|48 % % 6 m/2021 & 3 A/REMHE

QIGOE OB Ni 2k WC IRIZH S I TERE
HEX, A%, KB, 154

P P 3258 A R R 2 5 TR B . )1 R 610031

TEE TR QO60E 4K MY B By B 1k Ak, T T T — R IR SR 3R Lk L8 (WO S &R . RS
1211 % 19 WC Fl NiCuBSi BRIE By R Hie BT b 3 ¢ 7 IR - 8 3 BRI AR IR AL B, 7 QO60E H9 Tihl & T LH ©
Fey il Ni 3 WC TH R 2 . 8 i 3338 7 B30 (SEMD | X SR fiE 7 (B0 7 12 (EDS) X B A7 5 (XRD) V62
PO A TG RE B X R WA S TR A WA BB UE A TR RE B EAT A3 AT O 0 0 B R R 960E 8 1Y it
JBE MR RRHEAT T XTI, WR)E T WC I W, CJ& EZEM R LA, KBURL I ERJE WC i B KT 1500 HV, 42 = 15 3 2
B TR BB P 5 10 N R Cu 2 E B FR S A 3 3R 2 B0 dE . i T ORIBURL 9 WC BRAT s BELAT T 8 s 1) A &L )

Ni-WC 155 )2 10 B B R = B fE 35 QO60E FEM 11K 6 £7 LA L, REME A 5 HE 55 QOB60E X 11 Bt 8 i JB8 1t 4 i

KA

hESES TGAT; TG178 XHERFRER A

1 5 =

QI60E 4 J& —F I & 4 o ik A9, 9 ml AR PR 3R
U T T TR ALK R ) 25 A | b Ak 4 A A 4
B, 2t UH AL PR S . QO60E HY Y i AR K
F%F 960 MPa, $1T$7 5% F K F % F 1000 MPa,
—40 C T Yhpm i P (AKV) K T4ET 34 ], &bt
e g RE GO A h e 0 PR AR e R R R TR LR AR
) QI60E 4N MR 28 % 5 Ub + Bk A 45 B4 4 i, =k
R 1A B A i R ATL A R AR R, B Tl AR
A WOGHE T AT OGRS R AR IE AL IR LT AR ) S
TR T ELA R RN A M DX/ 25 5 0 i AR
ST TR R A R s P i S, O
I PR B AN i A Rk 2 THI s B8 T S ) ] AR I i
DAV ) ) R A7 255 g L 8 T ol S i

FHMEAEIHE 3Cr13 AN AR T O e 7 A
BRI A A, MR AN LIS AL, B
a0 e H13 SR TE A B Fe LM Co B H 2, it
BEPEREIT AR . S BTl O s R A A
BT % NbC f#y Co ¥R )2, 24 NbC & &tik 10 %007,

BOGCHE A MO ; QO60E; Nidt WC IR )2 Bk B

doi: 10.3788/CJL202148.0602120

U 2 B TR R R B R B B AL Zou SFNAE
Invar &4 L OCE AL A BT 99 K 58 1) Cr, C,-
VC/Co K& )2 B T 1 IS M bt S Ak ik . 25 36 #a
AL A5 BRI Ni-WC/Cr, C, W2, it B 1
VTR JE ol bl 4R v . A B AR L IR A R
S5 Stellite-6 1 VC IR A MK . AT 1 VC I
) 05 75 )22 21 20 5 B 0 3t 2 2R A o A AU
FhEAL, WAL AL R E AR Y AR A LA
Aot S A ) S VC AR S AR S A L,
R E N 7E AIST HI13 SR H % T A WC 7
WIN Fe BEURZ . RBE I WC Gtk T Sk 3 &
AT EREGRAL A B Z A SRR B ek . T
WAL ST T S TR [ KR BE TR Q60 B Y 4 S RN 4y
AT 25 T 10T IR B X AT S 0 20 ZURRAIE 9 5 e R
Bt 5 W] IR B A T NbL VR Ti I E AR A LY
KR TR 7 T 1) W 8 i A . 2 b i LT O
KT Q960 iy i Y MR AR AP 22, R 22 SRS B
SR VLIRS 920 MPa, — 60 “C i B T i 2 i
REH N 66.7 ],

