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

Ingredient Content, w/%

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
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Table 2 Main parameters of cold spray process

Parameter Value
Powder ratio 7:3
Powder feeding rate/r-min™' 0.5
Spraying temperature range/C 493~510
Spray distance/mm 10/20/30/40/50
Pressure/MPa 1.2
Moving speed of spray gun/mm-min’' 400
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Fig.1 SEM images (a, b) and EDS analysis position (c) of powders: (a) uncoated SrAl,O4, (b) coated SrAl,O4, and (c) SiO,-SrAl,O4
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Table 3 EDS element analysis of coated Cu-14A1-X/SrAL,O4

composite coating of spectrum 13 in Fig.1c

Content
Element /% A%
Si 65.6 2.9
(6] 30.0 2.2
Al 3.9 0.6
Sr 0.5 33
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JEECRY dos=24.518 um. X2t T ek RN E 7
)= Si0, IS, VWAL O RAf .

B 3 40,78 T 5 6K SrALO4:Eu®’, Dy’ ) XRD
Pl il o A0 78 B 01K AT S 0 TR IR N B 8 R R AR R K AR
tbo WAV SrALOy, 5 JCPDS(NO.74-794)h5
MR, BTN AR, XU E 5 A &
RGERY . TEAE R A XRD B R R B Si0, 4,
Vi B L7 5 T Si0, 78 SrALO, 2 1 H AT 6 78 4 ) i
WELAE ], WA A 2 s 4 AR, AL I Si0,
NG A,

X ANASHENEER . Cu-14A1-XK K . 40,78 7 ) H
L% 6 K SrALOL:Eu™, Dy’ by A A, W 5
Si0,-SrAL O, {0 8 M A Al B2 K T AR A0 5 SrAL O M 14
AT R J IR ST0, 78 J2 A T 52 )2
22 HMABERBHLARFER

K 4 LR A WRERTES . & 4a. 4b AT LA
W2 A R A0 8 0 2 3R 1A A D B LR S T (AL
4b RO X IR) . K 4e. 4d RUEERZERITIE
o LU B 5 v 2 v oK IR 2 LB S 1
HU, B ARRORE PR A 5 98 1 A T 1 LA IR M 7B 11 72X
TERGR)E, RSP 8%,

Bl 5 ARG 2GRS RIS 0 5 iR
J2JRE IR X 45 EDS Re il r M 45 3 (Wisk s pon) .
WE sa o REERERMEH, KA XN
Cu-14A1-X, KONk SrALOs. Kl 5b. 5¢

MEERRERIIES, XL 5a fil sb, B 5b £
HR K B X Ik, Xk Sio, i )2 . 455 K Sb.
Sc A, AERCT B I FOR S10, L IR

Volume Fraction/%

0 20 40 60 80
Diameter/pm

2 BB G StALOL K AR KLEE 43 A
Fig.2 Particle size distribution of SrAl,O4 powder
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Fig.3 XRD patterns of uncoated and coated SrAl,O4 powder
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Table 4 Microhardness test of composite materials

Sample (region) Microhardness, HV/MPa

45# steel substrate 1800~2300
Cu-14Al-X particle 2350~2400
Uncoated SrAl,Oy4 particle 3800~4100
Coated SrAl,Oy4 particle 5600~5900

K4 BOSEERZERINER
Fig.4 SEM images of Cu-14Al1-X/SrAl,O4 composite coating: (a, b) uncoated coating and (c, d) coated coating
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5 BEEE AR Cu-14A1-X/STALOLK T JE S
Fig.5 Surface micrographs of Cu-14Al-X/SrAl,O4 composite coating: (a) uncoated coating and (b, c) coated coating
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Table 5 EDS element analysis of coated Cu-14A1-X/SrAl,O4 composite coating in Fig.5¢

Zone 1 Zone 2 Zone 3 Zone 4
Element

w/% at% w/% at% w/% at% w/% at%
OK 47.63 61.38 51.59 65.17 25.62 50.52 - -
AlK 59 4.51 - - 28.04 32.79 15.26 29.77
Si K 46.47 34.11 48.41 34.83 - - - -
SrL - - - 46.34 16.69 - -
Cu K - 84.74 70.23
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Fig.6 Emission spectra of uncoated and coated SrAl,O4 powder
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Fig.7 Macroscopic luminescence photo of Cu-14A1-X/SrAl,O4 composite coating: (a) uncoated in natural light; (b) uncoated excited by

UV light; (c) coated in natural light; (d) coated excited by UV light
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Fig.8 Emission spectrum of Cu-14Al-X/SrAl,O4 composite
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Fig.9 Interface topography of Cu-14Al1-X/SrAl,O4 composite coating: (a) uncoated coating and (b) coated coating
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Fig.10 Microluminescence of Cu-14Al1-X/SrAl,O4 composite coating (a, b) and distribution of phosphorescent particles (c, d)
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Fig.11 Luminescence intensity of Cu-14Al-X/SrAl,O4 composite

coating with different distances
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Enhanced Luminescence of Phosphorescent Composite with SiO, Encapsulation

Li Wensheng ', Tang Lifang', He Ling', Hu Chunxia'?, Zhao Wenjie', Yan Wang'
(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China)
(2. Lanzhou Institute of Technology, Lanzhou 730050, China)

Abstract: In order to prevent the luminescence quenching phenomenon of the rare earth phosphors in the Cu-14A1-X/SrAl,04 composite
coating, the rare earth phosphors SrAlL,O4: Eu®’, Dy*" were surface-coated by a sol-gel method to prepare SiO,-SrAl,O4 coated powders,
and then the uncoated powders and the coated powders were sprayed on the 45 steel substrate by cold spraying technique. The friction
and wear of the coatings were monitored by luminescence. To explore the cold spray process of the luminescence quenching mechanism
of the phosphors and quenching process effect of the SiO,, the coated powders were characterized by SEM and laser particle size
analysis, and the microstructure, micro-composition and luminescence properties of the composite coatings were also investigated by
SEM, laser particle analyzer, fluorospectro photometer. The results indicate that the contact of rare earth phosphor with Fe, Mn, Ni
elements, and the high-speed impact of spray particles on each other are the main reasons of the luminescence quenching of the cold
spray coating. It is also found that the SiO, shell structure prepared by the sol-gel method could optimize the surface morphology of the
Si0,-SrAl,04 coating powder to be smoother and rounder, which leads to the increased hardness and a better microstructure transition
of the composite coating, thus resulting in a better luminescence property.

Key words: cold spray; Cu-14Al-X/SrAl,O4 composite coating; quenching; SiO, encapsulation; luminescent properties
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