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B pa6oTe paccMOTpeHbl pe3ybTaTbl
MeTannorpadpuyecknx u TJpu6oTeXHUYECKUxX
MCNbITAaHUM 30H J1a3epHOW HanJ1aBKU NoAacsos
nopouwkomMm, coaepxauwum Fe-Co-Cr-Mo,

M KOMMNO3ULMOHHOM WunxTbl Ni-Cr-B-Si+WC Ha
o6pasubl cTanu 40X. NMokasaHo, 4To o6paboTka
C NpMMeHeHMeM rnonepeyHbIX Kose6aHum nyya
Nno HOpMaJin K BeKTOpY CKOPOCTU CKAaHUPOBaHUS
noBbIlIaeT NPOU3BOAUTENIBHOCTb NpoLecca
HannaBKkW. HaHeceHMe NOAC/I0S He CKJIOHHOTO

K TpewmHoobpa3oBaHuio cnocobcTeyeT
NMOBbILEHUIO Ka4YeCcTBa HaMJ1aBJIEHHbIX MOKPbITUN
c po6aBneHmem KapébugHom ¢asbl, UCKAOHAET
o6pasoBaHue TPeLWUH B HanlaB/IeHHOM

wunxTe c Kapéuagamu. MosbileHMe NIOTHOCTH
3HEepruu Bbllle ONTUMaJbHbIX 3HAYEeHUN
NpUBOAMUT K YHaCTUHHOMY pacTBOpPEHUIO
Kap6mpaoB, NCNapeHuio yriepoaa, YMeHbLIeHUo
TOJILWMHBI NOACN0S U NepeMeLNBaHNI0

C LUNXTOW C Kap6uAHOI $pason U CHUXKEHUIO
MUKPOTBEPAOCTU NOKPLITUNA. JlazepHas
HansaBKa Ha ONTUMaJIbHbIX peXUMax No3Bosnia
NoBbICUTb a6pa3nBHYIO0 U3SHOCOCTOMKOCTb NpU
ncnbiTaHMM HeseKpenaeHHbIMn 3epHamu B 11 pas
Nno CpaBHEHUIO C OCHOBHOM CTa/iblo.
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BBEAEHUE

CTpemJleHHe YIYy4IIMTb 3KCIIyaTallHOHHEIe IIapaMe-
TPHI JeTajled MAaIlluH U MHCTPYMEHTOB M IIOBBICUTH
HX JIOJITOBEYHOCTh IIPUBEIO K pa3paboTke MeTOmOB
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Optimization of Laser
Surfacing Technology
and Its Effect on
Coating Properties
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The paper considers the results of
metallographic and tribotechnical tests of
the zones of laser surfacing of the sublayer
with a powder containing Fe-Co-Cr-Mo and

a composite charge Ni-Cr-B-Si+WC on steel
samples 40Kh. It is shown that processing
using transverse beam vibrations normal

to the scanning velocity vector increases

the productivity of the surfacing process.

The application of a sublayer not prone to
cracking improves the quality of deposited
coatings with the addition of a carbide
phase, eliminates the formation of cracks

in the deposited charge with carbides. An
increase in the energy density above the
optimal values leads to partial dissolution of
carbides, evaporation of carbon, a decrease
in the thickness of the sublayer and mixing
with the charge with the carbide phase and

a decrease in the microhardness of coatings.
Laser surfacing at optimal conditions allowed
to increase the abrasive wear resistance when
tested with loose grains by 11 times compared
to the base steel.
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INTRODUCTION

The desire to improve the operational parameters of
machine parts and tools and increase their durabil-
ity has led to the development of surface treatment
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06paboTKHU I10BEPXHOCTEH M HaHECEeHWS ITOKPBITHH.
OOHMM M3 IIepeloBbIX COBPEMeHHBIX MeTOL0B HaHece-
HHS MOKPBITUM SB/ISIeTCS ja3epHas HallJlaBKa, KOTO-
past obnajaer psAOM IIPeHMMYILECTB II0 CPaBHEHUIO
C JPYyrMMH TPaJULIMOHHBIMK METONAMHK HaIlJlaBKH
U HaHeceHUS IMOKPHITHUH [1-3]. TexHoOrHsl nasep-
HOHM HAaIUIaBKY MOXeT OBITh IpUMeHeHa ISl U3ro-
TOBJIEHUSI HM3HOCOCTOMKHUX MM KOPPO3HMOHHOCTOM-
KHUX MeT/I/IMYeCKHUX ITOKPBITHH U KOMIIO3UIIHMOHHBIX
MaTepHa/IoB C MeTa/UIMYeCKOW MaTpHier. OObYHO
B KayeCTBe MeTa/UIMYeCKOH MATPHUIIbI /19 KOMIIO3HUT-
HOTO IIOKPBITHS HCIIO/Ib3YIOTCS CIIaBbl Ha ocHOBe Ni
unu Co, ITOCKOJIBKY OHHM 00J1aZjaloT BBICOKOHM CTOMKO-
CTBbIO K OKMCJIEHHIO, B TOM YHC/Ie IIPHU BBICOKOH TeM-
IepaType. YCTaHOBJIEHO, YTO eClId K crasam Ni-Cr
no6aBuTh 6,0% Re, TO CTOMKOCTh K KOPPO3UHU U 0b6pa-
30BAaHHI0O OKCHIOB IIOKPBITHH, 3KCIIIyaTHPYyeMBIX
IIpU IIOBBIIIEHHOM TeMIIepaType, MOXKET 6BITh 3HAUH-
TeJIbHO IoBbILIIeHa [4]. CpeqHeyI/epoAHCTble CTalIH
IIMPOKO HKCIIONB3YeTCsl OJIST M3LOTOBJIEHUS ILIATyHOB,
3ybuaThIX KoJsiec, IOAIIMIIHHMKOB KU APYIHX BASKHBIX
KOHCTPYKTUBHBIX KOMIIOHEHTOB [5, 6]. OgHaKo U3HO-
COCTOMKOCTb 3THX CTajlel OTpaHHYeHa, U IIPH KCIUTY-
aTalluM B TSDKEIBIX YCIOBHUAX 3TH JeTald 4YacTO BBIXO-
IOSAT W3 CTpPOsl M3-3a CHJIBHOTO M3HOCA IIOBEPXHOCTH,
YTO 3HAYHTEJIbHO YOOpPOXKaeT 3KCII/IyaTallMOHHBbIe
pacxonbl B IIPOMBIIUIEHHOM MCIIONIB30BaHUM MaIlHH
U arperatoB [7-9]. JlasepHas HaIlJIaBKa IIMPOKO
HCIIO/IBb3YeTCsl MAJIS1 IIOBBIIIEHHSI HM3HOCOCTOMKOCTH
IIPOMBIIIZIEHHBIX fdeTaled [10, 11]. IIpu yasepHOM
HaIlJIaBKe HKCIIONB3YIOT [Ba MeToda C IIpefBapUTeslb-
HBIM HaHeCeHHeM LUIMKepHBIX 06Ma30K U CHHXPOH-
HOI [ToflavH MopoIKa [12, 13].

