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Evaluation of the characteristics of plasma sprayed

ceramic coatings by Indentation test

Se-Young Choi, Young-Hun Chae’, Seock-Sam Kim""

Graduate School, Department of Mechanical Engineering,
Kyungpook National University, Taegu, Korea

=FEngineering Tribology Research Institute in Kyungpook National University, Taegu, Korea

Abstract-The most controversial topics in plasma sprayed ceramic coating system
are recently mechanical properties such as bond strength, cohesive strength,
toughness and so on. Determination of bond strength of coatings is one of the
most important problems. In the industry, the bond strength of coating system has
been estimated by Pull-off test(ASTM standard C633-79). But, without a fixed jig
and specimen, it is impossible to obtain the bond strength. Therefore, it is
necessary to study the critical fracture load on interface of the coating by
indentation test. Because the critical fracture load plays an important role in
evaluating the bond strength for plasma sprayed ceramic coating system.

So, we have estimated critical fracture load in plasma sprayed ceramic coating
system, and it was shown that inverse relationship between the cross—section
hardness of coating and the critical fracture load(Pc). In case of the high load(lkgf,
2kgf) in AlO3+13%TiO», it was found that the critical point(Pco), which the coating

was broken on.

Key words - Plasma thermal spray, Bond strength, Cohesive strength,
Indentation test, Critical fracture load(Pc), Critical point(Pco)
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Table 1 Plasma spray parameter of ceramic coatings
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AlgOa ZfOz A’203+1 3%Ti02 A|203+30%Z(Og
Power(Kw) 39 40 39 39
Volts(V) a6 o7 56 o6
Current(A) 700 700 700 700

P

e Ar(l/min) % 60 60 &
parameter  Hell/min) 8 8 8 8
Powder gas(l/min) 10 10 10 10
Feed rate(8/min) 28 28 26 2%
Distance(mm) R0 80 60 60
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Figure 1 Surface of AlO3+13%TiO, coating's

cross—section

Table 2 Micro—hardness of Coatings
Single-crystal

SO Hardness

Coatings H Kotteare) Hardness[3]
Yoo T oo Kofare)
Al2O3 844 ~ 936 2600~ 2720
Zr0s 476 ~ 532 1200
Al,Oz+ N
960 " 1092 —
13%Ti0:
Al,Os+ -
782 7 809 -
30%Zr0Oz
Bond -
458 7 466 -

(80%Ni+20%Cr)
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Figure 2 Schematic diagram of indentation test
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Figure 3 Micro—Vickers Hardness Tester
(MVK-H200. Akashi)

coating
substrate

Figure 4 Geometrical schematization of an
indent at the interface
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Figure 5 The graph of relationship
between In a and In P for Al;Oz coating
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Figure 6 The graph of relationship
between In a and In P for ZrO; coating
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Figure 7 The graph of relationship between
In a and In P for AlOs+13%TiO, coating
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Figure 8 The graph of relationship between In a
and In P for Al,Os+30%ZrOs(without bond) coating

Table 3 Critical fracture load and x : y ratio
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Figure 9 The graph of relationship between In a
and In P for Al,Oa+30%ZrOz(with bond) coating
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Hardness of coating's

Critical fracture load X © y ratio. before a

Coatings cross—section
2 Pc(N) crack was produced
(HVy00. Kgf/mm?©)
Al,O3 844~ 936 1.2013 0.6453:1
21Oz 476~ 532 3.0891 0.7748:1
Al,O3+ o
960 ~ 1092 1.1091 0.5809:1
13%Ti0»
Al,O3+30%Z102 -
782~ 809 1.9804 0.7084:1
(Without Bond)
Al03+30%Zr0s -
A 458~ 466 - 0.7997:1
(With Bond)
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Figure 10 The relationship between coating's
cross—section Hardness and Pc
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Al,O, + 13%TIO, : 2kaf

(b) under 2kgf
Figure 12 Fracture apparence of AlOa+13%TiO»
coating under high loads(1kgf and 2kgf)
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Figure 13 The other equation under 1kgf and
2kgf on AlxO3+13%TiO» coating
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