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R JiEpeS M/ C FARTF HARER /keV HEAF / (ions'm )
. ; TEM 25 Ht 30 1x10%!
Higk/PHE TR
TDS 25 D+ 30 1x10%
M O E 4 48Fe-3Cr, Fe-1.4NifllFe-1.4MnH 4.
(a) 1000 °C/24 h AL 0.1 mon EEETY 400600 /20 minilik
800 °C/1 h ik i I TEMEUHHLE
==&
@3 R/ PRI A BR/YHG S
o BES NS / /
B/ A E 4 B/ R A4 B/ R Er 4 B/ PRI E 4
" — A . A . A/
010 *&( £/ 8/
10 mm A 1 T T T
1000 °C/24 h 107K ML FEhiED+ TDS: 25—700 °C

800 °C/1 h Bk

K1 SRR E R

(a) AR AR T (745 FR 0 TEM B ML, (b) TDS 5286, 234 495 Fe-3Cr, Fe-1.4Ni Al Fe-1.4Mn

Fig. 1. A schematic illustration of experiment procedures: (a) In-situ TEM observation of dislocation loops at different annealing

temperatures; (b) TDS experiment. Fe-based binary alloys refer to Fe-3Cr, Fe-1.4Ni and Fe-1.4Mn.
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in H* ion implanted pure Fe. Displacement threshold en-
ergy of pure Fe: 40 eV[®. Irradiation condition: 30 keV H*,
1.0 x 10% ions /m?.
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Fig. 3. A schematic diagram illustrating the morphology/size evolution of irradiation-induced dislocation loops during post-irradi-

ation isochronal annealing for 20 min. ‘Loop size’ refers to the average size of dislocation loops. Stages ‘II-IV’ refer to the thermal

recovery stages of radiation defects [44.
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Fig. 4. Loop evolution in H* ion implanted Fe/Fe-based binary alloys during post-irradiation annealing (PIA) treatment. Irradi-
ation condition: 30 keV H*, 1.0 x 10% ions/m? 25 “C. PIA condition: 400-600 °C, 20 min. Imaging condition: two-beam kinematic-

al bright-field, g = 200.
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Fig. 5. Average loop size changes in H* ion implanted Fe/
Fe-based binary alloys during post-irradiation annealing
(PIA) treatment. Irradiation condition: 30 keV H*, 1.0 X
10% ions/m?, 25 “C. PIA condition: 400-600 °C, 20 min.
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Fig. 6. Thermal desorption spectra of deuterium in DT ion
implanted Fe/Fe-based binary alloys. Irradiation condition:
30 keV D*, 1.0 x 10?! ions /m?, 25 C.
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Evolution of dislocation loops and effect of annealing
temperature on hydrogen-ion-implanted
Fe-based binary alloys®
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Abstract

Reduced activation ferritic/martensitic (RAFM) steels have been considered as a family of prime candidate
structural materials for fusion reactors due to low radioactivity and good resistance to irradiation swelling.
Various types of defects such as dislocation loops can form in these materials during irradiation. Effects of
alloying elements in iron on the formation and migration of dislocation loops have been widely investigated.
However, most studies dealt with interstitial-type dislocation loops in iron alloys, while very few focused on
vacancy-type dislocation loops. Previous high voltage electron microscope (HVEM) studies from the authors'
group have shown that interstitial loops are fully eliminated in hydrogen-ion-implanted a-Fe at 500 °C, only
vacancy loops remain and can achieve up to 100 nm in size. The addition of Ni in a-Fe can reduce the
formation temperature of vacancy-type dislocation loops (7,) to ~450 °C, while the addition of Cr can increase
the temperature to above 600 °C. However, these experiments are usually difficult to perform due to the scarce
resource of HVEM facilities. In this work, in-situ observations by conventional transmission electron microscope
(CTEM, 200 kV) are systematically carried out on the hydrogen-ion-implanted a-Fe and Fe-based binary alloys
(Fe-3wt.%Cr, Fe-1.4wt.%Ni and Fe-1.4wt.%Mn). The evolutions of morphology and average size of dislocation
loops under different annealing temperatures are investigated. The formation temperatures of vacancy-type
dislocation loops are determined from the change of average loop size with annealing temperature. The results
are consistent with previous studies by HVEM. The effect of Mn atoms in a-Fe is similar to that of Cr atoms,
which leads to T, increase, and the addition of Ni in a-Fe can reduce T,. Furthermore, the results of D thermal
desorption spectrum analysis show that T, is affected by the binding and release process of hydrogen isotopes to
vacancies in a-Fe. Alloying element Ni promotes the binding and release of hydrogen isotopes to vacancies,
which leads to T, decrease. Cr and Mn inhibit the binding and release of hydrogen isotopes to vacancies,
causing T, to increase.

Keywords: Fe-based binary alloy, H* /D™ ion implantation, vacancy-type dislocation loop, TEM
PACS: 61.72.—y, 61.72.Ff, 61.82.Bg, 68.37.Lp DOI: 10.7498/aps.71.20220137
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