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Table 1 Composition of Cu-14Al-X alloy powder

Element Mass fraction/%

Cu 70—-80

Al 12.0-14.0

Fe 2—4

Mn 0.8-2.0

Ni 0.5-2.0

Co 0.5-2.5
Others 0.5-2.0

RIeRHRLE R BT Eu®'. Dy am r0 4
FRHE(STALOLEu”" Dy B, KRG 7.5~41.8
um, FESME 1(b)Fm. F R Ik R A ek
SrALO, KiELE—Z Si0, )2, AT fELLIE
it fE CER(TEOS) N HTIRAA, To7K LBE(EtOH) Z5THIK
PR N R . 4% 10%0 0075 Lk IETE RS 21
ToKZBE. FEKIAAREL 1:3:5 R E A, I
T I — R S AR AN R R T VR A T pHL A 4, SR
WG FEAR A, 25 min, EARERIR G 785, BRE 2 h
TERGE I . R B 0N AZ A e v 4k 2458 7
1670 CIE N RARNL, W A%E]7E 40 min, 7E#E
Feob R R TR S M R L 2 . e
52 R L 7 URELAE 300 CHBBE 5 h K 2205,
A4 Si0, 78 SrALO, BEeHr, I WA 1(c)fiR.

iR E A S K2 5Bk SrALO,
Si0, f 7 SrALO, ¥ttt 7:3 =H!Y, H TD-2
B = R BERELIR A 4 h )5, 3-8 SrALO, B 4% =
FHHR AR L Si0, 7 SrALO, B 44 M AR &

Bl 1 mwigk K SEM 23
Fig.1 SEM images of spray powders: (a) Powders of
Cu-14A1-X; (b) Powders of SrAl,O,; (c) Powders of SiO,
coated SrAl,O,

K, ABHRAEH

MR E 45N, W AT A RS E Ve 2 bRl
5, B JE R R T AT WD A ER DL R 25 2 T A A A
M EREEYE, JFRRR MRS . Wi L 208:
DARERI bkl HoRLFE 43 A Y H 29 100~200 pm, JE
S EJI9 0.7 MPa, WERDFIEDN 90°, FEESN 50
mm, WP AL 5 AR R RS FE R, 2908 32.964 pm.
WEHI R AR H E LA K “RIEEX” K
W1 GDU-3—-15 BA BRI & (R TR L 2S5k 2
FiR), o3l @i iR E . SrtALO, B4 T
W HBURCE A RIZ UK Si0, f SrALO, B4R
HHEBROCE AR,
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Table 2 Process parameters of cold spraying

Parameter Value
Powder feed rate/(rmin") 0.5
Temperature/'C 493-510
Spray distance/mm 30
Pressure/MPa 1.2
Moving speed of gun/(mm-min~") 400

1.2 NS5
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Table 3 Process parameters of friction and wear test

Parameter Value
Positive pressure/N 5
Wear time/min 10
Friction radius/mm 3
Sliding speed/( m's™") 0.5
Temperature/‘C 25

2 SLRHER

2.1 GERIEHHEERK

K 2 AN StALO, 2 SiO, L7 SrALO, B 6H)
1) XRD 1%, 075 )5 Wk 7 S W TR A 5 B AR R AR
KK . YA E A& SrALO,, 5 JCPDS
(NO.74-790 iR W&, J&T/NTi &, XUl
Si0, B RN AL . 1F SiO, 7 SrALO, 6
KA XRD 3 o & B S10, 4, 156 B 78 ) T R SiO,
1E StALO, K A FJOEE I EIER, WA
AR SE A R, B Sio, AT R &,

R + — SrAlLO,

Uncoated SrAl,O,

A A

Coated SrAL,O,
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260/(°)

&2 BENEHGH XRD i
Fig. 2 XRD patterns of phosphor powders
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Table 4 Microhardness of powders, substrate and coatings

B3 HE&RZERMN SEM 4

Fig.3 SEM images of composite coating:
(a) Cu-14Al-X coating; (b) Uncoated SrAL,O4

and Cu-14Al-X composite coating; (c) SiO,
coated SrAl,O, and Cu-14Al-X composite

coating

Sample(Region) Microhardness (HV) Bonding strength/MPa
45" steel substrate 180—230 -
Cu-14Al-X particle 237.5 -
Cu-14Al1-X coating 271.5 8.33
Uncoated SrAL,O, particle 395 -
Uncoated SrAl,O, composite coating 337.5 19.68
Coated SrAl,O, particle 575 -
Coated SrAl,O, composite coating 502.5 28.12
SR T SR . SIO, BB STALO, AR T A Ho
BUROEAT £ i R RIS AR RK 0zl
23 BEEBERME £ 06
4 FiR MR TR R SIALO, & SiO, (7
STALO, BAME A MAMR K T ARBERETE 5
PRI S AE T 5 SUS 304 ANERANER N E I 8 4 K ¥t * 02
AR L 2. 2% SrALO, K SiO, 7 SrAl,0, Fi
0

KL B BOOLR G EMERERGREML, EER
B AT N,  (H L BEE I R E SRR AR E - T
4R 2 B R AAE 0~3.5 min WA —MBONERE
MIZISH K FE, 7E 3.5~4 min 2 G — AT
REHENE, ARG BEN R E SRR AN, BEhE T

