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1. A7iMa3Hi KOMIIO3ULIi¥HI MaTepiaay WKXPOKO BUKOPUCTOBYIOTbCS B IPOMUCIIOBOCTI 3 CEPELVIHU MUHYJIOTO
CTOJIITTS, HA KIITAJIT OYPOBOro Ta JIe30BOr0O iHCTpyMeHTiB. CyyacHi HagTBep i NOIiKpUCTasivyHi Matepiany Ha
OCHOBI asiMa3y HajeXkaTb 40 BaKJIMBUX MaTepiasiB iHCTpyMEHTaIbHOTO IIPU3HAYEHHS 3aBJIsIKU CBOIM (i3uKO-
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BiZ[IOBiJHO, HU3bKa 3HOCOCTIVKICTb 32 MMiJBULIEHUX TEMIIEPATYP. BUTOTOBJIEHHS aJIMa3HUX MOPOLIKIB 3 AKUX
$hopMyIOTh aJIMa3Hi MOJIKPUCTANIN, B IPOMHUCJIOBUX MaclITabax BiiOyBaeThCs B IPUCYTHOCTI PO3UMHHUKIB BYTJIELIO,
a caMe MEeTaJliB Ta CIVIaBiB Ha OCHOBI €JIeMEHTIB I'PyIU 3aJ1i3a, Ha KUITAJIT HiKeJso, KobaibTy Ta 3aiisa. [IpoTte, 3a
YMOB POOOTH Ha IOBITPi, HAIPUKJIAJ, PYMHYBaHHS IOPOaY OyPOBUM iHCTPYMEHTOM, Jie IPUCYTHE HArpiBaHHS BUILE
700°C, Taxi nopoumku Ta cGOPMOBaHi 3 HUX KOMIIO3UTH BTPavyaloTh CBOi (i3MKO-MeXaHiqHi BacTuBoCTi. Po6oui
eJleMeHTHU 6YpOBOro iHCTpyMEHTa 3a3BUYall CKIAJAI0ThCs 3 YACTMHOK aJIMa3HOTO IOPOIIKY Ta METaJIeBOi MaTpHulli, B
Kil1 BOHU 3HaxX0A4ThCsl. ONHUM 3 IPU3HAY€Hb MAaTPULli € yTPMMAaHHS aJIMa3HUX YaCTMHOK B iHCTPYMEHTI [0 iX
[IOBHOT'O 3HOLIYBAaHHS. MilIHiCTb YTPMMAaHHS YaCTMHOK aJIMa3y BU3HAYA€ThCS XIMIYHOIO B3a€MOIi€l0 MaTepiany
MaTpulli 3 aJIMAa3HUMU 3epHaMU Ta iXHiMU (i3UKO-MeXaHIYHUMU BIACTUBOCTSIMU. B pasi popmyBaHHS KapKacy 3
YaCTMHOK aJIMa3HOr0 MIOPOIIKY MeTajleBa 100aBKa Ma€e CIPUSITH YILiIJIbHEHHIO aJIMa3HUX MOJIIKPUCTAJIB LJISIXOM
3MEHIUIEHHS TEPTSI MK aJIMa3HMMU 3€pHAMMU Ta iX KpPallloMy IIPOKOB3YBAaHHIO OJHE BiIHOCHO OJIHOTO.
[lepcrieKTUBHMM HANPSAMKOM Y BAOCKOHaJIEHHI KOMIIO3MLIMHUX MaTepiasliB Ta iIHCTPYMEHTIB Ha OCHOBI aiMasy €
(hopMyBaHHS Ha [IOBEPXHi aJIMa3HUX YACTMHOK ITIOKPUTTIB 3 KapOiZlOyTBOPIOIOYUX €JIEMEHTIB, SIKi MOXKYTh IIpU
[IOJAJIbIIOMY CIIiKaHHI I1if] i€10 BUCOKOTO TUCKY Ta BUCOKOI TEMIIEPATYPH YTBOPIOBATHU CTIi¥Ki CIIOJIyKM 3 aTOMaMU
KapOOHy, 1J0 Ma€ MiJBUIIYBAaTH TEPMOCTAOIIbHICTb Ta CTYIiHb 3B'SI3Ky MK a/IMa3HUMU 3epHamu. OJJHUM 3 TaKUX
Kap06ioyTBOPIOIOUMX €JIEMEHTIB € TUTaH, KUK OKPiM (pOpPMyBaHHS XiMIYHOTO 3B'SI3Ky 3 [I0BEPXHEIO aJIMAa3HOTO
IIOPOLIKY, € COPOEHTOM KHMCHIO, 1110 [0 IEeBHUX TEMIIEpaTyp 3amobirae rpaditusanii aMasHUX YaCTUHOK, OCKIJIbKU
BiH 3B’43y€ ce6e OCHOBHY MOr0 YaCTMHY, B CUCTEMI aJIMa3-TUTAH-KUCEHb. B 1l Ipalli JOCIiIKYETbCS CTYIIiHb
NoJpi6HEHHS aJIMa3HOTO MIOPOMIKY I1if] YaC HAaBaHTAXXEHHSI B aTllapaTi BUCOKOTO THCKY B 3aJIEXKHOCTI Bifl po3mipy
