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Low-Cycle Fatigue of Developmental Ni-Cr-W Alloys in Simulated VHTR Environment

Hirokazu TSUJI and Tatsuo KONDOQ

Department of Fuels and Materials Research,

Tokai Research Establishment, JAERI

( Received August 22, 1984 )

Strain-controlled Tow-cycle fatigue tests were conducted on new developmental
alloys at 900°C in the simulated VHTR helium environment. Among several candidates
two materials i.e. KSN {Ni-16Cr-26W) and SSST13MA (Ni-23Cr-18W) tested were
selected as the heat performing alloys for application to the intermediate heat

exchanger tubes by Ministry of International Trade and Industry - Agency of
Industrial Science and Technology - Nuclear Steelmaking program (1973 ~ 1980).

The program is known as the ERANS program, i.e. Engineering Research Association
of Nuclear Steelmaking, Based on the obtained results the following conclusions

are drawn;

1) Low-cycle fatigue life of SSS113MA was about 50% longer than that of KON
in impure helium.

2} The ratios of Nf in impure helium to Nf in 123 x 10°% Pa vacuum were 0.1
« 0.2 for both materials.

3) The fracture mode was almost purely intergranular in both materials.

4) The levels of Tow-cycle fatique strength shown by KSN and SSST13MA were
substantially lower than those of the data band for the existing heat-
resistant alloys in the similar temperature range.

Keywords : High Temperature Fatigue Test, KSN Alioy, SSS113MA Alloy, Ni-Cr-W Alloy,
VHTR, Helium Coolant, Intergranular Oxidation, Carburization,
Intermediate Heat Exchanger
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Fig.3 Summary resuits of low-cycle fatigue tests
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Fig.4 Cyclic and monotonic stress-strain curves.
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Fig.7 Summary results of low-cycle fatigue tests in
JAERI-type B helium and 143 x 107 Pa vacuum.
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of cycles to failure obtained in the tests performed
in JAERI-type B helium.
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STRAIN

g.12 Schematic stress-strain curve with

typical serrations.
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Fig.13  Schematic¢ stress-strain curve with
pep-out type serrations.
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KSN — SSS113MA

Photo 1 Optical microstructures of KSN and SSSTI3MA.
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Photo.2 Typical appearance of the fatigued specimens
in JAERI-type B helium.
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KS N [SSST13MA

Photo.3 Cross-sectional views of the near-fracture

regions after low-cycle fatigue tests.
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Scanning electron micrographs of typical
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Scanning electron micrographs of typical

fracture surfaces (KSN,JAERI-type B helium).
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SSSH3MA

fracture surface fracture surface

. fracture surface
900 C,aE=0.4%, Vacuum

Photo.9 Compositional images of near-fracture regions
after Tow-cycle fatigue tests in vacuum.
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fracture surface
900C, JAERI-B He fracture surfoce

fracture surface

Photo.10 Compositional images of near-fracture regions
after Tow-cycle fatigue tests in JAERI-type B
helium (KSN).
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Photo.11 Compositional images of near-fracture regions
after low-cycle fatigue tests in JAERI-type B
helium (SSS113MA).
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Photo.12 Compositional images of crack tip regions after
Tow-cycle fatigue tests in JAERI-type B helium.
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