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Annomauyus. B nocnenHue roisl BHUIMaHUE HCClieoBaTeN el B 001acTi (U314eCKOro MaTepruaioBeICHHUsI COCPEIOTOUCHO Ha M3y YCHUH HAILJTABKU KOMITO3H-

LMOHHBIX TOKPBITUH, YIPOUYHCHHBIX YACTULIAMH KapOUI10B, OOPUJIOB U APYTHX BEICOKOTBEP/IBIX (ha3. OCHOBHBIM (PAKTOPOM, OIIPEACIISIOIIIM IKCILITya-
TAIMOHHBIE CBOIMCTBA HAIIABICHHBIX CIIOEB, sBIsieTCs (pa30BbIii COCTaB Marepuaa MoKpeITHiA. [yt 000CHOBaHHOTO BhIOOpA MaTepraa MOKPhITHH,
COOTBETCTBYIOIIETO YCIOBUSIM SKCTPEMAJIbHON IKCILTyaTallit, BBICOKUX HArpy30K, apa3sMBHOIO H3HALIMBAHKS, HEOOXOAUMO IPOBEICHHUE MOAPOO-
HBIX UCCJIEOBAHUI X CBOMCTB U CTPYKTYpbI. B HacTos1el paboTe MeTo1aMu COBpPEMEHHOT0 (PU3MUECKOro MaTepraIoBeJeHUs HCCIIeIOBAHBI CTPYK-
TYpHO-()a30BbIe COCTOSIHHS U TPUOOIOrHYECKHE CBONCTBA TOKPBITHSI, HAIUIABICHHOTO HAa MAPTEHCUTHYIO HU3KOyIIepomucTyto crainb Hardox 450
nopoikoBoil mpoBosiokoir cuctembl Fe—C—Cr—Nb—W u moauduuupoBaHHOrO MyTeM MHOCIEAYIOLICH 3IEKTPOHHO-ITyYKOBOH 00paboTKH
B PA3IMYHBIX PeXUMAX. [lapaMeTpsl Iyuka 5IEKTPOHOB HA IIEPBOM 3Talle: IIIOTHOCTh SHEPIUH IyuKa SEKTPOHOB B umirynbee Eg = 30 Jhx/cm?,
ATHTETBHOCTh UMITYNBCOB T = 200 MKC, KonudecTBo nmmyabcos N = 20; Ha BTopom stare: E, = 30 Jlx/cm?, T = 50 mkc, N = 1. Pesxumbr 00y-
YeHHs BBIOpaHbI UCXO/sl M3 PE3yJITATOB pacyera TeMIIEPaTypHOro 1oJis, GOPMHUPYIOLIErocs B IIOBEPXHOCTHOM CIIO€ Marepuala npu oomyde-
HUU B OJHOUMITYJIbCHOM pexuMe. [Toka3aHo, 4TO 3I€KTPOHHO-Ny4YKoBas 00pabOTKa HAIJIABICHHOIO CJIOSI TOJNIIMHOW TMPUOIU3UTEIBHO 5 MM
HNPUBOAUT K (OPMUPOBAHUIO MOAU(DUIIMPOBAHHOTO MOBEPXHOCTHOTO CJIOSI TONIIUHON 0K0sI0 20 MKM, OCHOBHBIMHU (ha3aMH KOTOPOTO SIBIISIFOTCS
a-xene3o u kapbun NbC, B HE3HAUMTENLHOM KOJNMYECTBE NPUCYTCTBYIOT KapOuabl coctaos Fe,C u Me ,C (Fe;W,C). OcHOBHBIM OTiHYMEM
MOIU(ULUPOBAHHOTO MYTEM NIEKTPOHHO-ITYYKOBOIT 00pabOTKH MOBEPXHOCTHOIO CJIOSI OT HEMOAU(PUIIMPOBAHHOTO 00bEMa HAIJIABKH SIBIISIFOTCS
MOPGOJIOTUs U pa3Mepbl BKIIOUEHHH BTOPBIX (a3. B MoaupuIupoBaHHOM €l10€ HAIIaBKH BKJIIOUEHHS MMEIOT MEHBIIHE Pa3Mephl U Pacronoxke-
HbI B BUJIC TOHKUX TIPOCIOCK M0 IpaHHIaM 3epeH. B HeMoaupuIpoBaHHON HAIIaBKe OCHOBHBIM MOP()OIOrHYECKUM THUIIOM BKIIFOYCHHUIT SIBIISI-
I0TCS YaCTUIIbI OTPAHEHHON (OPMBI, XaOTHUECKH PACIIONIOKEHHbIE B 00beMe 3epHa. [Tocie aekTpoHHO-IyYKOBOM 00paboTKH H3HOCOCTOMKOCTD
HAIUIaBJICHHOTO CJIOsl Bo3pacTraeT Oosiee ueM B 70 pa3 10 OTHOLICHHIO K M3HOCOCTOMKoCcTH cranu Hardox 450, a koad(puLHeHT TpeHus CylecT-
BEHHO CHIDKAeTCst (PUMEPHO B TPH paza).
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W3-3a u3HOCA ¥ KOPPO3UU AETANIEH U KOHCTPYKLIMI €KET01-
HbIE YOBITKH B TPOMBIIITICHHOCTH BCEX CTPAH MHPa COCTaBIISIOT
MMJUIHApBI JOJ1apoB. bops0a ¢ M3HaIMBaHKEM U KOPpO3Hei

