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1. A7lMa3Hi KOMIIO3ULIIHI MaTepiany MUPOKO BUKOPUCTOBYIOTECS B IPOMUCIIOBOCTI 3 CEPEIVHU MUHYJIOTO
CTOJIITTS, Ha KIITAJIT 6YPOBOro Ta JIe30BOr0 iHCTpyMeHTiB. CyyacHi HafTBep/i MOJKpUCTasiyHi MaTepiann Ha
OCHOBI aJIMa3y HaJleXXaThb 40 BAKJIMBUX MaTepiasiB iHCTPYMEHTAIbHOTO IPU3HAYEHHS 3aBJSIKU CBOIM (Pi3nKO-
MEXaHiYHUM BJIACTUBOCTSM. [IpoTe anmasHi KOMNO3ULiiHI MaTepiasn MaloTh HU3KY BIACTUBOCTEN, 5IKi OOMEXYIOTh
iX 3acTocyBaHHS SIK MaTepiasy iHCTPyMEHTAJIbHOTO [IPU3HAUYEHHS, OJHUM 3 SIKMX € HU3bKa TEPMOCTA0INIbHICTD i
BiATIOBiIHO, HM3bKa 3HOCOCTIMKICTh 32 MiJIBULIEHMX TEMIIEPATYP. BUTOTOB/IEHHS a/IMa3HUX MTOPOIIKIB 3 SIKAX
($OpMYIOTb aZIMa3Hi [OJiKpUCTaIN, B IPOMUCJIOBUX MacIITabax Bifj0yBaeTbCs B IPUCYTHOCTI PO3YMHHUKIB BYTJIELIO,

a caMe MeTaJliB Ta CIJIaBiB Ha OCHOBI €JIeMEeHTIB IPyIy 3aJ1i3a, Ha KUITaJIT HiKeJsto, KobasybTy Ta 3aiisa. [IpoTe, 3a



