PA3JEJT 2. HHCTPYMEHTAJIBHBIE, KOHCTPYKIJHOHHBIE 1 ®YHKI[HOHAJIBHBIE MATEPUAJIBI
HA OCHOBE AJIMA3A U KVEUYECKOI' O HUTPUJIA FOPA

13. Cuzonenko O. H., Mamomesckuii II. II., T'opoenko I'. I'. Pa3psaapHoumnynbcHas
TEXHOJIOTHUS IPOOJICHHS U U3METIbUeHUs a0pa3uBHBIX MaTepuanoB / OCHOBHBIE TPOOIEMbI
pazpsagHonMiyiabcHOM TexHonoruu. — K.: Hayk. nymka, 1980. — C. 12-20.

Ilocmynuna 08.06.17

YIAK 621.921. 34 —419: 621. 762. 5: 539. 89
H. O. PycinoBa
Inemumym naomeepoux mamepianie im. B.M. baxynas HAH Yxpainu, m. Kuig

NIABUIIEHHS MIITHOCTI KOMITO3UTIB HA OCHOBI AJIMA3Y IIPH IX
CIHIKAHHI 3A YMOB BUCOKOI'O TUCKY
(0O:zn120)

Poszenanymo mooicnuei cnocodbu niosuwgenns MiyHocmi NOLKPUCATTYHUX Mamepianié HA OCHOBI
ammazy 3 Memow SUKOPUCMAHHA OMPUMYBAHUX MAMEPIANie y PI3HUX 2aly3saX MeXHIKU (Hacamneped Ons
68UC0MOBIICHHSL DYP0BO20, HAKAMHO20 IHCIMPYMEHMY, C8epoel, 20JI0K).

Kniouoei cnoea: nonikpucmaniuni mamepianu, aimas, KpemHuil, CRIKAHHS, RPOCOYEHHsl, MIYHICMb.

CyuacHuil po3BUTOK BUPOOHUIITBA OYpOBOTO Ta Pi3aJIbHOTO IHCTPYMEHTY TiCHO MOB'SA3aHUi 13
3aCTOCYBAHHSIM IOJIKPUCTATIYHUX MaTepiaiaiB Ha ocHOBI aiMasy [1-3]. OcHamieHHs 1HCTPYMEHTY
HaJITBEPAUMHU Pi3aJIbHUMHU BCTAaBKaMH CIPUSIE€ 3HAYHOMY ITiABHIICHHIO HOT0 e(heKTHBHOCTI. MOKIMBI
CHoCOOM TIABMIICHHS MIITHOCTI KOMIIO3MTIB Ha OCHOBI aJMa3y, OTPHMAHHX IPH CITIKaHHI 32 YMOB
BHCOKOT'O THCKY, MOTPEOYIOTH IMOIATBIIOT0 BCEOIYHOrO BUBUCHHSI.

JlocmipKeHHS CITIKaHHS aJIMa3HHUX MOPOIIKIB, 3/11MCHEH] B I[HCTUTYTI HaATBEpANX MaTepiajiB
im. B. M. bakyns HAH VYxkpaiau, cBoro vacy 3yMOBWJIM CTBOPEHHS aJIMa3HO-TBEPAOCILIABHUX
IJJACTUH, TEPMOCTIMKOTO ajIMa3HOr0 KOMIIO3HWIIIMHOIO TOJIKPHCTAIIYHOTO Martepiany. Bakmusi
poboTu B Wil raiy3i BUKOHQJIM BUY€HI POCIMCHKMX IHCTHTYTIB. 3HAUHHUN OOCST CTPYKTYpHHX
JOCJIIJDKEHb BHKOHANMM B [HCTHUTYTI mpoOieM Mmatepiamo3HaBcTBa iM. . M. @pannesnua HAH
VYkpainu.

Bimomo, 1m0 mpu criikaHHI aaMa3HUX TOPOIIKIB BUKOPHCTOBYIOTH TaKi 3acOOW YIpPaBIIiHHSI
CTPYKTYPOIO Ta BIACTUBOCTSIMH TOTIKPUCTAIIB:

e BuOIip po3Mipy YaCTHHOK Bij nutiropouikis (po3mipom 200—-50 MKM), MiKpOITOPOILIKIB
(po3mipom 60—2MKM) 10 HAHOTIOPOIIKIB (po3MipoM meHie 0,1 MKm);

e BBEJCHHS AKTUBYIOUMX CIIKaHHSA A00aBOK. [ anMa3HUX TMOPOMUIKIB — KOOAJbT,
KOOQJIbT-3aJ1130, KpEMHIH Ta 1H.;

e CTaH NOBEpPXHI 3€peH (BKIIOYAIOUM XIMIYHE Ta TEPMOXIMIYHE OYMILEHHS 3€peH
MIOBEPXHEBO aKTUBHUMH PEUOBHHAMH Ta METAJIaMH);

e BuOOp CXeMHM pO3TalIyBaHHS BUX1IHUX KOMIIOHEHTIB y peakiiifHoMy 00'emi;

® CriKaHHS TOPOIIKIB HAATBEpAMX MaTepialiB Ha TBEPAOCIUIABHIN MIAKIAAII, Y
TBEPIOCILIaBHIM 000iiMi 2060 03 HUX;

e BBEICHHS /IOJATKOBUX LIEHTPIB KpHUCTANi3allii, Hampukiajd, HaHOAIMa3iB TIpH
MIPOCOYYBaHHI AJIMA3HHUX TOPOIIIKIB KPEMHIEM;

®  VIpaBITiHHS apaMEeTPaMH CITIKaHHS (THCKOM, TEMIIEPATyPOI0, TPUBATICTIO).

