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Loop density [102'm-3]
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Controversial results on HEA microstructure under irradiation

Lu et al, Acta mat (2017)
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Higher density of smaller loops

? Questions

«+*What about HEAs
without Co?

“+ How differently do
HEAs and stainless
steels behave?

Defect density (10'°m2)

Shi et al, JINM (2018)
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Experimental details

3 compositions | ESA1
o Model high-entropy alloy Q Industrial austenitic steel 0 Model binary alloy
Fe37Ni34Cr16Mn13 316L FesoNi4o
Fe-6oNi-12Cr-q7
& (Mo, Mn, Si)
Alloy fabrication
Conventional TEM

» High purity raw materials (< 20 ppmof C, N, O, S)
« Cold crucible melting

(__g\

— defect analysis

» Hot forging (about 1000 °C), thermomechanical treatment homogenization
(1000 °C / 2h) " \ e
Sample preparation o Bragg law:
m nA = 2d sin 0 /
Thin foils for irradiation: jn
D
o Mechanical polishing 2 X
o Thermal annealing S vk ™ aiaced
o Electro-polishing ai pear
o Focused ion beam B
FIB sample Diffraction Bright Weak-beam
pattern field dark field
100 — 200 nm thickness (BF) (WBDF)
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Irradiated thin foil

lon beam
Material lon G [dpals] incidence
angle (¢)
Temperature | Fe;;Nis,CrigMnys Fe* 2 MeV 1,9E-4 47°
550 °C
316L Fe* 2 MeV 1,54 56°
FegoNisg Ni+ 2 MeV 2,254 42°
o Damage profile - iradina QC
Fe37Ni34C|’16Mﬂ13 (470)
316L (56°)
0.8 1 FegoNiso (42°)
? Ed =40elV
o
.0.6 1
RS
= Reference dpa is
§ 0.4 taken at the surface
=
0.2
0.0 4

1000

Depth [nm]



Loop size: - [ECEEaEE . | Loop size: +
Density: - Sl O | Density: ++
Growth: - Lt JERRT O _ - & Growth: ++

Conventional TEM / BF Conventional TEM / BF Conventional TEM / BF




Method - Loop size distribution

example for FegoNi4g

mm) | 0.28 dpa - 2o0]
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Method - Gamma distribution fit

example for FeggNiyo

s 0.08 dpa <01 0.14 dpa st 0.21 dpa st 0.28 dpa

B Data B Data I Data
E Gamma distribution E Guaumuma distribution Il Gamma distribution

R*=0.97 R?=0.76 R*=0.67
ﬁ

B Data
Hl Gamnma distribution

R?*=0.86
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In-situ loop nucleation and growth rates

21
- x 10 100
Fe37Ni34Cr16Mn13 . —— Fe37Ni34Cr16Mn13
6 1 |3;16LN_ = -0+ 316 L
& 60l 140 ‘E' 801 =e-- Fe(;oNi40 +/- 1 SEM
i 5 . —
= +/- 1 o (Poisson) g
— o Standard error of the
%» 41 g 601 mean (SEM): o/VN
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Dpa (surface) Dpa (surface)
: FesNis,CrigMn,;;  316L  FegoNiy
Loop nucleation rates . Loop growth rates
1,33E-7 1,385-8  3,67%-8
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m
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In-situ loop nucleation and growth rates

Loop nucleation rates
“ P Loop growth rates

FegoNiyo > Fes7Niz4CrigMn,; > 316L
i rATe s FE37Ni34cr16MI113 > FeeoNi40 > 316L

- x10*
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61 - . . ..
= | /m ) Possible interpretation . Distribution | Individual
= Material growth rate | growth rate
-; 41 Cluster production within the displacement (nm/dpa) (nm/dpa)
FonNiyCrah | 1927 | 19117
h FesrNizaCrigMns thermal conductivity? 316 L 146 68 = 8

14 F660N140 374+ 0.3 97 + 13
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Slower energy dissipation Reduced damage
= more recombination 2,500 — — —r—s

Kiritani (1994)
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Growth rate [nm/dpal

Estimation of E_V

Kiritani (1994)
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Full length article

Investigation of interactions between defect clusters in stainless steels
by in situ irradiation at elevated temperatures

Dongyue Chen ™, Kenta Murakami °, Hiroaki Abe °, Zhengcao Li “**, Naoto Sekimura *

* The University of Tokyo, Dep of Nuclear Engi ¢ and Management, School of Eng ng. 7-3-1 Hongo Bunkyo-ku, Tokyo, 113-8656, Japan
® Nagaoka University of Technology. Department of Nuclear System Safety Engineering. 1603-1 Kamitomioka, Nagaoka-shi, Niigata, 940-2188, Japan
< Tsinghua University, Key Lab of Advanced Materials (MOE), School of Materials Science and Engineering Beijing, 100084, China
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Fig. 4. (b) Average size of defect
clusters as function of irradiation fluence.
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Conclusions

Loop density [m~?]

Quantitative and statistical study of Fe;;Ni;,Cri¢Mn,;, FegoNiy, and 316L, in-situ
irradiated using Ni/Fe 2 MeV ions at 550°C

Significant differences in damage kinetics between Fe;;Ni;,CrisMn,;, FegoNigg

and 316L:
« Loop density: FegyNi,, > Fe;;Niz,CrigMn,; > 316L

One interpretation: Thermal conductivity affecting the cluster formation within

the cascade?

« Loop growth rate: Fe;;Ni;,CrisMn,; > FegoNiyo > 316L
One interpretation: Faster migration of vacancies?
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Thank you for your attention!
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