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OXidation and Creep Tests of Hastelloy-S in VHTR
Helium Environment

Yutaka OGAWA, Masami SHINDO and Tatsuo KONDO

Division of Nuclear Fuel Research, Tokai Research Establishment, JAERI

(Received January 20, 1982)

Hastelloy-S, developed by Cabot corporation for applications involving
severe cyclic heating conditions, was tested for its potencial applicability
to VHTR as one of the structural alloys. The alloy is said to have
excellent microstructural stability, low thermal expansion and outstanding
oxidation resistance in conventional service conditions. Corrosion and
creep tests of a commercial heat of alloy-S were carried out in simulated
VHTR helium environment. The results were compared with those of Hastelloy-XR
which has been developed and tested for several years at JAERI as one of the
candidate materials for VHTR structural components. Corrosion tests were
made at 1000 °C for up to 1000 hr in simulated VHTR helium containing
nominal impurity concentration, i.e; 200 H; , 1 H.0 , 100 CO, 2 CO, and

5 CH, { vatm ). Creep tests were made at 900 °C in the same environment.
Special care was given by controlling the impurity levels in the helium

gas and by giving sufficient rate of gas supply to the specimens.

The results obtained are as follicws;

(1) The oxidation resistance in terms of the total amount of oxidation
occurred was better in alloy-S than alloy-XR. The results were
consistent with the authors previously obtained finding that the oxidation
resistance was increased by lowering the Cr content and by increasing the
relative ratio of Mn to Cr in Ni-base alloys in the low oxidizing
environment such as VHTR helium. (2) Locallized oxidation was observed

in alloy-S at grain boundaries due to internal oxidation of Al contained
in the alloy. (3) Creep strength of alloy-S was lower than that of
alloy-XR.



JAERI-M 994596

(4) Comparison of the creep properties was made between the as-received
material and the material with coarse grain structure formed by heat-treatment.
Creep curve of as-received material was a type of monotonic increasing,

while that of the heat-treated material with coarse grain followed an

inverse signoidal trend. The coarse grained material showed somewhat

improved rupture time, while undesiable deformation characteristics

was seen as compared to the original as-received material. (5) From the
results obtained so far, alloy-S was not judged to have sufficient
potentiality to replace alloy-XR, although it exibited excellent basic
compatibility with VHTR helium environment.

Keywords; Hastelloy-S, Hastelioy-XR, VHTR Helium Environment, Creep Test,
Rupture Life, Creep Curve, Grain Size, Corrosion Test, Oxidation
Resistance, Locallized Oxidation, Comparative Evaluations
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AN, T JAERT —M 8801 (1980)

H.E.McCoy ; ORNL /TM—6822 (1979), P.33

FaH|, f SRR 123BPFEHE . Vol 20, Nol (1979), P21
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Chemical composition of specimen materials ( wt % )

Table 1
t | ™ P s | cr 1 co| Mo [ W | Fe |ni a | T ta | cu
Hesteltoy-S [0.010| 0.54 - - | 15.63] ¢.s5012.40 j 016} 0.91} Ba’.J0.19[ - ]0.016}0.05
Hastelloy-X ] 0.06] 0.60 0.007 | 0.0051 21.55]| 1.01| 8.92 | 0.45] 17.76( Ba1. j 0.42 [ 0.02
Hastelloy-XR| 0.07 | 0.88 (0.005 |0.005 | 21.90] 0.04] 9.13 | 0.47) 18.23) Bal. | 0.03 | 0.02
Table 2 Impurity levels in the test environment prepared for
simulation of VHTR coolant { uatm )
H2 HZO Cco CO2 CH4
200 - 210 0.8 -1.2 100 - 110 2 -3 5-6
Table 3 Chemical composition of Hastelloy-S ( wt % )
¢.5 inch dia. Bar
C Mn Si p S Cr Co Mo
0.007 0.58 0.40 0.005 0.002 15.27 0.08 14.98
W Fe Ni Al La Cu B
0.1 .59 ba} 0.20 0.022 0.02 0.009
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Table 4 Mechanical properties of Hastelloy-S
{mi1l sheet data)

Tensile test at room temperature

0.2% yield stress kg,/mm? | 45.7
Tensile strength kg /mm? | 87.17
Elongation % 114.0

{reen properties at 815.6 °C

Stress ! kg / mm? 10.55

Time tc rupture hr 92.0

!
Rupture elongation i % 114.0

Table 6 Stress versus strain and time at the cross point of two
creep curves shown in figures 16, 17, 18 and 19

Tc; time at the cross point
Tr; rupture time of Heat Treated material

Stress Strain at
cross polng Te IR Te Tr
2
kg /o : hr hr
6.0 26.7 53.0 95.2 0.61
4.5 42.0 255.0 288.0 0.9
3.8 25.3 565.0 746.9 0.76
3.3 12.0 570.0 1708.9 0.33

._12_,
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Fig. 1 Parabolic oxidation of Hastelloy-S, Hastelloy-XR and
Hastelloy-X
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Fig. 2 Depth of Cr-depleted zone as a function of exposure time
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Fig. 4 Characteristic X-ray image of the cross section.
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Fig. 5 Concentration profiles of Mn and Cr through the

cross-section of the oxide film formed on the

specimen
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Geometry of specimen for creep test
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Fig.8 Schematic drawing of He creep testing machine
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Fig. 77 Creep curves of Hastelloy-S and -XR in helium
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Fig. 13 Creep curves of Hastelloy-XR and Hastelloy-S under comparatively

lower stresses in Helium environment
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Fig. 17 Effect of heat treatment on creep curve of Hastelloy-S in JAERI
type B Helium environment

NO indicates ASTM grain size number

50
H-§5,

4ol 900°C, O =38 kKa/mm’ ]
a2 30t |
c
e
-

o
E’ 20f Q.Q 'L \et‘ 7
i —(.(6
o
10 E;"\‘ ec B
CLA
B AL
A
) o 260 300 0T TR 600 700 800
Time , hr

Fig. 18  Effect of heat treatment on Creep curve of Hastelloy-S in JAERI

type B Helium environment.

NO indicates ASTM grain size number
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Fig.1e Effect of heat treatment on creep {urve of Hastelloy-S in JAERI
type B Helium environment
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cross points in figures 17, 18 and 19

Tc; time to the cross point

Tr; rupture 1ife of heat-treated material
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Fig. 21 Microstructure of Hastelloy-S creep-tested at 900 °C in JAERI type 8B

Helijum environment. Material condition; as received.

(1},{2) stress; 3.8 kg, /mm?, rup.life; 607.1 hr, rup.eiong.; 38.6 %
(3),(4) stress; 3.3 kg mm?, rup.life; 979.2 hr, rup.elong.; 48 %
(1),(3) fractured region

(2),(4) approximately 2 mm from the fractured region
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Fig. 22 Microstructure of Hastelloy-S creep-tested at 900 °C
under  stress of 3.3 kg mm? in JAERI type B Helium
environment. Material was heat-treated at 1170 °C
prior to the creep test. Pictures were taken at
uniform elongation region.

( Rupture 1ife; 1708.9 hr, Rupture elongation; 28 % )