VYropaBnsooun napamMeTpaMu CHiKaHHS, MOXKHA OTPUMATH TMOJIKPHUCTATH 3 PI3HUM MICTOM
BKJtoueHsb (Co, Si Ta 1H.), IHTEHCUBHUM Ta KOHTPOJIbOBAHUM 3POCTAaHHSAM 3€PEH, PI3HUM XapaKTepoM
371aMy — TpaHC Ta IHTEPKPUCTAIIITHUM, IiABUILIEHOIO 3HOCOCTIHKICTIO [4].
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Hakonuveno 6arato matepiaiy, 3TiHO 3 SIKMM 3aBISKH BUOOPY HOBOTO CKJIaJy KOMIIOHEHTIB
MPOCOYYIOYOr0 IIapy Ta iX CHIBBIAHOIICHHS MiJBUIIYETHCS MIIHICTh KOMIIO3HIIIHHOTO MaTepiary
BHACTIJIOK TTOCHJICHHSI B3a€MO3B'SI3Ky KOMITOHEHTIB CHCTeMH. Tak, JOIATKOBE BBEICHHS TOPOIIKIB
TuTany abo miokcuay tutany (TiO2), monioneny (Mo) Ta/abo amomiHito (Al) 3yMOBITIOE 3MILTHEHHS
Matepiany [5]. ITliIBUIIMTH MIIHICTh Ta TEPMOCTAOUIBHICTH TMOJIIKPUCTAIIYHOTO KOMIO3HUIIITHOTO
Marepialy MOXKHa TaKOX CIIIKAHHSM, 32 SIKOTO SIK J0OaBKM BUKOPHCTOBYIOTH Kap0Oiau 1/abo okcuan
HEepexXiIHIX MeTaliB. Y pe3yibTaTi 3a0e3neuyeThesi 3amoOiraHHs peKpucTali3alii MpH CIIKaHHI,
3HIDKYETBCS TOPYBATICTh Ta 3HUKAE HETATUBHUN BIUIMB CTOPOHHIX JOMIIIOK 1 BKJIIOYEHb Ha
(dhopMyBaHHS CTPYKTYPH, a 32 PaXyHOK JIOJATKOBOTO BBEJICHHS 100ABOK KPEMHII0, 00py, rpadiTy abo
X cyMiIi 11e iIHTeHCUBHIIIE MiABUITYETHCS TEPMOCTAOUIBHICTD [6].

JlocaimuBimM  3aKOHOMIPHOCTI, IO CTOCYHOTBCS OO0JIacTi OAEp)KaHHS TOIKPUCTATIYHUX
MaTepiaiB, a caMe KOMIIO3HUIIMHIX MaTepialliB Ha OCHOBI ajiMa3y, BCTAHOBWIIM, IO IIiJIBUIICHHS
MIITHOCTI OTPUMAaHHUX IIIIXOM CHIKaHHS TMOJIKPUCTATIYHUX MaTepialiB Ha OCHOBI IOPOIIKIB ajMasy
MOXJIMBE IUIIXOM BBEJCHHS aKTUBYIOUMX CIIKaHHSA J00aBOK. OTXe, MPH OTpUMaHHI KOMIO3HUIIIHHOTO
Marepialy B yMOBaX BHCOKOI'O THUCKY Ta BHCOKOI TeMIEpaTypH MpHU MPOCOYYBAaHHI MOPOIIKY aaMazy
KPEMHIEM 3 BBEICHHSIM J00aBOK JI0 MPOCOYYIOYOTo IIapy, a camMe HaHOIMOPOIIKIB aimMasy, Ha 30%
I IBUIIYETHCS CEPEIHS MIITHICTh KOMITO3UITITHOTO MaTepialy IMPH BUIIPOOYBaHHI Ha CTHCKaHHSA [7].

Sk 3a3Havanoch, GopMyBaHHS CTPYKTYpH KOMIIO3UTIB IMPH CIIIKaHHI MOPOIIKIB alMazy 3a
paxyHOK YTBOPEHHS 3B'SI3Ky ajiMa3 — ajiMa3 IOB'3aHO 13 PO3BUTKOM IUIACTUYHOI AedopMariii mix
JI€I0 BUCOKOTO THCKY Ta BUCOKOI TemmepaTypu. Ilig 9yac Ta micias MpoCOYyBaHHS OTPUMAHOTO
aJIMA3HOT0 KapKacy KpeMHI€M, KU NOTpPAILIse 10 MIXK3EPEHHHUX IPOMIKKIB 3 IPOCOUYYIOUOTO 1I1apy,
BiZIOYBAa€THCS B3a€MO/Iisl B CUCTEMI ajIMa3 - KPEMHIH, y pe3yabTari IKOi B MiXKaJIMa3HUX MPOMiIKKax
dbopMyeTbes KapOia KpeMHIIO.

Sk 3acBimYMIM PE3yNbTaTH aHaji3y MIKPOCTPYKTYpH Ta (a30BOro CKIaay 3pasKiB,
OoTpUMaHUX 0€3 3aCTOCYBaHHS HAHOIOPOILIKIB aJIMa3y y Mpocodyrdomy mapi [9], Mk pi3HUMHU 3a
PO3MIpOM YaCTHHKAaMH ajMa3y yTBOPUBCS KapOil KpEeMHir0, 110 BUKOHYE POJIb 3B'SI3KH, Ta iCHYIOTb
3Ha4H1 BKJIFOYEHHS KPUCTAIIYHOI0 KPEMHIIO, 1110 HE IpopearyBas 3 ByrieneM. Sk Bigomo [10], npu
3aTBEepAiHHI 00'€M OCTAaHHBOTO 30UTBITYETHCS MPUOIN3HO Ha 10%, 1110 BUKIIMKAE 3HAYHI HATIPYKCHHS
B OTPUMAaHOMY MaTepianii. ¥ 1[boMY 3B'A3KY JUId iHTeHCH]iKallii KapOiJOyTBOPEHHS IPU OTPUMAaHHI
KOMITO3UIIIHHIX MaTepiaiiB B yMOBaX BHCOKOTO THCKY Ta BUCOKOI TEMIIEpaTypu MOPOIIOK TpadiTy
[12] BBOIATH 710 MPOCOUYIOUOTO APy i3 HOPOUIKY KpeMHito [8]. Bennka nuroma miioma noBepxHi
HAHOIIOPOUIKIB ajiMa3y, OTPUMAHUX JIMHAMIYHUM CIIOCOOOM 3 BHOYXOBHUX PEUOBHH, 3YMOBIIIOE iX
BHCOKY XIMiIUHY aKTUBHICTH [13] Ta akTHBHIIIY B3a€MOJII0 KPEMHIIO Ta BYTJICIIO Yy TPOCOYYIOUOMY
mapi.

