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AHOTAIIS

Kucnuuys M.B. Hanoxkomno3uuiliHuii wmatepiag Ha ocHoBi Al,O3
iHCTPYMEHTAJIbHOTO NPHU3HAYEHHS, OTPUMAHUH METOAOM eJIEKTPOKOH-
couiganii. — KBamdikamiiina HaykoBa mpaiis Ha paBax pyKOIHCY.

Hucepraitiss Ha 3700yTTs HAYKOBOTO CTYINEHs KaHAuIaTa TEXHIYHUX HayK 3a
cunemianbHicTIO 05.17.11 — TexHOMOTIA TYroIUIaBKUX HEMETATIUYHUX MaTepiaiiB
(161 — Ximiyni TexHONOTIi Ta iMHXeHepis). — HamioHampbHWIA TEXHIYHUN
YHIBEPCUTET «XapKIBChKUH MOMITEXHIYHUIN 1THCTUTYT», XapKiB, 2019.

Jluceprarrist MpUCBSYEHA CTBOPEHHIO HOBOTO BHCOKOTBEPJIOTO TEIIOCTIMKOTO
KEpaMIYHOTO  KOMIIO3UIIIHHOTO Marepiasly 3 BHUKOPUCTAaHHSM  TEXHOJIOTIT
SJIEKTPOKOHCOMiTamii Ha 0cHOBI MikpoauctepcHoro Al,O3 1 HanoaucnepcHoro SiC
JUTSl BUTOTOBJICHHS PIKYYMX TUTACTHUH, MPH3HAYCHUX TSI 0OpOOKH 3arapTOBaHHX
cTajieil 1 yaByHIB. B po0OOTI TeopeTHYHO OOTPYHTOBAHO Ta EKCIEPUMEHTAIBHO
MITBEP/IPKEHO MOXJIUBICTh IIJBUIICHHS MEXaHIUHUX BJIACTUBOCTEH KEPamMI4HOTO
Matepianry Ha ocHOBI Al,O3 mUIsAXoM BBEIEHHS J00aBKM HAHOCTPYKTYPHHX
MartepiaimiB 1 TEMIo(pi3UUYHUX BIACTUBOCTEH OTPUMAHOTO KOMMO3UTy. byro
MOKa3aHO TTO3WTHBHUIN BIUIUB 3HWKCHHS JAWCIEPCHOCTI J00AaBKHM Ha IMPOIECH
VIIUTBHEHHS, CKJajJ 1 TeMmIlepaTypy KOHCOJIJalii, IO IiACTaBOK 3HM)KCHHS
BApTOCTI  BUPOOHMIITBA. BCTaHOBIEHO MOXIJIMBI  CIIOCOOM  MIJBUIICHHS
TEII0(I3UYHUX BIACTUBOCTEH KOMIIO3MTIB, IO Oe€3MOcepeaHbO BHU3HAYa€e ix
mpare3aTHICTh B YMOBaX BHUCOKUX TEMIIEpAaTyp Ta MEXaHIYHUX HABaHTaXEHb,
XapaKTEepHUX MJI1 TOKapHOi OOpOOKH TBEpAMX MeETaliB 1 CIulaBiB. Bu3HaueHO
TexHojoriuyHi mapamerpu s cucteMu Al,O3-SiC, mo 103BOJISIOTE OTPUMATH
Matepian 3 Bucokumu mexaHiunumu (Hy = 25.0 I'Tla, K¢ = 6.5 MHa-Mm) 1
teropiznunumu (A = 23.0 Bt/mM/K, a0 =9.4 M2/c) XapaKTEPUCTUKAMU .

VY Beryni 0O0TpYHTOBaHO aKTyaJbHICTh TEMH Ta JOUUIBHICTH JUCEPTAIIHOT
pob6otu, chopmMylibOBaHO ii METy 1 3ajayi, BU3BHAYEHO 00 €KT, MPEIAMET 1 METOIU
JOCIIJKEHHS, C(HOPMYITHOBAHO OCHOBHI pe3ylbTaTd poOOOTH, BHU3HAYEHO iX

HAyKOBY HOBH3HY Ta MpPaKTHUYHY 3HAYYyLIICTh, 3a3HaY€HO BHECOK 3700yBaua,



HaBEJICHO BIJIOMOCTI MPO anpoOalliro pe3yabTaTiB poOOoTH Ta myOsiKalii 3a TEMOO
TucepTarii.

