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Abstract. The tool life and local wear mechanisms of titanium carbide based hard alloys alloyed
with tungsten nanocarbide during finishing and semi- finishing operations of steels 20, 35, 40X
cutting are researched in the paper. It is shown that the tool life of alloys with nano WC in 1,1 ... 1,7
times is higher compared to alloys alloyed with fine-grained WC and in 1,2 ... 1,4 times higher
compared to T15K6 and TH20 alloys. It is determined that the abrasion wear is the main local wear
mechanism of nano WC alloys. In the wear zone the tribolayer which consists of iron, titanium and
tungsten oxides is found.

OmHuM 13 NUIAXIB 3pOCTaHHS €(PEKTHBHOCTI METAIO00POOKH € IMiABUIICHHS pecypcy poOoTH
IHCTpYMEHTIB Ta MPOJYKTHUBHOCTI pi3aHHs, 110 3a0€3MeUyeThCcs pO3POOICHHSIM Ta BIPOBAHKEHHIM
MaTepiaiB, sKi TMOEAHYIOTh BHCOKI (Di3MKO-MeXaHIYHI BIIACTUBOCTi, TakKli SIK TBEPHICTb,
3HOCOCTIMKICTh, MIIHICTh Ta TpimuHOCTIHKICTh [1,2]. LluM BHMoOram, OKpiM CTaHIAPTHHX
BOJIb()PaMO-KOOATbTOBUX CIUIABIB, 3aJ0BOJIBHIIOTH TBEPJl CIJIaBM HA OCHOBI KapOigy TUTaHy,
JIETOBAaHHOTO KapOigaMu BaHAii0, HIOO10 Ta BOJMB(paMy pi3HOI 3epHUCTOCTI (IpiOHO3EPHHUCTHIT Ta
HAHOPO3MIPHMIA) 3 HIKEIb-XpOMOBOIO 3B’s3k0r0 [3, 4]. JlocmimkeHHs (i3sMKO-MeXaHIYHUX
BJIACTUBOCTEN TBEPJMX CILJIABIB JIETOBAHUX HAHO3JIMCIIEPCHUM KapOi10M BOJIb(paMy moKa3aiiu, 110
BOHU MAalOTh BUCOKI TBEPHAICTh Ta TPIUMHOCTIMKICTH 1 € MEPCHEKTUBHUMHU IHCTPYMEHTAIbHUMU
marepianami [5].

Memoto nanoi poOoTH Oyn0 AOCHIIKEHHS Mepioay CTIMKOCTI Ta MEXaHi3MiB JIOKaJbHOTO
3HOIIIYBAaHHS TBEPAMX CIUIABIB, JIETOBAHMX HAHO3EPHUCTUM KapOiZoM Boib(ppaMy Ha omeparisx
YMCTOBOI'O Ta HAIBYMCTOBOIO TOUIHHS MaJlo-, CEPEIHbOBYIJICLIEBUX Ta JIETOBAHUX CTAJICH,.

Mamepianu ma memoouxa 0ocnioxceHy. JInsi BU3HAYEHHS TeEpioqy CTIHKOCTI METOJOM
MIOPOIIKOBOI METalyprii BUTOTOBJISUIM YOTHPUTPAHHI HENEpeTOYyBaHI IUIACTUHM 13  TBEpAUX
ciaBiB  TIC-5VC-5(10,15) wanoWC-18(NiCr). Pikyui BIacTHBOCTI pPO3pOOJICHUX CIUIABIB
JOCHIJKYBAIM TpPU TO3J0BXHBOMY 1 TOpPLEBOMY TOYIHHI MaJlo-, CEpEeJIHbOBYIJICIEBUX Ta
neroanux cranei 20, 35 ta 40X. Pexxumu pizanns: vV = 90...120 m/x8, s= 0,25 mm/06, t =0,5... 1,5
MM. J[7is TOpIBHSIHHS BUKOPHCTOBYBaNM JaHi poOoTu [6] y sikiii aBTOpamu JOCIIIKEHO Mepiof
crifikocti crangaptaux crutaBiB T15K6 1 TH 20, a takox 13 crjiaBy Ha MOMIKapOigHINA OCHOBI 3
5%(mac.) apidHo3epHHCcTOro Kapbiny Boabdpamy (TiC-5VC-5NbC-5WC-18(NiCr) npu oOpooii
aHAJIOTIYHUX CTajleH.