MIOPOIIKY, IO CTUCKAETLCS 32 KIMHATHOI TEMIIEPATYPH, Ta MOTO BILIMB HA T'yCTUHY Ta TIOPUCTICTh 3Pa3KiB.
BcraHoBIIEHO, IO 3i 30i7IbIIEHHSIM PO3MIPy OPOIIKIB MiIBULLYETHCS CTYIiHb iX IOAPIOHEHHS, BiiTaK HasIBHICTb
KpynHuX Qpakiiiil mif 4ac crikaHHs aJIMa3sHUX KOMITO3UTIB 301Iblye iX IyCTUHY B IOPIiBHSIHHI 3i CIIKAaHHSIM
AHaJIOTIYHUX KOMITO3UTIB 34 BilCYTHOCTi KPYITHUX YaCTMHOK aJIMa3HUX MOPOUIKiB. JJOCIiIKEHO 3aKOHOMIPHOCTI
BIJINBY TUTAHOBOTO ITOKPUTTS], HAHECEHOTO MeTooM CVT Ha oBepxHi YaCTUMHOK aJIMa3HUX [TIOPOLIKIB CUCTEM
pocty Mg-Zn-B-C ta Mg-Zn-C, ONTUMaJIbHOIO 36PHOBOIO CKJIAy IIOPOLIKiB, TEMIIEPATYPU Ta TPUBAJIOCTI CITIKaHHS
3 HAX KOMIIO3UTiB, Ha ()OPMYBaHHS CTPYKTYPU Ta (Pi3MKO-MEXaHIYHUX BIACTUBOCTEN aJIMa3HUX KOMIIO3UTIB,
CIIEYEHUX 32 BUCOKOIO TUCKY. [I0Ka3aHo, 1[0 ONTUMAJILBHUM 3€PHOBUM CKJIAJOM [JIS1 JOCSTHEHHSI MAaKCUMAaJIbHOTO
CTYIIEeHs! YIiIJIBHEHHS € CyMillli KPYITHUX Ta APiOHUX PpaKLiil aJIMa3HUX [TOPOLIKiB, HA KIITAJIT HECOPTOBAHOTO
IIPOAYKTY NepeKpucTaisallii, SKuil micss xiMivHOI OYUCTKU CKJIQAAEThCS 3 HA60OPy 3epHUCTOCTEN. KpyIHi yacTUHKYI
B TIOJIIKpUCTasIax, CIIeYeHUX 3 TAKWX MTOPOLIKiB, GOPMYIOTh KAPKACOIOAi6HY CTPYKTYPY, 3 IpibHimnMY a6o
Ipo6IeHNMU 3€PHAMHU, SIKi 3HAXOZSIThCS B IIPOCTOPI MiXK YaCTHHKaMU KapKacy, BOJIHOYAC TUTAH BUKOHYE POJlb
IIPOLIAPKY MK 4YaCTMHKaMU [TOPOUIKY, 3alI0BHIOIOYM [IOPOKHUHY 10 Mnmuanch. HagsHicTs CVT NOKPUTTS TUTAHY
Ha 3€pHax aymaay 30iblllye I'yCTUHY SIK 3a KIMHATHOI TeMIIepaTypy, Ha eTalli HaBaHTaXKEHHSI arlapaTa BUCOKOTO
THCKY, TaK i Ha CTaii BUCOKOTEMIIEPATYPHOrO CIiKaHHS, MiJBUIIYIOYM YIIiIJIbBHEHHS O CTYIIE€HS, 3a SIKOTO I'YCTUHA
KOMIIO3UTIB CTaHOBUTBL 98% Bif IyCTUHU MOHOKpHUCTaJa anmasy. [IpoBesieHi TeOpeTUYHI pO3paxyHKU M10Ka3asu 10
TUTaH BUKOHYE POJib COPOEHTA B CUCTEMI aiMa3-TUTaH-KUCeHb 10 TemmnepaTypu 1000 K 3a aTMochepHOTro TUCKY,
HAaBiTh 32 HAsIBHOCTI OKCHU/IiB TUTAHY, 10 3arobirae rpaditusanii aimasy B IPUCYTHOCTI KUCHIO Ta MTOAAJbIIIN BTPATI
(}i3MKO-MexaHIYHUX BJIACTUBOCTEM KOMIIO3UTIiB. KpiM 11bOTrO, TUTAH 3MEHIIIyE€ ONITUMAJIbHY TEMIIEPATYPY CIIKAHHS
KOMIIO3UTIB, 3a AKOi JOCAraeThCs MaKCUMAaJIbHUI CTYIiHb yulinbHEeHHS 3 1800°C /171 OPOILIKiB 6€3 IIPOCOYYI0YOro
marepiany, 1o 1500°C nJ1s1 OPOIIKiB 3 TUTAHOBUM MOKPUTTAM. [ToKa3aHo, 1m0 3a GpOpMyBaHHS KOMIIO3UTIB 3 piBHEM
yLIiIbHEHHS, 671U3bKUM 110 100 % HasiBHICTb HEKOHTPOJIbOBAHUX OMIIIOK Ta 06pOOKa BiIbHUM abpa3uBOM 3aBISIKU
CYKYIHiH [Iii MOXXYTb IPU3BOAUTU [0 GOPMYBAHHS TPIlllMH B KOMIIO3UTi Ta CIPUYMHSTH PO3KOJIIOBAHHS YaCTUHOK