YV nepmomy po3aiiti «OTpuMaHHS IHCTPYMEHTAJbHUX KOMIIO3HIIAHHUX
MartepiajiB 3 BHKOPHCTAHHSAM HAHOMOPOWIKIB» MICTUTBhCS  3arajbHa
iHbOpMaIlis IPo TEXHIUHI MAXOIU MPU POOOTI 3 HAHOPO3ZMIPHUMU MOPOIIKOBUMHU
MaTrepiajlaMH, METOAM 3MIITyBaHHS Ta Jie arjomeparlii, crikaHds Ta GopMyBaHHS
ix crtpykrypu. [IpoBeaeHo ormsm psiay iHHOBAIIMHUX ~ METOJIB KOHCOJiAarmil
MOPOIIKOBUX KEpaMIYHMX MaTepiajiB Ta TMOPIBHAHHA iX 3 TpagulliliHUMU
MeToJaMH. Y PO3JUTI BUKIJIAJIEHO OIJIsI OCHOBHUX THITIB KepaMidYHUX MarTepiajiB
Ta obnacTel ix 3acTtocyBaHHs, oco0auBo. OcoOnuBa yBara NPHUAUIAETHCA
KepaMiuHUM MatepiajaM IHCTPyMEHTaJIbHOTO Tpu3HaueHHs. [IpoBeneHo anHaii3
JOCIIIJIKEHb, $IKI PO3KPUBAIOTH OCOOJMBOCTI MEXaHIYHOI OOpOOKH MeTalry
pLKYYUM 1HCTPYMEHTOM Ta CHOCOOM IIJIBUIIEHHS 3HOCOCTIMKOCTI KEpamI4HHX
MarepialiB  TpU  BUCOKOMIBUAKICHOMY  pi3aHHl. [loka3aHo  JOIUIBHICTH
JOCIIIJKEHHS TeIIO(QI3UYHUX BJIACTUBOCTEM Marepiany, SKUi BUKOPUCTOBYETHCS
JUTSl YUCTOBOT Ta HAMIBYMCTOBOI 0OPOOKH BUCOKOTBEPUX CILJIABIB.

Y napyromy po3aiti «Meroam aoCaigKeHHsi i BHXIOHI MaTepiagm»
npejcTaBiieHa 1HQopMallisi MOJ0 METOJIB OTPUMAHHS KepaMiYHMX KOMIIO3UTIB,
K1 BUKOPUCTOBYBAJIMCH y XO1 JOCII/DKEHb, Ta BUXITHUX MaTepialliB, 3 SKUX BOHU
BUTOTOBJISTUCH. Y PO3JUII OMUCAHO METOAM JOCTIIKEHHSI OCHOBHUX (I3UYHUX Ta
MEXaHIYHUX BJIACTUBOCTEN OTPUMAHUX 3Pa3KiB, iX CTPYKTYpH Ta (a30BOTO CKIIATY.
Onucano OymoBy oOJagHaHHS, SK€ BUKOPHUCTOBYBAJIOCH JJII BHUTOTOBJICHHS
JOCITITHUX 3pa3KiB KEpaMiKHu.

Y  Ttperbomy po3aiti  «EjdexkTpokoHcoJigamissi  KOMIO3UTIB i3
HaHonopomkiB Al,O3; i SiC» BukiageHo pe3yJbTaTH AOCHIIKEHb MEXaHI3MIB
VIIUIBHEHHS B MPOILIEC] €JIEKTPOKOHCOMIIAllli 3 MPOMYCKAaHHAM BHUCOKOAMIIEPHOIO
cTpyMmy. BcraHoBiieHo, 1m0 mpu cmikaHHi mopomkoBux cywmimeit Al,O3—SiC 3a
temnepatypu . ~ 1600+1700 °C 0OCHOBHUMHU MEXaHi3MaMH MacOMEPEHOCY €
neperpymnyBaHHs YaCTUHOK (Ha MOYaTKOBOMY €Tari) Ta MDK3epeHHa nudysis (Ha

