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BJIMAHUE KOJWYECTBA CBS3KU U3 BH65
HA TPUBOTEXHUYECKUE CBOVCTBA KOMIIO3UTA
HA OCHOBE SiC(WC)

Hccnedosano enusmue xonuwecmea cesisku us pacniasa WC+Ni ssmexmuueckozo
cocmasa (BH65) na mpubomexnuueckue ceoticmea xomnosuma na ocroge SiC(WC).
Jacmuypt Kapbuoa kpemnus Oviiu npedeapumennio nokpvimor meaxoseprucmoim WC
u coomeemcmeenno obosnauenvt SiC(WC). K nomyuennomy nopowky 6vuio 0ob6asieno
pasnoe koauuecmeo 5, 10, 20, 30 % (macc) csssku us BH65, cocmosuueit uz 35 % (macc)
us WC u 65 % (macc) uz Ni. Ilonyuenivie nopowru O6buid cnpeccosanvl U cneuetvl npu
memnepamype 1470°C 6 cpede 6odopoda. Bouiu nposedenv mpubomexnuueckue
UCNBLIMAHUSL, 8 pesyavmame KOMOpblX Ayuuiue noxkasameau (Kodphuuyuenm mpenus,
UHMEHCUBHOCMb USHOCA) NoKa3aiu Komnosumovt Ha ochose SiC(WC) ¢ 5, 10 % (macc)
cesizku u3 BHG).

Kmouesvte cnoea: cesska, xomnosum, mpubomexHuueckuii, nopucmolil.

Jlocnioaceno enaue xinvxocmi 36’s3xku 3 posnaaey WC + Ni esmexmuunozo cknady
(BH65) na mpubomexniuni enacmusocmi komnosumy na ochosi SiC (WC). Yacmunxu
Kap6ioy kpemmiio 6y nonepedivo noxkpumi opioroseprucmum WC i 6i0nogiono nosnaueni
SiC (WC). [lo ompumanozo nopowry 6yio dodano pisny xirexicmo 5, 10, 20, 30 %
(mac) 36’si3ku 3 BH6S, wo cxkaadaemvcs 3 35 % (mac) 3 WC i 65 % (mac) 3 Ni.
Ompumani nopowxu oyau cnpecosani i cneueni npu 1470°C y eoomui. Byau nposedeni
mpubomexuiuni eunpoOYeanis, 6 pPesyivmami SKUX Kpauji noxasuuxu (xoegiuienm
mepmsi, tHMeHcusHicmy  3Hocy) nokasaiu xKomnosumu xa ocnosi SiC (WC) 3 5, 10 %
(mac) 36’s3xku 3 BHG6).

Kmouoei caosa: 36’s3xa, xomnosum, mpubomexuiunuil, nopucmuil.

The influence of amount of binder from the melt WC+Ni eutectic composition
(BH65) on the tribological properties of the composite based on S(WC) is studied. The
silicon carbide particles were pre-coated fine grained WC and SiC and, respectively,
have been marked SiC (WC). To the resulting powder were added different amounts of
5, 10, 20, 30 % (wt) of a combination of BH65 consisting of 35 % (by weight) of WC and
65 % (by weight) of Ni. The powders were pressed and sintered at a temperature of
1470°C in the environment of hydrogen. Tribological tests were done, which resulted in
the best performance (friction coefficient, wear intensity was found for composites based
on SiC(WC) with 5, 10 % (WT) of a combination of BH6).

Keywords: bundle, composite, tribological, porous.

AKTYyaJIbHOCTb. AKTHBHOE yCOBEPIIEHCTBOBAHUE TEXHUKU B MAlIMHOCTPOEHMUH,
aBHacTPOeHUU TpebyeT pa3pabOTKM HOBBIX M3HOCOCTOMKHX TPUOOTEXHHMYECKUX
MaTepHaloB, KOTOPble CIOCOOHBI paboTaTh IPU BHICOKUX HArpysKax, BHOpaIMH,
aBapUITHBIX CUTYAIIUSX, B YCJIOBHSIX TPAHUYHOTO TPeHUst. B HacTosIIee BpeMsi akTyasIbHOI