Tak, y pasi BBelleHHs 10 MPOCOYYIOYOro LIapy HaHOMOpOoUKy anmazy 20% mac. craTudHa
MILIHICTB 32 0JHOoOCchoBOro cTuckanHs (P = 7,1 kH) B 1,3 pa3a nepeBuiilyBasia aHaJOT1YHUM OKa3HUK
MaTepiaiy, OTpUMaHoro 6e3 JoJaBaHHs AOMIIIKU 10 rpocouytoyoro mapy (P = 5,3 kH). Heo6xigHo
3ayBa)KMTH, 10 OTPUMaH1 MaTepiajid He BIIPI3HAIOTHCA Bl TPAJAULIMHUX 3a TYCTUHOIO (BIAMOBIIHO
3,43+0,02 Ta 3,45+0,03 r/cm?) Ta TBepaicTIO (BigmoBigHO 55+7 Ta 52+7 I'Tla) [7].

OTxe, sIK NIOKa3aJlu pe3yJbTaTu JAOCIIKEHHS CTPYKTYpU Ta ()a30BOr0 CKJIaly OTPUMAaHHMX
MmaTepianiB [9], momaBaHHS MOPOIIKY ajMasy O MPOCOYYIOUOro Iapy KpeMmHito Si-ap mpu
OTPMMAaHHI KOMIIO3UTY 3yMOBIIIOE (POPMYBaHHSI OJTHOPIHOI BHUCOKOAMCIIEPCHOI 3B's3yr04oi (azu
kapOiny kpemuito SiC 3a HE3HAYHOrO BMICTY HE3B'A3aHOr0 KpemHito. [Ipu mpomy OIUIBHICTD
JUCIOKAIH Y YaCTHHKAX aJMasy JA0CIiKyBaHuX MaTepianis nepesuinye 100 cm?, o cBiqunts mpo
3HAYHY IUIACTUYHY Jedopmariiro anMasy B 3a3Ha4eHHUX yMoBax. lleperivueHi YMHHUKHA BU3HAYAIOTh
IT1IBUIIIEHHS MIITHOCTI OTPUMYBAHOTO KOMITO3UIIIMHOTO MaTepially Ha OCHOBI ajiMasy.

JloBezieHo, 1110 Ha MILHICTh OTPUMYBAHMX IOJIIKPUCTAJIYHUX MaTepialliB Ha OCHOBI aiMazy
BIUIMBAalOTh YMOBM CIIIKaHHS, a caMe€ THCK Ta TeMmuepaTypa. BcTaHOBIEHO, IO BHACIIAOK
YIIOCKOHAJICHHSI YMOB OJIep>KaHHS KOMIIO3HMILIHHOTO MaTepialy Ha OCHOBI aiMa3y 3aBASKH BUOODPY
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pEeXUMY HarpiBaHHs aJIMa3HOT MacH 301IBIIMIIACH IIJIONIA KOHTAKTY Ha MEKax aJIMa3HUX YaCTHHOK 1
SIK HACIIJOK YMO>KJIMBHIIOCH ITiIBUILIEHHS HOro MiHOCTI [14].

OntuMizalis crmoco0y ofepkaHHs KOMITO3UINIITHOTO MaTepially Ha OCHOBI ajJiMa3y BKJIIOUYAE
¢dopmMyBaHHs aJMa3HOI MacH 3 MOPOIIKY aJMaszy Ta MPOCOYYIOUOTo Iapy i3 CyMillli MOPOIIKIB
KpeMHio, rpadiTy Ta HAaHOMIOPOIIKY ajiMa3y, HarpiBaHHs L1€1 CUCTEMU NPpHU TUCKY He MeHIe 2,5 ['Tla
710 TeMIIepaTypH, JOCTATHBOI JIJIs TIJIaBJICHHS KPEMHIIO, 1 BATPUMYBAHHI 32 I€] TEMIIEPaTypH Mepe.
HarpiBaHHSM CHCTEMH JI0 TeMIIepaTypH, JOCTAaTHHOI IS TUIABJICHHS KPEMHilo, 1i HarpiBaroTh 0
TeMIepaTypH, sika BiAMOBiae 00JacTi CHiKaHHS ajiMa3iB Ta BUTPUMYIOTh IpHU il TeMmepatypi
ynpogoBxk 40—60 ¢ [15]. [ammmu cioBamu, oxepkaHHS Martepiainy 3a0e3MeuyBajoch IMIITXOM
JBOCTAIHHOTO CITIKaHHS KOMITO3UTY.