3aKJIFOYHOMY €Tarli), TPy 3MEHIIIEHH] TeMIIepaTypH CIIIKaHHS Ta 4acy 130TePMIdHO1



BUTPUMKHU MiCIle Mi>K3epeHHOiI nudy3ii 3aliMaroTh MpoIecH MoBepxXHeBoi audy3ii,
Kl HE MOXYThb 3a0€3MeYUTH YTBOpPEHHS MIIHMX 3B’s3kiB. [lokazaHo BruMB
JIMCTIEPCHOCT] BUXIJHUX CKJIAJOBUX IMOPOIIKOBOI CYMIIlll HA MPOIEC YIIiIbHEHHS
IpU KOMIIAKTYBaHHI Ta CIiKaHHI. BCTaHOBJIEHO, IO 3acTOCyBaHHSA MOOaBKH Y
BUTJISAJII HAHOTIOPOIIKY MiBUIIYE MAKCUMANIbHY MIBUIKICTH ycaaku Ha 20%/XB.

B po3naini npuBeaeHo pe3yabTaTH JOCTiKEHb BIUIMBY YMOB KOHCOJiAAIli Ta
napametpiB BuxigHoi cymimm Al,O3-SiC Ha ¢a3oBuii ckiaa, BiIHOCHY IIUIbHICT
Ta CTPYKTYpY OTPUMAHUX KOMMO3UTIB. [Ipu migBUILIEHHI TeMIEpaTypu CIIKaHHS
10 Teni > 1700 °C B cucremi Al,O3-SiC crioctepiraerbest yTBOpeHHs ckiohas3u ta
MOOIYHMX Ta3iB, MO0 € HeOaKaHUM.

JlocniKeHHsT CTPYKTYPH OTPUMAaHUX 3pa3KiB KepaMiKd TOKaszald, IO
BIJICYTHICTh JT00ABOK MPHU3BOJUTH [0 IIBHJKOTO POCTY 3€pEH, Yy TOW Hac, sK
JIO/IaBaHHSI HEBEJIMKOI KUIBKOCTI MIKPOIOPOWIKY KapOily KpemHito 30epirae
MIKPOCTPYKTYPY KOMIO3UTY TIpH T = 1400 °C. BeTaHoBi€HO, 10 3aCTOCYBaHHS
J00aBKM Yy BUIJISZI HAHOMOPOUIKY € OUIbI AOLUIBHUM, Tak SIK 1€ 3a0e3rneuye
OUIBIly JMCHEPCHICTh 3MIIHIOYOI  J100aBKH 1 30epira€  MIKPOCTPYKTYPY
KOMITO3UTY TPH MiJIBUIIICHHI TeMriepaTypu ciikanus g0 1700 °C.

Y po3aunl TakoXK BHUKIAIEHO JaHHI, OTPUMaHHI TpPHU JOCIHIJKEHHI
MEXaHIYHMX BJIACTHBOCTEH KOMIIO3WTIB Ha OCHOBI OKCHJY aJIOMIHIIO Ta KapOimy
KPEMHII0, Ta OINKCAHO BIUIMB HAa HUX MapaMmeTpiB KoOHcoJijaiii Ta ¢a3oBOro
CKJIaJy BHUXITHUX CyMilield. BCcTaHOBIEHO ONTHMAaIbHI TEXHOJOTIUHI MapamMeTpH
BUTOTOBJIEHHS [T KOMITO3uTy Ha ocHOBI Al,O3 3 momaBanusm Hano-SiC.

Yereepruit pos3gin «Temiodgisuyni Ta TepMOMexaHi4yHI BJIACTHBOCTI
HaHokoMno3uTiB  Al,O3-SiC»  MicTUTH  pe3ynbTaTH  EKCIIEPUMEHTATIbHUX
JTOCHIKEHb  TEIJIONPOBIAHOCTI  OTPUMAHUX KOMIIO3UIIIMHUX MaTepiajaiB Ta
anpPOKCUMAIliI0 OTPHUMaHUX TEMIIEpAaTypHUX 3aJIe)KHOCTEH 3TiHO 3 Je0aiBCHKOIO
MOJEIITIO (DOHOHHOTO CHEKTPY, IO MOKAa3aj0 BIUIUB MapaMeTpiB KOHCOMIAAIl Ha
CTPYKTYpHI XapaKTEPUCTUKHU. AJIEKBaTHICTh 3aCTOCOBAHO1 Mo/l
MIATBEPKYETHCS  3HAYEHHSAMH KoeilieHTa JaeTrepMmiHailii Ta KOPEISIIE

