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Fig.1 7A04 aluminum alloy standard sample
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K HISulzer Metco/A &) ff)Unicoat = B 1 45 12 F Mt
WRAMTEGERNMWE-ERESAG I REN
IR SEL, M TR MMES TRSR AL, — K

R 1 TAM4-TEEETHEMS
Element composition of 7A04-T6 aluminum alloy
(w!%)
Si Fe Cu Mn Mg Cr Zn Ti Al
0.21 0.32 1.61 0.21 235 0.17 5.72 0.03 Bal

Table 1

K2 8YSZ Ky kMR 2 M H
Fig.2 Macro morphology of 8YSZ powder feed

R 2 SYSZMMAMRBIM EERRK S
Table 2 Main impurity components of 8YSZ powder feed

(/%)
SlOz A1203 F€203 TiOz Y203 ZI‘Oz
0.08 0.01 0.06 0.03 7.41 92.16

EE TR RGO R BRI S, SRR
G R E A EH L AR R E s — 8k, |3
N TR ER . 3 A THEASRTH %
8YSZ WIZM LS4 .. I T WA &S HON
8YSZ &5 B F W IR IR JZ MO RS P K g 27 1k RE 1 5%
A, ST HIIT R OR R I A, RARIET S
Tl B F TR S0 T %

1 Zetasizer Nano ZS BHOGH K KL AN E =R
IE 58 B 1 TR VR I AL H R WERERY R4 ) (R B 2
I3 A o 0 F 48 R s SR 45 5] ZEISS EVO18 #3547 22 .14
Bi (SEM) 43 H1 R AE WUk MEORL R 1A B0 J2 (R AR 2k
1% H Rigaku D/max-2500 %! X B 26 fi7 41 (XRD) %}
VS0 ¥ J2 2 T B v WEORL K A4 T ) A 4 R R AT 43 A

Plasma spray gun

High temperature plasma jet

Substrate

K3 AR miiRos &I

Fig.3 Schematic diagram of plasma spraying

K3 BEERAEFESYSZAERNIZSH

Table 3 Process parameters of preparing 8YSZ coating on aluminum alloy surface

. . Powder feed  Spraying .
Process Main gas _f]low/ Auxiliary 835 Current/A Voltage/V Power/kW Turntable gas flow/ distance/ Spraymg_{ate/
L-min flow/L-min speed/% .l mm-s
L-min mm
No.1 30 30 500 107.2 53.8 20 3.5 100 800
No.2 40 40 500 117.3 58.7 20 3.5 100 800
No.3 50 50 500 123.2 61.6 20 3.5 100 800
No.4 60 60 500 129.8 64.9 20 4.0 100 800
No.5 70 70 500 135.7 67.7 20 4.0 100 800

RAE, JLAHPBHAHE N Cu B, WAIB TN 40kV, T
YEHLIR 40 mA, FH5HESE 59/min, FHGTEH 20°~90°,
e 401MVSD % H 2t 55 0 kil B vl 25 1) i
TRERE . R g AT 300 g, BATHIVEHIN A N 15s, %
S8 I I R A AR AT IR TE) Ky 20 s, ZEARFNRERE T 20 ik
BEALEI 10 AN W 34 790 J2 S s 5 k.
T Re 5 RIHL, JHKHE (GB/T 8642 HUBHiRDTH L5
BRI BrvE, MRERZ 45 A .

2 HREWE

2.1 AR E BRI S

B4 5 T TR 8YSZ WESLKTH M
8YSZ WA IES SEM IR T . 8YSZ Mk ik %
% £ 0 5 AR R R ODR R, S L R R A ) g TR
FRAE. B S g5t T S250 B F i) 8Y SZ M AR IRPRL I 43 A1
K. 8YSZ MM IPRL B2 43 Ay Fl Ak AR b, Horb A 4
WAL 0 17.55 um, “PIRIARL4 K 18.27 um. K 6 45
T SIS T HIK 8YSZ Ry A1) XRD Kl . 8YSZ ¥y ik
HAAELE L — 1 Zro92Y 0.0801.06 4170, UEHILE 8YSZ ¥
R FE T Y,05 LT 5824 T ZeO, it AR 5 e v o
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K4 8YSZ K AMITMM LI SEM [ H
Fig.4 SEM micromorphology (a) of 8YSZ powder and its

magnification (a)
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Bl 5 8YSZ ¥y HHL B 3 A1 18
Fig.5 Particle size distribution of 8YSZ powder
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Kl 6 8YSZ ki iA ¥ H)AH 2 B
Fig.6 XRD pattern of 8YSZ powder