dopMyBaHHS CTPYKTYPH MOTIKPUCTATIIYHAX MaTepialliB HA OCHOBI aliMa3zy, IS IKUX XapaKTepHa
HAsIBHICTh HEMEPEepBHOrO KapKacy 3 alMa3HMX YacTHHOK, IMOB'A3aHe Hacamrepea 3 (hopMyBaHHIM
3Bs13Ky anMa3 — anma3. OCHOBHY POJib y IIbOMY IPOIIECi
Biflirpae miacTuyHa Aedopmariis aiMa3HUX YaCTUHOK TTiJT
JI€I0 BHUCOKOTO THUCKY Ta BHCOKOi Temmeparypu. [lpu
IbOMY (OPMYBAHHS MDKAIMAa3HUX MEX BH3HAYAETHCS
MEPEeBaKHO PO3BUTKOM MAacO TIEPEHECEHHS B MICIIX
B3aEMHOTO  MIKpOIHJGHTYBaHHA 3epeH. llpu THCKY
crikanHs anmasHoi macu 8 I'Tla cepenniii THCK y 30HI
KOHTakTy 3epeH Moxke cranoButu 130 ITla. Tepaicth
MaTepiany aJMa3HuX 4acTHHOK mpu Tucky 8 ['Tla Bxke 3a
temmneparypu 600 °C 3umwxkyetbes 31 100 o 20 ['Tla. Take
3HIDKEHHS TBeprocTi anmasy npu Ttucky 130 ITla i1
BUTPUMYBaHHI MPU TEMIIEPATypi, IO BIAMNOBIAAE 00NaCTI
CHiKaHHS anMa3iB (O TUIABIEHHS KPEMHII0), CTBOPIOE
YMOBH TIiJI JTII€10 TUTACTUYHOI TehopMartii JuTst MM IBUIIICHHS
TUIOLII KOHTAKTY YaCTHHOK anmasy. Lle crpusie 3MillHeHHIO
3BSI3KYy aiMa3 — ajJMa3 Ta MiIBUIICHHIO MIIHOCTI
KOMIIO3UIIIMHOTO ~ MaTepiany, M0  MiATBEPIKYEThCS
JllarpaMol0 CTaHy CIIIKaHHS ajMasy Ta IIaBKOCTI KPEMHIIO
(puc. 1). 3rigHo 3 Tiarpamoro cTaHy anMasy 3allITPUXOBAHOO IIOKa3aHO 00JIACTh CIIIKAHHS aliMasy, MpsiMa
JHISA 3 TIOMITKOIO Si — TUIaBJICHHS KPEMHIIO 3aJICKHO BiJ TeMrieparypu 1 ThcKy. CrodaTky THCK
miaBunyBaiu 1o 8 ['Tla — Bifgcrans B Touku 4 10 Touku B. [loTiM HarpiBaam cucTeMy 10 TeMIepaTypH,
10 BiJNOBiaa 001acTi CMIKaHHS ajiMasiB, Ta BUTPUMYBAIH IMPH i TemnepaTypi (Touka C); IOTIM
HarpiBajii CUCTEMY JI0 TEMIIEPATYpH, TOCTaTHBOI JJIsl TUIABJICHHS KpeMHiro (Touka D).

Ha pospusHiit mammai 3ycwisam g0 10 xH 3milicHrmm BunpoOoByBaHHS Ha MirHICTE 10
OJICPXKaHMUX 3pa3KiB 32 OJJHOOCHOTO CTATUYHOTO CTUCKaHHs. Pe3ynbTaTi BUNIPOOYBaHb HAaBEJCHO B
Tabnuii. Ik BUIUIMBAE 3 JAHUX, BUKOPUCTAHHS MPOMOHOBAHUX YMOB OJIEP>KaHHS — JBOCTAIIHOTO
CIIKaHHS - YMOJIMBITIOE ITiIBUIIICHHS MIITHOCTI MaTepiany Ha 25-30%.

Pe3ynbraTi BUBYEHHS CTPYKTYpPHU 3pa3KiB KOMITO3UIIIITHOTO MaTepiaty MiTBEPIHIN BUCHOBOK
PO TiJBUIIEHHS MIIHOCTI KOMITO3MLIHHOTO MaTepiady Ha OCHOBI alMasy, SIKHH OTpUMaHO IpU
JBOCTaAIHOMY cHikaHHI. OTXe, MIKPOCTPYKTypy LUII(iB 3pa3KiB KOMIIO3HMLIHHOrO MaTepiaiy,
BUTOTOBJICHHX 3a JIBOCTQ/IIMHOTO CITIKaHHS MOKa3aHO Ha pHC. 2, @, Ta OAHOCTAAIMHOTO — Ha pHC. 2, O.
3riiHO 3 aHaNi30M, Y KOMIIO3HUIIil OHOPITHUIA PO3MO/ILT YaCTUHOK aiMasy Ta yrBopeHoi SiC-dasmu.
@®aKTUYHO MK ycIMa YaCTUHKaMM aJiMa3y PI3HUX PO3MipiB ICHYIOTh MPOLIApKH 3B's13yt0ouoi (asu, ane
B MIKpOCTPYKTYpI 3pa3KiB, MOKa3aHUX Ha PHC. 2, a, IX 3HAYHO MEHILIE.

P, TTla

16,04

80

) X \‘ \' OOACTE NPCCOMY BIHNR

OORACTL CHIXANNN

A A J
A 1o 2004 301X hK

Puc. 1. Jliaepama cmany cnixauns
aamaszy ma niagKkocmi KpemHiro
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MiuHocTh 3pa3KiB aJIMa3HOr0 TepMOCTA0iILHOr0 KOMIIO3ULIHHOI0 MaTepialy, BUTOTOBJEHUX
B YMOBAaX /IBO- Ta OJHOCTAXIHHOI0 CIIIKAHHS

Pyitnyroue HaBaHTa)keHHs, KH, 3a ciikaHHS
0 JIBocTaniiHOTO OpHocTaiitHOTO
Top.

