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UCCJEJIOBAHUE AAT'E3MOHHONA AKTUBHOCTHU
KAPBU/IHbBIX 1 HUTPU/JHbLIX IIVIEHOK K PA3JINYHbBIM
METAJIJIAM U CIINTABAM

PoboTa mpucBsyeHa AOCHIHKEHHIO aAre3iiHOi akTHBHOCTI KapOiIHUX 1 HUTPUIHBIX IJIIBOK JI0
pi3HUX MeTaliB 1 cruiaBiB. Po3po6ieHo faiana3oH aare3iiHoOl akTUBHOCTI PO3TJISTHYTUX 3CYBIB.
YcTaHOBIIEHO, WO piBEHb aare3iifHOT aKTMBHOCTI 3aJeKUTh Bil aTOMHOTO pajaiyca u
napameTpiB KpUCTATIYHOT PEITiTKH.

I[aHHaH pa60Ta IIOCBAIICHA UCCICA0OBAHHUIO aHrCSHOHHOﬁ AKTHUBHOCTH Kap6I/II[HBIX U HUTPpU -
HBIX INUICHOK K PAa3JIMYHBIM METaJlJlaM U CIlJIaBaM. Pa3pa60TaH JHaria3oH aIIFGSHOHHOﬁ AKTHUB-
HOCTH pacCMaTpHBACMbIX CMCIJ_IGHI/II‘/‘I. yCTaHOBHCHO, 4TO YPOBCHb aHFeBHOHHOﬁ AKTHBHOCTH
3aBHUCHUT OT aTOMHOI'O paanyca U 1I1apaMmeTpOB KpHCTaHHHHGCKOﬁ PCHICTKU.

JU.N. VNUKOV, A.S. SAL'NIKOV, A.G. SARZHINSKAJA

RESEARCH OF ADHESIVE ACTIVITY OF CARBIDE AND NITRID LAYER TO VARIOUS
METALS AND ALLOYS

The research of nitride and carbide depositions adhesive activity to different work materials is
shown. Ranges of adhesive activity of considered depositions are developed. It has been assigned
that level of adhesive activity of deposition depends on atomic radius and lattice spacing.

B Hacrosimee Bpemsi okosio 75 % pexylero MHCTPyYMEHTa pPa3jIMyHbIX
MIPOU3BOIUTENIEH UMEIOT MHOTOCJIOMHBIE 3aIUTHBIE MOKPHITUS HA OCHOBE HUT-
puaa u kapOuja TUTaHA U JPYTUX MaTEpHAIOB, HAHOCUMBIE METOAaMu (pu3nye-
ckoro ocaxzaeHus napos [1]. Takoe mmpokoe MpuMeHEeHNE MOKPBITHI 00BACHS-
€TCSl TEM, YTO IPU PALMOHAIBHOM HCIOJIb30BAaHUU OHM MO3BOJIIIOT B 3HA4M-
TEJIbHOM MEpE MOBBICUTH CTOMKOCTh pEeXyliero MHcrpymeHra. [loBeimeHue
CTOMKOCTH JTOCTUTaeTCs 3a CUET M3MEHEHUS YCIOBUM TPEHMSI Ha KOHTAKTHBIX
MIOBEPXHOCTSAX MHCTPYMEHTA BCJIEICTBUE YMEHBIICHUS WX aAr€3MOHHOM aKTHB-
HOCTH TI0 OTHOIIICHHIO K 0OpabaThiBaeMOMy MaTepuaity. Takum obpa3om, aire-
3MOHHAasl AKTUBHOCTh KOHTAaKTHBIX MTOBEPXHOCTEH MHCTPYMEHTA SIBISIETCS KIITIO-
YeBOM XapaKTEepUCTUKOW MPU BIOOPE ONTHUMAIBHOIO MOKPBITUS AJi1 00paboTKU
TOTO WJIM UHOTO MaTepuana.

