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In the “The study committee on Post-JMTR” which aims at discussing for the construction of a new
materials testing reactor as Post JMTR, it was proposed to hold a workshop to promote the public
understanding and to hear the opinions of utilization needs. In addition, it was proposed that the workshop
be held regularly as a place for exchanging opinions about ideal way of the new materials testing reactor,
and that discussing be held with no limit to Japan. In response to these proposals, the workshop was held to
discuss the construction of the new materials testing reactor.

This workshop was held with the aim of clarifying the utilization needs of the new materials testing reactor.
In the workshop, it was given lecture on safety improvement of light-water reactors, nuclear research and
development of new and next-generation reactors, scientific and academic research of basic research on
materials, and industrial applications for RI production by stakeholders in industry and academia. In addition,
panel discussions were held to freely discuss the utilization needs required for the new materials testing
reactor, the ideal situation of irradiation functions in Japan, and the operation and use of facilities.

This proceeding is a compilation of these presentations and others.

Keywords: JIMTR, New Materials Testing Reactor, Workshop, Utilization Needs, Irradiation Function

(Ed.) The secretariat of the study committee on Post-JMTR
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Nuclear Innovation Alliance, Ashley E. Finan,

“Enabling Nuclear Innovation : Strategies for Advanced Reactor Licensing” (April, 2016)
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Nuclear Innovation Alliance, Ashley E. Finan,
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US NRC, “A Regulatory Review Roadmap For Non-Light Water Reactors “ (2017)
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Sonada ot al** 2008 UOysameas  Copsule  32,53,86,96 5001500  Summary of HBRP
Foncni etal’ resuts
(UGHO, a2,53
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Spel%men Experimenter Material Composition Specirr:;n € Amount Spelclsmen Experimenter Material Composition Speclrr:;n size Amount
1 Fe2H Fescrow | 192X496x 30 1 F82H Fescraw | 192X496x 12
2 GO1 C S5phi x 20.3t 10 2 GO1 C 5phi x 20.3t 3
3 BSR SiC 2x6x50 8 3 BSR SiC 2x6x50 3
4 Tensile SiC 1.5 x4 x40 20 4 Tensile SiC 1.5x4 x40 20
5 Bending SiC 1x1x24 30 B Bending SiC 1x1x24 30
6 V alloys V-4Cr-4Ti 3phi x 0.25¢ 200 6 V alloys V-4Cr-4Ti 3phi x 0.25t 22
7 V alloys V-4Cr-4Ti 1.5x1.5x20 50 7 V alloys V-4Cr-4Ti 1.5x1.5x20 26
8 Fe alloys Fe-1.4Mn 3phi x 0.1t 300 8 Fe alloys Fe-1.4Mn 3phi x 0.1t 108
9 Fe alloys Fe-1.4Mn 16 x4 x 0.25 150 9 Fe alloys Fe-1.4Mn 16 x 4 x 0.25 75
w w 16 x4 x0.1 40 10 w w 16 x4x0.1 0
w W 6phi x 0.5t 10 " w w 6phi x 0.5t 10
W-Re W-5Re 6phi x 0.5t 30 12 W-Re W-5Re 6phi x 0.5t 10
W W 3phi x 0.2t 6 13 w w 3phi x 0.2t 6
1 W-Re W-5Re 3phi x 0.2t 6 14 W-Re W-5Re 3phi x 0.2t 6
5 C C 3x4x30 5 15 C Cc 3 x4 x30 2
6 C C 3x4x30 5 16 C C 3x4x30 2
7 C C 5x5x1.7t 8 17 C C 5x5x1.7t 3
8 Fe Fe 3phi x 0.3t 10 18 Fe Fe 3phi x 0.3t 10
19 Fe-1Cu Fe-1Cu(wt.%) | _3phi x 0.3t 10 19 Fe-1Cu Fe-1Cu(wt.%) | 3phi x 0.3t 10
2 Fe-3Cu Fe-3Cu(wt.%) 3phi x 0.3t 10 20 Fe-3Cu Fe-3Cu(wt.%) 3phi x 0.3t 10
2 Fe-5Cu Fe-5Cu(wt.%) | 3phi x 0.3t 10 21 Fe-5Cu Fe-5Cu(wt.%) | 3phi x 0.3t 0
2, Fe-8Cu Fe-8Cu(wt.%) 3phi x 0.3t 10 22 Fe-8Cu Fe-8Cu(wt.%) 3phi x 0.3t 0
2! Fe-10Cu Fe-10Cu(wt.%) | 3phi x 0.3t 10 23 Fe-10Cu Fe-10Cu(wt.%)| 3phi x 0.3t 0
2 9Cr-ODS Fe-9Cr-2W 16 x 4 x 0.25¢ 20 24 9Cr-ODS Fe-9Cr-2W 16 x 4 x 0.25t 5
25 12Cr-ODS Fe-12Cr-2W | 16 x 4 x 0.25t 20 25 12Cr-ODS Fe-12Cr-2W | 16 x 4 x 0.25t 5
6 15Cr-ODS Fe-15Cr-2W | 16 x 4 x 0.25t 20 6 15Cr-ODS Fe-15Cr-2W x4 x0.25t 5
7 F82H Fe-8Cr-2W 16 x 4 x 0.25t 20 7 F82H Fe-8Cr-2W x4 x0.25t 5
8 SUS430 Fe-16Cr 16 x 4 x 0.25t 20 8 SUS430 Fe-16Cr x4 x 0.25t 5
9 Fe Fe 16 x 4 x 0.25t 20 9 Fe Fe x4 x0.25t 0
Fe-1.6Mn-0.8Ni- Fe-1.6Mn-0.8Ni-
0.5Mo-0.1Cu- 0.5Mo-0.1Cu-
30 A533B 0.2Si- 16 x 4 x 0.5t 185 30 A533B 0.2Si- 16 x4 x 0.5t 110
0.15C(wt.%) 0.15C(Wt.%)
Fe-1.6Mn-0.8Ni- Fe-1.6Mn-0.8Ni-
0.5Mo-0.1Cu- 0.5Mo-0.1Cu-
31 A533B 0.2Si- 16 x 4 x 0.5t 48 31 A533B 0.2Si- 16 x 4 x 0.5t 26
0.15C(wt.%) 0.15C(wt.%)
32 V alloys V-4Cr-4Ti-0.1Y | 3phi x 0.25t 20 32 V alloys V-4Cr-4Ti-0.1Y | 3phi x 0.25t 20
33 V alloys V-4Cr-4Ti-0.1Y | 16 x 4 x 0.25t 20 33 V alloys V-4Cr-4Ti-0.1Y | 16 x 4 x 0.25t 20
B4C- B4C-
34 B4C-AI203 7.7A1203(wt.%) 2x4x25 14 34 B4C-AI203 7.7A1203(wt.%) 2x4x25 8
B4C- 0 B4C-
35 B4C-AI203 7.7A1203(wt.%) 6phi x1.0t 8 35 B4C-AI203 7.7A203(wWt.%) 6phi x1.0t 4
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ZEDHLANM BB L TEBY , WIMNFOHOFVEFIE TiX, YL ETOMERZEE 28R 5 2
EIXATRED NS LAV 0D, BRESERER-CRRGT 12 3 BRICIE RS - L. EBEOM B Z BT 5 A O E
BUFRHALTLUE 5, BAKIFED O SEHER BRI IS 2 AR EE IR EBR 5L C k- FRA
AT 9 12O OERNOREF OB A % Hfl & U= BEHFRICET I AMERDNLETH D,

