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Í 1  7A04CDEÎÏxÐ 

Fig.1  7A04 aluminum alloy standard sample 

25 mm 
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  !  7A04-T6"#�$%&�  

Table 1  Element composition of 7A04-T6 aluminum alloy 

(ω/%) 

Si Fe Cu Mn Mg Cr Zn Ti Al 

0.21 0.32 1.61 0.21 2.35 0.17 5.72 0.03 Bal. 

 

 

 

 

 

 

 

 

 

Í 2  8YSZ��½¾UÕÑ�� 

Fig.2  Macro morphology of 8YSZ powder feed 

 

  '  8YSZ()*+,-�./&� 

Table 2  Main impurity components of 8YSZ powder feed  

(ω/%) 

SiO

2

 Al

2

O

3

 Fe

2

O

3

 TiO

2

 Y

2

O

3

 ZrO

2

 

0.08 0.01 0.06 0.03 7.41 92.16 
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Í 3  HIJKLÖ×Í 

Fig.3  Schematic diagram of plasma spraying 

 

 3  "#� 012 8YSZ34,5678 

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

Process 

Main gas flow/ 

L·min

-1

 

Auxiliary gas 

flow/L·min

-1

 

Current/A Voltage/V Power/kW 

Turntable 

speed/% 

Powder feed 

gas flow/ 

L·min

-1

 

Spraying 

distance/ 

mm 

Spraying rate/ 

mm·s

-1

 

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 
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&`O9
�ÑÒg 300 g�ÑÒ<�+R�g 15 s�
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Í 4  8YSZ��UrÑ�� SEMØÙ 

Fig.4  SEM micromorphology (a) of 8YSZ powder and its 

magnification (a) 

 

 

 

 

 

 

 

 

 

 

Í 5  8YSZ��U S8ÚÍ 

Fig.5  Particle size distribution of 8YSZ powder  

 

 

 

 

 

 

 

 

 

Í 6  8YSZ��U���� 

Fig.6  XRD pattern of 8YSZ powder 

 

 

 

 

 

 

 

 

 

Í 7  8YSZLPUÕÑ�� 

Fig.7  Macro morphology of the 8YSZ coating 
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Í 8  |}~��%� 8YSZLP�FG SEMØÙ 

Fig.8  SEM morphologies of the upper surface of the 8YSZ coating under different gas flow: (a) 30 L·min
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Í 9  |}~��%� 8YSZLPÛÜG SEMØÙ 

Fig.9  SEM morphologies of the cross-section of the 8YSZ coating under different gas flow: (a) 30 L·min
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Í 10  |}~��%�ÃÝÞßU 8YSZLPàS 

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

0.2

 of the 8YSZ coating under different gas flow (�

��

�10 MPa) 

Gas flow/L·min

-1

 Microhardness  Average value  

30 771.5 754.5 749.0 768.6 709.4 746.2 757.7 761.3 745.5 736.8 750.1 

40 743.5 757.3 748.5 740.8 798.0 766.6 760.1 754.5 748.8 758.7 757.7 

50 829.1 771.5 792.0 868.1 858.7 829.8 827.4 834.7 819.5 795.7 822.7 

60 930.3 886.3 862.1 828.1 871.3 880.1 879.2 892.6 869.1 864.1 876.3 

70 990.2 893.4 953.6 862.1 907.9 932.4 921.7 928.5 931.7 892.3 921.4 
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Table 5  Bonding strength of the 8YSZ coating under different gas flow (MPa) 

Gas flow/L·min

-1

 Bonding strength Average value 

30 21 23 25 22 24 23 

40 33 35 31 32 34 33 

50 55 53 54 57 51 54 

60 67 68 71 68 66 68 

70 6 3 5 2 4 4 
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Fig.12  Macromorphology of fractures of 8YSZ coated tensile specimens under different gas flow rates:  
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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

0.92

Y

0.08

O

1.96

. 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. 

Key words: gas flow parameter; plasma spraying; 7A04 aluminum alloy; 8YSZ thermal protective coating; bonding strength 
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