* Pabora BbIIONHEHa npu (DMHAHCOBOH momnep:kke rpanrta PHD
(mpoext Ne 15-19-00065).

OCJIO’KHEHA TEM, YTO HCTIONB30BaHUE 00BEMHO-TIETPOBAHHBIX
MaTepHasIoB, SBJISBIICECS 10 TIOCICIHET0 BPEMEHN OCHOBHBIM
CIIocoOOM pEIIeHHs 3TOH 3a/1a4H, CTAHOBUTCS Bee Ooree mpoo-
JIMATHYHBIM M3-3a UCTOLICHHMSI 3a1aCOB JICTUPYIOLIUX MIEMEH-
TOB Y 3HAYUTEIILHOIO YBCIIMICHUA UX CTOUMOCTH.
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B mocneanue roapl MOMYYHIIM pPa3BUTHE HCCIIEI0BA-
HUSL B 00JAaCTH HAIUTAaBKW KOMITO3MIIMOHHBIX ITOKPBHITHI,
YIPOYHEHHBIX YaCTUIIAMHU KapOUIOB, OOPUAOB U APYTUX
BBICOKOTBEpbIX (a3 [1 — 7]. Takue mokpbITHs dG(HEeKTUB-
HO WCIIOJIB3YIOT B YCJIOBHUSIX CHIJIBHOTO a0pa3vBHOTO M3HA-
[IMBaHUA ¥ YIAPHBIX HATPY30K M IPHUMEHSIOT B Pa3IUUHBIX
o0nacTsX MNPOMBIIIICHHOCTH. OCHOBHBIMH (haKTOpamu,
OTIPEICIIFOIINMH IKCIUTYaTaIllHOHHBIE CBOHCTBA TAKHX T10-
KPBITUH, SBISIOTCS XUMHUYECKUH U (DAa30BBI COCTAaBBI MX
marepuaina [8 — 11]. JIis o60CHOBaHHOTO BBIOOpa MaTepura-
Ja HOKprTHﬁ, COOTBCTCTBYIOIICTO YCJIOBUAM UX SKCILTya-
TaIMy, HEOOXOANMO MPOBEICHNE MOAPOOHBIX HCCIEIOBa-
HUI UX CBOMCTB U CTPYKTYphI [12 — 16].

