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Development of the Heat-Resistant Functionally Gradient
Material with Metal Substrate
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Abstract

67Ni-22Cr-10A1-1Y and ZrO;-8Y:03 were coated on the substrate surface of STS304
and Ai2024 by the plasma spraying method. The adhesion of the films varies depending on
the substrates and the laminating method. In the case of STS304, the cracks were observed
at thermal shock temperature difference 4T of 900C in the non functionally gradient
material(NFGM) and at 1100C in the functionally gradient material(FGM). The film
adhesion of the FGM is better than that of the NFGM in STS304.

The cumulative AE count of the FGM of STS304 increased continuously at the bending
test. But the NFGM of STS304 showed discontinuity of the AE count. The total AE count
for the FGM of STS304 decreased as the number of thermal shock increased, and this
tendency was evident as the thermal shock temperature difference increased.
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Table 1 Chemical composition of substrates(wt%)

STS CiMn|[Cr| Ni [NN|P|S Fe

304 18 8 .
008 2 _|0.0410.040.03 {remainder

~201~105

Al Cu|Mg|Mn! Si [FelZn!Cr Al
35112103

2024 05 |05 [025] 0.1 |remainder
~45]~1.3}1~09
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(b) Schematics of coating layers

Fig. 1 Dimension of test specimen and schematic
of coating layers

Table 2 Condition of plasma spray

bond coating condition top coating
Ni-22Cr-10Al-1Y ZrOy-8Y203
(AMDRY 962) POWGT |\ ETCO 204NS)
9MB-732 nozzle 9MB-732
500A amperage 600A
74V voltage 0V
95CFH argon 96CFH
27CFH hydrogen 23CFH
0g/min spray rate 45g/min
10pci vibration air 25pci
135CFH carmer gas 135CFH
flow
100(100%), spray 60(100%),
80(60~80%) distance(mm) 80(60~80%)
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2.2.1 Thermal shock test
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Fig. 3 Instrument for thermal shock test
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Fig. 4 Surface cracks of coating layer after
bending test(STS304)
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Fig. 5 Surface cracks of coating layer after
bending test(A12024)

Table 3 Physical properties of used materials

Melti Coefficient
Materials(wt%) Size inrtlg of thermal E
A ” | (mesh) 30"C) expantion | (GPa)
(X10°%K)
Zr02-8Y20s _
(Metco 204NS) |S20140) 2600 | 100 2
; 270~140
Ni-22Cr-10A1-1Y |~ i
(AMDRY 062) |237106| 1600 | 120 205
(gm)
Al024 < | &8 | 27 | 74
20.2
STS 34 X 1425 0~382T) 193
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Fig. 6 Schematics of the cracking after thermal
shock(AI2024)
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Fig. 7 Schematics of the cracking after thermal
shock(STS304)
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Fig. 8 SEM micrographs of the specimen after
thermal shock(STS304)
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Fig. 9 The relation between AE count and
bending test time for the STS304
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