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Preparation and properties of fly ash composite coating on
pure copper surface by plasma spray

SUN Fang-hong', MA Zhuang?, LIU Ying-rui®, DONG Shi-zhi®, LI Zhi-chao

(1. College of Innovation and Practive, Liaoning Technical University, Fuxin 123000, China;

2. College of Materials Science and Engineering, Liaoning Technical University, Fuxin123000, China)

Abstract: Using coal solid waste, the fly ash composite coating was prepared on the surface of pure copper by plasma
spray. The morphologies were observed with SEM, and phase composition of the composite coating were analyzed with
XRD. The properties of thermal shock, oxidation resistance, abrasive wear and erosion wear of the composite coating
were investigated by thermal shock test, anti-oxidative test, abrasive wear test and erosion wear test. The results show
that the coating is dense and has high bonding strength. New phases, such as 3A1,05:2Si0,, AlIB, and AlySi, are produced
too. The coating has very excellent thermal shock property, and the times of thermal shock is 74. The coating has
excellent oxidation resistance and wear resistance. Compared with the base of pure copper, the oxidation resistance,
abrasive wear and erosion wear of the coating are improved by 3.14, 6.16 and 7.48 times, respectively.
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Table 1 Chemical composition of fly ash (mass fraction, %)
Si0, ALLOs CaO MgO P,0s K,O
59.82 17.32 3.64 2.61 0.26 2.75
TiO, MnO Na,O Fe,O; LOS
0.79 0.11 1.37 8.23 2.90
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Table 2 Plasma spraying process parameters

Parameter Value
Current/A 650
Voltage/V 130
He flow/(L-min ") 10
Ar flow/(L-min ") 58
Spraying distance/mm 130
Spray angle/(°) 90
Spray rate/(g-min ") 40

1.3 ARBMREEMNIR

{4 F H A3 2% D/MAX—RB % X 55 25 A7 SR ]
3. SSX—550 14 HL 5 (SEM) /AT T V&2 (K AR 21 %,
R IZ R T ESLLL B S 2551

POERKRH 208 SHENNRER 2 S5 455
PERE, BIHERAEINEE] 700 'C, AR 10 min. HHR
FEIRHE BN K F, RFEAEEECH, WSR2 3K 2
A RELFIE NG, 78T RIS, I — k4
R, MKUKAEER, 2R E MRG58 B AT
(19 1/3 o S0 DLV 2 12 £ A TR RSP T 2
IR BEAE R A, B Ik 1 i A0 B0 L
T DR 22 IR, 8 e s 6 45 SR M g

WIEMPU AR LR R P AT, IR N
HF) 700°C, PRI 24 4. 6. 8 AT 10h, KA E
AP AR R A R p, p P AT
p=Am/s

A p WRFERAI AR, g /m®s Am iRAE
TR, g s MR, m?



2548 A G A R

2014 410 H

JE R PRSI AR ML—10 70 B B8 45 Sz L3k
17, BASHWT: S EAT R 20 N, XTEEM R, 4
AHRPAG, BERINA 2000 0 3. 5. 7. 10 min. FREJS,
TR RRE PR ST TR 1) 0 S 40 2R K S IV vk J 2 R B
BERRE

MBS AR MSH R il R I EAT
U IS /S S PAN TR = 3SR (L SN 3
322 @SR RIE N 0.2~0.5 mm, #Piliffhy 90°, #
4 400 r/min. F 30 min FRE—K, FEUHE AT AR
A,

R3OS

Table 3 Solute amount of substance in solution (mmol/L)

CaCl, MgCl, NaHCO; NaSO, NaCl KCl

7.515 4.558 1.800 1.751  61.998  68.640
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Fig. 1 SEM images of interface(a) and surface(b) of coatings
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Fig. 2 XRD pattern of fly ash composite coatings by plasma
spray
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Table 4 Thermal-shock experiment results of coating at
700 C

Thermal-shock

number Phenomenon
46 Tiny bubbles at coating edge
57 Substrate tips up and coating breaks off slightly
60 Mass loss of edge coating increases
69 Tiny cracks at coating edge
74 Center of coating breaks off, but less than 1/3 of

whoke area
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Fig. 3 Oxidation mass increment curves of coatings

2.5 REHIERER T

WIZ PR BVE SR A G R 3L
BRI LA B AR B A Ok, MK
BURIZ B RLEE S 0 2 s il 4 . AN 4 mT R
B, BRI, SRR BRI LR, RN,
WA BN TR A RE G, BRI B P A Wk 7 2%,
TR 2 IR B 2 WSS UR B 45, BE BT 4 e 4
b, RPZEEWRZA IR B S T 6.16
ffo FEER I HZRZEA 3AL052Si0,. AlB,.
AloSi Fll Als 51 Sig 47 S5EHNAH KA T A1



2550 A G A R

2014 410 H

P TVRIZ AR I AN B e 53— 71, RS2
A AURRVR S84, BN T oR = I ECE TR 2 15
SREE, WA TR PR PE o VR KL B R
R0 WL R iy B 1) YRz i B R TR A Y
TIAERIE . DU ST i s 2) MRIZ B B R
MR AR, SAER AR I 1. &l 1 T LA
H, ERIRRIATAE € IERR/NBORL, - B WL 54
TR ISR, P2/ INBURE R i v, SRR =™ A
PERL A, ALTRR AR TSRS I, DIk, B
RAWRZ LS R R0 508 B2 R e

60
= — Substrate

~ S0 e — Coating
g
o0 40
=
[
g 30
o
13)
£
w 20+
3
=

10 + L

O 1 1 1 i

3 5 7 9 11
Time/min

4 URJZ IR 2

Fig. 4 Wear resistance curves of coatings
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