CIIETIAJIBHI PO3POBRU

109



Cy4acHa cneuianbHa TexHika N2 2(45), 2016

CIIETIIAJIBHI PO3POBERKU

110

SIBJISIETCST pa3pab0TKa METAIJIOKEPAMUUYECKMX MaTePUaOB Ha OCHOBE TYTOILJIABKIX
COEJIMHEHUH, ¢ BBICOKUMU MOJYJISIMA YIPYTOCTU W SHEPTUSX aKTUBAIUU JIBUKEHUS
JUCJIOKAINN, B KOTOPBIX BBIOOPOM (ha30BBIX COCTABJSIIONIMX MOYKHO YIIPABJSIThH
CTPYKTYpHBIMU 3 deKTaMu U BIAUATH HA IKCITyaTallMOHHBIE CBOMCTBA KOMITO3UTOB.
OmHako BBICOKash XPYMKOCTh OTPAHMYMBAET WX ITUPOKOE WCIIOJb30BAHME B YUCTOM
Bujie. I10aTOMY aKTyaJbHBIM SIBJISIETCS KOMOMHUPOBAHUE MATE€PUAJIOB C PA3IMYHBIMU
3HAUEHUSIMU TBEPIOCTH U TJIACTUYECKUX XapakTepucTuk [1; 2].

Hawnbosiee nepcrieKTuBHBIMU /IS U3TOTOBJIEHUS M3HOCOCTOMKUX JeTajieil map
tpenus sasiAoTca WC n SiC, Mogyn ynpyroctu M sHEprus aKTUBALUM JBUKEHUS
JMCIOKAI[UI KOTOPBIX YCTYIAIOT TOJIBKO aiMasy 1 Kybndeckomy HUTpuay bopa. Kpome
TOTO, OHU TTPU M3TOTOBJIEHUH KPYITHBIX JIeTajiell map TpeHus boJiee JIerko 00pabaThIBAlOTCsT
AJIMa3HBIMM WHCTPYMEHTAMU 4eM KOMIIO3WTBI, COIEPIKAIe ajMasbl M KyOUIeCKHil
HUTPHU OOpa, a Takke 3HAUYNUTEJHHO JelieBie. B KauecTBe CBsI3KM OBLIO BBIOPAHO
cIIaB 9BTeKTHYecKOro coctaBa BH65, cocrosiimuii 3 (35 % (macc) WC + 65 % (macc)
Ni.

Kombunuposanue kpymnHoszepuuctoro SiC ¢ menkozepuucteiMm WC ¢
IJTaCTHYECKON cBsI3Koit 13 BH65 mosBouT Gojiee MOJHO KWCHOIB30BaTh UX (DUBHKO-
MeXaHWYeCKrne XapaKTePUCTUKM, a TaKKe CO3/[aTh KOMIIO3UTBHI C PETyIUpPyeMOi
MMOPUCTOCTBIO /LIS YJIYUIIEHUST YCAOBUN CMa3KU W OXJIAKIAEHUS JeTajleil map TPeHwusl,
paboTaIKX B 9KCTPEMATBHBIX M OTBETCTBEHHBIX YCIOBUSAX [3].

Llenvio dannoii pabomoi sensemcs paspaboTKa MOPUCTOTO TPUOOTEXHUYECKOTO
KOMITO31Ta, PabOTAIOIIEr0 B 9KCTPEMAIBHBIX YCIOBHUSX 110/ BHICOKUM JaBJICHIEM, TIPU
BUOPAIY, TPAHUYHOM TPEHUH, /IS [epeKauyKu MaJOBsS3KUX BelecTB (Boja, OEH3MH,
KEpPOCHH).

Metoauka ucciaenoBanusa. B KayecTBe MCXOIHOTO TIOPOITKA HMCIOJb30BaIN
HIOPOIIOK KPYITHO3EPHHUCTOTO KapOuaa KpeMHuust 3esieHoro pakmun 125/80 mrm. /1151
peIoTBpalieHnst 0Opa3oBaHUs XPYNKUX CUJIMIUAOB U OKCHIOB HUKEJS, KOTOPBIE
obpasytorcst ipu B3ammozeiictBun SiC ¢ Ni [1] (Bxomaur B cocrtas criaa BH65) B
mporiecce criekaHus, Ha KpynHble 3epHa SiC HaHOCKUIM 3aNUTHOE ITOKPBITHE W3
mesikozepauctoro (o0 1 mxc) WC. Tommmuna nokpeitust n3 WC na gactunax SiC
cocraBisiia mpuMepHo 5 MM, obosHauero SiC(WC). B mopomok  SiC(WC) 6110
nobaByieHO pasHoe KosmdecTBo civtaBa BH65 5, 10, 20, 30 % (Macc) MeTomoM mepeMerim-
BaHUST BPYYHYIO.

