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C nenpi0 MOATOTOBKM ToyMpoBaHHOH moBepxHocTH crulaBa WC—CO mepen HaHECEHHEM YIPOYHSIOIIETO
anmasHoro nokpeitusi (All) ona 6puta MOaMQUIMPOBaHA CKAHMPOBAHHBIM MOIHBIM M3JydeHHEM HaHOCEKYHIHOTO
ynsTpaduonerosoro (Y®) nazepa. BeisBieH onTuManbHBINA PeKUM BO3IEHCTBHS - INIOTHOCTH »Heprun We = 1 - 2
Jx/cm?. OOHapyKeHa SKCIEPUMEHTATbHAs 3aBUCHMOCTH CpeiHeil mepoxoBatoctn mnosepxHoctd WC-Co 1o
mwromany Sa = 0.45 We +0.3. 3arem TepmMooOpaboTaHHast MOBEPXHOCTH OBbLIA XMMHYECKH TPOTPABIICHA 110 METOY
Mypaxamu u Kapo. [Tocie gero, HaneceH 6aprepHbIit coit W Tonmiao# 600 HM myTeM MarHeTpOHHOTO HAITBUICHNUSI.
ITocie aToro 3aMeTHO U3MEHWIACh 3aBUcKMOCTh Sa oT We. OHa npuobOpena Bua: Sa = 0.13 We +0.1.

Kniouesvte cnoea: cruaB kapbuma Boibppama (WC-Co0); nmasepHas TepMooOpaboTKa;, MOIMMDUKAIIHS
MOBEPXHOCTH; anMa3Hoe TokpeITHe (All); TpaBneHue; GapbepHBIi CIOi.
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Cobalt tungsten carbide (WC-Co) alloy tools are used in the processing of constructive materials. New, difficult-
to-machine materials such as carbon-fiber-reinforced polymers; silumin with a high silicon content (up to 20%), etc.
increase the requirements for the tool. Therefore, in these cases, WC-Co tools are often used, on the surface of which
a strong diamond coating (DC) is applied, which increases the durability of the tool. There are technological problems,
caused by the catalytic features of Co to stimulate the formation of a graphite phase when carbon is deposited.
Complex technological tricks are used to prevent contact of Co with carbon. The coating was applied by the method
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of plasma chemical deposition from microwave plasma (MPCVD) in order to crystallize carbon in the diamond. The
preparation of the substrate consisted in the content impoverishment of the Co on the WC-Co surface and difficulty
in diffusion of Co from the bulk. To prepare the working surface of WC—Co in order to increase the effective area
before applying the hardening DC, it was modified by scanned high-power radiation of a pulse-frequency nanosecond
ultraviolet (UV) laser. An experimental dependence of the average surface roughness of WC—Co over the area Sa =
0.45 We + 0.3 was found. The optimal mode of action is revealed - the energy density We = 1 - 2 J/cm?. The laser-
treated surface was etched according to the Murakami and Caro method. To protect the surface from diffusion of Co
from the bulk, a barrier layer W 600 nm thick was deposited by magnetron sputtering. After that, the dependence of
the roughness on the radiation energy density changed. It took the form: Sa = 0.13 We +0.1. After each step, the
surface was controlled using scanning electron microscopy (JSM-7001F, JEOL) and optical profilometry (Zygo

NewView 7300).

Keywords: tungsten carbide alloy (WC-Co); laser heat treatment; surface modification; diamond coating (DC);

etching; barrier layer.

BBenenue

W3H0COCTOlKHE MHCTPYMEHTHI U3 CILIaBa
kapbuaa Bosbdpama (WC-C0) npuMeHsIOTCs
B 00pab0TKe KOHCTPYKIIMOHHBIX MaTEPUAIOB.