Time/s
4 URJEBERIAIEE I ) AR A th 2k
Fig. 4 Change curves of friction coefficient of coatings with
time: (a) Cu-14Al-X coating; (b) Cu-14Al-X/SrAl,O, coating;
(c) Cu-14Al-X/ SiO, coated SrAl,0, coating
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Kl 5 B N aiERE StALO, B4 K SiO,
B SrALO, B EMH M B HUOLE &R EAE TR
TEEEZAE T 5 SUS 304 ANFEANERSHBE I BEH R .
BEMRZERERKN, 4 L3RS N 107
mm’/(N-m)). StALO, 5 4% H R B iRk 2B %
21 1.53. SiO, @7 SrALO, B BHEANE &1
EEMFERN, Y18 1.27,

1.8

1.73
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1.7+

1.6 |

1.5+

14}
1.27

Cu+bf-Sr

13

Wear rate/(10# mm?-N"'-m™)

1.2 L .
Cu Cu+Sr

Coating

B 5 IRZEEER

Fig. 5 Wears rate of coatings
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BRICEEWRERIMIEIMG BB REE S, RER
[ N i N ek A )= e R NS
3(c)). HTHZER SiO, il 51 76 /2 HoA R 4T (3G 981 )

TER, W76 )5 3% 2 Pk A g b < mo 8 R
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miE 6 s, mERESRE. SrALO, /& SiO, f
# SrALO, B EMH M B HUOCE &R ZE MY
o MW 6@ EH, SmEMRENERL G R
J2 5 R 2 A B AN LT, A (R BRAFAE - B 6(b)
H(e)H, SrALO, K SiO, 7 SrALO, 5% i 541 H

| Coating|

5 Sub strate

Bl 6 Hain=mEimnkLii
Fig. 6 Interface topographies of composite coating:
(a) Cu-14Al-X coating; (b) Uncoated SrAl,O,and Cu-14Al-X
composite coating; (c) SiO, coated SrAl,O, and Cu-14Al-X

composite coating
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BUROCERIZ B ROR AN . Bk, Sio, i
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TR SR 2], R UM L I Si0, 17 B T eia%
BB E SRR AR RE

7 BEEREEHEDIEH

Fig. 7 SEM images of friction and wear of composite coating: (a), (b) Cu-14Al-X coating; (c), (d) Uncoated SrAl,O, and

Cu-14Al-X composite coating; (e), (f) SiO, Coated SrAl,O, and Cu-14Al-X composite coating
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Fig. 8 Macro light of Cu-14Al-X/SrAl,O, composite coating: (a) Uncoated; (b) Macroscopic luminescence image after friction of
Fig. 7(a); (c) Coated; (d) Macroscopic luminescence image after friction of Fig. 7(c)

Coated

e

Uncoated

400 450 500 550 600 650
A/mm

B9 BAEERERSEIE
Fig. 9 Emission spectrum of Cu-14Al1-X/SrAl,O4 composite

coating

4 Z5ig

1) R B % 1 Si0, B STALO,

Jek R EE . BERK, SR URTRR S AL RE
PR, SHEARA AR, TR AU & 5 H,
IS A R IR

2) Si0, W SrALO, 4% H MUK R iR B E
e, EEEIASTEHUIMR, BRI E = . SrALO,
RIMAEN Si0, 78 BEHE S FE o Bl S g 1, 74
TESN BN, EEIME AT E BEEAER, B4R
N,

3) WA Si0, e MEEA RIFRECIE, £
AR Z A AR X SrALO, L E 5 A AN 4 12
flfEKIER, BEE ROt m B0 it .
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Friction and wear properties of cold spray self-sensitization
luminescent/Cu-14Al-X composite coating

TANG Li-fang', LI Wen-sheng', HE Ling', HU Chun-xia"%, ZHAO Wen-jie', ZHAI Hai-min'

(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China;
2. School of Materials Engineering, Lanzhou Institute of Technology, Lanzhou 730050, China)

Abstract: High aluminum bronze(Cu-14Al1-X) coating, SrAl,O, doped and SiO, coated SrAl,O, doped high aluminum
bronze self sensitized luminescence composite coatings were prepared on the 45" steel substrate by cold spraying
technique. The surface and interface structure of the composite coatings were analyzed by SEM, and the dry friction test
of the coatings was carried out by HT—1000 type high temperature friction and wear tester. Consequently, the effects of
SrAl,O4 doping and SiO, coated SrAl,O, doping on the deposition characteristics, coating micro-structure and
tribological properties of high aluminum bronze coating were investigated, and the macro indicator effect of the self
sensitized luminescent composite coating was detected. The results indicate that the SiO, shell structure prepared by
sol-gel method can optimize the surface morphology of the SiO,-SrAl,O4 coating powders for more smooth and round
shape, and increases the hardness of composite coating. The surface of SiO, coated SrAl,O4 doped high aluminum bronze
coating also has the best friction and wear properties, and the luminous indication effect is more obvious.

Key words: cold spray; high aluminum bronze; SrAl,O,; SiO, encapsulation; friction; wear
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