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Fig. 1 Morphology of feedstock Cu powder
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Fig. 2 Schematic diagram of laser-assisted low-pressure cold spray system
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Table 1 Process parameters of laser-assisted low-pressure cold sprayed Cu coating
Laser Standoff Scanning .
Sample Gas pressure/  Gas temperature/ ) o ) ) Powder feeding
. irradiation distance/ velocity/ L
No. MPa C 5 rate/(g-min~")
power/W mm (mm-s™)

1 0.8 400 0 15 10 20

2 0.8 400 400 15 10 20

3 0.8 400 500 15 10 20

4 0.8 400 600 15 10 20

5 0.8 400 700 15 10 20
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2.1

WIER MR B P IEAC, KRS R % 28.413
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ERFRE FE Mt — B BRSO ER D28 700 W
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Fig. 3 3D surface contour of LPCS-Cu coating (a) and surface roughness of LPCS-Cu coatings assisted with different laser

irradiation powers (b)
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Fig. 4 Morphologies of top layers of LPCS-Cu coatings assisted with different laser irradiation powers: (a) 0 W; (b) 400 W;
(c) 500 W; (d) 600 W; (e) 700 W
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5  AFEFOLH DI B LPCS-Cu i 2 8 T35
Fig. 5 Cross-sectional morphologies of LPCS-Cu coatings assisted at different laser irradiation powers: (al), (a2) 0 W;
(b1), (b2) 400 W; (cl), (c2) 500 W; (d1), (d2) 600 W; (el), (e2) 700 W



3712 [ E B4 R 2022 412 A
EAFE RN AERR, X2 5 8500 R A E

1.6} i, BEEBOLREBIIRKImM, %2545
14} siaia T B, RO R E S AR RS
1.2} BOLHERIIE N0 W, 400 W, 500 W. 600 W Al

< 1ot 700 W I ¥ 2 O 259 52 5O B 43 i N 124.0 HV -
208t 129.4 HV,,. 1354 HV,,. 1387 HV,, fl 143.4
= 06) HV,,, #0850 0 5B, FLBE 2% WOt 1
04} DhRHE R, REME RN K@ PR
02 FHEFRAG AT — 7 ZEATECS IR F,
T TR WS 3 UL A 108 ek vy At oy 7 A 9B MR AR T S BT

Laser irradiation power/W 1, FESEIREd, SAFLEIN TREL RN, (Rt

Bl6 ROk 4R I Th 2 B ) LPCS-Cu i3 2 LK% WA BB BT P s 53— J7 BB WO
Fig. 6 Porosity of LPCS-Cu coatings assisted with AR TR AN, BRI AL RN 1 s, B
different laser irradiation powers PEASTEBE p1ehn, fEVIRRIT RS 24y, N LhE

@

Coating

Substrate-

Substrate

El7  AFEEOCHE I BH LPCS-Cu ik 2 /2R S 45
Fig. 7 Coating/substrate interfacial bonding of LPCS-Cu coatings assisted at different laser irradiation powers: (a) 0 W;
(b) 400 W; (c) 500 W; (d) 600 W; (e) 700 W
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Fig. 8 Micro-hardness curves of laser-assisted LPCS-Cu

coatings
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Fig. 9 Schematic diagrams of sampling (a) and sample

photos (b) for thermal conductivity testing of laser-assisted
LPCS-Cu coatings
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Fig. 10 Thermal conductivity of laser-assisted LPCS-Cu

coatings
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Microstructure and thermal conductivity of
laser-assisted low-pressure cold sprayed Cu coating

ZHANG Cheng-feng'- >3, QIU Fang-miao" %3, LI Bo"*** ZHANG Qun-li"*?,
VOLODYMYR Kovalenko"*?*, YAO Jian-hua" *?

(1. Institute of Advanced Laser manufacturing, Zhejiang University of Technology, Hangzhou 310023, China;
2. Collaborative Innovation Center of High-end Laser Manufacturing Equipment, Hangzhou 310023, China;
3. College of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310023, China;

4. Jiangsu Yawei Machine Tool Co., Ltd., Yangzhou 225200, China)

Abstract: In order to meet the repair needs of Cu-based materials, laser-assisted low pressure cold spray (LPCS)
technology was used to prepare Cu coatings on the surface of a copper substrate in this study. The effects of
different laser irradiation powers on the microstructure and performance of LPCS-Cu coatings were systematically
investigated. The results show that the porosity, average micro-hardness and thermal conductivity of the LPCS-Cu
coating are 1.23%, 124.0 HV, and 66.2 W/(m'K), respectively. There are obvious gaps at the coating/substrate
interface of the LPCS-Cu coating. As laser irradiation power increased, the surface fluctuation of LPCS-Cu
coatings decrease. The porosity, average micro-hardness and thermal conductivity of the LPCS-Cu coating can be
optimized to 0.3%, 143.4 HV ,and 170.2 W/(m'K) respectively by the assistance of laser irradiation. The
interface between coating and substrate is well bonded without obvious gaps for the laser-assisted LPCS-Cu
coating. Laser irradiation improves the plastic deformation ability of the deposited particles and the substrate,
which is beneficial to the interfacial bonding between the deposited particles and between the deposited particles
and the substrate. Therefore, the laser-assisted LPCS-Cu coating has better compactness and exhibits improved
thermal conductivity performance with comparison to the counterpart without laser irradiation.
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