Hcnonp3oBanue TpyaHOOOpabaThIBaEMBIX
MaTepuagoB, TaKUX  KakK, YCHJICHHBIC
YTJIEPOIHBIM BOJIOKHOM MOJIMMEPHI; CHIIyMUH
C BBICOKUM coziepkaHreM kpeMHus (10 20 %)
¥ JIp. IOBBIIIAET TPeOOBAHHS K HHCTPYMEHTY.
[TosTOoMy, B 3THX CIydasx 4aCTO HCIIOJIB3YIOT
uncrpymenT u3z WC-Co, ¢ nanecenusim All
[1], moBbImIArOIIMM €r0 U3HOCOCTOUKOCTh. K
COXAJICHUIO, u3-3a KaTaJTUTUIECKUX
ocobennocreit CO  crumynupoBaTth B
yrieposie KpHCTAUIM3alHio B TpaduToBOi
dase, HE00X0IUMO MUHHUMH3HPOBATH
npucyrcteue CO Ha moBepxHocTH. [lns
o0xona mpoOneMbl pa3paboTaHbl pELICHMS,
npefHa3HAYCHHBIE U MPEAOTBPAILCHHUS
kontakta CO ¢ yraepogom [1]. Hanecenue
AIl TpoOBOAMTCS METOMOM OCAXKICHUS U3
MHUKPOBOJTHOBOM TUIa3MBI (MPCVD).
[TogroroBka MOIJIOKKH ~ 3aKIOYaeTcs B
o0emHenun coaepxkanusi Co Ha TOBEPXHOCTH
WC-Co u 3arpynuenun auddysun Co us
o0bpema. Mcnonp3yroTcesi pa3Iu4HbIe METOIbI.
Hanpumep, B [2] mepen nHanecenmem All
UCTIOJIb30BaHa HoHHAas uMmIutanTanus Nb u Zr.

Huns MO UKAITA TIOBEPXHOCTH
MaTepUajoB BEChMa s dexTHBHA
MOBEPXHOCTHAsE  00paboTka  JIa3epHBIMU
umnyinbcamMu [3]. VM3BecTHBI J1Ba OCHOBHBIX
pexuma. 210 HIMPOKO W3BECTHBIN
aOJIAMOHHBIA PEXUM, HAONIONaeMbIi TIpU
We > 1 JIx/cM® (mpu Bo3meHcTBUM

HaHOCEKYHIHbIX Y® umnynscoB) [4]. Ilpu
We ~ 0.1 — 1.0 JIx/cM®> oOGHapyxeH

ONTHKOIUIACTUYCCKUI d3PPEKT, MPH KOTOPOM
3aMETHBIE TEPMOMEXAHUYCCKHE  SIBJICHUS
HaOJII0JAF0TCS HAa MMOBEPXHOCTH METaljia eIle
B KOHJICHCHPOBAHHOM COCTOSIHUH [5].

OcHoOBHAA 4YaCTh

Panee [6], Bozmeiicteue nHa WC-Co
umnynscamu  Nd:YAG 1nazepa  (Tperbs
rapMOHMKa, JJIMHA BOJHBI A = 355 HM)

HCCJIEIOBAIOCH B PEXKUME OJIMHOYHBIX TISTCH.
Ceituac, ¢ muenpto pocta 3PHEKTUBHON
IUIONIAIA TTOBEPXHOCTH, HEOOXOAMMOUN IS
yayumienuss  aaresun  All, npumeHeHo
CKaHWPOBAHUE U3ITyUCHUSI.

O6paboTka [MOJTOKKH WC-Co
MIPOU3BOIUIIACH c(hOoKyCHpOBaHHBIM
usnydenneM NA:YAG nasepa (A = 355 Hwm,
JUTMTENILHOCTh UMIyJibca T = 10 He, a sHeprus
- 10 8 MJIK).

YacroTra u3ydeHHs HEMOABIKHOTO Jiyya f

100 T O6pasen mnepeMemancs o
pactpoBoil  TpaekTopuu ("3Melka") Ha
TPEXKOOPJAUHATHOM CTOJIMKE, YIPABISIEMOM
HOyTOYKOM. [TepekpbiTue cocennux msateH (K)
> 98 %. Kaxnplii y4yacTOK TMOJBeprajics
BO3IeHCTBUIO ~ 30 JTa3epHBIX UMITYJIHCOB.

O6paboTka KOHTPOJIMPOBAIACH
ontudeckuM mnpoduiomerpom Zygo New
View 7300 u pacTpOBBIM DIIEKTPOHHBIM
mukpockornom (POM) JSM-7001F, JEOL.