HHTm 1k, 9 AR & A ¢ QI60E 4K 3R M it I

B HEI: 2020-09-04; {EE B HEI: 2020-10-06; FEABAHI: 2020-11-12

HETH.: IKEE S AR (2017YFB0305900)

“E-mail: liuyanzt@163. com; *~E-mail: xnrpt@swjtu. edu. cn

0602120-1



FRIEX

£ 485 £ 6 H1/2021 &£ 3 A/ EH,

BEOCHERTIE B R . QO60E A9 1K Sy T FE ML 49
FEA 0 FH 2o 72 v g sl S 80 A L B IR S
WO IR 7 Y S R 7= A I W 2, H AT O s
HN RO T 1Y S Ni60-WC B oK, i1 T Ni60o 4
TH 0 A T AR KR Y Rk, T
— b e L v 0 P e T A LR
2 Rk

IR FH L R 1 B b QO60E H9, i 2r & 1 FF
NS E 200 mm X 50 mm X 20 mm iR, it
i AR SR SRR ) R R R R S R R AT
k1 Frn. Hd, A WC Rl NiCuBSi & 45+
3038 o 55 AV A O L AR R ORLAR D 50 ~
100 pm, $Z BT L m (WC) ¢+ m (NiCuBSi) =3 : 7
TER L AT IR B, S8 WC A1 NiCuBSi ¥ K 19
BI5) o3 . AR FERRAL RS G S ARG BEHTAE 100 “CH
gt T HE TR 1 h, TR QO60E ik
R B b rR AR 150 °C LI E] R 1 hy o e BE

KFGB MBS A E 6 L R RE R
150 °C, b v 100 #4458 B B HE A o S AE i AR
b FE AR G B R A AE 150 °C L 0 B 8 UE B
BEE AP R BE 150 °C FARIR 4 h, B L5k 4
N 77

1 QU60E Fl Ni 3t WC K fb 24 i 43 B i 1 43 %k
Table 1

Mass fraction of chemical composition of Q960E

and Ni-based WC powder unit; %

Material C Si Mn Cu B Ni Cr Mo Fe W

QI960E 0.15 0.5 1.5 1.2 0.8 0.7 Bal

Ni-WC 1.2 1.5 14 0.75 Bal. 30
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Table 2 Process parameters of Ni-WC laser cladding
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Fig.1 Macro morphology and microstructure of the Ni-WC cladding. (a) Macro photographs of laser cladding;

(b) micrographs of the cladding interface; (c) photograph of cladding sample after shear failure; (d) fracture

topography of sheared sample; (e) metallographic structure of Ni-WC cladding layer; (f) metallographic structure of
cladding interface and substrate; (g) SEM diagram of Ni-WC cladding layer; (h) SEM diagram of Q960E substrate
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Fig. 2 SEM and EDS distributions of microstructure of Ni-WC cladding layer. (a) Microstructure diagram of the cladding
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Fig. 3 XRD pattern of Ni-WC cladding layer
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Fig. 4 Microhardness distribution of sample cross-

section of Ni-WC cladding layer
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Fig. 5 Wear micrograph and performance of substrate and cladding layer. (a) Wear topography of Q960E substrate;

(b) wear topography of Ni-WC cladding; (c¢) comparison of wear resistance performance
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Microstructure and Properties of Laser Cladding Ni-based
WC Coating on Q960E Steel

Hu Dengwen, Liu Yan", Chen Hui"", Wang Mengchao

School of Material Science and Engineering, Southwest Jiaotong University, Chengdu, Sichuan 610031, China

Abstract

Objective Q960E steel is a low alloy high-strength steel. It is widely used in construction machinery, pressure
vessels, and subway vehicles due to its good weldability. The Q960E steel plate used in construction machinery often
comes into direct contact with sand and gravel, causing wear and tear which can lead to failures of mechanical parts
and increase usage costs. The key to laser cladding of Q960E steel is to produce no obvious cracks. At present, the
most widely used laser cladding wear-resistant powder is Ni60-WC, due to the high hardness of the Ni60 cladding
layer, it is difficult to avoid cracking. Therefore, in this study, we designed a Ni-based WC composite powder with
both high toughness and high wear resistance. The powder is deposited on the Q960E substrate by laser cladding;
through preheating and heat preservation treatment, a wear-resistant coating without obvious cracks can be
prepared, and the wear resistance is improved.