JIJist OLIEHKM aJIr€3MOHHON aKTUBHOCTU KapOUIHBIX M HUTPUAHBIX TJIIEHOK
MCIIOJIB30BAJICS METOJI, TOAPOOHO ONMUCAHHBIN B padoTe [2]. OH MO3BOJISIET MPHU
MOMOIIM TPUOOMETPA OCYILECTBISATh U3BMEPEHUE CUJI, BOSHUKAIOIIUX Ha TPaHU-
e pasjiena IOBEHWIbHBIX TOBEPXHOCTEH MOKPHITUA U 00pabaThiBa€MOro mate-
puana mpu IiacTHYecKux aedopmalrusax mnociaeanero. Jpyrumu cioBamu, H3-
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MepsieTCsl IpUpalIeHUEe CUJI TPEHUS MPU 00pa30BaHUU METATMYECKUX CBS3EH
(cxBaThIBAaHMM), BO3HUKAIOUIMX HAa TPAHUYHBIX MOBEPXHOCTSIX B YCIOBUAX IIO-
CTOSIHHOTO YBEJMYEHUS TUIOMIAAN KOHTaKTa. B kadecTBe oOpabaTbiBaeMbIX Ma-
TEepUaIOB OBLIM BBIOpAHBI KOHCTPYKLIMOHHAs CTallb 45, HepkaBerollas CTalb
aycrenutHoro kiacca 12X18H10T u BeicokouucTsiii Tutan BT-1-00.
[TomyueHHbIe SKCTIEPUMEHTAIBHO-PACYETHBIM TTyTeM KO3 (UIIMEeHTHI OT-
HOCHUTEJIPHOW aJre3MOHHOM aKTUBHOCTH COMPSDKEHHBIX CHUCTEM «KapOua
MeC/obpabatbiBaeMblii MaTepuam» u «HUTpu1 MeN/obpabaTbiBaeMblii MaTepu-
al» MpecTaBieHbl B Ta0. 1 u 2. Iy KaXk0ii apsl BBIMOIHSIIN B CpeiHEM OT 4
70 6 3KCTIepuMEHTOB. Pe3yibTaThl SKCIIEPUMEHTOB MOABEPrain 00paboTke Me-
TOJAAMH MaTeMaTH4ecKou ctaTUCTHKU [3]. Ompenensum CpemHEKBaIpPaTHIHOE

OTKJIOHEHHE Op , K03 duuuent Bapraunu U U 1OBEPUTEIbHBINA HHTEPBAI +A.

Ta6muma 1 — KoaduimeHT OTHOCUTENIBHOM aATre3nOHHON aKTUBHOCTH KapOu-
noB K ctain 45 n 12X18HI0T

. OO6pabaTpiBaeMblii MaTEpHAI

MHCTpyMeHTANBHELA Cranb 45 12X18H10T
vateprat AF [ SCP +A Kat)e AR/ SCP +A Ka()e
P6M5 (vTanoH) 0,140 | 0,016 | 1,00 0,35 0,025 1,00
TiC 0,081 | 0,014 | 0,58 0,096 0,013 0,27
To ZrC 0,345 | 0,020 | 2,46 0,478 0,035 1,37
ig HfC 0,299 | 0,013 | 214 0,831 0,026 | 2,37
- VC 0,147 | 0,013 | 1,05 0,082 0,010 0,23
- NbC 0,035 | 0,004 | 0,25 0,232 0,030 0,66
. CrC 0,073 | 0,021 | 0,52 0,16 0,023 0,46
Mo2C 0,006 | 0,001 | 0,04 0,082 0,008 0,23

Ta6nuna 2 — Ko puimeHT OTHOCUTENBHOM are3uOHHON aKTUBHOCTH HUTPH-
noB K ctain 45 n 12X18HI10T

. OO6pabaTpiBaeMblii MaTEpHUAI

MHCTpyMeHTalIbHBIH Cranb 45 12X18H10T
MaTepHal AFIS, | A K. AF/S,, +A Ko
PGMS5 (s7anon) 0,140 | 0,015 | 1,00 0,35 | 0,034 | 1,00
TiN 0,046 | 0,008 | 0,33 007 | 0,016 | 0,20
ZrN 0,100 | 0,005 | 0,71 028 | 0,040 | 0,80
Ton HEN 0,075 | 0,010 | 054 | 027 | 0017 | 077
ﬁﬁ‘e’ VN 0,052 | 0,002 | 0,37 0,08 0,014 | 0,23
- NbN 0,0085 | 0,002 | 006 | 0226 | 0,029 | 0,65
CrN 0072 | 0,017 | 051 | 0,178 | 0,024 | 051
Mo2N 0,115 | 0,010 | 0,82 | 0,115 | 0,026 | 0,33
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Ha ocHOBaHWMM BBITOJIHCHHBIX HMCCIICIOBAHUN TPEHUS B YCIOBHSX CXBa-
THIBaHUsI OBUTM TIOCTPOCHBI PSJIbI aAr€3NOHHOW aKTUBHOCTH KapOWIOB H HHUT-
PHUIOB MEPEXO0IHBIX METAJIOB K Pa3JIMYHBIM METaJJIaM U CILIaBaM.