[Tocne mazepHOTrO BO3JIECUCTBUSA B €IMHOM
MpoIecce MPOBEICHO TPaBICHHE 00PA3IOB MO
Mypakamu (552 c¢.) u Kapo (4 c.) u 3arem
maraerponnoe HambuieHue W (600 um). ITo
JTaHHBIM HHEProUCIEPCUOHHON
PEHTTEHOBCKOI CIEKTPOCKOITUHU npu
30HAMPOBAaHUM MaTepHualia uyepe3 OapbepHbIi

15-1 Meacoynapoonas xongpepenyus « Bzaumooeticmsue uznyuenuii ¢ meepovim menomy, 26-29 cenmsops 2023 2., Munck, berapyco
15th International Conference “Interaction of Radiation with Solids”, September 26-29, 2023, Minsk, Belarus

546



Cexyus 5. Memoowl, 06opydosanue, niasmennvie u paouayuoHHble MexHOL02UU
Section 5. Methods, Equipment, Plasma and Radiation Technologies

cmoi W Ha rinyOuMHY mnpuMepHO 3 MKM
(?HEprus 3JICKTPOHOB 30 K3B)
koHIeHTparws CO Obl1a CHIDKEHA B CPETHEM JI0
0.15 Bec.%. D10 HameKHO TNPEAOTBpAINACT

o0pa3oBaHME  HEAIMa3HOro  yriepona H
TapaHTUPYIOT BBICOKYIO aJI'€3UI0 MOKPBITHS C
MOUTOKKOM.  YuTeHa crneuuduka POM,

3aBBILIAONIAs COECpKaHue yriaepona [7].

Puc.

1. DOomouust MOPQOJIOTHH TOBEPXHOCTH
(POM) mocme Bo3meHCTBHS cepuel Jla3epHBIX
UMITYJIbCOB U TpaBieHus1 CO peareHTaMu Mypakamu
(552 c.) u Kapo (4 ¢.); We uznyuenus, Jix/cm? : (a)
0.2; (6) 0.34; (8) 1.035; (r) 2.02

Takas 00pab0TKa MOBEPXHOCTH ITO3BOJIMIIA
IUTaBHO peryiupoBath Benuuuny Sa WC-Co

nepen  Hahecenuem  All.  Panee, ee
peryJiupoBaid MEXaHWYECKH, B YACTHOCTH,
MeCcKOCTpyHOM  oOpaboTkon.  JlazepHas
o0paboTka oKazaJjlach 3HAYUTEJIBHO
NEepCIeKTUBHEH U 1MO3BOJsAET 3(P(HEKTUBHO
ounctuts  noepxHoctb ~ WC-Co ot

3arpsi3HEHUH, B YaCTHOCTH, OT HAHOIICHOK
METAJIJIOB, MJIOXO BIUSIONIUX HA aTE3UI0.
OBomoruss  Mop(}OJIOTHH  TTOBEPXHOCTH
noka3zaHa Ha puc. 1 B m3obOpaxenuun POM
nocJie JiazepHoi 00paboTku u TpaBieHus CO.

3akjoueHue

OOpabGoTaHHasi Jla3epoM  TOBEPXHOCTh
WC-Co omnopomHa mo rmiomaman. CpemHsis
IIEPOXOBATOCTh MOHOTOHHO 3aBUCHUT OT
wiotHocTH SHepruu (Sa ~ K - We). Ilocne
TpaBJIeHUs] Sa 3aMETHO YyMEHbBINACTCS, W
BennurHa K Taxoke mamensiercs. OnpeneneH
ONTHMAJIBHBIA PEXHUM Ja3epHOi 00pabOTKU

st oaroropku  moepxHoctn WC-Co  k
Hanecenuio AIl. Dto - We =1-2 JIx/cm?.

baaroxapnaocTu

JlazepHoe BO3JEHCTBHME MPOBOAUIUCH B
N33 PAH B pamkax rocyiapcTBEHHOIO
3aJIaHus 110 HAay4JHOM aestenbHocTh Ne 75-03-
2022-056; BBIOOp METOAOB M TPOBEACHUE
nocieaywmeid  00paboTKU  MMOBEPXHOCTH
TBEPAOrO CILUIaBa, MUCCIEIOBAaHUE COCTaBa U
MOP(}OTOTHH TOBEPXHOCTH BBIMIOJHEHO MPH
(¢huHaHCOBOM MOJACPIKKE Poccuiickoro
Hay4HOTO (DOH/Ia B paMKaX HAYYHOTO MPOCKTA
Ne 22-19-00694.
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