ITokpeiTHst mnopomKamu NiCrBSi ¢ pasmepom
YyacTul 13-63 MKM ¢ fobaBKaMu KapbumoB Bonbbpama
WC-Co 6bl1M HaHeCeHB! Ha ITOJJIOKKY, COCTOSIIIYIO U3
HM3KOYIJIEPOAUCTON MSIKOM cTanu [14]. [nsa nasep-
HOI HaIlJIJaBKa HCII0JIb30Ba/IM OITHYECKYIO0 T'OTIOBKY
WC 50 ¢ KOaKCHa/IBHOM I10JaYeH nopouka. Ha cranb-
Hble 00paslpl HAHOCKIM OJWHOYHBIE M YaCTHUYHO
[IepeKphIBAIOLIUXCS NOPOKU. B KadecTBe IepeMeH-
HOIO IIapaMeTpa MCII0Jb30BaJIaCh pPas3/iMyHas CKO-
POCTh IepeMellleHHs ayda. IKCIePUMEHThI IIPOBOLK-
JIUCh C HCIIONb30BaHHEM JAHMOAHOro jaszepa Coherent
F1000 (Coherent, Canrta-Knapa, Kanudopnus, CIIA),
OCHALIEeHHOI'0 CeéMUH OCEeBBIM po60TOM CLOOS 7. Ons
TPaHCIIOPTHPOBKH IIOPOLIKA KCII0/Ib30BA/IN IIMTATe/lb
AT-1200HPHV Termach, a B KauecTBe 3aI[MTHOTO rasa
Y ra3’a-HOCHUTeIsl aprod. JlasepHylo HaIlJIaBKY IIPOBO-
OHIM [IPpU MOILIHOCTH H3ny4YyeHHs 720 BT, CKOpoCTH
nepeMeltenus 0,45-0,85 M/MHUH U pacxone IIOPOILIKa
4 r/mMuH. [ OLleHKHU H3HOCOCTOMKOCTH HaHeCeHHBIX
ITOKPBITHUN HCII0NB30BaJICS Tpubomerp TR-20 (Ducom
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and coating methods. One of the advanced modern
methods of coating is laser surfacing, which has
a number of advantages over other traditional meth-
ods of surfacing and coating [1-3]. Laser surfacing
technology can be used for the manufacture of wear-
resistant or corrosion-resistant metal coatings and
composite materials with a metal matrix. Typically,
Ni or Co-based alloys are used as a metal matrix for
a composite coating, since they are highly resistant
to oxidation, including at high temperature. It has
been found that if 6.0% Re is added to Ni-Cr alloys,
the resistance to corrosion and the formation of
oxide coatings operated at elevated temperatures can
be significantly increased [4]. Medium carbon steels
are widely used for the manufacture of connecting
rods, gears, bearings and other important structural
components [5, 6]. However, the wear resistance
of these steels is limited, and when used in harsh
conditions, these parts often fail due to severe sur-
face wear, which significantly increases the cost of
operating costs in the industrial use of machines
and aggregates [7-9]. Laser surfacing is widely used
to increase the wear resistance of industrial parts
(10, 11]. In laser surfacing, two methods are used
with preliminary application of slip coatings and
synchronous powder feeding [12, 13].

Coatings with NiCrBSi powders with a particle
size of 13-63 pm with additives of WC-Co tungsten
carbides were applied to a substrate consisting of
low-carbon mild steel [14]. A WC 50 optical head
with coaxial powder feeding was used for laser
surfacing. Single and partially overlapping roads
were applied to steel samples. As a variable param-
eter, a different speed of beam movement was used.
The experiments were carried out using a Coherent
F1000 diode laser (Coherent, Santa Clara, California,
USA) equipped with a seven-axis robot CLOOS 7. An
AT-1200HPHV Termach feeder was used to transport
the powder, and argon was used as a protective
gas and carrier gas. Laser surfacing was carried
out at a radiation power of 720 W, a travel speed
of 0.45-0.85 m/min and a powder consumption of
4 g/min. A TR-20 tribometer (Ducom Instruments,
Bangalore, India) was used to assess the wear resis-
tance of the applied coatings. Before testing, the
samples were ground and polished to obtain a mir-
ror surface. A WC ball with a diameter of 6 mm
was used as a counter-sample with an applied load
of 15 N. The diameter of the wear track was 12 mm,
the test time was 132 min, and the friction path
was 2000 m. The friction coefficients varied in
the range of 0.463-0.695, and the wear rate of
0.125-0.735 mm?3/N-km. Crack-free coatings with
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Instruments, banranop, HHaus). Ilepel MCIIBITA-
HHeM 00pasibl MIIKMGOBAIN U IOTUPOBATIHU A0 IIONY-
YeHHs 3epKa/JIbHOM II0BePXHOCTH. B KadecTBe KOH-
Tpobpasua 6bUI KCII0NB30BaH MapruK WC TramMeTpoM
6 MM IIpH IPHUIOKeHHOM HarpysKe 15 H. JuameTtp
JOPOKKKM M3HOCA COCTAaBIAA 12 MM, BpeMs HMCIIBITA-
HUA - 132 MUH, a nyTh TpeHUs - 2000 M. Koadpodunu-
eHTBl TpeHHUsI H3MEeHSIHCh B Ipenenax 0,463-0,695,
a CKOpocTh H3HamwuBaHusa 0,125-0,735 MM3/H-KM.
[TokpeITHS 6e3 TpeIIMH C >KeJlaeMBIM PpacIipejerne-
HHeM KapbHIoB MOTYT OBITh IIOTy4eHBI IIyTeM OIITH-
MM3aLMH CKOPOCTH JIa3€pHOIo HalljlaBjleHHs. Kpome
TOTO, IIOBBIIIEHHE TBEPHOCTH OBIIO JOCTUTHYTO 3a
CYeT yMEeHBIIIeHH S 30HBI PACIIaBa MeXKAY IIOKPEITHEM
U TIOJJIOKKOH .