pE3yNbTATIB 3 PE3yJbTaTaMH JOCTIHKECHh MEXaHIYHUX BJIACTHBOCTEH. 3aBIsSKU
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BUKOpHUCTaHHIO J00aBku SiC, BAAJIOCS MIABUIIUTH TEIJIOMPOBIAHICTE KOMITO3UTY
70 3HaueHpb nopsanaky 25 B1/m/K, mo Ha piBHI 3 KOE(iI€EHTOM TEIUIONPOBITHOCTI
IHCTPYMEHTAJIbHUX CTaJICH.

Y po3aiial BUKIAACHO PE3yJbTaTH MATEMaTUYHOTO MOJEIIOBAHHS IPOIIECIB
PO3MOMALTY TEMIIEPATYpHOTO TMOJs Y 00’€Mi YCTAaHOBKH €JICKTPOKOHCOMIAAIll Ta
30H1 MpecyBaHHsA. BcTaHOBIIEHO, 110 Pi3HULA TEMIIEpaTyp B 30HI MPECyBaHHS Iijl
yac 1HTEHCHUBHOI'O HarpiBaHHs He nepeBuinye 12 %, ta 2% — Ha 130TepMI4HOMY
eTari crikaHds. JIoCTOBIPHICTh BUKOPUCTAHOI MOJIEI1 ITiITBEPPKEHA TOPIBHAHHAM
il pe3ynbTaTiB 3 EKCIEPUMEHTAIBHUMH BUMIPIOBAaHHIMU.

Takox y po3aial BHUKOHAHO TMOPIBHSAHHSA OTPUMAHOTO KOMIO3ULIHHOTO
MaTtepiany 3 ICHYIOUMMH aHAJIOTaMH — HIBUAKOPDLKYYOIO CTaJUII0, OKCHUHOIO Ta
OKCUJHO-KapOIJHOIO KepaMiKow. [[1s MOpIBHSUIBHOI OLIHKK 3allpONOHOBAHO
BBEJICHHS TEPMOMEXAHIYHOIO TNapameTpy, SKUH BIJOOpa)ka€ OJHOYACHO SIK
MEXaHI4yHi, TaKk 1 TemIo(pi3UKYHI BJIACTUBOCTI 1HCTPYMEHTAJIBLHOTO Marepiaiy.
OTpuManuii y xoA1 poOOTH HAHOKOMIO3UIIMHUI MaTepian 3a TEPMOMEXaHIYHUMHU
BJIACTUBOCTSIMU B 4 pa3u mepeBeplIye MBUIAKOPIKYYl CTall, Ta B 2 pa3u — CydacHi
OKCHUHO-KapO1H1 KepaMiKu 3apyOi>KHUX BUPOOHUKIB.

Y mw’aromy po3aiii «ExcniiyaraniiiHi BJAaCTHBOCTI Ta 3aCTOCYBaHHS
PO3po0JIEHOT0  KOMIO3UIIHHOIO  MaTepiajy»  MICTIThCS  pPe3yJbTaTu
BUMPOOYBAaHb PIKYYMX BJIACTHMBOCTEH OTPUMAHOTO KOMIO3MI[IHHOTO Marepiaity
Py TOYIHHI BaJKIB 13 TEPMOOOpPOOJIEHUX CTajel Ta YaByHIB y TOPIBHSHHI 3
OKCHJTHOIO, OKCHTHO-KapO1THOIO 1 OKCHIHO-HITPUIHOIO KepaMikoro. BeTaHOBIIEHO,
o0 pLKy4l TIUIACTUHU 3  PO3POOJIEHOT KepaMiKh MOXYTh  €(EKTUBHO
3aCTOCOBYBATUCS TIPH HAIIBYMCTOBOMY Ta YHCTOBOMY TOYIHHI 3arapTOBaHHX
CTaJie 1 JO3BOJISIIOTH IMIJIBUILMTHA TMPOAYKTUBHICTH OOpOOKM B TOpPIBHSHHI 3
minactuHamu BOK-60, BOK-71 B 2 pa3u.