1 9,5 3,6

2 > 10,0 8,7

3 9,0 5,5

4 8,6 3,2

5 6,5 5,4

6 9,9 5,8

7 > 10,0 7,1

8 > 10,0 9,2

9 8,4 6,9

10 3,3 9,8

CepenHe 3Ha4YCHHS 8,6 6,5

JloBipumii iHTEpBaII 2,0 1,5
ipu o, = 0,95

JloBipunii iHTEpBa 1,8 1,3
pu o = 0,90

a o

Puc. 2. Mikpocmpyxmypa winighie 3paszxie KOMRO3UYitiHo2o mamepiany, 8UcomoeieH020 3d
CRIKAHHAM. d — 060CMAOIUHUM, 6 — OOHOCMAOTIUHUM

Otxe, y pe3ynbTaTi KOMIUDIEKCHHX JOCIIKEHb OyJ0 BCTAHOBJICHO, IO JJIs 3a0€3MCUCHHS
3MIIHEHHS 3B'I3KY ajMa3 - aliMa3 Ta MiJBHUIICHHS MIIHOCTI KOMITO3UIiiHOro Matepiany (Ha 20-25%)
CHCTEMY, IO CKJIAJAETHCS 3 MOPOMIKY aiMa3y Ta MPOCOUYYIOYOro IIapy, CIOYATKy HarpiBaroThb 0
TeMIiepaTypu o0JacTi CHIKaHHA ajMa3iB Ta BUTPUMYIOTH 3a Liei Temmeparypu 40-60 c, motim
HArpiBarOTh CUCTEMY J0 TEMITEPATypH, JOCTATHBOI IS TUTABJICHHS KPEMHIFO.

BkoTpe noBeneHO BIUIMB Ha MILHICTH OTPUMYBAHOTO MOJIKPHCTATIYHOIO Martepialy Ha
ocHoBl anmma3zy (AIIKM) BBeaeHHs 100aBKH, IO aKTHBI3ye TMpolec crikaHHs. JlocmimkeHHs
ctpykrypu Ta ckiaany AIIKM, orpumanoro B cucreMax Cam—Co Ta Can—Co—-34Ni noBenu, 1o
IT1IBUIIIEHHS MIITHOCTI B1IOYBA€ETHCSI MPU BUKOPUCTAHHI1 SIK aKTUBYIOUO]T CITIKAHHS JOOABKH KOOAIBTY
Ta cymimi koOanbTy 3 Hikeaem. OTpuMaHui MaTepial BUKOPUCTOBYIOTH JJISi OCHAIICHHS KOPOHOK
JUTst OypiHHS TIopi ocajouHoro Tumny [16; 17].

DopMyBaHHS MiXKaJIMa3HUX MEK BH3HAYAETHCS MMEPEBAKHO PO3BUTKOM MACOIICPEHECCHHSI B
MICIISIX B3aEMHOT'O MIKPOIHIECHTYBaHHS 3epeH. Taki 100aBKU sIK KOOAJIBT Ta HIKeJb, IPH CIIKaHHI B
MDK3epEHHHUX MPOMIXKKaX BiJIITPAIOTh POJIb TEXHOJIOTTYHOTO CEPEAOBHIIA, 1€ BiI0YBAIOTH B3aEMO/T isI
B CHCTEMI anMa3 — jJo0aBKa 1 mepeKpucTami3anisa yepe3 piaky ¢aszy, JKeperaoM siKoi € KoOanbT Ta
Hikelnb. L{e 3yMOBITIO€ 10 BAHUKHEHHS 3B'sI3KIB aJiMa3 — ajiMa3 Ta IiIBUIIICHHS MIITHOCTI MaTepiany.
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I3 BBeieHHS KOOQIBTY Ta HIKEJIIO MiABUIIYETHCA B'I3KICTh MaTepiaty (3MEHIIIY€EThCS HOTO KPUXKICTh)
Ta BIAMNOBIAHO MiLHICTh. KpiM Toro, cryiaB KoOanbTy 3 HiKeJIeM B yMOBAaX BUCOKOT'O TUCKY 1 BUCOKOT
TEeMIIEpaTypHy Kpallle 3MOUye aJIMa3Hi 3epHa, HIXK KOOabT.

[3 BBeCHHSM TYromiaaBKUX KapOifiB, Takux sk WC, Tak camMoO MiABUIIYETHCS MIIIHICTh
BHACIII0K yTBopeHHs po34nHiB WC—Co aHaIoT14HO MPOIIeCy, M0 BiA0YBAETHCS Y TBEPAUX CIIIaBax
tuny BK 15, BK 20. Lle cnpusie 3arnymeHHO (GOpMYBaHHS MIKPOTPIIIMH y MIX3EpEHHHUX
nmpoMikkax. Bimomo, mo BHCOKI (i3MKO-MEXaHIYHI BJIACTUBOCTI TMOJIKPUCTATy BHU3HAYAIOThH
HasBHICTIO HEMIEPEPBHOTO KapKacy ajJMa3HHUX YacTOK, HacaMIepe, 3 popMyBaHHSAM 3B'A3Ky anMas -
ajMa3 HaJIeXKHUTh IIACTUYHIN Aedopmarlii aiMa3HUX YaCTUHOK ITiJT JIEF0 BUCOKOTO TUCKY Ta BUCOKOI
TeMIepaTypH.

3a momomoror pactpoBoro enekrpoHHoro mikpockony ZEISSEVO 50 XVP nochimkeHo
cTpykTypy Ta ckiag AIIKM, orpumanoro B cucremi Can—Co.

