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Table 1.

Chemical composition of the low activation martensitic steel.

JLHE Cr \% Ta W

C Mn Si P S Fe

R E5E ) %% 9.100 0.190 0.200 1.500

0.120 0.400 0.025 0.003 0.003

88.459

Bl RIS R AH TEM &
B KRR RV ELAE TR 10% Fl 20% K LK oL 4

(a) 1013 KR k; (b) 10% Z5JE; (c) 20% 2% 7€ 1013 K iR K5 M FE 5 b WS 2 A i i, 8

Fig. 1. (a) TEM micrographs of the well-annealed sample, a small number of defects are observed. (b), (c) The image of the an-

nealed specimens after cold-worked, a number of dislocations induced by cold rolling to 10% (b) and 20% (c) of their original thick-

ness are observed.
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Fig. 2. Depth distribution of vacancies and helium atoms in
50 keV helium-ion irradiated low activation martensitic
steel, calculated with SRIM 2013 (dpa, displacement per
atom; appm, atomic parts per million).
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Fig. 3. GIXRD patterns of low activation martensitic steel
with different conditions.
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Table 2.

different conditions.

Synchrotron radiation X-ray diffraction data, namely, 26 and FWHM of low activation martensitic steel with

20/FWHM

Sampl
ample (110)

(200)

(211)

(220)

44.553/0.302
44.500/0.416
44.566,/0.359
44.524/0.465
44.563/0.351
44.154/0.474

Undeform-unirra
Undeform-irradiate
10%-unirra
10%-irradiate
20%-unirra

20%-irradiate

64.894/0.355
64.653/0.473
64.902/0.466
64.801/0.544
64.880/0.345
64.249/0.478

82.327/0.401
82.167/0.610
82.330/0.583
82.127/0.663
82.356/0.573
82.054/0.694

98.9890/0.276
98.780/0.366
99.008/0.355
98.554/0.397
98.979/0.330
98.749/0.736
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Fig. 4. Doppler broadening spectrum of low activation
martensitic steel irradiated with 50 keV ion helium: (a) S-E
curves, (b) W-F curves; (c) S-W curves.
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Fig. 5. Doppler broadening spectrum of low activation

martensitic steel irradiated with 50 keV ion helium: (a) AS-
E curves; (b) AW-E curves.
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Fig. 6. Helium thermal desorption spectra for low activa-

tion martensitic steel.
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C1 1028 2.98
20% deformation  C2 1096 3.18
C3 1115 3.23
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Effect of dislocation on helium irradiation defects in
low-activation martensitic steel’
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Abstract

Reduced-activation martensitic steel is a main candidate structural material for key components of
advanced nuclear energy systems because of its good mechanical properties at room temperature, low neutron
activation characteristics and satisfactory radiation resistance. In this work, we study the interaction between
dislocations and helium-irradiation-induced defects in the steel and the effect of dislocations on the behavior of
helium migration and desorption. The well-annealed samples are pre-deformed to 10% and 20% reductions in
thickness by using cold rolling mill. After pre-deformation, samples are heat-treated to remove vacancy defects
and retain dislocation defects. Then, the samples with reserved dislocations are irradiated with helium at room
temperature (50 keV, 1x10'" He/cm?). After irradiation, the samples are characterized by synchrotron radiation
grazing incident X-Ray diffraction, positron annihilation Doppler broadening spectroscopy, and thermal
desorption spectroscopy. The results show that dislocations hinder the diffusion of helium and helium-vacancy
complexes, and reduce the accumulation of radiation damage. Such an effect becomes more significant with the
increase of dislocation density. The BCC — FCC phase transition of low activation martensitic steel occurs at
1179 K. The increase of dislocation density will lead to the forward shift of helium desorption peak induced by
phase transition. The retention of helium in the undeformed sample, 10% deformed sample and 20% deformed
sample is 10.3%, 15.7% and 17.9%, respectively, indicating that high density dislocations promote the retention

of helium.
Keywords: helium irradiation, dislocation, positron annihilation, thermal desorption
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