Psin anre3amoHHON aKTMBHOCTH KapOWIOB K CTand 45 B MOPSAKE €€ BO3-
pactaHus OyJIeT UMETh BH/I;

Mo,C, NbC, CrC, TiC, P6M5, VC, HfC, ZrC / cTans 45.

CooTBeTcTBeHHO, K ctanu 12X18H10T:

VC, Mo2C, TiC, CrC, NbC, P6MS5, ZrC, HfC / 12X18H10T.

B cBs13u ¢ TeM, 4TO THTaH 00JIagaeT MOBBIIICHHBIMU CBOMCTBAMH CXBAThI-
BaHWS, NIPU U3MEPEHUU CHJIBI TPCHHUS TOHKAs TJICHKA HCCIEAyeMOTO KapOmaa
paspymiaercs Ha mapoBoM oopasiie. [loaTomy OBIIIO BEIOJHEHO OTPaHUYEHHOE
YHUCJI0 IKCIIEPUMEHTOB, U HA OCHOBAaHHH UX PE3YyJbTAaTOB 3allMCaH PsJi aKTUBHO-
CTH, KOTOPBIA UMEET MPUOIMKCHHBIM BU/I:

Mo2C, CrC, NbC, VC, TiC, HfC, ZrC / Tutan.

AHaJIM3 MOJYYCHHBIX PE3yJIbTaTOB CBUACTEILCTBYET, UTO KapOUa MOIHO-
neHa Mo,C o0OiragaeT aHOMajJabHO HU3KUM CXBaTbIBaHHEM CcO cTajbio 45. Ecim
k03 duureHT aaresun craau POMS k ctamu 45 npunats 3a 1, To K, xapOuzaa

MonuoaeHa paseH 0,04, T.e. npumeHenue wieHku Mo,C B ABaauath MATh pas
CHUYKAeT CXBAaThIBAHUE MHCTPYMEHTA ¢ 00pabaThIBAEMbIM MAaTEPUATIOM.

KapOug HrOOuS MMeeT OTHOCUTEIBLHO HU3KOE CXBAThIBAHHE C KOHCTPYK-
UOHHBIMU yraepoaucTteiMu cransamu (K, = 0,25) u nposBiger 10cTaToOuyHO

BBICOKOC CXBAaTBIBAaHHUE C HEPXKABCIOMMMHU CTAIMH AayCTEHHUTHOTO KJacca
(K,,,= 0,66). Kapoun Banagus Ha000OpOT, CHIBHO CXBATBIBACTCS C yIJIEPOIU-

creiMu ctansmu (K, = 1,05) n o6agaet HU3KOM aare3MOHHONW aKTUBHOCTBIO K
Hepxkasetonmm craimsm (K, = 0,23).

KapO6ug xpoma B cpeiHeM B 2 paza CHUYKAET CXBAaThIBAHUE MHCTPYMEHTA C
oOpabatbiBaeMbIMU MaTepuaiamu — ctainsimu 45 u 12X18H10T.

KapOuy Tutana nMeer HEBBICOKOE CXBATHIBAHUE C HEPKABEIOIICH CTaIbIO
(K,,, = 0,27) 1 IOBBIICHHYIO aAre3MOHHYIO aKTUBHOCTD K YIJICPOANCTHIM CTa-
1M (K, =0,58).

B pesynbTaTe BBINMOTHEHHBIX MCCIIEIOBAHUN BBISBIIEHA CBSA3b Q/r€3HOH-
HOM aKTUBHOCTH C MEXKAaTOMHBIMH PACCTOSHUSIMU COTPSDKEHHBIX MaTE€pPUAIOB.
Kapounet HfC u ZrC, nmeromue HanboJsiee BEICOKHE 3HAUCHHS pauyca aTOMOB
U TIEPHOJIOB PEIIETKH, JEMOHCTPUPYIOT MOCTOSHHO BBICOKOE CXBATHIBAHUE CO
BCEMH HUCCIIEyeMbIMU 00pa0aThIBAEMBIMU MaTepUATIAMHU .

