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Fig.2 Schematic of supersonic atmospheric plasma spraying
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Table 1 Spraying parameters for YSZ and ZrO, whisker

toughened composite coatings

Coating P?(V\\/'\?r/ Temperature/ C Ver:1|10.csi_t1y/ Nilr?(ljt;?(g
S1 YSZ 65 3245.3943.61 380.8840.33 0.697
W1 YSzZ/ZrO, 49.5 2853.9043.94 183.4140.71 0.465
W2 YSZ/ZrO, 65  3242.03+2.49 387.91+2.05 0.682
W3 YSz/ZrO, 715 3523.83#4.63 450.67+1.95 0.880
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Fig.3 Device of flame heating samples during thermal cycle test: (a) testing device and (b) flame heating
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Fig.4 Cross-sectional SEM images of as-sprayed coatings: (a) S1, (b) W1, (c) W2, and (d) W3
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Fig.5 Content of unmelted nano-particles and porosity of

as-sprayed coatings via the image analysis method
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Fig.6 Cross-sectional and fractured SEM (a,b,e~j)/TEM (c,d) images of as-sprayed coatings at the unmelted nano-particles region:

(a, b) S1, (c, d) S1 and YSZ original powder, (e, f) W1, (g, h) W2, and (i, j) W3
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Fig.7 Splat morphologies of different spraying parameters via a V-shaped shield collection: (a, b) W1, (c, d) W2, and (e, f) W3
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Fig.8 Fracture toughness of different coatings
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Fig.9 Indentation morphologies of Vickers hardness for as-sprayed S1 (a) and W2 (b) coatings
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Fig.10 Macroscopic morphologies of as-sprayed coatings after
thermal cycles test in the water: (a) S1 coating and

(b) W2 coating
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Fig.11 Fracture morphologies of coatings after thermal cycles test in the water: (a, b) S1 coating and (c, d) W2 coating

As-sprayed

50 cycles

S ke
As-sprayed 50 cycles 100 cycles 150 cycles 200 cycles

Bl12  kJE#adi N YSZ R YSZIZrO, iR R 7 MBS
Fig.12 Macroscopic morphologies of flame heating S1 (a) and W2 (b) coatings after thermal cycles test
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Fig.13 Cross-sectional morphologies of flame heating S1 coating (a, b) and W2 coating (c, d) after thermal cycles test
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Fig.14 Fracture morphologies of flame heating S1 coating (a, b) and W2 coating (c, d) after thermal cycles test
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Study on the Controlled Preparation and Thermal-Mechanical Properties of Plasma
Sprayed Ceramic Coatings with Whiskers Toughness

Wang Yu', Hu Yongbao®, Liu Qi?, Yu Fangli®, Bai Yu*
(1. School of Materials Science and Engineering, Xi’an Jiaotong University, Xi’an 710049, China)
(2. School of Materials Engineering, Xi’an Aeronautical University, Xi’an 710077, China)

Abstract: The thrust is derived from the urgent demand by the development of next-generation of aircraft engines and heavy-duty gas
turbines for high performance (eg. long life, high toughness) TBCs. In this research, the ZrO, whisker modified YSZ composite powder
with an aspect ratio of 10 was firstly prepared by spray granulation method. Then a type of YSZ/ZrO, composites coatings were prepared
by supersonic atmospheric plasma spraying (SAPS) technology. The spraying parameters of YSZ/ZrO, composites coatings were optimized,
and the influence of the melt index on the microstructure of the composite coating was also studied. Besides, an experiment of the splat
collecting through V-shaped slit method was carried out to clarify the formation mechanism of the whisker toughened YSZ ceramic
coatings. Finally, the internal relationship between the microstructure and mechanical properties of YSZ/ZrO, composites coatings was
established. Based on the feature of the whiskers uniformly dispersed in the unmelted nano-particle region of composite coating, the
fracture toughness and thermal cycle life of YSZ/ZrO, composite coating increase by twice compared to the nanostructured YSZ coating.
Key words: thermal barrier coatings; whisker; toughness; supersonic atmospheric plasma spraying; thermal-mechanical properties
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