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Consideration on Mechanism of Residual Stress Relaxation Behavior of Ni-based Alloy
Using Positron Annihilation Lifetime Spectroscopy
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In order to clarify the stress relaxation mechanism in residual stress improving treated nickel base alloys, the
microstructural change during stress relaxation in the high temperature environment has been investigated by positron
annihilation lifetime spectroscopy, which quantitatively and more sensitively enables to evaluate the lattice defects of
the alloy. It was found that the positron lifetime obtained in all the laser peening (LP), water jet peening (WJP) and
Buffing samples is longer than that of the solution-treated sample. Further, the positron lifetime increased in the order of
Buffing, WIP and LP samples, and the positron lifetime all decreased after thermal aging. Based on the experimental
results, it was assumed that the stress relaxation behavior was attributed to the recovery behavior due to the decrease of
vacancies and dislocations. Even after thermal aging, LP, WJP and Buffing samples have a longer positron lifetime than
the solution-treated sample at the position near the surface of the sample. It follows that the introduced compressive
stress by residual stress improving treatment may keep long term stability due to the strain accompanied by dislocations

remaining even after thermal aging.
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Table 1 Chemical composition of alloy 600 (mass%).

o4 Si Mn S Cu Cr Fe Ni
0.001 0.19 0.49 0.001 0.01 155 7.97 Bal.
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Fig. 1 Schematic diagram of positron annihilation

lifetime technique.
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Fig. 2 Positron penetration depth for Inconel alloy.
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Fig. 3 Two methods of positron lifetime
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lattice defects.
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Fig. 5 Comparison of positron lifetime of various

residual stress improvement methods.
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Fig. 6 Positron lifetime comparison between surface
and inside of the sample.
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Fig. 7 Positron lifetime comparison before and after
thermal aging.

Table 2 Dislocation density and vacancy concentration

of WJP before and after thermal aging.

Dislocation density =~ Vacancy concentration

Condition
(m?) (ppm)
Before aging 6.63x10"* 37.00
WJP
After aging 2.42x10" 0.32
ST 1.42x10% 0.00
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Fig. 8 Relationship between positron lifetime and

hardness.
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