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Abstract In this study, graphite/Cu composite coatings were prepared on Cu substrates using laser-assisted low pressure
cold spray (CS) technology. In addition, the microstructural characteristics and thermal/electrical conductivity of
composite coatings with different graphite contents were studied. The results show that both graphite and Cu particles in
the composite coating undergo significant plastic deformation, and the plastically deformed graphite particles are embedded
in the plastically deformed Cu particles, forming a composite coating. Using laser heating, the graphite and Cu particles in
the composite coating are well bonded, resulting in the good compactness of the composite coating. The thermal and
electrical conductivities of the CS-Cu coating increase from 66.2 W/(m-K) and 7.12 MS/m to 136.6 W/(m-K) and
14.65 MS/m, respectively, due to the laser heating. With the addition of 5% graphite to the coating, the thermal
conductivity of the composite coating is further increased to 209.8 W/(m-K). However, with the continuous increase of
the graphite content in the composite coating, the number of the inner interface of the coating increases, the interface
thermal resistance and the scattering effect on electrons are enhanced, resulting in the decrease of the thermal conductivity
and electrical conductivity of the composite coating.
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Fig. 1 Microstructures of original powders. (a) Cu powder; (b) Cu-coated graphite
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Fig. 2 Schematic diagram of laser-assisted low pressure cold
spray system
e B A R 600 W, TEIZWOL AR BRI T, AT fRAIE
Cu FUORLAL 32 AR T AR AL o 78 B3R BETR LG
T ESHECR & T AR ASESENEERE, 50
JE AR 0% A 85 (CuGr0) i 805 % 1 £ 5
(CuGr5) 70 %1026 1) 41 82 (CuGrl0) 5 i 73 #4
15% W41 8 (CuGrl5) .
2.3 RERIE
K H il P B 38 (SEML IGMA HV-01-043,
Carl Zeiss, 785 ) % by AR S50 LL K 0 J2 B BB 5
WA R BEAT R AL . FHBOEIR AL (B 5 LFA467)
XA 8/ Culd 5 IR JZ B GR AR EAT IU o ARAE  3 E
OB BE N T B4R 012, 5 mm B AR, A B 1R &
A ULEBUZ h Cuokl 45 AH S8 A 52 i I 3 28 21 00 3 iy A o

$£590%5 F17H/2022 F 9 /B EXBEFEHE
AT E s AR, MR W R, R R
20 K/min. #]H SIGMATEST2. 069 Ht 5 2 A% %}
EAEE RS RIITREN

3 iR 5318

3.1 EAREHNRAEE

KSR IR ] A7 22 & By f1 82 /Cu B B IRZH)
WIEEH . O T KB E A TR)Z T B A SR BUR A Cu it
KL, R F BN B 7 R (BSE) B % 52 4 ik J2 T
S AT WA . NI 3T LA Y, =AU 2 0 oW e
PERALQL, A SR HAEE G IRE T, K ik
JiR e T it — W G R T A 8 UK AT Cu
KL S GO B, R R B e A RO F B X B R R A
B BT T8 . PR =AU 2 A OW AR M A 22 A
KT BRI T CuGrl5 AR R 4T 140 B, 45 2R
FLARTR o I ATT LU L, 25 TR 2 T R0 A 25 0K A
Cu WURLIE 505 DUBUAT 89 56 T2 0 (I DA LG, 33 % AR
T U B IR AR I SRR AE Y B4 A S UKL A B 28
ARFE B Cu R IE U G IR = o X2 o £ 85 H1 Cu
Py SR AR IE RE S B A kL AE CS DU f v, 4%
o5 F) B BE B i A A i B0 Y R AR T T A LA
ERE SR WA, NIE 4T RLE L E 52 P IL
FAEANPALE, WHZE G RESEE R X2
T A IRT AR TG v MORL A 98 A B BE T, £l
15 CS PLAR IS 72 i8I0 B 58 00, ML 25 45 T, I
TR e AR 0 2 R LB O e R R O 2 B
P B B3 OR A HOG R B Bk Culk 2 h i3] 1
iIEi“”o

graphite _

\
1
'

B3 HOLH IR IE S B IR A A /Cu sl & 3R )2 BT A . (a) CuGr5; (b) CuGrl0; (¢) CuGrl5
Fig. 3 Cross-sectional microstructures of graphite/Cu composite coatings prepared by laser-assisted low pressure cold spray.
(a) CuGr5; (b) CuGrl0; (¢) CuGrl5
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Fig. 4 Microstructures of graphite/Cu composite coatings prepared

by laser-assisted low pressure cold spray
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Fig. 5 Thermal conductivity of graphite/Cu composite coatings

prepared by laser-assisted low pressure cold spray
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Fig. 6 Electrical conductivity of graphite/Cu composite coatings

prepared by laser-assisted low pressure cold spray
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