J1s1 sKcriepruMeHTOB [15] HCIIoNIB30BaIM IIOPOMIOK,
coctogmuy U3 60% WC, cMemaHHBIX ¢ 40% YacTuIl
NiCrBSi ¢ pasmMepamu uactul 45-106 MKM. JlasepHast
HaIlJIaBKa 6bUIa BBIIIOJIHEHA C HUCIIOIb30BAaHHEM JIMC-
koBoro sazepa Trumpf TruDisk 8002, ocHameHHOro
rojsioBkomn Precitec YC52 ¢ KOAaKCHAJIbHOM IIomayeH
[IOpOLIKa. BbIIN IPOBefeH:l [iBe CePUU 3KCIIePUMeH-
TOB. B IepBolM CepHH 3KCIIePHMEHTOB HM3MeHSIach
CKOpOCTb IlepeMellleHHs lyda (S), B TO BpeMsl KakK
momHocTe (P) m pacxon mnopoimka (F) ocTaBanauch
[IOCTOSIHHBIMHU. BO BTOPOM CepHH pacxof IOpoOIIKa
OCTaBaJICA IIOCTOSHHBIM, U CKOPOCTh IlepeMelleHHUs
Jyda TOXe, a IepeMeHHOM OblIa MOIIHOCTh H3Tyde-
HUsg. Ko3pOULIMEeHT MepeKphITHS LOPOXKEK HaIlJIaBKU
cocTaBist 50%. ITOKPBITHS HAHOCKJIMCh Ha IIaCTUHBI
U3 yriepoaucton cranu (EN10083 2: C45) pasmepaMu
100x100x20 MM [ obecriedyeHUS OOCTATOYHOIO
oTBoAa Teria. ITofyIo>KKK ITpeBapHUTe/IbHO Harpesa-
nmuck o 350 °C mepen HaHeceHHeM, YTOOBI HM36eXKaTh
pacTpecKMBaHHe IIOKPBITHS H3-3a BBICOKOIO TeMIIe-
paTypHOro rpagueHta. Ilocie ja3sepHOM HaIUIaBKU
00pasILpl OCTaB/ISUIM OCTHIBATh IIPX KOMHATHOM TeM-
nepartype. HcrbiTaHHe Ha abpa3suBHBIN HM3HOC He3a-
KpeIlJIeHHBIM 3€pHOM IIPOBOOH/IM II0 CXeMe «IIJI0-
CKHE obpaser-obpa3syoniasi [I0BEPXHOCTb Pe3HHOBOTO
JHCKa» B COOTBeTCTBUM C ASTM G-65. IlapameTrpsl
HUCIBITAHUS ObLIH CIeAyoMMMMK: Harpyska 22 H;
abpasuBHasl cpefia KBapLeBblM Iecok AlL,O; c pasme-
poM 3epeH 200-300 MKM; ObLIMI MyTh TPeHUS 718 M.
Camoe TBep/0€e ITOKPBITHE JOCTUIJIO 3HAYEHUS TBePHO-
ctu Bbile 800 HV1. TBepAoCTh MOKPBITHUI CHHKAIACh
C yMeHblleHHMeM I1apamerpa P/F-S mo 600-700 HVI.
B 3oHax c 6osee BBICOKMM COAepP>KaHHEM YacTHI]
WC u3sMepeHHas TBePAOCTh IIpeBhbimiaza 1000 HVI,
a B MeCTax IepeKPhLITUS JOPOKeK TBEPAOCTh BAPbUPO-
Bas1ack oT 500 mo 700 HVI1. 3HaveHUs KO3QPULIMEeHTA
M3HOCA M3MEeHSIUCh oT 2,2:107* mo 1,1:1073 mMm3/HM,
B 3aBHCHMOCTH OT IIapaMeTpPOB JIa3epHOK 06paboTKH.
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the desired carbide distribution can be obtained by
optimizing the laser deposition rate. In addition, an
increase in hardness was achieved by reducing the
melt zone between the coating and the substrate.

For experiments [15], a powder consisting of 60%
WC mixed with 40% NiCrBSi particles with particle
sizes of 45-106 pm was used. Laser surfacing was
performed using a Trumpf TruDisk 8002 disk laser
equipped with a Precitec YC52 head with coaxial
powder feeding. Two series of experiments were con-
ducted. In the first series of experiments, the beam
velocity (S) changed, while the power (P) and the
powder consumption (F) remained constant. In the
second series, the powder consumption remained
constant and the speed of the beam movement, and
the radiation power was variable. The coefficient of
overlap of the surfacing tracks was 50%. The coatings
were applied to carbon steel plates (EN10083 2: C45)
with dimensions of 100x100x20 mm to ensure suf-
ficient heat dissipation. The substrates were pre-
heated to 350 °C before application to avoid cracking
of the coating due to the high temperature gradi-
ent. After laser surfacing, the samples were left to
cool at room temperature. The test for abrasive wear
with loose grain was carried out according to the
scheme “flat sample-forming surface of a rubber
disc” in accordance with ASTM G-65. The test param-
eters were as follows: load 22 N; abrasive medium
quartz sand ALO; with a grain size of 200-300 pm;
total friction path 718 m. The hardest coating has
reached a hardness value above 800 HVI. The hard-
ness of the coatings decreased with a decrease in
the P/F'S parameter to 600-700 HV1. In areas with
a higher content of WC particles, the measured
hardness exceeded 1000 HV1, and in places where
the tracks overlap, the hardness varied from 500
to 700 HV1. The values of the wear coefficient var-
ied from 2.2:10% to 1.1:102 mm3/Nm, depending
on the laser processing parameters. The deposited
coatings with a higher concentration of spherical
carbides resisted abrasive wear better than those
samples in which carbides dissolved in the coating.
The material of the previous laser surfacing track
was re-melted, the carbide particles were dissolved
and re-deposited again. The melting of the surface
of the sample based on iron, and the dissolution of
carbides led to a deterioration in the hardness of the
coatings and wear resistance.

