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Table 1 Quantitative relationship between laser power and

grain sizel?!!

WC Grain Evolution

Laser Power WC Grain Size
Process
Insufficient energy
Low Power Growth ] ] )
. input; grain growth is
(<1500 W) restricted
inhibited
Moderate energy; WC
Medium Power fully melts and rapidly
1-5 pm
(1500 W) solidifies, forming fine
grains
Excessive energy;
thermal accumulation
High Power causes grain boundary
>10 um
(>1500 W) migration and

significant grain
coarsening
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Fig. 2 Predicted model of WC particle size distribution and coarsening
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Figure 13 Interface stress distribution of WC/Co multilayer transition

coatings and single-layer coatings in different directions (a, c) shear

stress, (b, d) normal stress!*’!

TRERE YRR T E
NS N7 N6 N5 N4 N3 N2 NI
SP8 SP7 SP6 SP5 SP4 SP3 SP2  SPI

SP2° SPI*

SP8" SP7° SP6" SP5° SP4” SP3°

MM

14 WOL L EIRERE RN B E e

Figure 14 Schematic diagram of laser multi-pass cladding sample

& 15 (a)HNi. (b)HWC. HT & EHE i R 10
Figure 15 (a) HNi, (b) HWC, HT coating sample point temperature

layert#®!

bR T ERITESS, X WC-Co E&WRENEREMRAL
HEEARZ, BlIERSHREPRNELITER. N
SM7THB T R R S RO E SR, B IHERIEREH
JRIBRAEBL K TV A R F R 22 B AR 2 Foms «

2 JEIh BE VB T8 B AE B R W6 B VU REAT U R g 2
RSIRIREIR A R 7, 35 PR A AT 2
JRE, JEHIE T v 0 2 A T I K 2 B 2 22 57 (7
ft, BLZEAFENA LT, HEKPAZFRGE S
FINERRE A S8 Y52 J2 U e e S ST A K 52 o i/ i
JERRRE . B MR IR A O AL R, fE s piahd
PIEERAE h BA MRS, (H R R R AR A
LT e A AR A L R BRI, 2R AR T A
W AT 3 I E RT SRBB G BRI A0, A A B
PRI INGG LJC R T FP e B AR AL . it E O
SRRSO IMBIRE B 2 S ARTT B B S A5 5, T
2 G R B AR B IR 2 1 & TR, (AR Rz £
ISR DA R I NI AH R IKR AR AR I B S5 1
REPETHIR B AH L B P SR G Rt s T AN B BoR i
o P AL A BN 5 A TR R AL AR HE L 8 s 3
PrFRERIR RN ), BHEEHRSNRAS TR
PEORE T AZBOR T2 B0E F T i BOIR B Ao 1 3 R

2 WC-Co BWOLIARLIRZ T ZARALTT 0] HEls-48]

Table 2 Comparison of main optimization methods for WC-Co laser cladding coatings!*5-4l

3 46
points“®]
(@) s 000 (b) 5000
700 W1 —@— 900 WHy,
—@—700 WH 4500 | ~® 900 Wi
5500 900 WHy it il 900 WH;
—m— 1100 WHy, _a—" —®— 1100 WH,
5000 __m— - 44001 300 WH;
i R 4200
y as00f w” ., 4000
= -
= #3800
o 4000 %= 3600 ™
3400 - )
. e 3400 .- =
3500 __e—® .
o—o—0—® L4 32001 ® /./.
s A e
3000 @ 3000 o _o—°
2500 O
2300 2600 k4 L s L L
NI N2 N3 N4 N5 N6 N7 N8 4 14 24 34 44 54 64 74
RS BHil's
Optimization
Advantages
Method

Applicable Scope

Limitations

Industrial Application &

Economic Feasibility

Composition-gradient design
Multi-layer smooths the thermal expansion
Gradient

Cladding

transition, reduces thermal
stress, and suppresses crack
formation
Provides a thermal expansion
buffer layer, reduces
Introducing a temperature gradients and
Transition Layer thermal stress; improves
wettability; refines
microstructure

Refines grains, purifies the

molten pool (deoxidation,
Adding Rare

degassing), suppresses WC
Earth Elements £ &) SUpP

decomposition, and enhances
density and bonding strength

External Field Improves molten pool flow,

High-stress components
with significant thermal
expansion mismatch
between substrate and

coating

Components requiring

high impact toughness

High-density, low-defect
coatings and high-quality
cladding on various

substrates

Precision or critical

Requires precise
composition control and
strict process regulation,

increasing cladding cost

The transition layer may
reduce surface hardness;
compatible transition

materials must be selected

High cost; rare-earth
content must be precisely
controlled to avoid
introducing new impurity
phases

Requires additional

Higher equipment and
process cost, but significantly
improves coating lifespan and
reliability; long-term benefits

are superior

Additional process cost but
effectively solves key
substrate—cladding
compatibility issues; high

cost-performance ratio

Increases powder cost, but
the amount is usually small;
performance improvement is

significant, providing good

overall benefit

Equipment investment and
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Assistance promotes gas escape, reduces
segregation, and lowers

residual stress

components requiring
uniform, low-stress

coatings

auxiliary equipment and operating costs increase

complex system significantly; suitable for
integration; more high-value, high-quality
complicated process applications

control
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Research Progress on Wear Resistance of Laser Welded WC-Co Coatings

Qu Kepeng !, Zhao Mingyue 2, Wang Nan 2, Zhai Qixun 2, Chen Yongnan?, Zhao Yongqing *

(1. Xi'an Modern Chemistry Research Institute, Xi’an 710065, China)
(2. Chang'an University, Xi’an 710064, China)
(3. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)
Abstract: Laser cladding is widely employed for surface strengthening of titanium alloys and other metals owing to its advantageous metallurgical
bonding and narrow heat-affected zones. Among various strengthening materials, WC is utilized as a superhard ceramic phase. Through its synergistic
effect with Co, the hardness and wear resistance of the clad layer can be effectively enhanced. However, research has demonstrated that laser power
exerts a significant influence on clad layer quality. When excessive power is applied, excessive dissolution of WC particles occurs, facilitating crack
initiation and pore formation. Conversely, insufficient power commonly leads to defects such as unmelted particles and porosity.This review focuses
on the influence of laser power on WC grain size and growth mechanisms within the coating, summarizing the coating's wear resistance mechanisms.
Furthermore, the main limitations currently encountered in the preparation of WC-Co coatings are analyzed, along with corresponding improvement
strategies. Finally, existing challenges and future development trends are discussed.

Key words: Titanium alloy; Laser cladding; WC-Co composite coating; Wear resistance

Corresponding author: Wang Nan, Ph. D., School of Materials Science and Engineering, Chang'an University, Xi’an 710064, P. R. China, E-mail:
wangnanchd@]163.com



