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Microstructure and wear behavior of WC/Co50 composite coatings

on 40Cr cutting tool surface prepared by laser cladding

Liu Hongxi, Leng Ning, Zhang Xiaowei, Jiang Yehua
(School of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: WC/Co50 cladding coating was fabricated on 40Cr cutting tool surface by 6 kW transverse-
flows multimode CO, laser apparatus. The surface morphology, phase composition, microstructure,
microhardness and wear behavior of the cladding coating were analyzed by optical microscope (OM),
scanning electron microscope (SEM), energy disperse spectroscopy (EDS), X —ray Diffraction (XRD)
hardness tester and friction wear testing machine. The results show that the original WC particles were
dissolved greatly under the action of high-energy laser beam. The phase of coating is mainly composed
of carbides WC, W,C,(Cr, Fe).Cs, M,C and Fe—Cr solid solution. The microstructure of WC/Co50 coating is
complex, which consists of the primary dendrites, cellular eutectic, interdendritic eutectic and hard phase
particles. The average hardness of the WC/Co50 coating is 1.93 times of the substrate, and the hardness
of WC/Co50 cladding coating decreases with the increase of the surface depth. Under the same
conditions, the wear weight loss of the composite coating is only 13.3% of the substrate.
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1.1 SEH R

J1 ELAFRE 2 40Cr H9 , U6 I A B S 28 2% 10 ) n
TR S 100 mmx 15 mmx 14 mm B9 58 AL . 1
T RL R DR 350 150 H A9 WC # K Fl Co50 &
SR A Hh Co50 & 4B A I Ak 2% B4y (5 1 43 50
H:C 0.6% ,Cr 20%,Si 3.5% ,W 3.0% ,Fe 5.0% ,Ni
14.0% ,B 2.25% ,Mo 5.1% ,Co 46.55% ., 4 % B #l
J R 43 B4 B A Co50+90% WC . Co50+92% WC #il
Co50+94%WC K& ¥y K, 28 58 3 it FF 5 i B0 43 38
A B,

FHTEK B TN R 2 5208 Uk, LA B 25 il 3 T Al A ok
FER AR R TS S5 2 BT, SR 8 BT C R R LE 45 Y
Co50/WC & & & 4k A8 b A7 HIUAS 42 7 i il 78 &
AbFEGT Y A0Cr J] B R (FE 2R 29 1 mm) ¥
D' ety 7 A TR G 1 R R E TR AR TP 100 THET
6hTFH .

OG5 7 52 5 7F GS-TFL-6000 % 6 kW ## i
Z 5 CO, WOt 2% I Folid £ 1) SIEMENS %45 HLK 1%
#& B, PR O IE R AR R R R
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HR BRI 2 AR B, WG R
JE X G M 2 00 52 e R O T R Sk SRR
AR SO BE T 200 B fE B 50 mm; Y6 BE 542 Smm;
(L E 99.99%) M a] LR P, ARG & 25 L-min~',
AR TS BN W EOE TR B 3R 1 s,

R1BHEBE WC/ICoS0 EERETIESH
Tab.1 Detail parameters of laser cladding

WC/Co50 composite coating

Sample Compqsition- Laser power Scannimg Laser' power
no. al ratio of PIKW speed V, density P,
WC:Co50 /mm-min~"  /kW-cm™
Al 90:10 4.0 300 20.320
A2 90:10 4.2 300 18.288
A2 90:10 4.4 400 16.764
B1 92:8 4.0 350 17.417
B2 92:8 4.2 400 16.002
B2 92:8 4.4 300 22.352
Cl 94:6 4.0 400 15.240
C2 94:6 4.2 300 21.336
C2 94:6 4.4 350 19.159

1.3 BRI

SRS IR R LR S o3 AT = T R a7 B ek = K]
75 1] Y B i B 4 AH RE | ff T F K (HNO, 1 HCL
PRBULL 1:3) J8 il 4 A0 BUFE #1E 10~15 s JF 48 LEICA
DFC280 B2 & i3 45 (OM) #1152 [ FEI 2 &) 7 Quanta
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(a) Sample A1-A3

Al (b) Sample B1-B3
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Fig.1 Macro morphologies of cladding coating under different

compositional ratios of WC/Co50
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Fig.2 XRD patterns of laser cladding coatings
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(coating zone ,CZ) . 45 4+ X (bonding zone , BZ) 1 3& #1
(substrate) . MKl 3 7] LIE H (K 3(a) B ik)Z L, K
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Fig.3 Cross-sectional OM morphologies of laser cladding coatings

under different power densities
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Fig.4 Cross-sectional SEM image of laser cladding coating sample C3
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(A i , S BORE i B 18] 1 44> 7 1 AR 2R MR A%
e o EROCKE BZ ARG R WAL, S =T
(PR IO I S, 1t P RS & s i W EBOR
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Fig.5 Bottom cross-sectional SEM image of laser cladding coating

sample C3
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Tab.2 EDS results of elemental composition in Fig.5

Ele. Wt% At%

ment 2 3 4 1 2 3 4
C 0222 01.21 00.13 - 2583 13.31 01.18 -
Cr - 0248 01.90 01.20 -  06.31 04.13 01.54
Fe - 0570 22.56 84.44 — 13.52 45.67 93.65
Co - 01.09 02.03 -  — 0245 03.89 -

W 9798 89.52 73.39 14.27 74.17 64.42 45.13 04.81
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Fig.6 Cross-section microhardness distributions of the WC/Co50

laser cladding composite coatings
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Fig.7 Mass loss of laser cladding coatings sample and 40Cr steel

substrate
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ATULE H, WO E R )20 A2 B2 ,C3 7E 30 min
PN ) B8 45t 2 7 40 5l o ol 2.84mg  1.68 mg Al 0.82 mg,
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