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Table 1 Chemical composition of Cu-14Al-X alloy power

(mass fraction, %)

Cu Al Fe Ni Mn

70—-80 12-16 2.0-4.5 0.5-2.0 Bal.

B E K S SrALOLEu® Dy’ Fy K HfA A
teoy 7308 HL, B T TD-2 B = 4R iR BN R &
4h SRR E A AR . BHRRTRR R ZYH-10 B
P MM T R IR 150~200 “CHET 40 min. K
H AIM—411 BUERSEBIR B AE TR 150~200 CHY)
FAk oy B & = AR AU = AR A R e R
SEHE. BIESE T ESH I 2 s,

w2 BERERTZSH

Table 2 Main parameters of detonation-gun spray

0, C,H, N, Spraying Firing
flowrate/  flowrate/  flowrate/  distance/ frequency/
m*hy @hh) @mh) mm Hz

0.6 0.3 0.15 150 4

1.2 s

K4 EDS fgi ) ISM—6700F 161 5
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X4 A HVS—1000 U405 55500 B 52 v )2
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JEIEEETHIE SR ARG B BUROCE A IRERRE
MARBI RS ERE: K H Image Pro 6.0 #0451 E
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EARI SI A Ho, A E AR AN B IR AR S T A
MM N SrALO.Eu™ Dy SRR ERESY, B2
;.

Kl 2 s R e R IR B A a G B UK
HEERZEIEEIH S . AWK 2)Fb)AT LA H,
AT WIREAE R, GORARAE. BRSE
A AR A B R D kR BN, A AR R AR T

i‘ ";t' »
B 1 SR mRREN SRR A EROCE S IRER
RIS
Fig. 1

Surface morphologies of high-aluminum bronze
coating(a) and high-aluminum bronze luminescent self-sense

composite coating(b)
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Fig. 2 Interface morphologies of high-aluminum bronze coating((a), (b)) and high-aluminum bronze luminescent self-sense

composite coating((c), (d))
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RiE— B RL, fErEE e, SrALO, KL T 2 HL T
REFEALTEARES o o 578 4 b A 1 B8 R kL 2 it 2
R A WIS BN A ST HER 8% 2 15 2
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Table 3 Mechanical property of coatings and powders

Material Microhardness, Bonding
HV strength/MPa
SrALO4:Eu®", Dy’ powder 473 -
Cu-14A1-X powder 237.3 -
. 2+ 3+
SrAlOs:Bu™Dy”+ 3492 37.3
Cu-14Al-X coating
Cu-14Al1-X coating 262.5 28.9

B2 StALO, ¥ oK 5 5 G i 5 (R Bl 55 % 45 7 P 4T v
TEEERREN.

F T E W i R rp b JaE (X 72 26 R A T g Bk A s
Rk R 5 B A BLAE AR R R AR BB T, &
BT AR R 52 A S 5 SR AR I 2 A 1 7 ke
SRR E] 2/3~3/4, FHEZEMZRELER/R, SrAlLO,:
Eu™" Dy’ MR35 5110 40 A AF B AR R AR RO
BHETR, BT B BRI, HOoER
SEARME I RURLATAE o JREWE IR B FE ISR 2R A b
K5 EARAR B A AR ST I SrALO,:
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Fig.3 Change of friction coefficient of coating with time
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Fig. 4 Cross section profile fitting curves of worn high-
aluminum bronze coating(a) and high-aluminum bronze

luminescent self-sense composite coating(b)
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Fig. 5 SEM images of frictional wear surface of high-aluminum bronze coating((a), (b)) and high-aluminum bronze luminescent

self-sense composite coating((c), (d))
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Fig. 6
luminescent self-sense composite coating(a) and distribution of

Microluminescence of high-aluminum bronze

phosphor particles(b)
(@)
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Wavelength/nm
(b)
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Wavelength/nm
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i
Fig. 7 Emission spectra of mixed powder(a) and high-

aluminum bronze luminescent self-sense composite coating(b)
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S SR PTRR RN 5.7%WE 6 Frzm) iR
BRI EBIE N FAh, BRI IR
Y H 1200~4600 Ciz KT8 RT1 600°C i # i
B, FEmSERIERE A A T PIETE 460 nm. 480 nm [f]
Z A 460 nm AR TSGR R ek i Bu® [ 4£°5d"-4f
(1 SO VE FAB AR B8 7 RO P2 A 1 5 SraAlLOyy [ R 16
HIFFPY.480 nm &5 IEXT BT Eu* ) ©2g—8S7/2 B
BKiE, 5 SrALO, MR FHIERH . FHI, WRETE
SRARAF B BN LR R R R K
Xt SrALOEw Dy’ (¥ & Y6 1tk Gt 7= A — 5 i K AR
P, Bk R AR TR SR &R S
SrALO,:Eu Dy’ 2 [ f¥1 B2 firh o 45 22 T i (V) Bz i 4 22
HARFEIRAES, WO THRERTREAELEMN, 4
A A FAE I 61 2 10 2 e i B St /s TR oK 1 R e ik
FE, {HFRR RN B .

K 8 B BRI AR A RO RO E A
WETERE = 20 EAMTBOR M E MR EE . B

(a)

B 8 mnEWPHLABCOCE G IREES RS TG NE
Wiz
Fig. 8
luminescent self-sense composite coating before(a) and after(b)

Macro morphologies of high-aluminum bronze

wear test
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Detonation gun sprayed high-aluminum bronze luminescent
self-sense composite coating and its tribology properties

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

(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: The high-aluminum bronze coating and SrAl,O4Eu®’ Dy*" embedded high-aluminum bronze luminescent
self-sense composite coating were sprayed on 45" carbon steel substrate by detonation gun spraying, respectively. The
microstructure, phase structure, microluminescence, deposition pattern of phosphor particles and luminescent intensity of
coatings were analyzed by SEM, EDS, fluorescence microscope and fluorescence spectrophotometer. The friction and
wear performance of coatings were investigated by pin-disk friction and wear tester, and then the macroscopic indication
effect of composite coating was detected. The results show that the addition of SrALO4:Eu®",Dy*" particle can reduce the
porosity, enhance the hardness and bonding strength of composite coating. Besides, the composite coating has better
wear-resisting property than that of high-aluminum bronze coating, which is attributed to the high hardness of
high-aluminum bronze luminescent self-sense composite coating and the reinforcement of SrALO,:Eu®*,Dy*" particle.
Through ultraviolet light excitation, the SrAl,O4:Eu**,Dy’" particles in the composite coating can emit green-yellow light
that is visible to the naked eye, thus achieving a macroscopic indication effect to coatings wear condition.

Key words: detonation gun spraying; phosphorescent material; composite coating; luminescent self-sense; friction; wear
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