[lpn HayYHO-TIPAKTHYIECKOM HCIIONB30BAaHUH pa3Iny-
HBIX BUJAOB HAIlJITaBKU B U3CJIUSX OTBETCTBCHHOI'O HAa3HA4YEC-
HUSI HeOOXOIMM TINATEIBbHBINA aHAIN3 COOTHONICHUS Mapa-
METpBI U3HOCA — TBEPAOCTh — MUKPOCTPYyKTypa [17 — 20].
Tonbko B 3TOM ciy4ae BOZMOKHO TOITYIUTH U3HEIHS C BBI-
COKHMMH SKCIUTyaTallUOHHBIMU ITapaMETpaMu.

Lenpro HacTosimiell pabOThI  SBJISJIOCH  HCCIIEI0BA-
HUE CTPYKTYpbI, ($a30BOro cOCTaBa M TPUOOIOTUYECKUX
CBOWMCTB cros, chopmupoBanHoro Ha ctanmu Hardox 450
JJIEKTPOKOHTAKTHOM HAIUIABKOW TPOBOJIOKHM  CUCTEMBI
Fe—C—Cr—Nb-W, MomuduuupoBaHHOIO MyTeM IMOCIe-
JYIOIIEH MEeKTPOHHO-ITYYKOBOW 00pabOTKH.

B kauecTtBe MaTepuaa 0CHOBBI HCIIOB30BAIIH CTAIb Map-
ku Hardox 450, comepxamryro 0,19 —0,26 % C; 0,70 % Si;
1,6 % Mn; 0,025 % P; 0,010 % S; 0,25 % Cr; 0,25 % Ni;
0,25 % Mo, 0,004 % B; ocranbHoe — xene3o (1o mMacce).
Ota cranp XapaKTepU3yeTcsl HU3KUM CONIEPYKAaHUEM JICTH-
PYIOLINX 3JIEMEHTOB, BCJIEJCTBHE YETO OHA XOPOIIO CBapH-
BaeTcsi U oOpabarbiBaeTcs. brarojaps crieraibHOU CHC-
TEeMe 3aKalIKh JIUCTOB, KOTOpAas 3aKIOYaeTcsi B OBICTPOM
OXJIKACHUH TIPOKATaHHOTO IUCTa 0€3 TOCIEAYIOIIETo
OTITyCKa, IOCTUraeTCs MENKO3epHHUCTas CTPYKTypa CTalH
U ee BBICOKast TBepAOCTh. CTalb SBISIETCS CTOHKOH K O0JIh-
HIMHCTBY BUJI0B U3HOCA.

HamnaBky yIpoYHSFOIIETO CIIOS OCYIISCTBILUTH [Iy-
TOBOM CBapKoM IUIABSIIMMCS METAJUIMUYECKUM BIIEKTPO-
JoM [21] B cpele MHEPTHOIO/aKTUBHOIO Ta3a C aBTOMa-
TUYECKOW TMojauei MpHUCaJ0YHOM IIPOBOJIOKH B Cpene
3amuTHOTO rasa (98 % Ar, 2 % CO,) npu CBapOYHOM TOKE
250 -300 A u wnanpsokenuu 30 —35 B. B kadyectBe Ha-
IUTaBIIEMOTO  3JIEKTPONA HCIIONB30BAIN  MOPOIIKOBYIO
IIPOBOJIOKY auaM. 1,6 MM CIEeIyIOLEro XMMHYECKOIO COC-
taBa: 1,3 % C; 7,0 % Cr; 8,5 % Nb; 1,4 % W; 0,9 % Mn,
1,1 % Si, ocransHoe — xene30 (o macce). Hannaska npu-
BOJHT K POPMHUPOBAHHIO BEICOKOTIPOYHOTO MTOBEPXHOCTHO-
TO CJIOSI TOJIIIMHOM OKOJIO 5 MM.

