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Abstract: CuNiln coatings are prepared on the surface of TC4 titanium alloy using cold spray technology,
and the effects of gas types (helium, nitrogen) and preheating temperatures (500, 700 °C ) on the
microstructure, microhardness, bonding strength, and gas fretting wear performance of the coatings are
investigated. The results show that under the same gas preheating temperature, the porosity of coatings
sprayed with helium is lower than that of coatings sprayed with nitrogen, and microhardness, bonding
strength, and wear resistance are all superior to those of coatings sprayed with nitrogen. When the gas
preheating temperature increases from 500 ‘C to 700 °C, the porosity of the coatings sprayed with both
gases decreases significantly (helium: from 1.4% to 0.05%, nitrogen: from 1.7% to 0.5% ). The hardness
of coatings sprayed with helium increases from 213HV to 292HV, while that of coatings sprayed with
nitrogen decreases from 275HV to 237HV. The increase in gas preheating temperature has no significant
effect on the bonding strength of the coatings, but the type of gas has a significant effect on the bonding
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strength of the coatings, the average bonding strength of sprayed coatings with helium (70 MPa) is

30 MPa higher than that of sprayed coatings with nitrogen (40 MPa). The wear rate of coatings sprayed

with helium and coatings sprayed with nitrogen decreases with the increase of gas preheating temperature
(helium: from 1.8% to 1.41%, nitrogen: from 2.21% to 1.51%). With the increase of fretting
displacement amplitude, the wear form of the coatings under optimized parameters changes from adhesive

wear to abrasive wear.
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Fig.1 Morphologies and particle size distribution of CuNiln powder

(a)low-magnification SEM image ; (b)high-magnification SEM image;

(¢)high-magnification cross-sectional SEM image ; (d )particle size distribution

PHERAE XU 2 B FLBUR AT S 1T o0 B, BOF- 398 R ik
)2 AL B R A 5 i FH Leco- AMHA43 i 3 il
TF 0P 2 04 0 R AT DU 2R AT 5 N, R R
[0 15 so FEUR 258 AR A A7 & BOFA 7 F A 1 7 B
2 ME LR A PR 10 4 5 HEAT I A, Y R T 1)
FEPR 100 pm BT 45 HLAR, JEE 3 SR HLAR, SR AR I DU i
(IER RV AR G ol i 8

fifi FH GB/T 8642—2002 1 J2 45 4 i & 3k 7 %
AT IR 225 G 5m BE D o K SE A RE Jn Tk B 3y
A AR S IRl E-7 R A R R B 1 2
FEFTBAT U J2 G R B S RS F e i) A B P il
Mo B b 10: VIR G, S IR IRAE IR 21400 5 6
PRFEZ (0], 76 120 °CTF AR 120 min B AT 5¢ A% [E 4k
1bJG E-7 25 A58 5 n] 1k 70 MPa, fE g6 2 AR 5256
X U J2 5 B GG v B R A R B R A K
B [ 22 76 7 RE H TP A 3 56 A1 R i T 4G P A, UL
P AR T 2405 B0 B R W R 2 R0 45 AR R
AN B SRR I3 AR HE AT, B R
W (8 BEE N XS BT R 2 SRR L&
5

BN BE R 52560 48 ] MFC-01 Z2 I RE I ah B 36
ML, 3k OBk TH , BEIEER R B4R 10 mm 1) TC4

BRUR, SEER SRR 2, AR 1 2 AT 100 NS 10 He,
TSN A IR AE 3 %) R 50,100,150 pmy, B K 120 min.
AR S5 A R PO S R T BE R EK A A F A
R AR B B S W TG A% ROIR A, SR B R AT 4T B, IR
L5 pm & RIA TG . SCHT Kl & T oK
CEEF G YR AC TR 5 min, DL 2B R I TS M 2k T
FEM S T, AR IRV IR o OR S JE R
IS B o (0 FH O 1 2R A I % 0 s R 6 O 3
FUORBE HEAT S

2 HRESH

2.1 CuNilnZERBHMAR

&1 2 2 AR AR TAE SRR AS TR SAAR Ti
POREE T R iR CuNin IR Z BB mAH 2085 . 7]
UL LA TARSRIE, 500 CA&4F T #l &m0 24
LUHUCEA AR S) S R A A W W FLBR TRJZ N
TR, SR I AL o B AT ARG B A
500 “CHFm £ 700 °C, BRI 25 10 1R )2 5 Feik 2 1]
ST A 25 4 55 X S 2 0D, U 2 LR 3 DA T 3
AR FUTHT S T R R B SR i T IS SR LR SR X
O U0 B U J2 2% 1 75 S A B s L xR A Y



280 MR TR

2026 4F 2 J

K2 REZHECE AR CaNiln IR 2 OM RO 5
(2)N,-500 °C; (b)N,-700 °C; (¢)He-500 °C; (d)He-700 °C

Fig.2  Cross sectional OM micrographs of cold sprayed CuNiln coatings with different process parameters
(a)N,-500 °C; (b)N,-700 °C; (¢)He-500 °C; (d)He-700 “C
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