F—U—F.
WEAME . MR BRER, ERELEE, A B
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EBRERFRICE T DBNFEE B
MEHBS AT DOREL, HZE R D
ES N CIOPAE X

REARE TRNX—BITEHER
o NpE

EEAR

« BRI O FRENRDH]

< BAFERAWI-REFRS

« Bl &BAF Z {8 > 7o iR D LLER
cFE®

KYOTO UNIVERSITY
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MR DO REF IR R D

KYOTO UNIVERSITY

Neutron Irradiation Effect on Low Crystalline and
High Crystalline SiC Fiber Reinfoed SiC Composites

25x4x2 mm § £
C/Si=1.59 E

S

Low Crystalline|l§

Tyranno™ TE

e Excellent
High Crystalline Stabilities in;
e o Dimension,
Hi-Nicalon™ type-S Strength

KYOTO UNIVERSITY

JMTR Irradiation: at (573K +) 773 K,- 1 dpa-SiC
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FEIRSY & PEFEREIERDCVD SiCe
SICEAMBIDIL -1 A iR

600

Type-S
L CVD SiC comp.
500 ' (high purity) / }
= Hi-Nicalon
S 400 comp.
b (non-high purity)
8 300 | ;
& H
£ 200 | \
x
kO]
[T
100 N
o Non-irradiated
® Irradiated
0 L
Irr. temp: 800°C
0 0.005 0.01 Dose: 2.1~2.2dpa
KYOTO UNIVERSITY Flexural strain (%)

% (a) STEM BF

(b) STEM HAADF

& (c) STEM EDS for W
(d) STEM EDS for Os
(e} STEM EDS for Re

Y E DR

4

WESEORZE
BMzE, BRILES)
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BANIPE WP IR ST