MonudunnupoBaHue HAIUIABIEHHOTO CJIOS IS TOBBIIIE-
HUA €1ro TpI/IGOHOFI/I‘ICCKI/IX CBOICTB OCYHICCTBJIAIN IMTYTEM
AIEKTPOHHO-TIy4uKoBOi 00pabotku (DI10) Ha ycraHOBKE
«COJIO» [22] B pexuMe IUIaBJICHHUS U BBICOKOCKOPOCT-
HOW KpUCTAJUTH3AINU. DIIEKTPOHHO-TTYYKOBYIO 00pabOTKy
NpoBOAWJIM B ABa JTalla: mapaMeTpbl IMy4YKa 3JICKTPOHOB
HAa TIEPBOM JTaIle — ITIOTHOCTh DHEPTHH MyYKa IEKTPOHOB
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B ummynsce Eg =30 JIx/cM?, IIMTENIBHOCTh MMITY/IbCOB
T =200 Mrc, xonmmuectBo mMmiryascoB N =20; Ha BTOpOM
srane — E; =30 [Ix/em?, =50 mxc, N = 1. Pexumsl 06-
TydeHus ObUIH BBIOpAHBI MCXOAS U3 PE3yIBTaTOB pacdeTa
TEMIIEPATyPHOTO TOJIs, (POPMUPYIOIIETOCS B MIOBEPXHOCT-
HOM CJIO€ MarepHuaia mpu oOIydeHHH B OHOUMITYIBCHOM
pexume [23]. TpuOonormueckue ucCHbITAaHUS MOaAUDHU-
[IUPOBAaHHOM MMOBEPXHOCTH OCYIIECTBILUIM Ha TPUOOMET-
pe «CSEM Tribometer High Temperature S/N 07-142»,
CSEM Instruments; KOHTPTEIIO — MIAPUK JUAM. 2 MM U3
TBepAoro cmiaaBa BK6, ckopocTh M3HOCA OLEHUBAIM IO
TUTOIIAT! TIOTIEPEYHOTO CEUCHHUS TPEKa M3HOCA, HCIONB3Ys
3D-npodpunomerp MICRO MEASURE 3D station ¢up-
™Mbl STIL. Ctpykrypy 00beMa MOTU(PHUIIMPOBAHHOTO CJIOSI
AQHAJIM3UPOBANIN METOJIOM IOIEPEYHOro IMuuda, A 4ero
00pasmsl pa3pe3and Ha JBE YaCTH MEPICHIUKYISIPHO II0-
BEPXHOCTH MoAUGDUIMPOBaHUA. J[e(eKTHYIO CTPYKTypy
Marepuaia MU3ydaad METOJaMH ONTHYCCKOW (MHKpPOCKOIT
«Muxkposusop Merautorpaguueckuii pVizo — MET-221»),
CKaHHPYIOIIEH (CKaHUPYIOMUH AIEKTPOHHBIH MHKPOCKOIT
«SEM-515 Philips») u npocBeunBaroiieit 1udpakiinOHHOM’
(mpubopet OM-125 u FEI Tecnai 20 G2 TWIN) snekTpos-
HOM MHUKPOCKOIIMH. DJIEMEHTHBINH COCTaB IOBEPXHOCTHOIO
CIIOST OIIPENIEISIIH METOIAMHA MUKPOPEHTTCHO CIIEKTPaIbHO-
ro ananmsa (mMukpoananusarop EDAX ECON 1V, spmuso-
IIAACS TPUCTABKOH K 2JIEKTPOHHOMY CKaHUPYIOMIEMY MHK-
pockonty SEM-515 «Philips»). Ananu3 ¢azoBoro cocrasa
MOBEPXHOCTHOTO CJIOSI BBITIONHSUTA MeETOAaMu Iudpak-
UM PEHTIeHOBCKUX iyueil (mudpaxromerp XRD-7000s,
Shimadzu, Snonwus).

DIEeKTPOHHO-ITYYKOBast 00paboTKa HAIUIABICHHOTO CII0s
MPUBOAUT K (POPMHUPOBAHHIO MOAUGDHUIMPOBAHHOTO II0-
BEPXHOCTHOTO CJIOS TONMMHON 110 20 MM (puc. 1, a). Mo-
TU(QUIUPOBAHHEBIN CJIOH OTIMYAEeTCs OT OCHOBHOTO 00Be-
Ma HAaIUIaBIEHHOTO MaTepHaja CTENEHBIO AUCIEPCHOCTH
CTPYKTYPBI, BBEISIBICHHOW NPU HMOHHOM TPABICHHUH IIOTIE-
pedHoro nuuda.