Takox 3 BHUKOPHUCTAHHSM MaTeMaTHYHOI OOpPOOKM eKCIepUMEHTAThHUX
JAHUX 10 MEXaHIYHUM BIJIACTUBOCTSAM OTpPUMaHi EMIIPUYHI  MaTeMaTH4HI
3aJIOKHOCTI OCHOBHHMX  XapakTepUCTHK  MinmHOCTI kKommosuty Al,O3-SiC —

MIKPOTBEPAOCTI 1 KoeirieHTa TPIIUHOCTIMKOCTI.
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Y nomaTkax HaBeICHO aKTH EKCIUTyaTalliiHUX BHUIPOOYBaHb PO3POOJIEHOTO
HAHOKOMITO3UIIIHHOTO MaTepialy Ta CIUCOK MyOumiKaIliil 3a TeMOI0 pOOOTH.
Knrouosi  cnosa: 1HCTpyMEHTallbHa  KepaMika, eJeKTPOKOHCOJIIalis,

MEXaHIYHI BJIaCTHUBOCTI, TeTIO(13WYHI BIACTUBOCTI, yCcaiKa, CIIIKaHH.
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ABSTRACT

Kislitsa M.V. Nanocomposite material based on Al,O; instrumental
assignment, obtained by electroconsolidation. — Qualification scientific work as
a manuscript.

Dissertation for the degree of a candidate of technical sciences in specialty
05.17.11 — technology of refractory nonmetallic materials (161 — Chemical
technologies and engineering). — National Technical University «Kharkiv
Polytechnic Institute», Kharkiv, 2019.

The dissertation is devoted to creation of a new high-temperature heat-
resistant ceramic composite material using the technology of electroconsolidation
on the basis of microdisperse Al,O; and nanodisperse SiC for the manufacture of
cutting plates designed for treatment of tempered steels and cast iron. In the work
the theoretically justified and experimentally confirmed the possibility of
increasing the mechanical properties of ceramic material on the basis of Al,O; by
introducing the addition of nanostructured materials and the thermophysical
properties of the resulting composite. The positive influence of reducing the
dispersion of the additive on the processes of sealing, the composition and
temperature of consolidation, which leading to the reduction of the cost of
production, was shown. Possible ways of increasing the thermophysical properties
of composites are determined, which directly determines their efficiency in
conditions of high temperatures and mechanical loads which is typical for turning
of solid metals and alloys. The technological parameters for the Al,O3-SiC system
are determined, which allow to obtain material with high mechanical properties
(Hy = 25.0 GPa, K c= 6.5 MPa-m*?) and thermophysical (A = 23.0 W/m/K, o = 9.4
m?/s) characteristics.

The introduction substantiates the relevance of the topic and the expediency
of the dissertation, its purpose and objectives are formulated, the object, subject
and methods of the research are determined, the main results of the work are

formulated, their scientific novelty and practical significance are determined, the
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contribution of the applicant is specified, information on the testing of the results
of work and publications on the topic of the dissertation.

The first section, “Obtaining tool composite materials using
nanopowders” contains general information on technical approaches to working
with nanosized powder materials, mixing techniques and where agglomeration,
sintering and shaping their structure. The review of a number of innovative
methods of consolidation of powder ceramic materials and comparison with
traditional methods. The section provides an overview of the main types of ceramic
materials and their applications, especially. Particular attention is paid to ceramic
materials of instrumental designation. The analysis of researches revealing features
of mechanical processing of metal by a cutting tool and methods of increase of
wear resistance of ceramic materials at high speed cutting are carried out. The
expediency of the study of the thermophysical properties of the material, which is
used for the finishing and semi-processing of high-strength alloys, is shown.

The second section “Research methods and initial materials” provides
information on how to obtain ceramic composites used in the course of research
and the source materials from which they were made. The chapter describes the
methods of studying the basic physical and mechanical properties of the samples
obtained, their structure and phase composition. The structure of the equipment
used for the production of prototype ceramics is described.