Methods The test substrate material is Q960E steel, which was wire-cut into a test block of 200 mm X 50 mm X
20 mm. The low crack sensitivity nickel-based tungsten carbide alloy powder was designed, and the WC reinforced
phase and NiCuBSi bonded phase was prepared by aerosolization. The two were mixed at a mass ratio of 3:7 (Table 1).
The nickel-based tungsten carbide powder was dried in an electric furnace at 100 °C for 1 h. Before the cladding, the
Q960E substrate was put into the electric furnace at 150 °C for 1 h. The resistive cast aluminum heating plate was
placed on the cladding platform, and the holding temperature was set at 150 °C. After the preheating in the furnace
was complete, the sample was taken out and placed on the heating plate to keep the preheating temperature of the
matrix under control at 150 °C. After the completion of cladding, the sample was put into the furnace at 150 C for
4 h to reduce the residual stress. The microstructure, element distribution, phase, wear morphology, and cross-
sectional hardness of the cladding layer were analyzed by scanning electron microscope (SEM ), EDS, X-ray
diffraction( XRD), optical microscope, and Vickers hardness tester. The wear resistance of the cladding layer and
that of the 960E steel were tested and compared.

Results and Discussions A good metallurgical bonding was formed between the cladding layer and the substrate.
No obvious pores or cracks appeared in the coating, and it was well-formed with spherical WC particles diffusely
distributed in the coating (Fig. 1). The tested shear strengths of the cladding and substrate are 411. 25 MPa,
366.46 MPa, 382.56 MPa, and 427.18 MPa. The location of the fracture is at the interface between the cladding and
the base material, indicating that the presence of WC spherical particles will reduce the bonding strength between the
cladding and the substrate, resulting in fracture at the interface. The spherical phase is WC particles with a slightly
soluble structure at the edge. The surrounding irregular shape flocs for the laser cladding process of spherical WC
decomposition of W,C particles, increasing the bonding strength of the reinforced phase WC and the bonding phase
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Ni, Cu (Fig. 2). The main phases of the coating are composed of Ni, Cu, WC, W,C, and Ni;B (Fig. 3). In the
process of cladding, under the action of the laser, part of the spherical WC particles decomposed and W,C floc-like
small particles were generated. Part of Ni reacted with B in-situ to generate Ni;B, which enhanced the strength of
the coating. In the cladding layer, the hardness of the coating varied greatly due to the existence of WC spherical
particles. When the hardness head was all pressed into WC particles, the hardness reaches more than 1500 HV;
where no WC particles existed in the coating, the average hardness is 404 HV. Because the Q960E had been
tempered, the effect of laser heat input on the hardness of the heat-affected area and the base material was not
obvious; the average hardness of heat-affected area and base material hardness area is about 374 HV (Fig. 4). The
wear morphology of the Q960E steel showed obvious plowing grooves and cutting scratches; the wear morphology of
the cladding layer showed that the large particles of WC balls effectively prevented the abrasive particles from
pressing in and plowing, resulting in an overall shallow wear groove depth (Fig. 5). Comparison of the wear mass
and volume showed that the mass losses of the Q960E steel and the Ni-WC melt-coated samples are 7. 568 g and
1.243 g, respectively. The wear volume was obtained by dividing the mass loss before and after wear by the
density, to obtain 0.967 cm® and 0.138 cm®, respectively.

Conclusions A Ni-based tungsten carbide alloy powder with low crack susceptibility was designed, and WC and
NiCuBSi spherical powders prepared by aerosolization were mixed according to the mass ratio of 3:7. The Ni-based
WC wear-resistant coating without obvious cracks was prepared on the surface of Q960E steel by a preheating and
holding treatment. The main phases in the cladding layer are WC, W,C, Ni, Cu, and Ni;B. WC and W,C are the
main reinforcing phases, and the hardness of spherical WC is more than 1500 HV, which improves the wear
resistance of the cladding layer. Ni and Cu are the main bonding phases, which enhance the toughness of the coating.
The wear resistance of the Ni-WC coating after cladding is more than 6 times that of the Q960E substrate, mainly due
to the large particles of WC spheres effectively hindering the abrasive particles from pressing in and plowing. The
overall depth of the wear groove was not deep; therefore, the cladding coating can effectively hinder the wear of
hard gravel on the substrate.

Key words laser technique; laser cladding; Q960E; Ni-based WC coating; abrasive wear
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