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Investigation of the properties of high temperature

resistance alloys used in the helium gas cooled high temperature reactor

Tomoyuki Uwaba*
Abstruct

In the first phase of the feasibility study, their basic objectives are
presentating the feasible image and scenario of development of the FBR cycle
system, which is composed of the fast reactor, spent fuel reprocessing and fuel
manufacturing facility. In the development of the FBR system in this phase,
various ideas of plants are to be studied, which include coolant types such as
sodium, heavy metals, gases(CO,, He), wator , and middle or small size of the
reactor, and fuel types (MOX, metal and nitride).

In this report, as a part of this study, maternials used for the core of the
helium gas cooled reactor and their integrity (corrosion, mechanical and
irradiation property) under high temperature helium atmosphere were

mvestigated from open literatures.

*Q-arai EngineeringCenter,SystemEngineeringTechnologivision, NuclearFuel Reserch Group
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3.4 Metallographic cross section of Type316 after 12000h in He at 1023K (unetched)

3.5 Metallographic cross section of Alloy 800 after 11200h in He at 1023K (uneiched)
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__ 0010}  Aif data in PNP helium Tor Inconel-617,

3 Nimonic-86, Hastelloy-X, and alloy 800H
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3.8(1) Scatterband for the carburization rate of the four PNP alloys at 700°C

Inconel-617: casts JOS-E, JO5-G
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3.8(2) Carburization rates of the four PNP alloys at 800°C

Inconel-617: casts JO5-E, J05-G
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3.8(3) Carburization rates of the four PNP alloys at 900°C
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3.20 Effect of intergranular oxidation on strength ratio
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1] | . ] |
0 16 32 48 64
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4.1 Stress-strain curves for Hastelloy-X before and after irradiation to fast neutron exposure of
3.3X10” nfem?

—¢
O® HASTELLOY-X {3.8 ppm BORON)
= A AHASTELLOY-LB (1.1 ppm BORON}
= TEST CONDITION
o 0 o
= 10 a 900°C
I 50 0.67%/min
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Lt 1 1 ! |
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THERMAL NEUTRON DOSE (n/cm?)

4.2 Effect of thermal neutron dose on total elongation in irradiated Hastelloy-X and-XR
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4.3 Tensile stress-strain curves from irradiated and control samples of alloy 800 containing
0.12% carbon and 0.26% titanium at 760°C and 0.002% per min.
After an 1150°C anneal, material was irradiated to 2 to 3 X 10®n/em? at 760°C or soaked at

760°C (control)
V Total Elongation, %
0 20 40 B0 80
I T | T | | T
Hastelloy-X (1) N b J
Hastelloy-X{[1) | \\\i _I ‘
\ I Unirradiated
Fe-30 Ni-20 Cr N |
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Fe-14 Ni-16 Gr(l} N\ |
Irradiation Condition
Fe-18Ni-14Cr [N\ | deh = 7.5 X 107 n/m?
' Ticr = 60°C
Fe-16 Ni-15Cr  NNANY ] Test Condition
Td = 900°C
: = -4 -t
Fe-14 Ni-16 Crt1) NN\ | £ 112 X107
incoloy-800 MO Y ]
! | | L | I | !

4.4 Loss of high-temperature ductility due to irradiation in various

austenitic alloys with different nickel content
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4.5 Stress-rupture strength of Hastelloy-X specimens at 650°C
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RUPTURE TIME {h) OF ALLOY 800

OUNIRRADIATED: SOLUTION TREATED
+ 5200 h AT 540°C
OUNIRRADIATED: SOLUTION TREATED
+ 620 h AT 540°C
@ iRRADIATED AT 705°C
2.7 X 10 nfcm?E = 1 MeV
3.1 % 10% nfem?{THERMAL )
¢IRRADIATED AT 650 TO 700°C
1.5 X 10%% n/fem2E = 1 MeV
1.3 X 10 n/cm’(THERMAL)

4.6 Creep rupture results at 705°C of unirradiated and irradiated alloy 800
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[X 4.7 Stress versus rupture life for Hastelloy-X(I) and Incoloy-800
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