[Tpu no310BKHBOMY TOUYIHHI BCTAaHOBIIIOBAJIM MEPi0J CTIHKOCTI MPH KpUTEPii 3HOIIYBAHHS O
3anHiii moBepxHi 0,7 MM, a NHpU TOPLEBOMY — KPUTHYHY WIBUIKICTb pi3aHHS (MaKCHUMaJbHY
IIBUJIKICTB, MPH SKIH BiIOyBaslOCs 3HOLITYBAaHHS IUIACTHH IO 3a/1H1i noBepxHi 0,7 MM 1 Oinblie, ane
IUTACTUHU HE 3a3HaBaJIM KaTaCTPO(PIYHOIO 3HOIIYBAHHS).

Topuese o0TouyBaHHs poBOAUIH Ha AucKy i3 Ctani 50 13 30BHIimHIM Aiamerpom 300 MM Ta
orBopoM 40 mm. Pexmmu pizamnsa: S = 0,25 mm/00, t =1,0 mm, n= 1250 o6/xB. Kpurmuny
HIBUJIKICTB Pi3aHHS BU3HAUYAIU 32 GOPMYIIOI0

VKD, = 500
ne Dxp. — miameTp 3aroToBKM, NPH SIKOMY 3HOIIYBAaHHS IO 3aJHIM moBepxHi fopiBHIoe 0,7
MM.
Oco6muBOCTI  JIOKaIbHOTO  3HOLIYBAaHHS  TBEPAOCIUIABHUX IUJIACTUH TpU  pi3aHHI
BCTaHOBJIFOBAJIM METOJOM MIKPOPEHTI€HOCIIEKTPAIHHOTO aHAi3y Ha CKaHYIOUOMY €JIEKTPOHHOMY
Mmikpockoni SELMI POM 106U, ximiuHuii CKjajq 30HM 3HOIIYBaHHS BH3HAYAJIM 33 JOIIOMOIOIO

CHUCTEMHU PEHTTEHIBCHKOTO JIUCIIEPCIHHOTO aHai3y.
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Pezynomamu ma ix obecosopenns. Pe3ynbraTi CTIHKICHUX BHIPOOYBaHb HEMEPETOUYBAHUX
YOTHUPUTPAHHUX IUIacTUH 13 crutaBy T1C-5VC-5WC(nano)-18NiCr mopiBusuo i3 cruaBom TiC-
5VC-5NbC-5WC-18NiCr, 3a pesynbratamu [6], mpu o0poOIi Majno-, CepeIHbOBYIIICHECBHX Ta
JIETOBAaHMX CTAJIEW MPUBEIEHO Ha puc. 1.

BcranoBieHno, mo TpuBamicTh poOOTH IUIACTHH 13 CILIaBY, JIETOBAHOTO HAHOAMCIIEPCHUM
kapOimom Bodbhpamy mnpu o6pobmi Crami 35 ckmama 109 xB, 40X — 87 xB, a cmiaBy 3
npibHO3epHUCTUM KapOizoMm Bonbdpamy — 98 xB 1 51 xB BianoBigHo. Takum 4nHOM, IpH 00pOOIIi
JIETOBAHOI CTalli CTIMKICTh CIUIABIB, JIETOBAaHUX HaHOKapOigoM Boib(pamy B 1,7 pasiB BuIa, TOII
K IpH 00poOIIi cepeTHbO BYTIIENEBOi cTalli — Bchoro Ha 10%.
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Puc. 1 3anexHicTh BETMYMHHU 3HOIIYBaHHsI Iu1acTuH i3 cruiasiB TiC-5VC-5NbC-5WC-
18NiCr (1) 3a pesyasraramu [6] Ta TiC-5VC-5WC(nano)-18NiCr (2) Big TpuBasiocti poboTn
pHu 00poO1Il KOHCTPYKUIHHUX cTaneil. Pexxumu pizanns: V=90m/xB; S=0,25Mm/00; t=1,5 mm.

Jliis TOpIBHSAHHSA CTIMKOCTI MJIACTUH 13 CIIJIaBiB, JIETOBAHUX HAHOAUCHEPCHUM KapOigom
BOJIb(paMy, IpiOHO3epHUCTUM KapOinoM Bosbdpamy, T15K6 ta TH20 npoBoaunu o6poOKy
crami 20. Pe3ynbraTti BUIIpOOYBaHb NMpHUBEAEHO HA puc. 2. TpuBamicTe poOOTH MIACTUH 13
crutaBy TIC-5VC-5WC(nano)-18NiCr ckmama— 154 xB, mo B 1,2 pa3u BuIla, HIX CIIaBY
T15Ke6, B 1,4 pa3u, Hik crutlaby TH20 1 B 1,3 pa3u, HiX CIUTaBy Ha OCHOBI KapOify THUTaHY,
JIETOBAHOT0 JIpIOHO3EPHUCTUM KapOi10M BoJibdpamy.