B momuduimpoBanHOM cioe hopMUpyeTCs CTPYKTYDa,
pasMephl AIEMEHTOB TPaBJICHUS KOTOPOH (0UEBHIHO, TYTO-
TUTAaBKUE COSTMHEHSI, 00J1aIaf0IINe CPABHUTEIFHO HI3KHM
YPOBHEM TPaBIICHUS] HOHHBIM ITyYKOM) U3MEHSIOTCS B TIpe-
neax oT 150 mo 750 um (puc. 1, 6). B o0beme HaruiaBieH-
HOTO CJI0sI, HE TIOJIBEPraBIIEMCs 00IyUCHHUIO 3IMEKTPOHHBIM
MYYKOM, pa3Mephl BEITPABICHHBIX JJIEMEHTOB CTPYKTYPHI
nocturarot 1,5 Mmxwm (puc. 1, g).

Ha puc. 2 npusenensl xapakrepabie [I19M u300paxke-
HUSl CTPYKTyphl HamasieHHoro ciog nocie JOIIO. Or-
YEeTIINBO BUIHO, YTO 0-(a3a UMEeT IUIACTHHIATYIO CTPYK-
Typy U chopMupoBajach B pPe3ylbTaTeé MapTEHCUTHOIO
Y — o-TpeBpamieHus. Brmoaenns Bropoit ¢assl (Ha puc. 3
yKa3aHbl CTPETKaMH) PACHIOI0KEHBI IPEHUMYIIIECTBEHHO 10
TpaHHIaM 3epeH B BHIE NMPOTSKCHHBIX IPOCIOCK, TOJIIN-
Ha kotopbix 100 — 150 M. Brrouenus Bropoii ¢assl pac-
TIOJIO’KEHBI B CTHIKAaX 3EPCH, UMEIOT (OPMY PacTIHYTOTO
TPOMHOTO y371a; pa3Mepbl TaKUX BKIIOYEHUH JTOCTUTAIOT
1 MKM.
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Puc. 1. CtpykTypa HarIaBIeHHOTO CJIOsl, TOTICPEYHbIH TPaBICHbIH IUTH( (CTpeIKaMy yKa3aHa IIOBEPXHOCTh O0JyYEHUsI HAIlIaBICHHOTO CIIOS
HMMITYJIbCHBIMH JIEKTPOHHBIMU ITy4YKaMH ):
1 — cnoif, MOIU(UIIMPOBAHHBIH TEKTPOHHO-ITYYKOBOH 00pabOTKO#t; 2 — OCHOBHOI 00BEM HAIlIABKH

Fig. 1. Structure of the faced layer. Transverse etched metallographic section. Arrows designate the irradiation surface of the faced layer with pulse
electron beams. The figures designate:
1 — the layer modified by electron beam processing; 2 — main volume of facing

Puc. 2. Xapakrepusie [I9M u300paxeHust CTPYKTypbl HaruaBieHHOTO cios rocie D110 (cTpenkamu ykasaHbl BKIIOUCHHUS BTOPOi (a3bl)

Fig. 2. TEM image of faced layer surface after electron beam processing. Arrows designate the second phase inclusions

MeTtogaMu MUKPOTU(PPAKIIMOHHOTO aHajiu3a C IpH-
BJICUCHHEM TEMHOIOIBFHON METOMUKH OBLIO TOKa3aHo,
YTO BKJIIOUEHHS BTOPOIl (a3bl, pacroIokeHHbIE 110 TPaHH-
[1aM 3epeH B BUJIE MIPOCIIOEK, SBIISIOTCS KapOuaoM cocra-
Ba Me C (Fe,W,C) (puc. 3, a). B oGbeme n B1OMIbL rpaHuil
KPHCTAJIOB MapTEHCUTAa OOHAPY>KCHBI YaCTHIBI KapOuma
xkenesa cocrasa Fe,C (Bosmoxno, Me,C) (puc. 3, 6).

