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A New Preparation Technique of Surface to Microstructural Examination of Heat
Resisting Steels and Alloys by Using Penning Discharge Micro-Sputtering

Hideo Tanaka, Eiichi Nismkawa, Fujio Asg, Koichi Yactand Toshio Sucita

Synopsis :

The microstructure of heat resisting steels and alloys for high-temperature plants changes depending on operating

conditions and time. The microstructural changes affect the mechanical properties of the materials at high tempera-
tures. Microstructural examination of the materials is generally carried out using etching techniques by chemical
method. For chemical etching, however, high skill is required to produce clear microstructure.

In this research, penning discharge micro-sputtering techniques were applied for etching a variety of heat resisting
steels and a super alloy. The etching of 1Cr-1Mo-0.25V ferritic and 316H austenitic steels and Ni-base Inconel 713C
superalloy was carried out in the vacuum chamber of a micro-sputtering apparatus. .All of the materials exhibited clear
microstructure using micro-sputtering, irrespective of different chemical compositions and different history of the
materials. The grain boundaries, creep voids and precipitates such as carbides and ¢ phase were characterized. It was
concluded that the present method required lesss skill and the resultant microstructure was insensitive to sputtering

conditions.
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Position(® : Etching mode
Position®: Deposition mode

A :cylindrical anode C),C:
H:orifice D : duct
B : magnetic field

: cathodes
S : specimen

Fig. 1. Electrode arrangement of PIG micro-sputter-
ing apparatus.
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Fig. 2. Schematic diagram of PIG micro-sputtering
apparatus.
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Table 1. Conditions of creep test for three kinds of
testing materials.

Testing materials Conditions of creep test

1Cr-1Mo-0. 25V steel |550°C, 157MPa, t=48000h(t/tr=0. 9)

SUS316H steel 750°C, 37MPa, t= 3200h(t/tr=0.9)

Inconel 713C

850°C, 22MPa, t= 2500h(ruptured)

(t:time, tr:time to rupture)
Table 2. Sputtering conditions of PIG micro-sputtering.
Anode voltage 1 kV
Discharge current 10 mA
Etching time 5 min
Target (Cathode) Gold

Argon pressure (2~3)x10"%Pa
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Fig. 3. Optical and SEM micrographs of surfaces
etched by PIG micro-sputtering for 1Cr-
1Mo-0.25V steel. Creep test and sputtering
conditions of this steel are shown in Table 1
and Table 2, respectively.
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Fig. 4. Optical and SEM micrographs of surfaces
etched by PIG micro-sputtering for SUS316
H steel. Creep test and sputtering conditions
of this steel are shown in Table 1 and Table
2, respectively.
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Fig. 5. Optical and SEM micrographs of surfaces
etched by PIG micro-sputtering for Inconel
713C superalloy. Creep test and sputtering
conditions of this alloy are shown in Table 1
and Table 2, respectively.
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SEM

a) 1Cr-1Mo-0. 25V steel (etched in 4% nxtal)

b) SUS316H steel (etched electrolytically in 10%
hydrochloric acid)

¢) Inconel 713C (etched in aqua regia)

Fig. 6. Optical and SEM micrographs of chemically
etched surfaces. Creep test conditions of
these materials are shown in Table 1.

Fig. 7. Microstructures of as-recieved SUS316H
steel etched by PIG micro-sputtering.
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Fig. 9. Effect of repeating of polishing and chemical
etching on quality of microstructures for
SUS304H steel (Condition of creep test :
750°C, 37MPa, t=9600h, t/tr=0.94).
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Fig. 10. Change in creep void parameters as a func-
tion of repeated number of polishing and
chemical etching for SUS304H steel.
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Fig. 11. Effect of sputtering time on quality of
microstructures for SUS316H steel.
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Fig. 12. Change in creep void parameters as a func-
tion of sputtering time for SUS316H steel.
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