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On the Estimation of Long Term Creep Rupture Strength of Hastelloy XR&
in HTGR Helium Environment

Manabu TAMURAT Yutaka QGAWA, Yuji KURATA and Tatsuo KONDO
Division of Nuclear Fuel Research, Tokaj Research Establishment, JAERI

(Received March 10, 1982)

Using special type specimens, which contained multiple diameters
with step within the gauge portion in one piece, creep rupture and
the associated surface phenomena were examined with special emphasis
placed on the effect of oxidation and carburization on the creep and
rupture properties. Based on the results obtafined, creep rupture strength
of alloy XR at 800 to 1000°C under the influence of impure helium
environment has been critically discussed.

Oxidation kinetics of the alloy in the helium environment was not
seen to be accelerated by the in creep deformation appreciably within
the range of conditions tested. The duplex-structure oxide film formed
on Hastelloy alloy XR, being composed of MnCr,0, spinel type oxide and
Crzoa, maintained its function up to the creep strain of a few per cent,
and the degree of carburization occured during the steady creep stage
was not affected by the deformation. After the onset of accelerating
creep and the resultant initiation of the surface cracks, however, the
continuity of the oxide film was lost to cause severe carburization.
Paralle] to those tests,the same material was pack-carburized up to the
carbon content of about 0.4 wt%. The treatment caused decrease in both
rupture elongation and strength. Based on the observed facts, a concept
of conservatism to be included in the predictive evaluation was proposed
in the estimation of the long term creep rupture strength of Hastelloy
alloy XR in the HTGR impure helium environment. It is concluded that
the 50% value of the rupture life in inert environment is the presently
most conservative rupture life of Hastelloy alloy XR in HIGR helium

“environment.

Keywords: HTGR, Creep, Oxidation, Corrosion, Hastelloy XR, Impure He

Carburization

* 0On leave from Nippon Kokan K.K.
% Hastelloy alloy XR: A nuclear grade version of Hastelloy alloy X

with optimized contents of Mn, Si, Co and Al.
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Table 1 Details of raw material of Hastelloy alloy XR.
Chemical composition (wt%) diameter

Symbol c 51 Mn Cr Co Mo W Fe Ni | {mm) Test item
XR-57 0.07 0.27 0.88 21.90 0.04 9.13 0.47 18.23 Bal 13 Long term test
XR-55 0.067 0.31 0.94 21.67 0.05 8.97 0.4% 18.31 Baly 15 Creep analysis |

Table 2 Impurity levels in type B helium (natm)

H, H,0 co C0, CH,,
200-210 0.8-1.2 100-110 2-3 5-6
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“Fig. 1 Example of geometry of specimen for creep test.
o
g
':. Hastelloy XR
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Fig. 2 Schematic illustration of creep damage by using
the uniaxial multi-diameter type specimen as shown

in Fig. 1.
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Fig. 3 Changes in depth of Cr or Mn depletion of Hastelloy
alloy XR during creep deformation.
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Fig. 4 Changes in bulk carbon content of Hastelloy alloy
XR during creep deformation.
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Fig. 5 Normalized creep curves of Hastelloy alloy XR.
Details of the test conditions were shown in Fig. 4
using the same symbols.
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Fig. 6  Bulk carbon content as a function of reduction of
area during creep deformation. Details of test
conditions were shown in Fig. 4 using’the same symbols.
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Fig. 7 Bulk carbon content as & function of average creep
rate during creep deformation. Details of test
conditions were shown in Fig. 4 using the same symbols.
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Fig. 8 Relationship between rupture 1ife, rupture elongation
and bulr carbon content for standard alloy XR,
decarburized one and carburized ones.
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- Fig. 9 - Schematic concept for obtaining conservative
: estimation of rupture strength in aggressive
environments.
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Fig. 10 | Long term rupture strength of Hastelloy alloy XR
in JAERI type B helium environment.
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Fig..11. . Relationship between time to rupture and time: to
_onset of accelerating creep for Hastelloy alloy XR
tested in JAERI type B helium environment.
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} the

Photo. 2  Microstructures of Jongitudinal section of a

r fracture portion and b) the just out of the gauge
Creep damages

nea
of the same specimen as shown in Photo. 1.

‘were a) t/tp ™ 100% and b) t/tg ~ 0% respectively.