[TosryuerHbIE CMECH TIOPOIITKOB ITPECCOBAJINCH, 3aTEM CIIEKAJINCh TIPU TeMIIEpaType
1470 °C. Tlocne criekanust 00pasiibl UMeJI HOPUCTOCTh 10 20—28 %, B 3aBUCUMOCTH OT
KosmdecTBa cBsizku u3 BHG6)S.

OO6pasibl ObLIM MCIIBITAHBI Ha MOJIEPHU30BAHHON TPUOOMETPUUYECKOI MallluHe
2070 CMT-1 npu rpaHUYHOM CMAaYMBAHUU BOJIOITPOBOIHON BO/IOH. [lepes nctibiranusamu
OBLI TPOBE/IEH Tal TPUPaObOTKH, KOTOPBINA COCTABIIs 1 KM ITPU IaBJIEHUN HA TOPOKKY
tpenust 5MIla, ckopocTu BpateHust KOHTp-Tesia 2M/c. KoHTp-Tes0 GbLI0 N3roTOBIEHO
u3 cmiasa BH20.
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Puc. 1. Cxema Tpuborexunueckoro wucnbitanust: 1 — obpaseir; 2 — KOHTP-TeJIO;
3 — cpezia UCIBITAHKS

TpuboTexHIYECKIe WCIBITAHUS TPOBOAMINCH IPU CKOPOCTH BpAIlleHHs] KOHTP-
tema 2 m/c, naBaenun 15, 25, 50, 75, 100 MIla, myts Tpenus coctabisia 10 km. boran
omnpeziesieHbl Koaddurment Tpenus (U) n nHTeHCcUBHOCTH M3HOCA (I). [ToBepxHOCTDH
TpeHust OblIa U3ydeHa Ha OITUYECKOM 1 IEKTPOHHOM MHKPOCKOIIAX PEHTTeHO(a30BbIM

AdHAJIN30M.

l'Ipalc'mquKaa yactp. Ilo JAaHHbIM MCIIBITaHWA Ha TPEHUA ObLIN ITIOCTPOEHDbI
3aBUCHUMOCTH KOE)(b(bI/IL[I/IeHTa TPpEHUA W HMHTEHCHUBHOCTHU HM3HOCA OT HdaBJIEHUA Ha

HCIIBITYEMBbIiT 0Opaselr.
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Puc. 2 T'paduk s3aBucumoctu koaddunmenta tpenust oopasios SiC(WC) + x%(macc) BH65 or
JAaBJICHUA Ha I/ICHbITyeMbIe O6pa3HLI

HayKoBO-NPaKTUYHMUINU XYypHan
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N3 puc. 2 BuaxHo, 4to KO3 (UIMEHT TPAaHUYHOTO TPEHUS KOMIIO3UTA
SiC(WC)+5%(macc)BH6S 3HaumTeIbHO HIDKE 10 CPAaBHEHMIO ¢ Koa((UIMeHTaMI TPeHsT
KOMTIO3UTOB ¢ OOJIBIAM KOJMYecTBOM cBsi3ku u3 BH65. Tlpu yBemmuennn naBrieHvst Ha
JIOPOKKY TpeHMsT KoahDUIMEHT TPeHMsT 3HAYUTETHHO TIAJIaeT I BCeX KOMIT03UTOB (puc. 1), uto
XapaKTEPHO JIJIsT KEPAMIYECKIX MATEPHATIOB, [IETAIIH 13 KOTOPBIX PAOOTAIOT B BBICOKOHATPY/KEH-
HbIX yamax Tperust [4]. B mpomecce tpenust obpasiioB uz SiC(WC) ¢ 5, 10, 20 %(macc)
BHG65 Temiieparypa B 30He TpeHus He npesbiiiasa 40°C, npu ucrbrrarm oopasiios ¢ 30 %(Macc)
cBsi3kr 13 BH65 temrieparypa B 1iporiecce UCIbITanyist 00pasiios mpesbiiana 70°C.
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+ 5iC(WC)+3%EBHES HSICWCH10%BHES A SiCWC)+20%BHES #5iCWC)+30%EHES

Puc. 3. CpaBuenne mHTeHCUBHOCTEH M3HOCa 06pasios Ha ocHoBe SIC(WC) + x%(macc) BH65 or
JIaBJICHWSI HA WCTIBITYeMbIe 0OPasIbl

Ha rpaduke 3aBucrnMOCTH MHTEHCUBHOCTH M3HOCA OT JIaBJIEHUSI HA 30HY TPEHUS
(puc. 3) TakKke BUJIHO, YTO C yBeJIMYeHneM KoJmdecTBa cBsi3ku 13 BH65 u ¢ yBenmuennem
JIABJIEHUS HA IOPOKKY TPEHUS MHTEHCUBHOCTD M3HOCA pe3ko pacteT. IIpu paccmorpenun
MOBEPXHOCTH TPeHUsT 00PasIioB BUHO, YTO TOBEPXHOCTh TpeHust 0Opasios ¢ 5, 10 %
(macc) cssku u3 BH65 ocraercst riazikoii, 6e3 3aupoB, TpelyH, Haaunanus (puc. 4a).