yMOB POOOTH Ha NOBITPi, HANIpUKJaL, pyHHYBaHHS IOPOY OGYPOBUM iHCTPYMEHTOM, [ie IPUCYTHE HarpiBaHHS BUILE
700°C, Taki mopomku Ta cOpPMOBaHi 3 HUX KOMITO3UTH BTPAYaOTh CBOI Pi3nKO-MexaHivyHi BiracTuBocTi. Poboui
eJIeMeHTH 6YpOBOro iHCTpYMEHTa 3a3BUYall CKIAJAI0ThCs 3 YACTMHOK aJIMa3HOTO IOPOIIKY Ta METAJ€BOI MaTpHuLli, B
IKill BOHU 3HaxX04ThCsl. OOHUM 3 IPU3HAYEHb MATPULLi € yTPUMAaHHS aJIMa3HMX YaCTUHOK B iIHCTPYMEHTI 10 ixX
[IOBHOT'O 3HOIIYBaHHA. MilJHICTb YTPMMaHHA YaCTUHOK aJIMa3y BU3HAYa€ThCs XIMIYHOIO B3a€MOZ €0 MaTepiany
MaTpulji 3 aJIMa3HUMU 3€pHAMU Ta ixHIMU Pi3rKOo-MeXaHIYHUMU BIACTUBOCTIMU. B pazi popmyBaHHS KapKacy 3
YaCTMHOK aJIMa3HOrO MIOPOIIKY METajleBa 100aBKa Ma€e CIPUSITH YILIJIbHEHHIO aJIMa3HUX MOJIIKPUCTAJIB LIJISIXOM
3MEHILIEHHS TEPTSI MK aJIMa3HMMU 3€pHAMMU Ta iX KpPallloMY IIPOKOB3YBAaHHIO OJHE BiIHOCHO OJHOTO.
[lepcrieKTUBHMM HANPSIMKOM Y BOOCKOHAJIEHHI KOMITO3ULIIMHMX MaTepiaiB Ta iHCTPYMEHTIB Ha OCHOBI ajIMa3y €
(opMyBaHHS Ha [IOBEPXHi aJIMa3HUX YAaCTMHOK ITIOKPUTTIB 3 KapOiZOyTBOPIOIOUUX €JIEMEHTIB, SIKi MOXKYTb IIpU
[IOJAJIbIIOMY CIIiKaHHI I1if] 1i€10 BUCOKOTO TUCKY Ta BUCOKOI TEMIIEPATYPHU YTBOPIOBATHU CTIi¥Ki CIIOJIyKU 3 aTOMaMHU
KapOoHYy, 1[0 MAa€ MiTBUIIYBATH TEPMOCTAOIIbHICTb Ta CTYHiHb 3B'SI3Ky MiX ajJIMa3HUMHU 3epHaMu. OIHUM 3 TaKUX
Kap0il0yTBOPIOIOUNX €JIEMEHTIB € TUTaH, SIKUN OKPiM (POPMYBaHHS XiMIYHOTO 3B'I3Ky 3 [I0BEPXHEIO aJIMAa3HOTO
IIOPOLIKY, € COPOEHTOM KHMCHIO, 110 [0 IEBHUX TEMIIEPATyp 3amobirae rpagitusanii aMasHUX YaCTUHOK, OCKIJIbKU
BiH 3B’13ye cebe OCHOBHY HOr0 YaCTHHY, B CUCTEMI aJIMa3-TUTAaH-KUCEHb. B 11ill mpali ZoCiaKyeTbCs CTyMiHb
No/IPiGHEHHS aJIMa3HOTO MTOPOLIKY IIiJl Yac HaBaHTaKE€HHS B arapaTi BUCOKOT'O THCKY B 3aJIEXKHOCTI Bifl po3Mipy
MIOPOILKY, 110 CTUCKAETLCS 32 KIMHATHOI TEMIIEPATYPH, Ta MOT'0 BILUIMB HA I'YCTUHY Ta [TIOPUCTICTh 3Pa3KiB.
BcTaHOBIIEHO, O 3i 30i7IbIIEHHSIM PO3MIPy OPOIIKIB NiJIBULLYETHCS CTYIiHb iX NOAPIOHEHHS, BiiTaK HAsIBHICTb
KpynHUX Qpakiiiil mif 4ac crikaHHs aJIMa3HUX KOMITO3UTIB 301IblIye iX ryCTHHY B IOPiBHSIHHI 3i CIIKAHHIM
AQHAJIOTIYHUX KOMIIO3UTIB 34 BifICYTHOCTi KPYITHUX YaCTMHOK aJIMA3HUX [OPOUIKiB. JJOCIIiIKEHO 3aKOHOMIPHOCTI
BILJIMBY TUTQHOBOTO [TOKPUTTS], HAaHEceHOoro MmetogoM CVT Ha OBEPXHi YaCTUHOK aJIMa3HUX [TOPOLIKIB CUCTEM
pocty Mg-Zn-B-C ta Mg-Zn-C, ONITMMaJIbHOIO 36PHOBOTO CKJIay ITIOPOLIKiB, TEMIIEPATYPU Ta TPUBAJIOCTI CITIKaHHS
3 HUX KOMIIO3UTIB, Ha (OPMYBaHHS CTPYKTYPU Ta (i3MKO-MeXaHIYHUX BJIACTUBOCTEN aJIMa3HUX KOMIIO3UTIB,
CIIEYEHUX 32 BUCOKOIO TUCKY. [IoKa3aHo, 10 ONTUMAJILHUM 3€PHOBUM CKJIA[OM [JIS1 JOCSATHEHHSI MAaKCUMaJIbHOTO
CTyIIEHS! YILIJIBHEHHS € CyMillli KPYITHUX Ta APiOHUX (paKLiil aJIMa3HUX [IOPOIIKiB, HA KIITAJIT HECOPTOBAHOIO
IIPOAYKTY NepeKpucTaisallii, SKuil micss xiMidvHOI OYNCTKU CKJIQAEThCS 3 HA60Py 3epHUCTOCTEN. KpyIHi yacTMHKI
B IIOJIIKpUCTasIax, CliedeHUX 3 TaKUX MTOPOLIKiB, GOPMYIOTh KaPKaCOIOAi6HY CTPYKTYPY, 3 IpibHiuMY abo
Ipo6IE€HNMU 3€PHAMHU, SIKi 3HAXOSIThCS B IPOCTOPI MiXK YaCTHHKaMU KapKacy, BOJIHOYAC TUTAH BUKOHYE POJlb
MPOIIAapPKy MK YaCTUHKaMU MOPOUIKY, 3alI0BHIOIOYM NOPOKHUHM 10 INIIUAnck. HasBHicTe CVT NOKpUTTS TUTAHY
Ha 3epHax asyMasy 30iJIbIIy€e IYCTUHY SIK 32 KIMHATHOI TeMIIepaTypH, Ha eTalli HaBaHTa)KeHHS anapaTa BUCOKOTO
THCKY, TaK i Ha CTaii BUCOKOTEMIIEPATYPHOrO CIIiKaHHS, MiBUIIYIOYM YIIIJIbBHEHHS O CTYIIEHS, 3a IKOr0 I'YCTUHA
KOMIIO3UTIB CTaHOBUTEL 98% Bif IyCTUHU MOHOKpHMCTaJa anmasy. [IpoBesieHi TeOpeTUYHI pO3paxyHKU M10Ka3au 10
TUTaH BUKOHYE POJib COPOEHTA B CUCTEMI aIMa3-TUTaH-KUCeHb 10 TemmnepaTypu 1000 K 3a aTMmochepHOro TUCKY,
HAaBiTh 32 HAsIBHOCTI OKCHU/IiB TUTaHY, 110 3arobirae rpaditusallii amasy B IPUCYTHOCTI KUCHIO Ta MOAAJIblIii BTpaTi
(i3MKO-MexaHIYHMX BJIACTUBOCTEM KOMIIO3UTIiB. KpiM 11bOTO, TUTAH 3MEHIIyE€ ONITUMAJIbHY TEMIIEPATYPY CIIKAHHS
KOMITO3UTIB, 3a SIKOi 1OCATa€ThCS MAKCUMAJIbHUN CTYIIiHb yiinbHeHHS 3 1800°C mJ1s1 MOpOLKiB 6€3 MPOoCcoYyI0y0ro
marepiainy, 1o 1500°C 1151 TOPOIIKiB 3 TATAHOBUM IOKPUTTSIM. [ToKa3aHo, mo 3a GOpMyBaHHS KOMIIO3UTIB 3 piBHEM
VILIiIbHEHHS, 611U3bKUM 110 100 % HasiBHICTb HEKOHTPOJIbOBAHUX IOMIIIOK Ta 0OpOOKA BiJIbHUM aOpa3suBOM 3aBISIKU
CYKYIIHIH [Iii MOXXYTb IPU3BOAUTU 0 (POPMYBAHHS TPIllIMH B KOMIIO3UTi Ta CIPUYMHSTH PO3KOJIIOBAaHHS YaCTUHOK

aJIMa3HOTO MTOPOIIKY.

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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Biacue IpizBume Im's [10-6aTbKOBI [Tamenko €pren Os1eKCaHAPOBHY
TOJIOBYIOYOTO Ha 3acCifiaHHi

BiamoBimaibHUH 32 MiZTOTOBKY Cinuyk Anna BapnmiBHa

00JIiKOBHX JOKYMEHTIB

PeectpaTop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