VY crpykTypi nonikpuctanigaoro mapy AITKM (puc. 3) nepeBakaroTh BEJIMKI 3€pHA aiMa3y
po3mipom 20—40 MKM, MK SIKHMH po3MilleHi IpiOHI 3epHa aqma3y Ta KOOadbT 3 PO3UMHEHHUM Y

HbOMY Kap0igoM BoJibhpamy. BMmicT koOanbTy B
anMaszomicTkoMy mapi — Omu3pko 4% Macc.
Oxpim 6e3mocepeIHbOr0 KOHTAKTy BEIUKUX
3epeH aMasy, 3B'SI30K MK HUMH BiJI0OYBa€ThCS
BHACJIII0K HAsIBHOCTI NpiOHO3EPEHHOTO
anMasHoro kapkacy. Llg oOcrtaBuHa 3HAYHOIO
Mipoio BU3Ha4ae (Pi3uKO-MeXaHi4HI BIACTUBOCTI
BCTaBOK.
3a3HaueHa CTPyKTypa (QOpMyeTbcs B
pe3yabTaTi KOB3aHHS ajJMa3HUX YaCTHHOK OJHA
00 ApPYroi MpH CTBOPEHHI THCKY Ta B
MMOYAaTKOBUH  TMEpioJ]  CIIKaHHSA  IUIIXOM
NOAPIOHEHHS  MEHII  MIHUX  YAaCTHHOK,
Puc. 3. Cmpykmypa armazonocnozo wapy CKOJIIOBaHHS BHCTYIMIB MIIHIIIUX YaCTHHOK, a
AIIKM, OMPUMAHO20 8 CUCTEMI Cuui—Co TaKOXK HeperI/ICTaHiQ»aI_Iﬁ B aJIMa3 4epe3 plI[Ky
¢dazy rpadity, Mo yTBOPHBCS HAa HEKOHTAKTHUX
MOBEPXHAX ajJMa3HUX YacTHMHOK. be3nmocepenHiii B3a€MO3B'S30K BEIMKHX alMa3HUX YaCTHHOK
BiJJOYBAa€THCSI BHACIHIJIOK YTBOPEHHs HEBEIMKHMX IMEPEHIMHKIB dyepe3 iX IUIacTHuHy Jedopmarliiio B
MICIISIX KOHTAKTY.

Ha Bigminy Bix ctpykrypu ATII ctpykrypa AIIKM MmicTuTh BABIYI MEHIIE KOOAIbTY, L0
MMOBUHHO TIJBUIIUTH HWOT0 TepMocTabuibHicTh. Po3monmin enementiB Nb, C, Co, W y
niamerpanbHomy nepetuHi AIIKM nokaszano Ha puc. 4. Ik 6aunMo, KOHIEHTpallisi KOOaIbTy Pi3KO
30UIBIITY€ETHCS TTOOJIN3Y HI001€BOT'O €KpaHy; IPH BiAJICHHI BiJl HhOT0 KOHIIEHTpaIlist Nb 3HIDKYEThCS
npUOJIM3HO HA PO3MIp OJTHOTO 3€pHA, a MOTIM cTabiIi3yeThest. Martepian eKpaHy YaCTKOBO MIPOHUKAE
JI0 aJIMa30HOCHOTO Mmapy Ha riaubuny ~100 MKM, HeaaMa3HHK BYTJIEIh YAaCTKOBO IPOHHKAE IO
obmacti A (expan 3 Nb).
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3a JOMOMOTOI0 PAaCcTPOBOIO EIEKTPOHHOT'O MIKPOCKONY JOCIHIHKEHO CTPYKTYPY Ta CKIIaM
AITKM, 110 MiCTUTh aKTHBYIOUY CIIKaHHS J00aBKY CIUIaB KOOasbTa 3 HikeleM. Y CTPyKTypi (puc.

Puc. 4. Posnooin eremenmie Nb, C, Co, W'y

diamempanvromy nepepizi AIIKM

Puc. 5. Cmpyxmypa AIIKM, ompumanoeo 6
cucmemi Con—Co—34Ni

5) MOJIIKPUCTATIYHOT O MaTepiainy
NepeBaXaroTh 3epHa anmaszy po3mipom 20—40
MKM, MK SIKUMH PO3MIIIEHO ApiOHI 3epHa
aJiMazy Ta CIUIaB KoOanbTa 3 HiKelneM i3
pPO3YMHEHUM Y I1IbOMY CIUIaBi KapOigoM
BOJIb(pamy.

Posnonin enementis Nb, C, Co, Ni, W
y aiamerpanbHoMy niepeturi AIIKM nokasano
Ha puc. 6. XapakTep pO3MOALTY EJIEMEHTIB
npuOJIM3HO TaKWM caMui, K MPH CIIKaHHI
alMa3iB 'y CHCTEMi, IO MICTUTh TIJIbKH
K00anbT 1 KapOiz Bonbdpamy (puc. 4).

Sk BumMBae 3 puc. 6, cymapHuii BMiCT
aktTuByto4doi  nmobaBkm  Co—34Ni, gemro
OLNMBIIMIA, HDK TPH BHUKOPHUCTAHHI TUIBKH
KOOQIIbTY 3 KapOiJoM BOTb(pamy.

i 100 Obnacte A 210 2
® (expaH 12
= 907 5Nb) P 3
O 80 § ObnacTb 48 §
g0 i (PcD) 17 3
£ 60 16 &:,
& 50 15 ¢
40+ 14 @

304 13

20 412

10 B 11

0 T = 0

0 100 200 300 400
L, MKM

Puc. 6. Po3znooin enemenmie Nb, C, Co, Ni, Wy

diamempanvrnomy nepemuni AIIKM

Karo1omoMiHICIIEHTHY TOTIOTpaMy MOJIKPUCTAIIYHOTO MaTepiady, OTPUMAaHHOTO B CHCTEMI

Camn—Co0—-34Ni, mokaszaHo Ha puc. 7, a.

a

o

Puc. 7. Kamooonominicyenmna monocpama noaikpucmaiiyno2o mamepiaty, Ompumanozo 8

cucmemi: a — Cupy—C0—34Ni; 6 — Cun—Co
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Sk Gaummo, anmasHi 3epHa MalwTh TPINMHM a0O0 TOBHICTIO 3pyHHOBaHi. TpimmHM Ta
pYHHYBaHHS MOTJIM YTBOPHUTHUCH SIK 32 BUCOKOT'O TUCKY, TaK 1 HA MOYATKOBiH cTaAil CIIiKaHHS.