CTpyKTypa IOBEPXHOCTHOIO CJIOSI HAILJIABKH, OOTyUYeH-
HOU WHTEHCUBHBIMHU UMITYJIbCHBIMH 3JICKTPOHHBIMH ITydKa-
MU, XapaKTepH3yeTcsl MPUCYTCTBUEM BKJIFOUCHUH KapOua
HUOOUS OTpaHEeHHOU (POPMBI, PACTIONIOKEHHBIX Xa0THYECKH
B 00beMe 3epeH. Pa3Mephbl Takux BKIIOYECHHH OCTHUTAIOT
2 MKM.

Takum 00pa3oM, METOAMH IEKTPOHHOU T (DPAKIHOH-
HOM MHUKPOCKOTIMY TIOKa3aHO, YTO MOBEPXHOCTHBIN CJION Ha-
TUIABKH, MOTU(UIIMPOBAHHBIA WHTCHCHBHBIM HMITYIbCHBIM
AJIEKTPOHHBIM ITyYKOM, 3TO MHOTO(A3HBIN arperar, OCHOB-

HBIMH (ha3aMHU KOTOPOTO SIBILTFOTCS] TBEPJIBIN PacTBOP HA OC-
HOBE o-Kene3a u kapoupl cocrasos Me,C, NbC u Fe,C.

s crost HAaIUTaBIEHHOTO METajula, PacIloIOKECHHOTO
Ha PACCTOSIHUM TPHOIM3UTEIBHO 5 MM OT NOBEPXHOCTH
OIIO, 0OCHOBHBIM THIIOM BKITFOUCHHH TAKKE SIBISTFOTCS Kap-
Onbl HIOOMS OrpaHeHHOH (QOPMBI.

OCHOBHBIM OTJIMYHMEM IIOBEPXHOCTHOTO CJOSI IIOCIE
OO or Hemonu(pUUMPOBAHHOTO O0bEMa HAIJIaBKU SB-
JSTHOTCSI MOP(OJIOTHSI M Pa3Mephl BKITFOUCHUI BTOPO (asbl.
B Moau¢uiupoBaHHOM CI0€ HATUIABKU BKITFOUCHUS HMEIOT
MEHBIIIME pa3Mephl (110 CPaBHEHUIO ¢ 00BEMOM HaIlJIaBKH)
1 PacIoJIokKeHbl IIPEUMYILECTBEHHO B BUJIE CPABHUTEIHHO
TOHKHX MPOCIIOCK MO I'paHMIaM 3epeH. B oOpeme Hamas-
K{, He MOIU(UIIMPOBAHHON HIIEKTPOHHO-ITYYKOBOH 00Opa-
00TKOH, OCHOBHBIM MOP(HOIOTNIECKUM THUTIOM BKIJIFOUCHHN
SIBJIIOTCS YaCTHIBI OTPAaHEHHOH (OPMBI, PactoIOKEHHBIS
Xa0THUYECKH B 00beMe 3epHa.
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Puc. 3. DIeKTPOHHO-MHUKPOCKOIINYECKOE H300paXKeHHE CTPYKTYPbI HAIUIABICHHOTO CJIOSI, 0OIyIEHHOI0 HHTEHCHBHBIMHU
MMITYJTECHBIMH 3JICKTPOHHBIMH Ty YKaMH:
a — 6 — TeMHOE noJe, nony4ennoe B peduekce [511] Me C (Fe,W,C) (@), [110] a-Fe + [102] Fe,C (6), [024] o-Fe (6) (na MukposnekrpoHorpaMme
(BcTaBKa Ha 1M03. @) yKa3aHbl pe(IeKChl, B KOTOPBIX OBUIN MOIY4EHbI TEMHOTIONbHBIC H300paxkenus 1 (a), 2 (6), 3 ()

Fig. 3. Electron-microscopy image of faced layer structure irradiated by intense pulse electron beams:
a — ¢ — dark field obtained in reflections [511] Me,C (Fe,W,C) (a), [110] o-Fe + [102] Fe,C (6), [024] a-Fe (6). Microelectron diffraction pattern
shows (insert in &) the reflections of obtaining dark field images 1 (a), 2 (6), 3 ()

DopMHUpOBaHUE HAIJIABIEHHOTO CJIOSl MPUBOIUT K yBe-
JUYEHUIO U3HOCOCTOMKOCTH Ooiiee yem B 70) pa3 1o OTHO-
LIEHWI0 K HM3HOCOCTOMKOCTH cramu. [Ipm stom koaddu-
IIUCHT TPCHUS CHIDKACTCA 10 TPEX pas.