AJIMA3HOTI'O ITOPOUIKY.

2. Diamond composite materials have been widely used in industry since the middle of the last century, such as
drilling and cutting tools. Modern superhard polycrystalline materials based on diamond are important materials
for tooling purposes, due to their physical and mechanical properties. However, diamond composite materials
have properties that limit their use as a tooling material, for example low thermostability that leads to high wear
rates. The manufacturing of diamond powders from which diamond polycrystals are made, on an factories scale,



takes place in the presence of carbon solvents, namely metals and alloys based on iron group elements, such as
nickel, cobalt and iron. However, under certain conditions of operation, for example, the working drilling tool
under the atmosphere air presence with shortage of coolant, where there is heating above 700°C, such powders
and composites lose their physical and mechanical properties. The working elements of a drilling tool usually
consist of diamond powder particles and a metal matrix that contains them. One of the purposes of the matrix is to
retain the diamond particles in the tool until they are completely worn out. The strength of the retention of
diamond particles is determined by the chemical bond of the matrix material with the diamond grains and its
physical and mechanical properties. In the case when diamond powder particles forming a framework, the metal
additive should contribute to the compaction of diamond polycrystals by reducing friction between diamond
grains and their better sliding relative to each other. Promising direction in the improvement of composite
materials and diamond-based tools is the formation of coatings on the surface of diamond particles with carbide-
forming elements, which can, upon further sintering under the action of high pressure and high temperature, form
stable bonds with carbon atoms, which should increase thermal stability and the extent of bonding between
diamond grains. One of such carbide-forming elements is titanium, which, in addition to forming a chemical bond
with the surface of diamond powder, an oxygen sorbent that prevents graphitization of diamond particles up to
certain temperatures, since it bond oxygen onto itself, in the diamond-titanium-oxygen compound. This thesis
investigates the extent of grinding diamond powder under high pressure in a high-pressure apparatus at room
temperature, depending on the size of the powder compressed, and its effect on the density and porosity of the
samples. Established that with an increase in the size of the powders, the extent of their grinding increases,
therefore, the presence of large fractions during the sintering of diamond composites increases their density,
compared to the sintering of similar composites in the absence of large particles of diamond powders. This word
studies regularities of titanium coating influence that applied by the CVT method on the surface of diamond
powder particles of the Mg-Zn-B-C and Mg-Zn-C crystallization systems, the optimal grain compound of the
powders, the temperature and duration of sintering process, on the formation of the structure, physical and
mechanical properties of diamond composites sintered at high pressure. Established that the optimal grain
composition for achieving the maximum extent of densification is a mixture of coarse and fine fractions of
diamond powders, such as an unsorted re-crystallization product, which after chemical purification consist set of
different grain sizes. Large particles in polycrystals sintered from such powders form a frame-like structure, with
smaller or crushed grains located in the space between the framework particles, while titanium acts as a layer
between the powder particles, filling the remaining cavities. The presence of a CVT coated titanium on diamond
grains increases the density both at room temperature, at the stage of compression in the high-pressure
apparatus, and at the stage of high-temperature sintering, increasing the densification to the point where the
density of the composites is 98% of the density of a single diamond crystal. Theoretical calculations have shown
that titanium acts as a sorbent in the diamond-titanium-oxygen system up to a temperature of 1000 K at
atmospheric pressure, even in the presence of titanium oxides, which prevents graphitization of diamond in the
presence of oxygen and the subsequent loss of the mechanical properties of the composites. In addition, titanium
reduces the optimal composites sintering temperature, at which the maximum extent of densification is achieved,
from 1800°C for powders without permeate material, to 1500°C for powders with a titanium coating. It has been
shown that when forming composites with a densification level close to 100%, the presence of uncontrolled
impurities and shaping with a grinding abrasive can lead to the formation of cracks of whole composite and cause
splitting of diamond powder particles.
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dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujoHasnbHa akaziemis HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuit

VIII. 3aKkJIr04Hi BiZoMOCTi



Biacue IpizBume Im's [10-6aTbKOBI [Tamenko €pren Os1eKCaHNPOBHY

TOJIOBH paju

Biacue IpizBume Im's I10-6aTbKOBI [Tamenko €pren OekcaHNPOBUY

TOJIOBYIOYOrO Ha 3acCimaHHi

BiamoBigaibHUH 32 MiZITOTOBKY Cinyyk Anna BagumisHa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaTOJIiBHA

OisiILHOCTI