The laser surfacing system [16] consisted of an
industrial Nd-YAG laser with a power of 2 kW (Rofin-
Sinar DY 22), an optical head, a powder feeder
(Sulzer-Metco Twin 10 c). The laser beam was defo-
cused to a diameter of 3.5 mm on the work surface.
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HamnaBneHHble IOKPBITHS C 0Oolee BBICOKOM KOH-
LleHTpaluel chepuydecKUX KapOUIOB Jydllle COIPO-
TUBJISIMCh abpa3sMBHOMY H3HOCYy, 4deM Te 06pasiibl
B IIOKPBITUH KOTOPBIX IIPOM3OLII0 PAaCTBOPeHHEe Kap-
6rmoB. MaTeprasn IpeAblAyINeH J1a3epHOM HOPOKKHU
HaIlJIaBKK IIOBTOPHO PACIUIAB/ISJICS, YaCTHILBI Kap-
OMaa pacTBOPSUIMCh M CHOBA OCAKIATHCh IIOBTOPHO.
PacraBieHHe IIOBePXHOCTH o6paslia Ha OCHOBe
>Kejie3a U PacTBOpeHHe KapOuJoB MPHUBOLUIU K YXYI-
IIeHHIO0 TBepAOCTH ITOKPBITUH K H3HOCOCTOMKOCTH.
CucTreMa ja3epHOH HaIlZIaBKU [16] cocTosiia u3
npoMmeinuieHHOro Nd-YAG-7ma3epa MOLIHOCTBIO 2 KBT
(Rofin-Sinar DY 22), OIITUYECKOH [OJIOBKU, [IUTATENS
nopomka (Sulzer-Metco Twin 10 ¢). JIa3epHBIH Ty4 6511
pacdokycHpoBaH A0 AuaMeTpa 3,5 MM Ha paboueit
[IOBEPXHOCTH. HamaBka NpoMU3BOAMIIACh HAa 06pas1ibl
TOJIIIMHON 5 MM K3 HH3KOYIJI€POJMCTOM CTanu C25,
IIpeJBapuTe/lbHO pas3orperor no 400 °C. Hamas-
JIeHHBIe y4aCTKU pa3mepoM 30x30 MM ObIIM IIONTY-
YeHbl IIPU KO3QPUIUIHEHTAX IIePeKPBITHS TOPOsKeK
35-40%. 151 3KCIIePHMEHTOB I10 JIa3epHOM HaIlJlaBKe
MCII0/Ib30BA/IMCh MOPOIIKK Kapbupa Boiabdpama Ha
HUKeIb-XPOMOBOI oCHOBe ¢upMbl Technolase T60
(700 HV), T40 (400 HV) u T30 (300 HV). TpuboTexHu-
yeckre MCIBITAaHUS OBUIM IIPOBelleHbl Ha IIOBepX-
HOCTAX C HaHECeHHBIMM IIOKPBITHSAMM IIPHU CYXOM
CKOJTBKEHHH C UCIIONb30BaHHEeM TprbomMerpa MT4002
mo cxeme TpeHus «map (ALO; muamerpom 4 MM,
1500 HV) - mguck (HamiaBlieHHBIN obpasew)» B COOT-
BeTCTBUHU €O cTaHmapTom ASTM G99-05. HcmblTaHUS
BBIIIOJIHSIM IIPU CKOPOCTH CKOJbKeHHs 100 Mm/c,
HOPMaJIbHOI Harpyske 20 H, Ha nyTu TpeHHs 500 M.
ITocte MCIIBITAHUE OLIeHHBAJIKCh IIOTePsl MacChl 0bpas-
ILIOB C IIOKPBITUSIMH M KOHTpoOpasioB. PacTpeckuBa-
HUSI TIOKPBITUH He yoanoch n3beXXaTh HU B OLHOM M3
obpaboTraHHbEIX 00pa3oB T60. CpemHee KOTHYECTBO
TpeliuH cocTaBasio 10 Ha mjauHe 40 MM, IIepIieH-
JUKYISPHO TPAeKTOPHH JIa3epHBIX JOPoKeK. Tperu-
Hoobpa3oBaHMe 3aMeTHO CHU3M/IOCh Ha IOKPBITHSX
T40 u ero ymanock u3bexkaTe Ha obpasijax HaIlIaBIeH-
HeIX craBoM T30. Cropoctu m3Hoca mis T30 u T40
coctaBmid 0,0176 1 0,0242 107 Kr/H-M U 6bUIH HIDKE,
4eM I1o/1y4yeHHbIe 1j1g T60, 0,0375 102 Kr/H-M.
ITopomok NiCrBSi HaIUIaB/ISUIM Ha CTAJBHYIO IIOJ-
noxKy [17] Ha CO, 1a3epe IpH MOIIHOCTH 1,4-1,6 KBT,
CKOPOCTH CKaHHPOBaHHUSA 160-180 MM/MHH, ISITHOM
6,0x1,5 MM, IIpH pacxofe Iopomka 2,9-4,9 r/MHH.
HannaBneHHBle 00pa3lbl IOJBEPraJIMCh IIOCIeNy-
oleri o6paboTKe IyTeM HarpeBaHHs B OHUaIla3oHe
200-1050 °C c moc/enymoIuM OxJIaKIeHHeM Ha BO3-
Ayxe W B BaKyyMHOM Ime4u. O6paslpl M3 CILJIaBa
Cu-Cr-Zr S18150 ASTM c pasmepamu 100x100x40 MM
HAIUIaBASIM IIOKpbITHeM NiBSi-WC Ha puomHOM

=

The surfacing was carried out on samples with
a thickness of 5 mm made of low-carbon steel C25
preheated to 400°C. The surfaced sections with a size
of 30x30 mm were obtained at track overlap coef-
ficients of 35-40%. Technolase nickel-chromium-
based tungsten carbide powders T60 (700 HV), T40
(400 HV) and T30 (300 HV) were used for laser surfac-
ing experiments. Tribotechnical tests were carried
out on surfaces with applied coatings during dry
sliding using the MT4002 tribometer according to
the friction scheme “ball (ALLO; with a diameter of
4 mm, 1500 HV) - disk (deposited sample)”, in accor-
dance with the ASTM G99-05 standard. The tests were
performed at a sliding speed of 100 mm/s, a normal
load of 20 N, and a friction path of 500 m. After the
tests, the weight loss of coated samples and counter-
tiles was estimated. Cracking of the coatings could
not be avoided in any of the treated T60 samples.
The average number of cracks was 10 at a length of
40 mm, perpendicular to the trajectory of the laser
tracks. Cracking has noticeably decreased on T40
coatings and it was avoided on samples deposited
with T30 alloy. The wear rates for T30 and T40 were
0.0176 and 0.0242-107° Kg/N-m and were lower than
those obtained for T60, 0.0375-10° Kg/N-m.
NiCrBSi powder was deposited on a steel sub-
strate [17] using a CO, laser at a power of 1.4-1.6 kW,
a scanning speed of 160-180 mm/min, a spot
of 6.0x1.5 mm, with a powder consumption of
2.9-4.9 g/min. The deposited samples were further
processed by heating in the range of 200-1050 °C,
followed by cooling in air and in a vacuum fur-
nace. Samples from Cu-Cr-Zr S18150 ASTM alloy
with dimensions of 100x100x40 mm were deposited
with a NiBSi-WC coating on a HighLight 10000D
diode laser (Coherent, USA), at a power of 5 kW,
with a spot of 6x2 mm, with a step of 6 mm and
a powder consumption of 36 g/min. Coatings with
a thickness of 0.6 and 1.6 mm were applied at
a scanning speed of 10 and 2.5 mm/s, respectively.
NiCrBSi coated samples were subjected to abrasive
wear on a fixed abrasive grain of corundum AlLO,
with a specific load of 1 MPa and an average slid-
ing speed of 0.175 m/s. according to the “pin - disc
(steel Kh12M, 61.5 HRC)” scheme at a pressure of
2 MPa, sliding speeds of 3.1, 4.7, 6.1 and 9.3 m/s,
test time 9.5-30 min. Tribotechnical tests of the
NiBSi-WC coating were carried out according to the
scheme “pin (surfaced sample)-plate (steel X12M)”
with reciprocating motion with a pressure of 6 MPa,
with a sliding speed of 0.08 m/s, and a double
stroke length of 60 mm. High-temperature (1025 °C)
annealing of samples with NiCrBSi laser surfac-
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nasepe HighLight 10000D (Coherent, CIIIA), npy Mo~
HOCTH 5 KBT, IATHOM 6X2 MM, C IIaroM 6 MM H pac-
X0ZOM MopoluKka 36 I/MHH. IIOKPBITHS TONIIHHOM
0,6 1 1,6 MM HaHOCHJIM CO CKOPOCTBIO CKAHHUPOBAHHS
10 1 2,5 MM/c cOOTBEeTCTBeHHO. O6pasLibl C ITOKPHI-
teM NiCrBSi mozaBeprnu abpa3sMBHOMY HM3HAIIKBA-
HHIO Ha 3aKpeIIEHHOM abpa3sKMBHOM 3epHe KOpyH[Ia
AL O; c ymenpHOM Harpy3kou 1 MIIa u cpeHeN CKOpoO-
CTBIO CKO/IBKeHUS 0,175 M/c. 110 cXxeMe «IITUPT — AHUCK
(ctamp X12M, 61,5 HRC)» mipu maBieHuu 2 MIIa, cko-
poctu ckonbxkeHus 3,1, 4,7, 6,1 u 9,3 m/c, BpeMeHHU
HCIBITAaHUM 9,5-30 MUH. TpuboTeXHHUUYeCKHe HCIIBI-
TaHUs MOKpBITUS NiBSi-WC IIpoBOOHIHCE IO CXeMe
«mTUdT (0bpasel; C HAIMIABKOM) - IUIACTHHA (CTalb
X12M)» TOpH BO3BPaTHO-TIOCTYIATeJIbHOM JBLKe-
HUHU C JaBieHHeM 6 MIIa, coO CKOPOCTBIO CKOJIbKEeHHUS
0,08 M/c, U OJHHOM ABOMHOro Xoma 60 MM. BricOKO-
TeMIepatypHbii (1025 °C) oT>KUT ob6pasLioB C Jiazep-
HOM HarulaBKoX NiCrBSi mpuBoaui K 06pa3oBaHHUIO
KPYyIHBIX a3 KapbumoB v 60pHUIOB, IMO3BOISIOMINX
COXPAHSITh M3HOCOCTOMKOCTh IIPH BBICOKHX TeMIIepa-
Typax. ITokpeITHs NiBSi-WC Ha mofioxke U3 CIIIaBa
Cu-Cr-Zr UMeNnu B CTPYKType KPYIIHbIe KapbobopHUaHI,
YTO IIOBBIIIAIO M3HOCOCTOMKOCTh HaIlIaBIeHHBIX
c1oeB B 6oj1ee TOICTBIX MTOKPBITHUSIX Ha 20% I10 CpaBHe-
HHIO C TOHKMMH IIOKPBITHSIMH.

