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The Weibull Distribution of Microhardness and Microstructure of
Zr0,/0.5w( Al,O3) Plasma Sprayed Coatings

ZHAO Wen-ming , WANG Jun, ZHAI Chang-sheng, SUN Bao-de
(Schod of Meterials Science &Engineering, Shanghai Jiao Tong University, Shanghai 200030, China)

Abstract: Both the microstructure and microhardness of the plasma sprayed ZrO, and ZrO,/0.05w(Al,03) nanocomposite
coatings were carefully investigated. The mean hardness of NCC was much higher than that of MCC The weibull distribution
of both coatings exihibited apparently anisotropic and dispersible,but NCC’s was quite concentrative. According to TEM
analysis, it can be considered that the grain refinement, toughening of microcracks (microspores), toughening of
intergranular/transgranular mixed structures and the dispersive refinement of Al,0O; nanoparticles on ZrO, matrix are main
mechanisms to improve the mechanical properties of NCC.
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(n-AL03)
1 RIeidiE ASP-2000 200
Ni  ¢15 mm>5 mm 1 0.25 mm
ZrO, 0.08 Y20;
ZrO, 0.08 Y,0; /0.05
R FHETBRRELIZSH
Table 1 Processing parameters of the plasma spraying
Ar H, Ar
/A /V / (L/min) / (L/min) / (L/min) /mm /(8/min)
MCC 400 90 60 6.5 4 100 23
NCC 400 80 60 6 4 90 25
HXD-1000 B
100 g 15s ,
B
B
2 D8-Discover X
Cr Weibull 1
Sirion—200
2 #R5WE
2.1 HEEH) Weibull 5 #454E =
Weibull
Weibull
(a) NCCs— ZrO,/nano-Al,0; (b) NCCc—
F(H)=1-exp|-(H, /,7)[,] ZrOy/nano-Al,O3 (c) MCCs— ZrO, (d)
MCCc—ZrO,
£ 1 H  Weibull
pon Fig.1 The Weibull distribution of microhardness of APS
1 In(H) ~In(-In(1-F)) Atmosphere plasma spraying  (a) NCCs—the surface of
) ZrOymano—ALO; coating (b)NCCc—the cross-section of
ZrOy/mano—Al,O; coating (c) MCCs —the surface of ZrO,
y=hx+b (d) MCCc—the cross-section of ZrO, coating
k X
B n 50 i 2 Weibull
F; p 2 2 NCC MCC
NCC

Fi=(i-0.5)/n
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MCcC G >B° BN HV, Weibull B
> B¢ R NCC R’=0.973
NCC R’=0.931 MCC R’ R’=0.952
456.71~906.21 HVy, MCC R*=0.929 NCC MCC NCC
293.59~901.13 HV;, NCC MCC
726.36~1076.69 HV,, MCC 507.06~906.32
R 2 Weibull HH4HESE
Table2 Weibull distribution of the characteristic parameters
Bs B Be Be
Ln6.1~In6.8 Ln6.6~In7.0
Nee 6.3 (456.7~906.2) 10.7 (726.4 ~1076.7)
Ln5.8~In6.8 Ln6.2~In6.8
MCC 3.6 (293.6 ~901.1) 6.2 (507.1 ~906.3)
% MCC R’

(a) MCC

(Coefficient of
variation—VC)

3 NCC 5 MCC k= 3R 0 T 5 it E R 2t
EH

Table 3 The statistic parameters of microhardness of NCC
and MCC on surface and cross-section of coating

NCC MCC NCC MCC
706.4 584.7 945.8 728.4
(b)NCC TEM
108.3 147.6 77.1 118.4
2 MCC NCC TEM
Fig.2 The TEM photograph of MCC and NCC (a) the Y 144.6 202.4 108.1 148.4
TEM ph h of M he TEM ph h of
photograph o CC (b) the photograph o 305 427 8 313
NCC
3 MCC NCC 0.19 0.33 0.11 0.19
584.7 HV,; 706.4 HV,, 95% 693.4~ 5373~ 967.8~9 7153
0
MCC NCC 99% 6252~ 4702  887.4~1 645.0~
° 870.3 ~775.2 110.1 896.9
22 WMLBLRELEH
3 a b
NCC 95
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4(a) 3
4(c) AL O3
3 () ALO; “ 77
MCC NCC 4(a) 4(b)
300 nm
2 um Al O, < 7z

(a)MCC 500 (b)NCC <500  ()MCC SEM 10000 (d)NCC SEM >10000

3 SEM
Fig.3 The SEM photographs of MCC and NCC’S coatings on surface and cross-section (a)the cross-section of MCC (b)
the cross-section of NCC (c)the SEM photograph of MCC  (d)the SEM photograph of NCC
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Fig.4 The TEM photograph and EDS analysis of NCC (a)the intergranular crystal structure of NCC (b) the transgranular
crystal structure of NCC (c) the EDS analysis on the grain boundary (d) the EDS analysis in the grain
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Fig.5 The XRD patterns of stuff and coatings (a) the XRD pattern of stuff (b) the XRD pattern of coating
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