EHT = 20.00 kv Signal A = SE1 Date :22 Mar 2016
WD =135mm Photo No. = 3648 Time :10:15:07

HayKoBO-MPaKTUUYHUN XYPHan
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EHT = 20.00 kV Signal A = SE1 Date :15 M,
WD =125 mm Photo No. = 3617 Time :9:14:02

Puc. 4 a, 6. TToBepxHOCTH 00pA3IOB MOCe TPHOOTEXHUYECKIX UCIIBITAHWIT TIPU JaBJICHUN
100MIIa: a — SiIC(WC)+5%BH65, x60; 6 — SiC(WC)+30%BH65, x80

ITpu paccmoTpernn moBepxHocTeit Tpernst 0opasios ¢ 20, 30 % (macc) u3 BH65
BUIHO (pHcC. 40), 4TO IOBEPXHOCTH TPEHMsI He TJIajiKast, Ha MOBEPXHOCTH €CTh TPEIIHHbI
U He3HAYMTeIbHbIe HePOBHOCTU. PeHTrenodha3oBbiM aHAIN30M OBLIO OIPEIETEHO, YTO
¢ yBeanmuyenumeMm cBszku u3 BH65 mo 20, 30 % (macc) B oOpasiax HaYMHAIOT
06pa3oBbIBaThCs XPYIKKe (Gasbl OKCUI0B U CUJIMIIAAOB HUKETS [5].

Baaromapst mopuctocTt 06pa3iioB B MPOIECCe TPEHUS B TOPaX 3a/epP/KUBAETCS
BoMa (cpema MCIbITaHUs ), OJarogapst 3TOMY IOBEPXHOCTh TPEHUsI CMa3bIBAETCST W
OXJIAJKIAeTCsT B TIpoIiecce paboThlI.

BpiBobI

1. C yBesnmuenuem kosmuectsa cBsizku uz BH65 o 20, 30 %(macc) nuddysuontbie
ITPOIIECCHI B TIPOTIECCe CIIEKAHUS TIPOXOIAT aKTUBHEH, BCIEICTBUE YETO KUIKUI HUKEb,
BXOZSINNIA B cocTaB cBsisku BH65, iponnkaer k 3epHam SiC CKB0O3b 3alIUTHOE ITOKPHITHE
u3 WC, 06pa3oBbIBast OKCH/IBI M CUJIATIUIBI HIKEJIS.

2. Ob6pasoBanre Xpynkux ¢as M3 OKCHIOB M CHUJI WIMIOB HHUKEJIsS IPUBOIUT K
MUKpOpas3pyliennsiv, Tpemnaam B obpasiax ¢ 20, 30 %(macc) cBsisku us BH65 B
mporiecce TPEHUS MO/ BBICOKUM JIaBJIEHUEM.

3. Muxkpopaspyiuerus 1 Tpemuibl B oopasiax ¢ 20, 30%(macc) cssku n3 BH65
B TIPOIIECCE TPEHUSI TIOJT BLICOKUM JIaBJIEHUEM CBHIETEIHCTBYET 00 YCTATIOCTHOM MEXaHM3Me
usHoca [6]. B cBoto ouepesip, Hasmume Xpynkux a3 OKCHI0B TPUBOUT K OKUCIUTETTBHOMY
nsHanmBanuio. Hanoskenne atux (hakTopoB PUBOAUT K BBIBOLY KOMILTIEKCHOCTH TIPOIIECCOB
M3HOCA, YTO U OTPA’KAETCsl B TOBBIIIIEHUN TI0Ka3aresist uanoca [7; 8.

4. Hamnbosee ontumasbabiM siBaistercst kommosutr SiC(WC) ¢ 5 %(macc) BH65,
KOa(OUIMEHTH! TPEHUS W WHTEHCUBHOCTh M3HOCA KOTOPOTO 3HAYMTENBHO HIKE IO
CpaBHEHUIO ¢ OOpasiamMy ¢ OOJIBIIMM KOJUYECTBOM CBSI3KH.
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