JIasepHylo HaruiaBky [18] mpoBoauiu Ha 06pasiibl
ctanu 42CrMo c pasmepamu 70x15x10 MM ITOpOLIKaMU
BBICOKOSHTPOIIMHHBIX CII7IaBOB (BOC) B COOTBETCTBUU
C MOISpHBIM cooTHomeHueM FeCoNiCrNbO,5Mox
(x=0,00; 0,25; 0,50; 0,75; 1.00). O6paboTKy IIpOBO-
OUIKM Ha BOJIOKOHHOM Jja3epe FL020 B aTmocdepe
aproHa IIpd MOILIHOCTH H3nyuyeHHs 1400 BT, cKo-
POCTH CKaHHPOBaHHA 3 MM/C, JHaMeTpe MSATHa
4 mm. IloxpeiTas Mo00.00 1 Mo0.25 MMenId [OO3B-
TeKTUYeCKyI0 CTPYKTypy, B TO BpeMsl KaK IIOKPBLITHS
Mo0.50, Mo00.75 u Mol.00 HOJHOCTBIO 3BTEKTHYE-
CKyI0 CTPYKTYpy. ITokphiTHe BOC Mo00.75 mpu MCITBI-
TaHUAX Ha KOPPO3HIO HMeJI0 CAaMylH HM3KYK IIJIOT-
HOCTBIO TOKA M 00/1aZa/io HaWIy4llel KOPPO3HOHHOM
CTOMKOCTBIO.

OBOPYAOBAHUE

N METObl UCCNEOOBAHUN

J11 ONTUMH3ALMK TeXHOJIOTHUH JIa3ePHOM HaIlIaBKHU
HCIonb30Baiu obpasipl ctanu 40X ¢ pasmepamu
15x20x70 MM. O6paboTKy 06pa3lioB BBHIIIOIHSIIM Ha
aBTOMATH3UpOBaHHOMU cucTeMe MMAIIl PAH. B kaue-
CTBe IIOAC/I0SA IPUMEHS/IM IIOPOLIOK Ha OCHOBe
skenesa Fe-Co-Cr-Mo (50-150 MKM), a I HaIUIaBKU
OCHOBHOTO IIOKPBHITHUS — IIOPOIIOK Ha OCHOBE HUKeJs
¢ pobaBkoy Kapbuna Bonedpama 40 Bec. % (WC-W,C)
(40-100 MxMm) + 60 Bec. % (Ni-Cr-B-Si) c pasmepamu
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ing led to the formation of large phases of carbides
and borides allowing to maintain wear resistance
at high temperatures. NiBSi-WC coatings on a Cu-
Cr-Zr alloy substrate had large carboborides in the
structure, which increased the wear resistance of
the deposited layers in thicker coatings by 20% com-
pared to thin coatings.

Laser surfacing [18] was carried out on 42CrMo
steel samples with dimensions of 70x15x10 mm with
powders of high-entropy alloys (HES) in accordance
with the molar ratio FeCoNiCrNb0.5Mox (x=0.00,
0.25, 0.50, 0.75, 1.00). The treatment was carried
out on a fiber laser FL020 in an argon atmosphere
at a radiation power of 1400 W, scanning speed
of 3 mm/s, spot diameter of 4 mm. The coatings
Mo00.00 and Mo0.25 had a pre-eutectic structure,
while the coatings M00.50, M00.75 and Mo1.00 had
a completely eutectic structure. The coating of the
Mo0.75 wind farm during corrosion tests had the
lowest current density and had the best corrosion
resistance.

