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of materials with high radiation resistance.
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diation influence. Rate of degradation of nucl
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Accelerators
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n AS33 steel
dpa, T=290°C)
nm , p=10!% cm= [K.Fujii, 2004]

Dislocations behay
AS533 ( Nit 3Me)
Average diameter of loops ¢

Dislocation loops images in different diffraction conditions

:a) g =020, b) g =200.

Dislocation loops are visible as white dots. Absence of loops con
(b) means, that these dislocation loops have Burgers vector b =
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Mo-Nb swelling
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ynergistic effect of He and H was
own clearly in the triple ion (Fe3* *
He* * H") irradiation

WYoid Swelling (%)

S MeV, 1.05 MeV,

welling resistance (0.5%) for
e") of the 12Cr alloy: swelling of

e’ + H") : No effect of the presence of H+
on (Fe** + He* + H") !!!
-heat F82H (Fe-8Cr—2W-0.2V-0.04Ta—0.1C) Steel A _——_
» (a) triple beams of Fe*", He* and H* ions
» (b) dual beams of Fe3" and He" ion
» 50 dpa, T=470°C

» Irradiations TIARA facility JAERI
» Cavities formed in F82H at the dep
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Electrostatic Accelerator with External Injector (ESUVI)
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17° analysing
magnet

chamber for irradiation of
targets and measurements
using the methods of nuclear
reactions
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By varying the ar ed different levels of
damage and co epth between 0-100 nm
1.4 Me ®cm=2) — 18Cr10NiTi SS
: 100 dpa + 0.5at.% Ar
2 at depth 0 — 100nm
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4]
x0.1 -8 S
)
n
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y T y T u 0
000 4000 6000 8000
Depth, angstrom

4}

Only 40 dpa
at depth 0 -100nm

Concentration, at. %
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Fe-18Cr-10Ni-Ti
) dpa at 600°C ESUVI facility
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852 steel

Irradiation | Void size , nm | Concentration, cm3 Swelling, %

Cr™ 15-60 4,0-1013 0.01
Cr™+He 15-50 3-1015 0.4
Crt+H
Cr™+He+H 10-50 2.2-1016

0.4
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, D=100 dpa)

S=0.01%, p=4,0-10'3¢
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I
D=100 dpa,

$=0.4%, p=3-10"3cm-3
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S=0.4%, p=2.2-1016
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S. Zhu 2008

Temperature RD-1000°C

6 samples irradiated in turn
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JANNUS - CE ral presentation

: i Triple beam chamber
H implantation
First dual beam Oct. 2008
(2009) Triple-beam (2009)
i 2 MV ‘
Tandem
|
e —

Ballistic damage

25 MV Installation dec. 2006
Va;i de Graaff First experiment Oct. 2007

|'/ aff

3 MV Pellebron
ECR sourpe

H,
He implantation

Installation Dec. 2007
Preparation — funding — building First beams Apnl 2008
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2l Fe/FeCr alloys

ncluding « in-situ » in a TEM) in
al and possibly triple beam mode using a
ange of experimental conditions :

2mperature (largest range compatible with TEM
aracterization)

-Total fluence, damage and/or implantation rates

* Model Fe/FeCr alloys (EFDA materials): Fe, Fe C, Fe 5
10-14% Cr

* Quantitative microstructural characterization using
TEM (number densities, sizes of
bubbles/voids/dislocation loops) and possibly
(a/ @’ unmixing, segregation) & EELS (segre
on bubble/cavities, measurements of He

Proposed Expe

» Tentative schedule:
-2009 (second half): in-situ TEM a
irradiation/implantation experime

-2010: dual beam experim
possibly

first TAP experiments
- 2011: continuati
investigations +

[EM-coupled dual beam
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725

750 775

(0}
emperature, C

ature dependence of swelling rate
steel AISI316, deformed on 20%
during two-stage irradiation(1).
Irradiation rate during reactor
irradiation at 585°C(2)

and during ion irradiation at 625°C(3
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and size of voids in
irradiation

1021 |
10}
10°} ‘

10"

|||||1I|Iﬁ|l|unqb

HHﬁHHm

T_-100

Dose dependence of swellin
|W concentration (b) and siz
H# during reactor (n) an

I HH = irradiation.
Hﬁlhwﬂl“”' (L lon irradiatio
I [ ]
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T -100 T T, +100

m
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6Cr15Ni3MoNb

Temperature

/
500 600 700
Temperature, &

0+
400

emperature dependence of swelling 16
1 — reactor irradiation (@t=2-10?"n/
2 —ion irradiation (Cr>*, D=100
3 —curve 1 displaced right o
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Modelin of materials

( Fundamental properties of defects,
defect clusters and
\hinteractinns between defect clusters

Ab Initio Calculation
Interatomic Potentials

rPrimary' defect production
Diffusion of defects and their reaction
|_Dislocation motion (glide/climb)

MD Simulations

Kinetic MC methods Microstructure and precipitate evolutio

Rate theory

Correlation of radiation effects data from neutron and ion irradiations
Extrapolations to higher doses and lower dose rates
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discussions

enters, microspecimen technologies need
ent of new materials and materials testin
fusions, overcoming disadvantages of io
rator based irradiation

FS, SANS, etc. for nano scale structur

» In-situ type experiments for dynamic
radiation effects

* Empirical correlations between fission
accelerator irradiation at very hig

— Transcendental understa
effectiveness of ion-ac
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CONCLUSIONS (continued)

» While neutron irradiations are essential to evaluate and qualify materials
for Generation IV systems, it is important to note that effective radiation
effects experiments can be performed using ion-beam facilities

» Charged particles irradiations can now provide a low-cost method for
conducting valuable radiation effects research in absence of, or as a
precursor to verification experiments in reactors.

A\

Main tasks of simulation experiments now are:

A\

Understanding of radiation damage mechanism of nuclear materials-
better knowledge of the nature of point defects and interaction between
them

> Set up the correlation between radiation-induced defects and material
degradation mechanism

A\

Development of technology forestimating and predicting radiation damage

» Model predictions must be validated with advanced experimental
techniques which are able to determine materials properties in a multiscale
approach
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