Tonorpammy AIIKM, orpumanoro B cuctemi Can—Co, moka3ano Ha puc. 7, 6. Sk 6auumo
TPILIMH Ta pyHHYBaHb HA JIOCIITHOMY MaTepiai HeMae.

Binomo naHi mpo BIUIMB PI3HUX YMOB IONEPEIHBOI TEPMOXIMIYHOI OOpPOOKH aiMa3zHUX
MOPOUIKIB HA MEXaHIYHI BIACTUBOCTI aJIMAa3HOTO MOJIIKPUCTATIYHOTO KOMIIO3uUTY [18].

31 30UTBIIECHHSM Yy KpHUCTajlax ajiMa3HUX NUTI(PIOPOIIKIB BMICTY TOMIINIOK METaJeBHX
PO3UMHHHMKIB, SIKi BUKOPUCTOBYIOTH JUISI CHHTE3Y alMa3y, 3HWKYIOTHCS MIIHICTb KPUCTAJIB MiCIs
HarpiBaHHA 1 TeMIepaTrypa, N0 SKOi pIBEeHb EKCIUTyaTalliiHWX BJIACTUBOCTEH KpPUCTAJIB HE
3MiHIO€ThCs. lle BimOyBaeThcs BHACHIZOK YTBOPEHHS NPU B3Aa€EMOJIl anMasy 3 MeTaJeBHUMHU
JOMIIIIKaMH HECTIHKHX KapOimiB (MepeBaKHO MapraHIi0) Ta MepeKpucTalizalli aamMasy y rpadir.
[Toni6Hi mpotecy 3 aNMa3HUMU 3epHAMH Bi10YBaIOTHCS TAKOK IPH HATrpiBaHHI 32 HOPMAJIbHUX YMOB
KOMIIO3UTY, CIIEYEHOr'0 32 BUCOKOI'O TUCKY Ta BUCOKOI TeMIepaTypu. Y 1IbOMY 3B'A3KY AJIs CIIKaHHS
HEOOXiTHO BUKOPUCTOBYBATH CIEI[ialIbHO 0OpOOJIeHI MOPOIIKH AJISi 3MEHIIICHHS BKIIOYEHb METAJIiB
B 00°eMmi iX gacTHHOK. OCKUTBKH TaKi BKJIFOYCHHS HEAOCTYIHI JUIsl 00pOOKH XIMIYHIMH peareHTaMu
Ta iX cyMmimamu, HeOoOXiHI METOHU, IO 3a0e3meyaTh JOCTYIl PeareHTiB 0 MICIb PO3TallyBaHHS
TaKUX BKJIIOYEHb.

Jnst 1poro 3/1iHCHIOBAIM TEPMOOOPOOKY alMa3HHX MOPOIIKIB B aTtMocdepi aproHy mnpu
temrnieparypi 800 °C  ympomosxk  20-25 xB. lle cTBOproe yMOBH T BHJIAJICHHS
BHYTPIITHBOKPUCTAIYHAX JOMIIIOK. B amMa3HuX yacTHHKAx, 0COOIMBO E(EKTHUX, YTBOPIOIOTHCS
HOBI MIKPOTPIIITUHY 1 PO3IIMPIOIOTHCS HAsBHI BHACIIAOK 301IbIIICHHS 00'EMY BKJIFOYEHD TIOPIBHSIHO 3
aMa3oM dYepe3 BIIMIHHICTh KOE(IIEHTIB TEPMIYHOTO PO3IIUPEHHS, 3aBISKH YOMY BiIOYBA€THCS
I y3is pyXJIMBUX TOMILIOK, HAIPUKJIA €BTEKTUYHUX CIUIaBiB, 10 MOBEPXHI KPUCTAA, 110 MOJIETIIYe
iX mopmamplie PO3YMHEHHS B MiHEpAIbHUX KucIoTaX. KpiM TOro, MONINIIYIOTBCS YMOBH JUISt
MIPOHUKHEHHS PIIKUX XIMIYHUX PEAareHTiB A0 JOMIIIOK, PO3MIIIEHUX BCEPEIUHI KpUCTaa.

Bimomi nmani [19] mpo oTpumaHHA HAATBEPAMX KOMIIO3WIIIMHMX MaTepialiB, IO
BIJIPI3HAIOTHCA BiJl ICHYIOUMX HAJATBEPIUX MaTepiaiiB 3a JTOMOMOTOI0 «0e3ycaJlouHOT» TEeXHOIOTI].
3a3HaueHM METO/I TIOJISTa€ B OTPUMaHHI KOMITO3UIIIITHUX MaTepianiB 0e3 3aCTOCYBaHHS BHCOKOTO
TUCKY LUIXOM peani3alii XiMIiYHuX peakuiid B 00'emi 3arotoBku. Came npaBuiIbHUM BUOIp XiMI4HOT
peaxiii crpuse OTPUMAaHHIO BUPOOY HEOOXIJHOTO CKJIATy Ta CTPYKTYpH. 3TIIHO i3 3a3HAYCHUMU
JaHUMU TBepaicTh Matepiany 3a Kuynmom cranoButs 50-55 I'Tla. Inmmmmu crnoBammu, 0e3
3aCTOCYBaHHS BUCKOTO THCKY BiTOYBA€ThCS 3pOLICHHS ajMa3HUX 3€peH, 0 B TOJAIBIIOMY
3a0e3mneduye BUCOKY MIIHICTh OTpUMYBaHOTO Matepiaiy. IIpu 11boMy He HaBOJUTHCS HaBaHTa KEHHS
Ha IHICHTOp, NPH SIKOMY OTPUMYEThCS 3a3Hau€Ha BUCOKA TBEPAICTb OTPUMYBAHOTO MaTepiairy
(BupoOy). I[Ipote HaBeneHi B [4—6; 9; 12; 14—18] naHni cBiyath mpo Te, MO IUIACTUYHA TedopMaltis,
sIKa IIPU3BOJIUTH JI0 3POIICHHS 3€PEH ajMa3y, a caMe yTBOPEHH KapKacy 3 aJIMa3HHUX 3€PEH, MOXKIINBA
JIMILE B YMOBaxX BUCOKOT'O TUCKY Ta BUCOKOI TeMIepaTypH.