EQUIPMENT AND RESEARCH METHODS

To optimize the laser surfacing technology, 40Kh
steel samples with dimensions of 15x20x70 mm were
used. The samples were processed on the automated
system of IMASH RAN. Iron-based powder Fe-Co-
Cr-Mo (50-150 pm) was used as a sublayer, and
nickel-based powder with the addition of tungsten
carbide 40 wt. % (WC-W2C) (40-100 pm) + 60 wt. %
(Ni-Cr-B-Si) was used for surfacing the main coating
with particle sizes of 40-125 microns. To obtain
various parameters of the deposited zones, the laser
radiation power density was changed in the range
of 28-45 J/mm? (Fe-Co-Cr-Mo) and 32-86 J/mm? (Ni-
Cr-B-Si+WC). The speed of application of laser tracks
varied between 5-10 mm/s and 5-7 mm/s, and
the spot diameter was 2.5-3.5 mm, respectively.
Surfacing was performed with a defocused and
oscillating beam to equalize the energy density along
the cross-section of the tracks with a frequency
of 218 Hz normal to the processing speed vector.
The thickness of the slip coatings with a water-
based binder was 0.6 and 0.85 mm. After applying
the coating to the samples, they were dried at
a temperature of 80 °C for 2 hours. The surfacing
of the laser tracks was performed with an overlap
of 35%. After applying the sublayer, the samples
were ground to a size of 12.3-0.1 mm. A digital
microscope, the OMOS M1000 metallographic
system and the PMT-3 microhardness meter were
used in the conduct of metallographic studies.
Determination of the elemental composition of
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vactull 40-125 MkM. [ IIONMyYeHHUS Pa3THYHBIX
[IapaMeTpoOB HaIlJIaBJIeHHBIX 30H M3MEHSIH IIJI0T-
HOCTb MOIIHOCTH JIa3€pHOr0 M3JIyUYeHHs B Ipefesnax
28-45 JI>x/mm? (Fe-Co-Cr-Mo) u 32-86 Isk/mm? (Ni-Cr-
B-Si+WC). CKOpOCTh HaHeCeHHUSs Ja3epPHBIX AOPOSKeK
BapbUPOBAIM B IIpefenax 5-10 MM/c 1 5-7 MM/c, a Axa-
MeTp mATHa 2,5-3,5 MM COOTBETCTBEHHO. HarIlaBky
BBITIOTHSIM PacPOKYCHPOBAHHBIM M KOJIEOITIOMUMCS
JIy4OM Il BBIpaBHMBAaHUS IUIOTHOCTU SHEPrUH IIO
IIOIIepeYHOMY CedeHHIO JOPOXKeK C 4acToTou 218 I
II0 HOPMAJIK K BeKTOPy CKopocTH obpaborku. Toi-
IMHa IUIMKEePHBIX IIOKPBITHH, CO CBSI3YIOIIMM Ha
BOJHOM OCHOBe cocTaBasia 0,6 u 0,85 mm. Ilocie
HaeHeceHHs o0OMa3Ku Ha 00paslpl HX BBICYLIH-
Basu npu Temmeparype 80 °C B TeYeHHH 2 YacoB.
HamiaBky jasepHBIX OOPOKeK BBIIIOJHSIM C Ilepe-
KpbITHeM 35%. Ilocie HaHeCeHHS IIOACIO0S 0OpasIibl
ningoBanu B pasmep 12,3-0,1 mm. IIpu noseseHUU
MeTa/lorpadruyeckKUX MHCCIeLOBAaHUM  HCIIOIb30-
BalX LMUGPOBOM MHKPOCKOI, MeTalorpadrdeckyio
cucremy OMOC MI000 u muKporBepmomep IIMT-3.
OmnpeneneHue 31eMeHTHOIO COCTaBa MOKPBITHH IIPO-
BOAMIM Ha CKaHHPYIOIEM 3JIeKTPOHHOM KOMIIJIEKCe
SEC SNE 4500M Plus, Kopesi, ocHAaIleHHOM 3HEroJU-
CIIepCHOHHBIM aHanu3aTopoM ¢upmsl Bruker, Tepma-
HUS, B OTPa’)KeHHBIX 3JIeKTPOHaX.

TpuboTexHHYECKHe HCIBITAHHUS Ha abpasuBHOe
M3HAIIMBAaHHe He3aKpeIlJIeHHBIM abpasvBHBIM 3ep-
HOM ITPOBOJIMJIU 10 CXeMe I POKas CTOpoHa obpasia
C HaIlJIaBJIeHHBIM IIOKPBITHEM, OCHOBA — KOJIbLeBas
[IOBEPXHOCTb IIJIOCKOI'O Pe3sMHOBOrO OMCKa». B Kade-
cTBe abpa3uBa HCII0/Ib30BAJIM KBAPLIEBHIH I1€COK C pas-
mepamu dactuii 0,2-0,6 MM.

PE3YJIbTATbl 3KCNMEPUMEHTAJIbHbIX
NCCNIEAOBAHUN

Ha puc. 1 mpencrasieHbsl MUKPOUUIMBl HaIlJIaBIeH-
HBIX IIOKPBITHI ITOPOLIKOM A4 Iofcnost Fe-Co-Cr-Mo
(puc. 1 a) u ocHOBHBIM mopomKkoMm (Ni-Cr-B-Si+WC)
(puc. 1 b). BeicOTa M LIMpPHHA 30H HAIJIABKH IpHU
0bpaboTke pacOKyCHPOBAHHBIM H KOJIEOTIOMMMCS
Jy4OM II0 HOPMajH K BEKTOPY CKOPOCTH CKaHHPO-
BaHHsA Jy4a cocrasiasanu 0,48-0,86, 0,45-0,79 MM
1 1,9-2,9 MM U 3,2-5,8 MM COOTBETCTBEHHO. Fny6HHa
Y IIMPHHA 30H 3aKaJIKHU OCHOBBI, CTanu 40X, cocTas-
nsana 0,49-0,86, 0,35-0,89 mMm u 1,8-2,85 u 3,1-5,7 MM
COOTBETCTBEHHO. [IprMeHeHMe IIOIepedyHBIX Kojeba-
HMH JIa3epHOIO Jlyda IIPUBOJKIIO K IIOBBIIIEHUIO IIPO-
M3BOAUTE/IBHOCTH HAIZIABKU B 1,6-2,2 pa3a IIO CpaB-
HEHUIO C 06paboTKOM pacOKyCHPOBAHHBIM JIYUOM.
Ha puc. 2 nmpencraBiaeHbl MHUKPOCTPYKTYPHL Jia3ep-
HBIX JOPO’KEK Ha IpaHHIE C MaTepHaJlOM OCHOBBI.
[Ipu 6osee BBICOKOM CKOPOCTH JIa3epHOM HaIlIaBKe

i g

Puc. 1. MukpowAau®bi 30H Aa3epHOL HANAABKU KoAebAto-
wumcs aydom x50: a) nodcaos Fe-Co-Cr-Mo; b) ocHogHoz20
cnos Ni-Cr-B-Si+WC

Fig. 1. Cross-section of laser surfacing zones with an oscil-
lating beam x50: a) sublayer Fe-Co-Cr-Mo; b) main layer
Ni-Cr-B-Si+WC

coatings was carried out on a scanning electronic
complex SEC SNE 4500M Plus, Korea, equipped
with an energy dispersion analyzer from Bruker,
Germany, in reflected electrons.

Tribotechnical tests for abrasive wear with loose
abrasive grain were carried out according to the
scheme “the wide side of the sample with a surfaced
coating, the base is the annular surface of a flat
rubber disc”. Quartz sand with a particle size of
0.2-0.6 mm was used as an abrasive.