The third section “Electroconsolidation of Al,O; and SiC nanopowders
composites” presents the results of investigations of sealing mechanisms in the
process of electroconsolidation with the passage of high current. It was discovered
that when the Al,O3-SiC powder mixtures are sintered at a temperature of Tgj ~
1600-1700 ° C, the main mechanisms of mass transfer are the rearrangement of the
particles (at the initial stage) and intergranular diffusion (in the final stage), with
the decrease of the temperature of the sintering and the time of isothermal aging,
the place of intergranular diffusion occupies processes of superficial diffusion,
which can not provide the formation of strong bonds. The influence of the

dispersion of the initial components of the powder mixture on the sealing process
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during compaction and sintering is shown. It has been established that the use of an
additive in the form of nanopowder increases the maximum rate of shrinkage by
20%/min.

The section presents the results of researches of consolidation conditions and
parameters of the initial mixture of Al,Os-SiC on the phase composition, relative
density and structure of the resulting composites. When the sintering temperature
increases to 1700 °C in the Al,O3-SIC system, it is observed that the formation of
the glass phase and the side gases is undesirable.

The research of the structure of the obtained ceramic samples showed that the
absence of additives leads to rapid growth of grains, while the addition of a small
amount of microdisperse silicon carbide retains the microstructure of the
composite at T, = 1400 °C. It has been found that the use of the additive in the
form of nanopowder is more appropriate as it provides greater dispersion of the
strengthening additive and retains the microstructure of the composite with an
increase in the sintering temperature to 1700 °C.

The section also presents the data obtained in the research of the mechanical
properties of composites on the basis of aluminum oxide and silicon carbide, and
describes the effect on them of the parameters of consolidation and phase
composition of the initial mixtures. The optimal manufacturing parameters for the
composite based on Al,O; with the addition of nano-SiC have been established.

The fourth section “Thermophysical and thermomechanical properties of
Al,O5-SiC nanocomposites” contains the results of experimental studies of the
thermal conductivity of the composite materials obtained and the approximation of
the obtained temperature dependences according to the Debye model of the phonon
spectrum, which showed the effect of the consolidation parameters on the
structural characteristics. The adequacy of the applied model is confirmed by the
values of the determination coefficient and the correlation of the results with the
results of studies of mechanical properties. Thanks to the use of the SiC additive, it
was possible to increase the thermal conductivity of the composite to the order of
25 WI/m/K, which is equal to the thermal conductivity coefficient of the tool steels.
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The section presents the results of mathematical modeling of the temperature
field distribution processes in the volume of the installation of electroconsolidation
and the compression zone. It was established that the temperature difference in the
compression zone during intensive heating does not exceed 12% and 2% — at the
isothermal stage of sintering. Reliability of the used model is confirmed by
comparing its results with experimental measurements.

Also in the section a comparison of the obtained composite material with
existing analogues — high-speed steel, oxide and oxide-carbide ceramics has been
made. For a comparative evaluation, the introduction of a thermomechanical
parameter, which reflects both mechanical and thermophysical properties of the
instrumental material, is proposed. The nanocomposite material received during
the work on thermomechanical properties is 4 times higher than high-speed cutting
steels, and in 2 times — than modern oxide-carbide ceramics of foreign
manufacturers.

In the fifth section “Operational properties and application of the
developed composite material” the results of testing the cutting properties of the
composite material obtained at the alignment of rolls from heat-treated steels and
cast iron in comparison with oxide, oxide-carbide and oxide-nitride ceramics are
presented. It has been established that the cutting plates of the developed ceramics
can be effectively applied at half-finished and finished finishing of tempered steels
and allow to improve the processing efficiency compared with plates VOC-60,
VOC-71 in 2 times.

Also, using mathematical processing of experimental data on mechanical
properties empirical mathematical dependences of the basic characteristics of
strength of Al,O5-SiC composite — microhardness and coefficient of crack
resistance were obtained.

The applications contain acts of exploitation testing of the developed
nanocomposite material and a list of publications on the topic of work.

Keywords: instrumental ceramics, electroconsolidation, mechanical

properties, thermophysical properties, shrinkage, sintering.
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