OnHak, xapakTep 3HOUIYBAaHHS IUIACTHH 13 JOCIIJKYBaHUX CIUIaBiB Ma€ IIEBHI
BIIMIHHOCTI. 3HOIIYBaHHS IJIACTHH 13 BosibppaMokobaibToBOro cmiaBy T15K6 nporikano
Ounpln iHTeHCHBHO 10 BenuuuHU 0,65 MM mpotsrom 80 XB, a ganmi cTa0imi3yBalioch,
NpUYOMy BeNWYHMHA 3HOUTyBaHHS 0,7 MM He BHYEpIaja MOIJIMBOCTI MOJANBIIOI poOOTH
IUTACTUHAMU 3 1Oro ciuiaBy. ToOTo mepeBara po3poOiieHUX CIUIaBiB 3 HaHOAOOABKaMH
Kap0iny BoJbppamy Moke OyTH HiBeJIbOBaHa IMpH OLIbII TpUBAJid pOOOTI MIACTHH 13
BOJIb(PaMOKOOATLTOBUX TBEPIUX CIIJIABIB.

Jns nmactuH 13 cmaBiB Ha  OCHOBI  KapOimy tutany (TH20, neroBanux
JpiOHO3EPHUCTUM 1 HAHOJMCIIEPCHUM KapOiioM Boib(pamy) XapakTep 3HOIIYBaHHA
BIIMIHHUHN BiJl 3HONIyBaHHS IuTacTuH 13 crmaBy T15K6 - y HUX mepioj mpurpartoBaHHS
wiactuH MeHumi (30...40 xB) 1 crabinbHa poOOTa IHCTPYMEHTY BiIOYBA€THCS MPH BEJIWYMHI
3HOIITYBaHHA 10 3aaHi moBepxHi Big 0,2 10 0,4 mm. [Ipu 3HOmIYBaHHi 10 0,7 MM IIJIaCTUHU
13 TaKUX CIUIaBiB BHYEPNAIM CBOI MOMJIMBOCTI, OCKUIBKM HPU MOJAJIBIIOMY BHUKOPHUCTAHHI
CTIOCTEpITalIy CKOJIM BEPIIVH 1 pyHHYBaHHS KPOMOK.

[Tpu 3HOUIYBaHHI 1O 3a1Hiil moBepxHi A0 0,4 MM mepioJl CTIHKOCTI MJIACTUH 13 CIUIABIB
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Ha OCHOBI Kap0ily TUTaHY, JIETOBAaHOTO HAaHOIUCIIEPCHUM KapOigoM Bosib(pamy, sIK 1 CIUIaBIB
3 npidbHo3epuucTUM Kapbigom Bosmbdpamy ta TH20 3Hauno Gimpmmit (70-100 xB), HIX y
cmaBy T15K6 (40 xB) y sKoro B mpoleci pi3aHHS Ha LbOMY eTalli BiJOyBaeThCs
IPUNPAIIOBAHHS IHCTPYMEHTY.
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Puc. 2. BanexHiCTh BeNWYMHM 3HOIIyBaHHs TwiactuH i3 cruiaBiB TiIC-5VC-5WC(nano)-
18NiCr 1 T15K6, TH20, TiC-5VC-5NbC-5WC-18NiCr 3a nanumu [6] Big TpuBaiocti podOTH IpU
00po6i craini 20. Pexxumu pizanns: V=120m/xB; S=0,25mMm/00; t=1,5 mm.

Po3paxoByBasim KpUTHYHY MIBUAKICTH 3HOIIYBAHHS IPH TOPIIEBOMY TOYiHHI CIUIaBiB,
neroBanux 5, 10, 15 % (Mac.) HaHoguciepcHOro Kapoiny Bosib(pamy. BeraHoBieHO, 1110 HAWBUIILY
KPUTHYHY IIBUAKICTH pizanHHs (830 M/XB.) moKa3alii CIUTaBH 3 BMICTOM HAHOAMCIIEPCHOTO KapOimy
Bosbppamy 15%(mac.).

3HOLIEHHS MJIACTUH MPY MOB3JI0BXHOMY TOUIHHI IPU JOCTIIKYBAaHUX MIBUAKOCTSAX pi3aHHS
BiI0YyBaJIOCSI TOJIOBHUM YHMHOM I10 3a/IHIM MOBEPXHI pIXKY4OTo Jie3a IIJIIXOM abpa3uBHOTO CTUPAHHS
(puc.3). OcHOBHUMH O3HaKaM{ pYyHWHYBaHHS IMOBEPXHI PILKYYOro IHCTPYMEHTY $K 1 CILIaBiB,
JIETOBaHUX JApiOHOAMCIEPCHUM Kap0OizoM Boibdpamy [6], Tak 1 3 JOCHIKYBAaHUX CIUIaBiB (puc.3
B,[) Ha LI AUIAHLI € PYWMHYBaHHA MDK3EPEHHHX T'paHUIlb, 3B S3KH, PO3TPICKYBaHHS KPYIMHHUX
KapOiTHUX 3€peH Ta BUAAJCHHS iX OCKOJIKIB 3 YTBOPEHHSIM IPOTOYMH TEPTs; BUKPHUILYBAHHS
npiOHuX Kkap6imiB (MeHme 1 MkM). B pesynbrari 1uX SBUI Ha [OBEPXHI 1HCTPYMEHTY
YTBOPIOIOTHCS JIP1OH1 KpaTepH 1 CKOJIH.

