HETAEEL~Y Y ABE&APICET 5 Inconel 617 @ Y — SHEEE 477

NI

GRS ZFELA Y v A BRSHICET & X
Inconel 617 @ 7 v — RS
8 o™ - JEJI BT - KK BE* - BRI T

Creep Rupture Properties of Inconel 617 in Simulated HTR-Helium Atmosphere

Kazuaki MiNO, Masaki Krracawa, Akira OnTOMO, and Munemitsu FURAGAWA

Synopsis:

A study has been made of the effect of a simulated HTR (High Temperature Gas-cooled Reactor)
coolant atmosphere on the creep-rupture properties of Inconel 617 at 1 173K.

Carburization during creep in helium accelerated the growth of surface cracking, and led to losses in
rupture life and ductility. This was characterized by the early onset of tertiary creep, and which was
explained in terms of the reduction of net cross-sectional area by surface cracking. Similar premature
failure was observed also in air. But the effect of air atmosphere diminished for the test durations
longer than 1 Ms, when the internal cracks became dominant in the rupture processes. With increasing
the amount of carburization the matrix strengthening became significant and increased the rupture life.
For the test durations of 3 to 4 Ms the rupture life in helium became superior to that in air when
the increase, in bulk carbon contents exceeded 0.15%.

The variation of rupture mode, increased amount of carburization and coarsening of carbide in
long-term creep test were discussed to predict the creep strength in a simulated HTR helium under

lower stresses.
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Table 1. Impurity contents in simulated HTR
helium for the present test.
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ppm by vol. 270 %0 40 ® * 1

* not intentionally addded. (less than Ippm by vol.)
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Fig. 1. Influence of flow rate through the test section
on outlet gas compositions at 1 173 K (Inlet gas : He-
270 ppm H,-90 ppm CO-40 ppm CH,).
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Fig. 2. Ceeep curves in helium, air and vacuum
at 1173 K, 88.2 MPa.
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Fig. 3. Variation of relative rupture time and
reduction in area with rupture time at 1 173K.
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Fig. 4. Stress rupture curves in various atmospheres
at 1 173 K.
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Fig. 5. Effect of helium atmosphere on ¢ vs t curves
at various temperatures (Specimen diameter : 3 10-3
m for 1073 K, 6x10-*m for 1173 and 1273 K).
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Fig. 8. Creep curves of specimens with 3x10-3m
in diameter tested at 1 173K, 63.7 MPa for ex-
amination of surface cracking behavior.
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Fig. 9. Histograms of surface cracking in various
atmospheres (See Fig. 8 for the test conditions).
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— 115 —



484 G x4 68 4 (1982) 3=

. 50 100 150 200 250
3Q T T | E— T
1173 K
He-H, -CH, air 735 MPa
{CHq content) x
= [zopem] |
F 20 X ]
- [410ppm]
x
£
£ specimen
* 3x10%m ¢
SI0F —
[
S
[4400PPM]
{discont.)
| 1 I
0 0.25 050 075 1.00
Time (Ms)

Fig. 10. Effect of the methane content in He-H,-CH,
mixed gas on creep curves at 1173 K, 73.5 MPa.

3

73K N
'§ iufl‘ureof;m_e J.N;s)'
o 7 (- 1.5
¥ 2+ [« 3 - 4 Q ]
8
g /
@ g
=
N o
o \b“q - spec. dia. {m)
£ ¢ o 6x10°
= ° 3x10°
O 1 ! | 1 1 11
1072 0™ |
a: 60 T T T ] T T T T
L (ein tr:3~4 Ms
g 40f° -
o Q Q
< Q
- 20k e} _|
R=4
3 |
Q& o 1 ) (- 1 ) Il
F o 10" |

Increose in bulk carbon content (mass % )

Fig. 11. Ratio of rupture time in helium to that in
air and reduction in area plotted as a function of
the amount of increase in bulk carbon content.
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Fig. 12. Estimated long-term stress rupture curve
in helium.
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