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Effect of Grain Boundary Migration and Recrystallization
on the Creep Strength of Inconel 617

Kazuaki MINo, Akira OaTOMO, and Yoshinori SAIcA

Synopsis:

A study has been made of the effects of grain boundary migration and recrystallization on the creep strength
of the commercial Ni-22% Cr-12%Co-9%Mo alloy (Inconel 617) at 1 000°C.

Migrating grain boundaries caused a dissolution of carbides, resulting in carbide free zones behind them
and in recrystallized grains. Notable grain boundary migration and recrystallization were observed pre—
ferentially on longitudinal grain boundaries in the specimens strained by more than 10%, (tertiary stage) and
they were considered to affect the creep strength in those specimens.

Decarburized specimens being free of grain boundary carbides exhibited significant grain boundary migra-
tion, and this fact implied a suppression of grain boundary migration by grain boundary carbides. A reduc-
tion of the creep strength by decarburization was explained in terms of a diminishing of these carbides

contributing to depress the action of grain boundaries.

Partial recrystallization was observed in the specimens given a slight cold-rolling of 7.5% and subsequent
annealing at 1 000°C. It was shown that recrystallization not only decreased the strengthening due to cold

and formation of new grains or subgrains.
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Table 1. Chemical composition of Inconel 617 studied.
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llization (R). “O” denotes original g. b.
position. Crept by 1294 at 1000°C, 2.5 kg
/mm2  Stress axis is horizontal. (X 200)
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Fig. 1. Fraction of grain boundaries involved in
migration and recrystallization during
creep at 1000°C as a function of strain.
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Photo 3 Mlcrostructures of longitudinal section of specimen crcpt by 5% in dccarburxzmg
helium gas, showing notable grain boundary migration in decarburized zone (a:
x40, b : x200).

6 T T
Ve
/
=< Vd
e Interrupted //
(= //
L4 E
g Tested //
%] in v
Helium // Air
o //
@ B .
// 1000 °C
/ 2.5 ka/mm?
Ve
} |
0 i00 200 300
Time (hr)

Fig. 2. Creep-test in decarburizing helium for
examination of microstructure in decar-
burized zone (see Photo. 3).
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Fig. 3. Influence of cold rolling on creep curves
at 1000°C, 3.5 kg/mm?2,
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Fig. 4. Influence of cold rolling on creep curves
at 1000°C, 2.5 kg/ mm?
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Photo. 5. Microstructures of surface area and center of SE;;:;;Ilens prior to creep test. a,b
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Fig. 5. Effect of decarburization and subsequent
heat-treatment on the creep strength (a:
sol. ann. a': subsequently aged at 1000
°C for 150h, b: decarburized in He
at 1000°C for 150h, c: subsequently
annealed at I200°C for 1lh, d: decar-
burized for 500h and annealed for 2h).
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Fig. 6. Influence of carbon content on variations
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Photo. 7. Microstructures after creep test of solution annealed specimen containing low

carbon (a: x200, b: x500).
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Fig. 7. Degradation of creep strength by cold
work as compared to that for specimens
decarburized to 0.029,C.
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