RESULTS OF EXPERIMENTAL STUDIES

Fig. 1shows the microslips of deposited coatings with
powder for the Fe-Co-Cr-Mo sublayer (Fig.1, a) and
the main powder (Ni-Cr-B-Si+WC) (Fig. 1, b). The
height and width of the surfacing zones during
processing with a defocused and oscillating beam
along the normal to the vector, the scanning speeds
of the beam were 0.48-0.86, 0.45-0.79 mm and
1.9-2.9 mm and 3.2-5.8 mm, respectively. The depth
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Y MeHbIIIeH MOIITHOCTHU TOIITUHA IO C/IOS COCTABIsIIA
200-300 MKM, a IIpH IIOBBIIIEHHUH MOIIHOCTH H3/1y4e- 1
HUA 10 1000 BT 1 yMeHbIIeHUH CKOPOCTH CKaHHUPOBa- 1l
HUS 10 5 MM/C TO/IIIMHA [IOACI0S CHUKAAACh U ObU1a 9l
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Puc. 3. 'padpuxu mukpomeepdocmu nokpeimud 8 3a8u-
cumocmu om 2ay6uHbl cAos: a) P=1000 Bm, V=7 mm/c;
b) P=1000 Bm, V=5mm/c
Fig. 3. Graphs of the microhardness of coatings depend-
ing on the layer depth: a) P=1000 W, V=7 mm/s;
b) P=1000W, V=5mm/s

and width of the quenching zones of the base, 40Kh
steel, was 0.49-0.86, 0.35-0.89 mm and 1.8-2.85
and 3.1-5.7 mm, respectively. The use of transverse
oscillations of the laser beam led to an increase
in the surfacing performance by 1.6-2.2 times
compared to the treatment with a defocused beam.
Fig. 2 shows the microstructures of laser tracks
at the boundary with the base material. With
a higher laser surfacing speed and lower power, the

Puc. 2. Mukpocmpykmypa 30H HANAGBKU HA 2paHuULe thickness of the sublayer was 200-300 microns, and
C Mamepuanom 0CHo8bl Npu duamempe Ay4a 3 MM, yeeau- with an increase in the radiation power to 1000 W
ueHue x200: a) P=700 Bm, V=7mm/c; b) P=1000 Bm, and a decrease in the scanning speed to 5 mm/s,
V=7mm/c the thickness of the sublayer decreased and was in
Fig. 2. Microstructure of surfacing zones at the boundary the range of 25-50 microns. In fact, the elements of
with the base material with a beam diameter of 3 mm x200: the Fe-Co-Cr-Mo sublayer diluted the melt bath of
a)P=700W, V=7mm/s; b)P=1000 W, V=7 mm/s the main coating Ni-Cr-B-Si+WC. In addition, the

number of tungsten carbide particles at an increased
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yanepod (f)

carbon (f)

Puc. 4. PacnpedeneHue 31emeHmo8 8 HanaasneHHom caoe Ni-Cr-B-Si+WC (a), soabppam (b), Hukenb (c), xene3o (d), xpom (e);

Fig. 4. Distribution of elements in the deposited layer Ni-Cr-B-Si+WC (a), tungsten (b), nickel (c), iron (d), chromium (e),

B mpegenax 25-50 MKM. PaKTHUYeCKH 3JIeMEHTBI
noncnost Fe-Co-Cr-Mo pa3baBisiiyM BaHHY pacIlaBa
OCHOBHOTO ITOKpHITHS Ni-Cr-B-Si+WC. Kpome ToOro,
KOJIMYeCTBO YacTHIL Kapbuaa BoabdpaMa ITPU IIOBBI-
IIeHHOM IJIOTHOCTH 3HEPrHUH JIa3epHOIO Jiydya pe3Ko
CHMKATO0Ch, IIPOMCXOJM/IO HACBHIIleHHEe HHKeJIeBOU
MaTpHUILIBl YITIePOAOM M BOIbOpaMOM IIPHU PaCTBOpe-
HHUU KapbUI0B 1 YacTUYHOE BHITOPaHUe yIeposa.

Ha puc. 3 mpencraBieHbl I'PaQUKH H3MeHEHHS
MHUKPOTBEPAOCTH, IIOJIyYeHHbIE B pe3y/IbTaTe ee u3Me-
PeHHUs, OT IOBEePXHOCTH HAIIJIABJIEHHOM HOPOXXKH B
r1ybp MaTepHasia OCHOBBI ¢ maroMm 100 mMkm. Kpu-
Basi (puUC. 3a) IoilydyeHa IpU H3MepeHHUH obpasla,
06paboTaHHOr0 Ha CKOPOCTH 7 MM/C U MOIIHOCTH
u3nydeHuss 1000 BT. HamnaBrneHHBIH CJIOM ITOPOLI-
koM Ni-Cr-B-Si+WC o6azan BbICOKOU MUKPOTBEPL0-
cThio 9000-11000 MIIa. 30Ha IOACIOS HMe/lad MeHb-
IIyI0 MHKPOTBEpHOCTb 6500-7000 MIla rnybuHOMI
no 300 MkM. B pesynbraTe HarpeBa Bbimie 1250 °C
SKU/IKOM BaHHBI pacIliaBa, U mozciaos Beiuie 1000 °C
IIPOMCXOOM/IA IIO/IHAs 3aKaJKa OCHOBHOI'O MaTepH-
asia ctanu 40X 10 MUKPOTBepLocTeH 6500-7000 MIla
Ha 300 MKM, ¥ HIKe Habmomaiu y4aCTOK HeIoJI-
HOM 3aKaJIKU C MHKPOTBepAOCThIO 2900-6000 MIla

energy density of the laser beam sharply decreased,
saturation of the nickel matrix with carbon and
tungsten occurred during the dissolution of carbides
and partial carbon burnout.

Tabnuua. PacnpegeneHme 3leMeHTHOMO COCTaBa

B MOKPbLITUM MacCC. %

Table. Distribution of the elemental composition in the
coating of the mass. %

SNeMeHT MaccoBas gons, %
Element Mass. %

W 44,47

Ni 37,25

C 3,22

Cr 8,28

Fe 6,79

e
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rnybuHon 250 MkM. KpuBas Ha puc. 3b momyueHa
IIpY MOIIHOCTH H3/y4eHMs 1000 BT, ckopocTH Iepe-
MelleHHs. 5 MM/C IpH TONIIHHE obmMasku 0,6 MM.
B 30He HaIUIaBKM OCHOBHOM IMMXTHI Ni-Cr-B-Si+WC
HabnIofalu IOHHXKeHHe MHKPOTBEPAOCTH [0
7000-8000 MIIa, 4TO CBSI3aHO C OOJBLIMM pacTBOpe-
HHeM KapbuaHOI ¢a3bl U YaCTUYHBIM II€peMelInBa-
HHEM C IIOAC/IOeM.

Ha puc. 4 npencTaBiaeHsl 30Ha HCCIeQOBAHMS e~
MEHTHOTO COCTaBa OCHOBHOIO IOKpBITHUS Ni-Cr-B-
Si+WC u pacupenenenue snemeHToB W, Ni, Fe, Cr, C.
KonHM4yecTBeHHBIH COCTaB 3JIeMEeHTOB B IIOKPBITHHU
II0Ka3aH B Tabi. 1.

AHanMU3 pe3ynbTaToB abpasMBHOIO H3HAIIMBA-
HHUS (PUC. 5) He3aKpeIUIeHHBIM 3€PHOM I10Ka3a, uTo
HM3HOCOCTOMKOCTD ITOKPBHITHE Ni-Cr-B-Si+WC mosslmia-
ercsa B 11 pa3s OpH IIOTHOCTH SHEPIrHM H3/Ty4YeHHs
48 JIsk/MM? 10 CPaBHEHHUIO C MaTepHaAIOM OCHOBBI.

