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Abstract: As an advanced coating, micro-/nano-particle ceramic coating is widely used in key components such as aero-
engine blades. Its mechanical properties determine the service life and reliability of components to a large extent. The mac-
roscopic mechanical properties of the advanced coatings are closely dependent on their microstructure, that is to say, they
have trans-scale mechanical properties. The study of trans-scale mechanical behavior is not only a hot spot, but also of great
significance for advanced coating design. In this paper, the microstructure of micro-/nano-particle 8YSZ thermal barrier
coating/Ni-based super-alloy system was observed and analyzed firstly. Then, the trans-scale behavior of hardness and elas-
tic modulus was studied by coupling nano-/macro-indentation experiment and trans-scale mechanical theory based on strain
gradient and surface/interface effect. It is found that the macroscopic hardness of the surface obeys the Weibull statistical
distribution, and the hardness dispersion of the nano-structure coating is small; the hardness of the nano-indentation is high
and decreases with the increase of the indentation depth. Moreover, the hardness and modulus decrease with the increase of

the distance from the interface.
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Fig. 1 Illustration of cross-section nano-indentation in coating from the

location near the interface to the location away interface( TC: top

coat; BC: bond coat; Sub: substrate)
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Fig.2  Cross-section appearance of the sample based on SEM
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Fig. 4 SEM images of the cross-section microstructure of micron-parti-

cle coating based on SEM; (b) is local magnification of (a),

showing columnar crystals
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Fig. 3 SEM images of the surface microstructure of micro-particle coat-

ing: (a, b, d) and (a, c, e) magnified step by step, respec- K5 gk mikig E AR S SEM BB
tively, showing splats and grains Fig. 5 SEM image of the columnar crystals of nano-particle coating
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Fig. 6 Weibull distribution of hardness of micro-particle coatings (a) and nano-particle coatings (b), Weibull distribution of elastic modulus

distribution of micro-particle coatings (c¢) and nano-particle coatings (d) ; experimental points and fitted function curves
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Table 1 Nano-indentation hardness of coating surface

Indent depth H of micro-particle H of nano-particle

h/nm coating/ GPa coating/ GPa
Less than 200 19.1£2. 1 24.6x1.5
200~300 15.7+1.9 17.0+1.7
300~400 14.7£1.9 16.0+1.5
400~ 500 14.1£1.8 15.1£1.5
500~ 600 13.7+1.7 14.3£1.5
600~ 700 13.3£1.7 13.5+1.3
700~ 800 12.9+1.8 12.8+1.3
800~900 12.4+1.6 12.3+1.2
900~ 1000 12.1£1.6 11.7+1.2
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Fig. 7 Hardness of micron-particle coatings (a) and nanostructured

ones (b), and fitted curves based on the trans-scale model
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Fig. 8 Hardness and elastic modulus of micro-particle coatings (a) and

nano-particle coatings (b)
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Fig.9 Hardness (a) and elastic modulus ( b) of substrates for

both coatings
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