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Table 1 Vacuum plasma spray materials

No. Coating Substrate
1 Ni Fe
2 Cu Ni
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Fig. 4 Elastic/ plastic Knoop indentation model
(F —Load; h —Plessed depth; h —Depth of pressin
P—Zone of plastic yielding; @ —Depth of indentation
semr elliptic crack; ¢ —Length of indentation
semr elliptic crack; d —Size of long diagonal

line of identation)
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Fig. 5 Curve of Knoop interface indentation experiment
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Table 2 Fractural properties of alloys

AE . AS Yp o )

Allog /(N*mm) / mm> /(N'mmfl)
Ni/ Fe 24.6 12.5 3.86 2
Cu/ Ni 2.9 25 0.24 2




+ 318 ¢ P E AT 4 8 2002 4F 4 H
B2 1L WESTHER [7]. FHEA, 1998, 27(2): 33— 37.

[ REFERENCES]

Shwarzer N, Schimmel J, Richter F. The elastic inden-
tation of coating-substrate systems with large difference in
the Young Moduli [ J]. Phys Stat Sol, 1994, 145: 379.
Ollendorf H, Schneider D. A comparative study of adhe
sion test methods for hard coatings [ J]. Surface and
Coating Technology, 1999, 113: 86— 102.

Gruss K A, Davis R F. Adhesion measurement of zirco-
nium nitride and amorphous silicon carbide coatings to
nickel and titanium alloys [ J]. Surface and Coatings
Technology, 1999, 114: 156- 168.

Sargent J P. Microextensometry, the peel test, and the
influence of adherend thickness on the measurement of

adhesive fracture energy [ J]. International Journal of

Adhesion and Adhesions, 1998, 18: 215- 224.

Leon L S, Ruiming R, Daniel G. Measurements of the
fracture energy of the coating substrate interfacial region
through sadiaknotched cylindrical specimens [ J]. Surface
and Coating Technology, 2000, 13(9): 74— 79.

Lesage J, Demarecaux P, Bartier O, et al. Interface in-
dentation test to determine adhesion of coatings [ J]. Rev
Metall Cah Inf Tech, 1990(12): 1655- 1663.

Wang H F, Yang X, Bangert H, et al. Two-dimensional
finite element method simulation of vickers indentation of
hardness measurements on titanium nitride coated steel
[J]. Thin Solid Films, 1992, 214(1): 68— 73.
Sk, AT, TR SC. IR S S o R K T vk

[ 10]

[ 11]

[ 12]

[ 13]

YI Maozhong, RAN Lrping, HE Jizwen. Research
development in measuring method for bonding strenth of
thick coating [ J]. Surface T echniques, 1998, 27(2): 33
— 37.
AR, SKAFME, 0 A, AR 7 R S oG kA R
LI, MRS, 1999, 13(2): 119- 124,
LIAO Heng cheng, ZHANG Chumryan, SUN Guo-
xiong. Applications of plasma spray in P& D of advanced
materials [ J]. Chinese Journal of Material Research,
1999, 13(2): 119- 124.
FEYLER, REE. MM OB Knoop fiff I K b () RE
TR [M]. BERR R 4]k, 1995, 23(3): 308-
312.
GONG Jiang-hong, GUAN Zhen-duo. The relation of
energy equilibrium in the testing of Knoop hardness for

ceramic materials [ J]. Journal of the Chinese Ceramic

Society, 1995, 23(3): 308- 312.

JIEA, WYE. @RS [M]. b5t B
AL, 1989. 236.

ZHOU Hurjiu, HUANG Ming-zhi. Strength Theory of
Metal Materials [ M ]. 1989.
236.

Beijing: Science Press,

Petrolic J J. Effect of indenter geometry on controlled
surface flow-fracture toughness [ J]. J Am Ceram Soc,
1983, 66: 277.

Lawn B R, Evans A G, Marshall D B. Elastic/ plastic

indentation damage in ceramics the medial/ redial crack

system [J]. J Am Ceram Soc, 1980, 63: 574.

Interfacial bonding energy between coating and substrate for

low pressure plasma sprayed materials

ZHU Qrfang, SHAO Berling, SUN Zeming, WANG Fu-sheng, YAO Wei, LI Dongfei
( General Ressarch Institute for Nonferrous Metals, Beijing 100088, China)

Abstract] The Interfacial bonding energy between coating and substrate for low-plasma sprayed materials was analyzed by theor
g gy g P pray y y y

and experiment. The plastic deformation energy, superficies modification energy and interfacial fracture surface energy consumed by

samples during interfacial indentation experiment were determined by Knoop interfacial indentation method. Knoop interfacial inden-

tation energy testing method was newly established. T he interfacial fracture surface energy was obtained through research on interfa-

cial bonding energy between coating and substrate for low-plasma sprayed Fe based N/ Fe and Cu-based Cu/ Ni materials. Microanaly-

sis for interface shows that the coating of Nrbased Cu/ Ni material is porous and there exist many cracks at the interface between coat-

ing and substrate, moreover, no element diffusion layer is found in the coating and substrate. The bonding between the coating and

substrate for Ni/ Fe material is dense and there is an element diffusion layer with the thickness of about 2~ 3 Hm.

[ Key words] coating; fracture surface energy; Knoop interfacial indentation

(43 ZITH)