OBCYXAEHWE PE3YJ/IbTATOB

ITony4yeHHBIe pe3ylbTaThl KCCAe[OBAaHUI IOKA3aJIH,
YTO HaHeCeHHe IOKPBITHM C IIOBBIIIEHHBIM COJEp-
JKaHHeM KapbHUIHON ¢a3bl COIIPOBOXKIAETCS IIOSIB-
neHHeM HedeKTOB B BHUIe TPeIIUH U IIOp B ClIydae
HeIIpaBUJIbPHO IOLOOPaHHBIX PeKHMOB 06paboTKu.
JlJ1s1 yMeHbIIeHHsI HAaIlPSDKeHUE Ha IPaHHIle OCHOB-
HOTO MaTepHasia M MOKPBITUM C KapbumaMu mpen-
JIO’KeHO HAaHOCHUTD IOAC/IOM, He CKIOHHBIHM K Tpellu-
HOOOPa30BaHHUIO U 06MafaomMuN JeMIQUPYOLeH
CIIOCOOHOCTBIO B CBSI3U C BBICOKMM COJepsKaHHEeM
BaHAJIUS B HMCXOAHOM IMIMXTe. YMeHbIIeHHEe MHUKPO-
TBEepAOCTH IIOKPBITHUI C YIpOouYHsAMOmEeN Ga3on MpHU
IIOBBIIIEHHON IJIOTHOCTH SHEPIUH JIa3epPHOIO H3Jy-
YeHMS CBUIETEIbCTBYeT O AHCCOLIHMALIUM KapbumoB
M YaCTUYHOM BBITOPAaHHHU yIlepoAa. I[IpuMeHeHHe
ONTHUMAJIBHBIX PESKHMOB JIa3epHOM HAIlJIaBKU I103BO-
JIUJI0 TOJIyYUTh IOKPBITHSI C MaKCHMAalIbHO BBICO-
KOM MUKPOTBEPAOCTbI0O M HM3HOCOCTOMKOCTBIO IIpH
M3HAIIMBAaHUK He3aKpeIlJIeHHBIM abpasuBHBEIM
3epHOM.

3AKJ/TIOMEHUE

PaspaboTaHa TeXHOJIOT'HS JIa3epHOH HAIUIABKH C IIPO-
MeXyTOYHBIM ITofacaoeM Fe-Co-Cr-Mo M OCHOBHBIM
nokpeiTHeM Fe-Co-Cr-Mo Ha o6pasusl ctanu 40X
C IpUMeHEeHHe IIONepPeYHbIX KoaebaHUM J1a3epHOro
JTydya K BeKTOPy CKOpocTH 06paborku. IloBBIIIEHHE
IIJIOTHOCTH 3HepruM M3/1y4YeHMs 3HAYMTE/IbHO BBIIIe
ONTHMAa/IbHBIX 3HaUeHHUH IPUBOAI/IO K PAaCTBOPEHHIO
KapOMIOB M CHHXKeHHIO MHKPOTBEepAOCTH. H3Hoco-
CTOMKOCTB ITOKPBITHH C KapbuIHOM $a30ii, ITOTydeH-
HBIX IPH IUIOTHOCTH 3Heprum 48 [k/mm?, B 11 pa3s
BbIIIE, YeM MaTepHaJl OCHOBBHI.
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Puc. 5. Momeps maccel 06pasu,08 npu U3Ha-

WUBAHUU c806OOHLIM a6PA3LUBHbIM 3epHOM:

1-cmanb 40X, 2 - Ni-Cr-B-Si+WC, 96 [/ mm?,

3= Ni-Cr-B-Si+WC, 48 [/ mm?

Fig. 5. Weight loss of samples during wear by free abra-
sive grain: 1-40Kh steel, 2 - Ni-Cr-B-Si+WC, 96 )/ mm?,
3- Ni-Cr-B-Si+W(C, 48 )/ mm?

Fig. 3 shows graphs of changes in microhard-
ness, obtained as a result of its measurement, from
the surface of the deposited track deep into the
base material with a step of 100 pm. The curve
(Fig. 3, a) was obtained by measuring a sample
processed at a speed of 7 mm/s and a radiation
power of 1000 watts. The deposited layer with Ni-
Cr-B-Si+WC powder had a high microhardness of
9000-11000 MPa. The sublayer zone had a lower
microhardness of 6500-7000 MPa with a depth of
up to 300 pm. As a result of heating above 1250 °C of
the liquid melt bath and the sublayer above 1000 °C,
a complete hardening of the main material of 40Kh
steel to a microhardness of 6500-7000 MPa at
300 pm and below occurred, an incomplete harden-
ing section with a microhardness of 2900-6 000 MPa
with a depth of 250 pm was observed. The curve in
Fig. 2, b is obtained at a radiation power of 1000 W,
a travel speed of 5 mm/s with a coating thick-
ness of 0.6 mm. In the surfacing zone of the main
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charge Ni-Cr-B-Si+WC, a decrease in microhardness
to 7000-8000 MPa was observed, which is associ-
ated with a large dissolution of the carbide phase
and partial mixing with the sublayer.

Figure 4 shows the study area of the elemental
composition of the main coating Ni-Cr-B-Si+WC and
the distribution of elements W, Ni, Fe, Cr, C. The
quantitative composition of the elements in the
coating is shown in Table.

Analysis of the results of abrasive wear
(Fig. 5) with loose grain showed that the wear
resistance of Ni-Cr-B-Si+WC coatings increases by 11
times at a radiation energy density of 48 J/mm?2 com-
pared with the base material.

DISCUSSION OF THE RESULTS

The obtained research results have shown that
the application of coatings with an increased
content of the carbide phase is accompanied by
the appearance of defects in the form of cracks and
pores in the case of incorrectly selected processing
modes. To reduce stresses at the boundary of the
base material and coatings with carbides, it is
proposed to apply a sublayer that is not prone to
cracking and has a damping ability due to the high
vanadium content in the initial charge. A decrease
in the microhardness of coatings with a hardening
phase at an increased energy density of laser
radiation indicates the dissociation of carbides
and partial carbon burnout. The use of optimal
laser surfacing modes made it possible to obtain
coatings with the highest possible microhardness
and wear resistance when worn by loose abrasive
grain.

CONCLUSION

The technology of laser surfacing with an
intermediate sublayer Fe-Co-Cr-Mo and the main
coating Fe-Co-Cr-Mo on 40Kh steel samples with
the application of transverse oscillations of the
laser beam to the processing speed vector has been
developed. An increase in the radiation energy
density significantly above the optimal values led
to the dissolution of carbides and a decrease in
microhardness. The wear resistance of coatings with
a carbide phase obtained at an energy density of
48 J/mm? is 11 times higher than that of the base
material.
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