Kl 7 8YSZ IREME ML
Fig.7 Macro morphology of the 8YSZ coating
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Fig.8 SEM morphologies of the upper surface of the 8YSZ coating under different gas flow: (a) 30 L-min”", (b) 40 L-min’',
(¢) 50 L-min™', (d) 60 L-min™', and (¢) 70 L-min™'
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9 RREAAGE N 8YSZ IRZ AR SEM JE Y
Fig.9 SEM morphologies of the cross-section of the 8YSZ coating under different gas flow: (a) 30 L-min™", (b) 40 L-min™", (¢) 50 L-min”,
(d) 60 L'min™, and (¢) 70 L-min™'
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Thickness of a Single Deposited Coating/pum

K10 R E N BRI 8YSZ Ik E R 1E
Fig.10 Thickness of the 8YSZ coating deposited one time with

different air flow parameters
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Fig.11 XRD patterns of the 8YSZ coating under different gas

flow
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Table 4 Microhardness HV; of the 8YSZ coating under different gas flow (X 10 MPa)

Gas flow/L-min™"

Microhardness

Average value

30 771.5 7545 749.0 768.6 7094
40 743.5 7573  748.5 740.8 798.0
50 829.1 771.5 792.0 868.1 858.7
60 930.3 886.3 862.1 828.1 8713
70 990.2 893.4 953.6 862.1 907.9

746.2 75777 761.3 7455 736.8 750.1
766.6 760.1 754.5 748.8 758.7 757.7
829.8 827.4 834.7 819.5 7957 822.7
880.1 879.2 892.6 869.1 864.1 876.3
932.4 921.7 928.5 931.7 892.3 921.4

#5 ARESHKTET SYSZ AEHESRE
Table S Bonding strength of the 8YSZ coating under different gas flow (MPa)

Gas flow/L-min’!

Bonding strength

Average value

30 21 23
40 33 35
50 55 53
60 67 68
70 6 3

25 22 24 23
31 32 34 33
54 57 51 54
71 68 66 68
5 2 4 4

K12

4

25 mm

AT 8YSZ ¥k = ARG BT 1 1R 22 MR 3

Fig.12 Macromorphology of fractures of 8YSZ coated tensile specimens under different gas flow rates:

(a) 30 L'min”', (b) 40 L-min™", (¢) 50 L'min”", (d) 60 L-min”', and (¢) 70 L-min"'
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Effect of Gas Flow Parameters on the Microscopic Characteristics and Mechanical
Properties of 8YSZ Thermal Protective Coating Prepared by Plasma Spraying on the
Surface of Aluminum Alloy

Sun Fuzhen'?, Li Yan ', Zhang Xiaohan *, Liu Guang *, Pang Ming °, Feng Shenggiang *
(1. Beijing National Innovation Institute of Lightweight Ltd, Beijing 100083, China)
(2. University of Science and Technology Beijing, Beijing 100000, China)
(3. Wuhan University, Wuhan 430072, China)
(4. Chinese Weapons Science Academy Ningbo Branch, Ningbo 315103, China)
(5. Civil Aviation University of China, Tianjin 300300, China)

Abstract: To break through the technical bottleneck of low bonding strength of thermal protective coatings prepared by plasma spraying
on aluminum alloy surfaces, a three-cathode plasma spraying system was used to prepare 8YSZ thermal protective coatings on the surface
of 7A04-T6 ultra high strength aluminum alloy. With the help of scanning electron microscope, X-ray diffractometer, microhardness tester
and universal testing machine, the effects of different gas flow parameters on the micromorphology, phase composition, microhardness and
bonding strength of the coatings were analyzed and characterized. Finally, the critical value of the influence of gas flow parameters on the
bonding strength of the coating was proposed. The results show that the upper surface of the coatings prepared under different gas flow
parameters all has molten and semi-molten powder particle morphology, pore structure and crack propagation morphology. With the
increase of gas flow, the density of the coating increases, and the tamped morphology of the coating shows a trend of increasing first and
then decreasing. The phase structure of the coating prepared under different gas flow parameters is basically consistent with that of the
feed powder, and there is only a single component of Zr.9:Y.0s01.96. With the increase of gas flow parameters, the average microhardness
of the coating shows a gradually increasing trend, and the average bonding strength of the coating shows a trend of increasing first and
then decreasing.
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