Buwieoowvt. ViccnenoBana CTpykTypa, (a3oBbI cOCTaB
1 TpHOOJOTWYECKHE CBOMCTBA CIOS, HAIUIABICHHOTO Ha
ctasib Hardox 450 mopowIKoBO#l MPOBOJIOKOW CHCTEMBI
Fe—C—-Cr—Nb—W u MOmu]uIIMpOBaHHOTO ITyTEM IIO-
CIIEJYIONICH BIEKTPOHHO-TTYYKOBOM 00padoTku. I[lokasza-
HO, YTO DJICKTPOHHO-ITyYKOBas 0OpabOTKa IOBEPXHOCTH
HAIUIaBKU TMPHUBOAUT K M3MEJBUYCHHUIO CTPYKTYpbl U H3-
MEHEHHUIO MOP(}OJIOTHH KapOUmHOW (ha3bl CIIOS, a TaKKe
CYIIECTBEHHOMY MOBBIIICHUIO U3HOCOCTOMKOCTH U CHUKE-
HUIO K03 (UIHIEHTA TPEHHUS.
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GRADIENT STRUCTURE OF THE LAYER FACED ON HARDOX 450 STEEL WITH
Fe—C—-Cr-Nb-—W POWDER WIRE AND MODIFIED BY ELECTRON BEAM PROCESSING

V.E. Gromov*, V.E. Kormyshev', A.M. Glezer?, S.V. Kono-
valov?, Yu.F. Ivanov*3

!Siberian State Industrial University, Novokuznetsk, Russia
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Moscow, Russia
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Abstract. In recent years, the attention of researches in the field of physical

materials science is focused on the study of facing of composite coa-
tings hardened with the particles of carbides, borides and other high
solid phases. The principal factor determining the service properties
of the faced layers is phase composition of coating materials. In order
to make substantiated choice of coating material corresponding to the
conditions of their extreme service, high loads and abrasive wear it is
necessary to carry out thorough studies of their properties and struc-
ture. Structure-phase states and tribological properties of coating faced
on Hardox 450 martensite low carbon steel with Fe—C—Cr—Nb-W
powder wire and modified by subsequent electron beam processing
were studied in the research using methods of modern materials scien-
ce. The regime of electron beam processing is the following: parame-
ters of electron beam at the first stage — energy density of electron
beam in pulse E; = 30 J/cm?, duration of pulses =200 ps, number of
pulses N =20; at the second stage — E;=30 J/em?, =50 ps, N=1.
The regimes of irradiation were chosen based on calculation results
of temperature field being formed in surface layer of material in one
pulse regime irradiation. It is shown that electron beam processing of
~5 mm thick faced layer results in formation of ~20 pm thick modified
surface layer with a-Fe and NbC carbide major phases and negligible
quantity of Fe,C and Me,C (Fe,W,C) carbides. The principle diffe-
rence of the surface layer modified by electron beam processing from
the unmodified volume of facing is morphology and dimensions inclu-
sions of the second phases. In the facing modified layer inclusions have
smaller dimensions and are located in form of thin interlayers along the
grain boundaries. In the unmodified facing, basic morphological type
of inclusions is particles of faceted shape located chaotically in grain
volume. After electron beam processing wear resistance of the faced
layer increases in more than 70 times in relation to wear resistance
of Hardox 450 steel and friction coefficient decreases significantly (in
~3 times).

Keywords: facing, structure, phase composition, electron beam processing,

morphology, carbides, tribological properties.
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