IIpu TopueBoMy TOYIHHI Ha BHCOKMX IIBHAKOCTAX pizaHHA 500-800 wm/xB xapakrtep
3HOUIYBaHHS 3MIHIOEThCS. B pe3ynbraTi 3pocTaHHs TeMIepaTyp Ta CHJI pi3aHHS 3pOCTAa€ BILIUB
IQy31HHOTO Ta OKUCIIIOBAILHOI'O MEXaHI3MiB, 110 MPUBOIUTH 10 KaTacTpogivyHoro 3HomeHHs1. Ha
3aJHI} MOBEPXHI PIKYYUX IUIACTUH BUSBIEHO TOHKUN TpHOOIIAp, 10 MICTUTh 3HAYHY KUIbKICTh
KHCHIO Ta €JIEMEHTIB, SIKI BXOJATH JI0 CKJIaay OOpoOII0BaHOrO Ta IHCTPYMEHTAJIBHOIO Marepiany,
rOJIOBHUM YMHOM 3ajli3a, TUTaHy 1 BOJIb(dpamy.

B nocnimxyBanux crmaBax kapOinu 3aiiMaroTh Oinbine 80% 06’emy 1 MaroTh po3mip 0,8...2
MKM, a TOBIIMHA MpoImapkiB 3B’s3ku He nepesuimrye 0,2-0,4 mxM. TakuMm YHHOM, BETUYMHA
aOpa3sMBHMX YaCTUHOK 3HAYHO MEPEBUIIYE TOBLIMHY MPOIIAPKIB 3B’S3KM 1 B MEpUIy dYepry
PYHHYIOThCS KapOi/in 32 KpUXKUM a00 BTOMHUM MEXaH13MOM PYHHYBaHHS.
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Puc.3. 3uomysanns craBy TiC-5VC-15WC(uano)-18NiCr mpu noB3aoBxHbOMY (@) i
TopieBoMy (0) TOUiHHI.

Bumy criiikicTs MoKa3any CIjlaBH Ha OCHOBI KapOiqy THTaHy, JISTOBAHOTO HAHOAWUCIIEPCHUM
kap0igoM Bosb(ppamy B KiibkocTi 15 % (Mac.).

Bucnoseku. IlpoBeneHUMH TOCTIKEHHSAMH TOKAa3aHO MOXKJIMBICTh BUKOPHUCTaHHS TBEPIUX
CIJIaBIB Ha OCHOBI KapOily TUTaHy, JIEFOBAaHOrO Kap01J0M BaHAJil0 1 HAaHOJMCIIEPCHUM KapOioM
Bosb(pamy 3 Ni-Cr 3B’53K010 B SKOCTI IHCTPYMEHTAJILHOTO MaTepialy Ha OIepallisx YUCTOBOTO Ta
HaIIBYMCTOBOTO TOYIHHA KOHCTPYKLIMHMX cTaneil. BukopucrtanHs HaHOKap0ily BoJb(ppamy
MiABHIIY€E 3HOCOCTIMKICTh PIXKYy4OTr0 IHCTPYMEHTY — mepiof cTiiikocti crutaBiB 3 HaHo WC ckiamae
109...154 xB 1 mepeBuIlye CTIMKICTb CTaHAAPTHUX TBEPAMX CIUIABIB 1 AHAJOTIYHUX CILIABIB,
JIETOBAaHUX JpiOHOAMCIIEPCHUM KapOigoM Boib(pamy. BcTaHOBIIGHO, IO OCHOBHUM MEXaHiI3MOM
JIOKAJIbHOT'O 3HOIIYBAaHHS JOCIIKYBaHUX CIIIaBiB € aOpa3uBHE CTHpaHHA. B 30HI 3HOIIYyBaHHA
BUSIBJICHO TPUOOIIAp, IO CBIMYUTH PO 3HOUIYBAHHS CIUIABIB 32 MUQY3IHHUM Ta OKMCIIOBAJILHUM
MeXaH13MaMH.
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