Bizomo nBa cmocobuw OTpUMaHHS HAATBEPAUX KOMITO3HMIIIHHUX MartepiajiB B YMOBax
BUCOKOTO THUCKY Ta BHCOKOi TeMmmepaTypu. 3TifIHO 3 MEepUIMM CHOCOOOM MiATOTYBAaHHS IIUXTH
(ayiMa3HO1 MacH Ta JIOMIIIOK) BiIOYBAETHCSI TPUBAIUM i1 3MIIITYBAHHSM; 3T1]THO 3 IPYTUM (POPMYETHCS
aJIMa3Ha Maca Ta Ipocouyrouunii map (KoO6anbT, KpeMHIN) Y KUTBKOCTI, TOCTAaTHIHN I IPOCOYYBaHHS
aJIMa3HOI MacH, MOTIM 3a MIJABUIIEHOTO THUCKY BIOPSIIKOBYIOTbCS YAaCTHUHKH, a B MOAAJIBIIOMY IIPU
MiABUILEHHI TEMIIEpPaTypH MPOCOYEHHS ajaMa3HOi Macu CKJIaJOBHMHU IPOCOYYIOUOTO ILIApy, MpPHU
IBOMY IIiJT JI€I0 TIACTUYHOI Aedopmaliii YaCTHHKY ajaMa3sy 3pOIIYIOThCA. 3HOCOCTIHKICTh 3Pa3KiB,
10 OTPUMYIOTh CIIOCOOOM MIPOCOUCHHS aTMa3HOT MACH aKTUBYIOYMMH CITIKaHHS 100aBKaMU BHIIE HA
30-40%, HIXX 3HOCOCTIMKICTH 3pa3KiB, OTPUMAHUX 3a JOMOMOIOI0 JOBFOTPUBAJIOIO 3MIIIyBaHHSI
[IUXTH.
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BucHoBok

[TigBUIIEHHS MIITHOCTI KOMIIO3UTIB Ha OCHOBI aiMa3y MpH iX CIKaHHI 32 yMOB BHCOKOTO
TUCKY JOCATAETHCS YIIPABITIHHIM NTapaMeTPaMHU CITIKaHHS; CKJIAJIOM IIIUXTH Ta AKTUBYFOUNX CIIKAHHS
J00aBOK.

Paccmompenst 6o3modicHble cnocodvl nosviuerus nPOYHOCMU NOJUKPUCMAIUYECKUX MATNePUAo8
Ha OCHO8e aiMa3a 6 YeNAX UCNONb306AHUA NONYYEHHBIX MAMePUaiog 6 pPA3lIUuuYHbIX OMPACIAX MEXHUKU
(npestcoe gce2o 01 U320MOBLEHUSL 6YPOBO20 UHCIMPYMEHMA, HAKAMHO20 UHCMPYMEHMA, C8ePJl, ULOIO0K).

Knrouegole cnoea: nonukpucmaniuyeckue Mmamepuansl, aimas, KpeMHuu, cnexamue, nponumka,
NPOUHOCMb.

ICREASE OF STRENGTH OF THE COMPOSITES BASED ON DIAMOND
DURING THE SINTERING OF THEM IN TERMS OF THE HIGH PRESSURE
Possible ways of increasing the strength of polycrystalline materials based on diamond for the purpose
of received materials in different areas of machinery are reviewed (first of all for production of boring
instrument, downhill instrument, drills, needles).
Key words: polycrystalline materials, diamond, silicon, sintering, treatment, strength.
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Incmumym naomeepoux mamepianie im. B. M. baxkyna HAH Ykpainu, m. Kuie
TEPMOBAPUYHE CIIIKAHHA KOMIIO3UTY ¢BN-Cr3C:

30iticneno cnikaHHs ma 00CIONCEHO XapaKmepucmuku cnevenozo komnosumy cucmemu cBN—Crs3Co.
Cnixanns suxonano 8 ymosax gucoxozo mucky (7,7 I'lla) ma memnepamyprnozo dianazony 1500-2100 °C.
06’exm Oocniodcenna — 06i komnosuyii 3 emicmom 50 ma 90 06.% cBN. Cymiwi ompumano Mokpum
smiwyeannam nopouikie cBN ma Cr3C,y bapabannomy smiwyeayi PULVERISETTE 6 classic line. Busueno
hazosuil cknad KepamomMampuyHux KOMNO3Umie OmpumMaHux, ULisgxom mepmooapuynoi oopodbxu cymiuteil.
Ompumani pe3ynomamu c8iouams, Wo 8apit08aHHs YMOE8 CHIKAHHA NPUBOOUmMs 00 3MiHU ()a306020 cK1ady ma
eracmusocmeti Kepamo-mampuyHux xomnosumis. Iliosuwennss memnepamypu CnikauHs npusooums 0o
3POCAHHS MBEPOOCH QOCTIONCYBAHUX KOMNOIUMIB.

Kniouosi cnosa: anapam eucoxoco mucky, Haomeepoa Kepamika, Kyoiunuil nimpuo o6opy, gazoeutl
CKIA0, CMPYKMYpa, meepoicmb.
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