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Fig.1 Particle-size distribution of the powder
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Fig.2 Morphologies of spray powder: (a) copper powder, (b) zinc powder, and (c) Al2O3 powder
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Table 1 Heat treatment parameters
o Heating  Holding time/ .
Temperature/°C rate/°C-min-! h Cooling method
200 1 1 Furnace cooling
250 1 1 Furnace cooling
300 1 1 Furnace cooling
350 1 1 Furnace cooling
400 1 1 Furnace cooling
450 1 1 Furnace cooling

200 °CJF, H%E S 4 T 5 BE 1R JHR FE 38 i 2 2 B
K, 3B KRN 450 °CHE, )2 A8 B {E A B H A
(1024 MPa). MK 3b W LLE H, B AR KR B T
1 VR 2 A R S PR S T s 4B KR S 200 °C
B, WES G EIARIRM (7.5 MPa); B KR
m T 200 °CJa, HEF S G IR 2 4 O s FE IR R B2 T
R, IR KEEE N 400 °CH, WRIESE GRS E
EF|FE (13.9 MPa).
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Fig.3 Mechanical properties of the coatings at different heat treatment temperatures: (a) micro-hardness and (b) bond strength
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Fig.4 XRD patterns of the coatings at different annealing

temperatures
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B B KIRE N 300 °C, Cus Zn JRFH BHE, &
ZHEN Cu R FREY L (AAXIEFR), Culllf
BERZW Zn fFE8€ (BOXETR).



5 73 B 8 IR RHSEERHMREA B Cu-Zn B EIRETERERI N * 2447 «

0.8

—e— Porosity h
0.7t —®— Average pore size 4

0.6F
051
0.4F
0.3r
0.2F
0.1

Porosity/%
Average Pore Size/pum

!
— N W R W N

RT 200 250 300 350 400 450
Heat Treatment Temperatures/C

Bl 5 AR R BRI B R R E T SEM BOW Y 30 % ik )2 LB R A Y LR~
Fig.5 SEM images (a~g), porosity and average pore size (h) of the section coating at different heat treatment temperatures: (a) RT,

(b) 200 °C, (c) 250 °C, (d) 300 °C, (e) 350 °C, (f) 400 °C, and (g) 450 °C

B 7 MR KIRFE N 200 °C FAE:EE A% 280k BRI BUR B R & XGRS A B (nk 2 FToR).
A F A B EDS iR NE 7o ME LI, Cu  MERI, 3 MR AEE FREESGRET Y HIA
JRFEEED T ROXIE, Zn J{FFREERT Cu il b XIER, 55 G I DX R B2 bl A R O B T
AL A X, AR ZmEASRHEN, ARXEE mig K. @il o & X Cus Zn JEF H 5 Horr LLERT,
Cu. Zn J& FIER SO R R AT BOT B 11 T B o WEE R ZE P AR A XIS H A(CuZn). y(CusZng) 54 &

Kl 8 73514 200, 250, 300 °CiB KIEE T A4 B 455 4 2 s 10T

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig.6 EDS element mapping of coatings section at different temperatures: (a) 200 °C, (b) 250 °C, and (c) 300 °C
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Fig.8 SEM back scatter electron images of coating section at

A to point B (b) on the coating section at different
different heat treatment temperatures: (a) 200 °C, (b) 250 °C,

and (c¢) 300 °C

annealing temperatures
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Table 2 EDS analysis of each region in Fig.8 (at/%)

Position Cu Zn C Possible phase
1 41.62 58.38 CusZns
2 100 - - Cu
3 84.4 8.8 1.78 -
4 100 - - Cu
5 51.39 44.8 1.04 CuZn
6 84.68 8.24 3.2
7 85.01 14.99 -
8 100 - - Cu
9 49.4 50.6 - CuZn
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W5 R A B A TR 2 T TR R R BORE 2 PR
WENH LR FIBAAE, FLRELCH 0.32%. BX
T EEAE 200~300 °CZ B, I3 = H iR U AR BURLATS
AT IR, ORR ORE ) S B R R L, LR =R 4y
BN 0.73% 0.64%F1 0.3%; 7E 200, 250 °CiB k)5,
WEEE A IREILBR R, XK ABIREE D ES
JEAATREEALE T IRE N AL, R4 B 7% B 7R AL
Bt A 0 AR 52 PR I T = A K s A9 0, AR R 1)
G AN GRAL A2 o R SRR T ) e R X, P o TR S
A (R AN (LA 0K SR TS T T L, T FLE AR IR E N
ERMALY R RFLER , 2L 200, 250 °CiB K JE e &
BHERILB R & . (£ 200~300 °CiE ki, #lEEE
BWRET Cus Zn G FRAEY LS, BAAE Cu Bk
W B S P X, ARG IR ZE XRD M1 EDS 43 # 46
B TR e A S E X3 B(CuZn). p(CusZng) 5
SIERAEMA R ME 6 fE 8 M kI, EKE
FERkE, HSL X R, ZRET Cu. Zn
JEE -4 S0 2R I AR I T v T R A

