUCKa Horo ¢opMmyBaid i3 3a-
MPECOBAHUMH B HhOMY ajiMazamu 3 rpansmu (100), ski
301raroThCs 3 BEPXHBOIO TIOBEPXHEIO AUCKa (puc. 3).

Ha 3anpecoBaHMX TakuM YMHOM KpHUCTalaXx CUHTETUYHOIO anMmasy tumy [1b,
BUPOILEHUX METOJOM TEMIIEPaTypHOTrO I'paji€HTa, MPOBOAMWIM JOCTIKEHHS Me-
TOJIOM JIOKQJIbHOTO HaBAHTA)KEHHS KOPCTKUM 1HIEHTOPOM. 3a JIOTIOMOTOI0 IIhOTO
MeToay OyJio OTPUMAHO 3HAYEHHs TBEPJOCTI Mo Melepy, po3paxoBaHO MPYXKHY,
IUTACTHYHY Ta 3arajbHy nedopMallifo, TpaHUII0 TEKy4OCTi, TOOYIOBAaHO KPUBY
nedopmMariii anmasy gaHoro tumy [4].
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Tabnuis
IMapameTpu TepMiuHOi 00p0OOKHU TUCKIB i3 TepMocTilikux MaTepiaJiB
Marepian | Ne 3paska 1 L) 3 P, kN 3obpasen-
h HS 3pa3KiB
1-1 25.6 .
AIN
1-2 28.5 .
D
MgO 12 12 10 B i i
2-2 l DS \
3-1 1 l ‘
|
ZI'OZ
3-2 0.9 ! II

Tlpumimku. T — 4ac BUTPUMKH 3pa3KiB NpU KIMHATHIH TeMIIEpaTypi; Tp — 4ac CyIIKH
mpu 110-120°C; 13 — gac Bignamy npu 900°C; P — HaBaHTa)XeHHS IIPU BATIPOOYBaHHI Ha
MILHICTb.

a 9]

Puc. 3. 300pakeHHs 3pa3KiB anMasiB, 3aIPECOBAHUX Y MIUIOKKY-yTpUMYyBad i3 HITPULY
QIIIOMIHIIO

TakuMm 4MHOM, B pe3yJbTaTi MPOBEIEHHUX IOCIiKEHb OyJi0 miIiOpaHo Ma-
Tepiall IS BUTOTOBJICHHS  ITiJUIOKOK-yTPUMYyBadiB, pPO3POOJIEHO  CIOCiO
3aKpIIUIEHHS B HUX 3Pa3KiB CHHTETUYHOTO ajiMasy, L0 JO03BOJWIO YCIHILIHO MPo-
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BOJIUTH BUMIpIOBaHHs TBepaocTi npu BUcokux (10 900°C) temmnepatypax. Bera-
HOBJICHO, IO IMICJIsS HUKIIYHOTO 0araTtopa3oBOTO HArpiBaHHS W OXOJOIKEHHS
Hi/IJI0KKA HE 3a3Ha€ pyHHyBaHHS.
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SELECTION OF THE SUBSTRATE MATERIAL FOR THE HOLDERS OF
DIAMOND SINGLE CRYSTALS AT THE MEASUREMENTS OF HIGH-
TEMPERATURE HARDNESS

The study of the mechanical properties is important because it allows establishing the
effect of growth features: the composition of growth system, the temperature, the amount
and the type of impurities.

To test mechanical properties, diamond samples of 2—4 mm in size and 0.1-0.16 ct in
weight were used, being obtained by the method of temperature gradient. The tests were
performed at the temperature of 900°C in UIMB-1 plant [1]. The problem was fixing of
the samples by a holder of 5 mm in height and 15 mm in diameter. The samples were de-
cided to be fixed in ceramic disks.

Thermally stable materials (aluminum nitride, manganese oxide, zirconia) were se-
lected for producing the substrate. The powders of these materials were mixed with the
silicate-based binder and pressed under the pressure of 0.2-0.3 GPa in a cylindrical
mould. After the pressing, the plates were allowed at the room temperature and sintered at
900°C.

The plates made of manganese oxide were destroyed and eliminated from the suc-
ceeding tests. Compressive strength of the AIN and ZrO, plates was measured. The
breaking load of the ZrO, samples did not exceed 1kN. The quality of the samples did not
allow evaluation of Reompr The loading of the AIN samples was 27.05 kN and the com-

pressive strength reached Reompr = 160 MPa. Naturally, a conclusion was made that the
aluminum nitride substrate is the proper material for diamonds to be pressed in.

So, the material of the substrates was selected where the crystals of synthetic dia-
monds should be pressed in. This fact provided successful measurements of the hardness
at high temperatures [2].

Keywords: diamond, microhardness, mechanical properties, identitation, aluminium ni-
tride

Fig. 1. Diamond single crystals: a — type 11, weight 0.1 ct; 6 — type 1b, weight 0.16 ct; 6 —
type Ila, weight 0.14 ct
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Fig. 2. The cell design for YIMB-1 [3]: / — disk with synthetic diamond samples, 2 —
holder of the disk with the samples, 3 — Berkovich diamond indentor, 4 — rod, which con-
nects weights with the indentor, 5 — sinkers of 50—1000 g in weight

Fig. 3. Diamond samples pressed into the aluminum nitride substrate-holder
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