Psinm anre3noHHO# aKTUBHOCTH HUTPUIOB MEPEXOTHBIX METAIIJIOB K CTAJIH
45 uMeeT craeayromni BUaA;

NbN, TiN, VN, CrN, HfN, ZrN, Mo2N, P6MS5 / cranb 45

COOTBETCTBEHHO, PsJl aKTUBHOCTH HUTPHJIOB K HEPIKaBEIOIIEH CTaIM ay-

crenuTHoro knacca 12X18HI0T:
TiN, VN, Mo2N, CrN, NbN, HfN, ZrN, P6M5 / 12X18H10T.
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IIo npuunHEe pa3pylIeHMs TUICHOK M3-3a BBICOKOI'O CXBATBIBAHUS C THUTa-

HOM Pl aKTUBHOCTH HUTPUAOB K HEMY IIPECTaBICH OPUEHTUPOBOYHO:
CrN, VN, NbN, Mo2N, TiN, HfN, ZrN / tutan

AHanu3 pe3ynbTaToB MCCIEIOBAHUN IOKAa3bIBACT, YTO HUTPUI HHUOOUS
NDbN ob6namaeT aHOMaTbHO HU3KUM CXBaTHIBAHHEM C YTICPOIMCTHIMU CTAIISIMH,
Hapsiy ¢ BbICOKOM aare3ueit k ctanu 12X18HI10T.

Hutpun turana TiN uMmeeT camyio HHM3KYIO, M3 BCEX HCCIIEIOBAHHBIX
HUTPUJIOB, ar€3MOHHYI0 aKTUBHOCTh K Hepxkaperomied cramu 12X18HIOT wu
IPOSIBIISIET HEBBICOKOE CXBAaThIBAHUE ¢ KOHCTPYKLIMOHHBIM CTaJsIM. DTO SIBISIET-
Csl OIHOM U3 MPUYMH 3(PPEKTUBHOTO UCTIOIB30BAHMUS MOKPBITUS U3 HUTPUIA TH-
TaHa Mpu oOpabOTKE CIJIABOB HA OCHOBE jkese3a. HuTpua thurana, Takxke Kak u
kapoun TiC, mposBiIseT MOBBIICHHYIO aAre3UOHHYI0 aKTHBHOCTh K TUTaHY, YTO
OOBSICHSIETCSI CPOJICTBOM KOHTAKTHUPYEMBIX Map. MUHUMYM CXBaTbIBaHUS C THU-
TaHOM IoJiyueH A HuTpuaa xpoma CrN, uto ykaspiBaeT Ha MEPCHEKTUBBI €r0
UCIIOJIb30BaHUs B KAUE€CTBE BEPXHUX MMOBEPXHOCTHBIX CJIOEB IpU 00paboTKe Ma-
TEPUAJIIOB HA OCHOBE TUTAHA.

CpaBHeHHE pe3yNbTaTOB UCCIIEOBAHUS CXBAaThIBAHUS KapOWJOB U HUT-
PUIOB MEPEXOAHBIX METAJJIOB, MOKa3bIBae€T, YTO KapOHIbl MpPOSBIAIOT Ooisee
BBICOKYIO /IF€3MOHHYI0 aKTMBHOCTbH K Pa3JIMYHBIM METaulaM U CIUIaBaM. JTHUM
MOATBEPKIAIOTCA BBIBOJIbI, COIVIACHO KOTOPBIM KapOWIbl CHIIbHEE, YEM HUTPU-
Jbl, TIPOSIBIISIIOT METANIMYECKUIM THUIT CBSI3U U CHJIBHEE CXBATBIBAIOTCS C METAJI-
JaMd. B 4acTHOCTH, CpaBHEHHE NAHHBIX CXBATBIBAHUS TYI'OILUIABKHX COEIUHE-
HUM TUTaHa, HauboJiee MPUMEHSEMBIX B KaueCTBE 3alUTHBIX MOBEPXHOCTHBIX
CIIOEB, yKa3bIBaeT Ha TO, yTo Kapoua TiC B 1,75 pa3 Bbliie nposBISET aiare3u-
OHHYIO aKTHBHOCTb B OTHOILICHHHU YTJICPOIUCTHIX cTayeil, ueM Hutpud. TiN.

[Tonmy4yeHHBIE pe3yabTaThl UCCIAEAOBAHUS AAr€3MOHHOW aKTUBHOCTU HHT-
pPUAOB U KApOUAOB TYrOIUIAaBKMX COEIMHEHHH CBHJIETEIBCTBYIOT O IMPEBaJIU-
PYIOIIEM BJIMSHUM Ha CXBATHIBAHME MEXATOMHBIX PacCTOSHUM (paauyc aTtoma,
NEPUOJ PEIIETKH) KOHTAaKTUPYIOIUX MaTtepuanoB. Hutpuasl nupkonus u rag-
HUS, HapuMep, UMeErolue HauOosiee BBICOKME 3HAUEHUs MEepHoja PEelIeTKH
Cpelld HUTPHUIOB, 00IaJa0T MOBBILIEHHOW ar€3MOHHON aKTUBHOCTBIO KO BCEM
pPacCMOTpPEHHBIM 00pabaThIBa€MbIM MaTEpHaIaM.
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