1B KR FETE 350~450 °CZ (RIS, ¥ 2 H yiBUEUR
TS5 2%, FLBRZE 535008 0.14%- 0.12%F1 0.35%;
b R OR E FEE, BEEE AR E LR R RS
W, $EERKERERMD Cus Zn LR UL
WA, AT BRI Z N ERORL A A LR, PRI
EARE, REREREE.
3.2 {EHEEERBNEMESH

PEAH S kAR 2], YA G Cu-Zn %5
B G AEIR KOS R 2 AR IR R A RS o AR B ] 1 4
NP FL, CuZn 854 @ (A4 A& P08 B s s H
AT LAHEN 22 200~300 °CiR ‘K J5 , #il 8¢ 5 & ik )JZ ™ CuZn
SEAEM I, fm TIeEESIRENEE.
HRYE SCHR[15]1A93RIE, A(CuZn). p(CusZng) 4@ 1L

BT A — AN DX, A48 KGR BE b T iR
FEXEN, A R RS e A & Y 2 5a e JOR . 1B
KR FEAE 300~450 °CHY AL T Z iR FEIX A, HEEE
B E N TCVETE BORT DA = i JE R R ) AL A
s BN R 2 PR TR A N B SR K Y T
TR T . R, 4 350~450 °CiB KR, 4t

EURIERERE T .
L TFBHRA, 200~250 °CIB K 5 E AR E

GEL R RK. MEE 200~250 °CiB K R4 B A2
WOMTESE, KILRE N IBALBRZRIE K, BIKTRE
WEE, FEORZEEE G N A, 200~250 °C
1B KA A(CuZn) p(CusZng)% 4 @ A1tk & 5
WERREE T R4 A, 5 Cu. Zn Pk S /18
fiX, MR GRZMSS G . 4 300~400 °CIB K5,
e GREEGImEZBEIE N, ME 300~400 °CiR
KIFHE R GIREWOUEIIE, KIRZ N BB
RO S T R KR B T T IR R, R TR 2
WEE, FBURELSGREGIN. 4 450 °CiB k)5,
WS ARES S IR BT, X F v
BIRZTE 450 CIBAKJG, FLERZEE CH LI K,
Wl Sh s . FLEBREE I KPR TR EBEE, S5
W2 2456 P K

FRPESTHR[16]1H94RIE , Cu-Zn TR AH AR LE 400~500 C
V) A0 Kb B B 4 A ] AR e 45 FITRAR B 5 I B o 76 % 4
BERAWREIAT 450 CiBKALEERS, WRJEHEE Zn 1)
W5 (419.5 °C); BHSCRR[16]AHRIE T ASED, s
WEEARENMS GRS KE . S ERE
WS> Zn SRR, H T VRO 8 1 B A AE
A Zn 235 N B HFURL AN, BLE S
WER; EAERETER Zn fA1E AL E M N LB,
SEREBRBENZ, LB K. 5o, (eSS
A, MREFRAET SO, 3 —g RSFr9l
eI, mA Sk 5 AL R T K07,
g EREE, 450 CIRKJGHEE AR EH FLER
5B RST A TR, & Sh s

4 &

1) AR FE 3B K B AL FR RS e AR 4 4 R & 14 2
FITMIE S . 200~250 °CiE kg, &ZEFLB R E;
300~450 °CiR k)&, WRZILBRZZEHFEIC; 450 CiR
Kg, WIEFLBRZE SR I K% . 200~300 °CiR -k
Ji, BT Cu. Zn JEFHFIY 8, WEEEERZENE
JE R B(CuZn). y(CusZng) 554 @& ML A o

2) SRR FE HIIE K AL FE BE G AR AR 4 R B R 2
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Effect of Annealing Heat Treatment on Properties of Low-pressure Cold Sprayed
Cu-Zn Composite Coatings

Feng Li'?, Wang Xiong', An Guosheng ', Li Dongting!, Liu Junzhao'-?, Li Wensheng !?
(1. Lanzhou University of Technology, Lanzhou 730050, China)
(2. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou 730050, China)

Abstract: With Cu-Zn mixed powder as spray powder, Cu-Zn composite coating was prepared on 1Crl3 substrate by low-pressure cold
spray technique. The composite coating was annealed at different temperatures, and then the mechanical properties of the coating were
tested. Micrographs and testing hardness of composite coatings before and after annealing heat treatment were obtained by X-ray
diffractometer, field emission scanning electron microscope and microhardness tester. The results show that the copper-zinc composite
coatings are dense and the coatings are tightly bonded to the substrate. When the copper-zinc composite coatings are annealed between
200 and 300 °C, the metal particles interfaces in the coatings are obvious, and intermetallic compounds are formed in the coatings, such as
p(CuZn) and y(CusZng). When the annealing temperature is 200 °C, the hardness (HVo.2) of copper-zinc composite coating reaches the
highest (1578 MPa), and the bonding strength reaches the lowest (7.5 MPa). When the copper-zinc composite coatings are annealed
between 350 and 450 °C, the metal particles interfaces in the coatings are not obvious. When the annealing temperature is 450 °C, the
hardness of copper-zinc composite coating reaches the lowest (1024 MPa), and the bonding strength reaches the highest (13.9 MPa).

Key words: low-pressure cold spray; copper-zinc composite coating; annealing heat treatment; mechanical properties
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