KYOTO UNIVERSITY

B KRBT S E 5 PHENIXETEI D LR
RV MHEPDER FHERIDR-

PEFREVT AT O BT

AR EH, BB R2 Y. Katoh3, L. Garrison3
THREKE, 2HIL KRS, *ORNL

PHENIX #RX92 A2/8— e

BHET EEH. DR SEEA. EHEAN L | )
K) . KRB (NIFS) . BERE RS (R K) . MEFER (K o |
BRFFK) . Wilna Geringer, Charles Kessel, Xunxiang Hu, u R

Takaaki Koyanagi, Phil Ferguson, Xiang Chen (ORNL)

JarareLES JomT Projecs
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He R HIWHE BPFCORFFBER IR I DERE|

Task 1 Task 2

WESOEERE Incident plasma particles
NEFTREOMYT ) (T, D, He, Electrons)
So"g | Neutrons + Radiation  Task 3
Task 2 particles Liquid
= °\ . : dlliL:allets F—I—HED
BBRSEEICRIFT Erosiond ¥ % i RF o LEDR
HIEFRAR : elting
Task 3
Task 2
WEHHA~D
F——HEiEEH RIF LER
LDBERIMN
Cartridge
Task 1 Task 1
-k
(SR DR " EREEHeD#R
iRt outhow He He outflow FEIR N
inflow
RB*H & (D 41

RB*Hh T2 )L D 41

o BT A R—X: 400 x 38 mmEZERRE

s KEFOBEHENT W

o EBMZHIR b

e BT HHMAKEZTNDTELD
BEREHERD Z &EMNREBE

2T AT VRS

e AP EMANAME | (BICERE)

e ImMmOERRE LTH, 2L LT
DODREIE+HICHERTED

o Etis‘aﬂ@k%b\éit%%)—#(mmm&)%ﬂ

AE

ERETORBMABEEREBRLEIVIATVOD
FiEFRASIREALNCT S

10
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RB*EEST D E

JAPANAIS JOINT PROJECT

RB*H T+ )L DHH

o BT A R—2Z1:400 x 38 mmEFRE
e HBRAFOBHEATN
o KBS X b

c BHTDBMAREVDTEL D “
BETEGEIRSD - & SRR | ,
82 FAT VRS

« RBETERALE | (5-ERE) :

o IMmOEREE LTH, 2L LT
DRI+ ISR E S

o LK % LBER A (10mmEE) & T

=
AE

1=

800°C Subcapsule

BRABEEZEELEYA VY TATFUOD
hMFRASDEEZHEASHNIZT S

RBIOJH M FHEST OB E

Location: RB*

Dose:
0.2~0.7 dpa, 4 cycles

Temperature regions
250-300°C (QST) — 142 specimens
500°C, 406 specimens
800°C, 389 specimens
1100°C, 359 specimens
Specimens types include TD discs, tensile
bars, toughness, torsion, bend bars

Gadolinium thermal neutron shield

12
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HFIR RB-19J Fusion Materials Irradiation —

Fast fluence vs. transmutation considerations

Desired thermal flux suppression ratio for 19J
is by 1.5 to 2 orders of magnitude

* To achieve a fusion-relevant transmutation-to-dpa
ratio

* To enable sensible comparison with unshielded
irradiations

* Neutronics calculation roughly estimates ~<0.1
thermal flux suppression ratio

 Significant uncertainty due to complex internal
moderation was noted by J. McDuffee

« Gradual effect of Gd burn-out is expected

* Maximum allowable % transmutations is a

debatable question
¢ ~0.1% is probably desirable (Sawan calculation is
considered more accurate and relevant)
« Likely consensus is >~1% will severely spoils value
of experiment

* Transmutation rate profile is an additional

important factor
* Rapid increase is definitely unacceptable

* Uncertainty in transmutation rate history
degrades value of experiment significantly

100 +
c
g
a
@
5
2
< 10 A
‘m
2
]
g
5 1
5
=
I
=
é 0.1
®
b Fusion PFC (Sawan 2014)
= y ===Fusion PFC (Noda 1998)
= 001 44 - - + !
0.01 0.1 1 10 100

DPA in tungsten

RE-A9200

13
800°C/0.7dpal& 544 D 700°C5 |5RAER ‘ ﬁﬁz"ﬁ?ﬁ
* T e W (e recively , R T i~ e P
= 700°C Irrad. Pure W P IIT;E:;RC
=l «— lrradiated p [_ fh—_’:wd\ ]
z f { K-doped W-3%Re
. Hardening | /
£ Unirradiated and f /
£l ] Brittle | K-doped Z;'fys ]
- Test temp: 700°C |  showed good ductility o
. 0.7 dpa / J WX
1500 ‘ ",d ‘,! l,m " Naminal strain, mnyv/mm 0.08
p % T00°C Irrad. Pure W Irrad. K-doped W-3%Re
E Irradiated 1
g ""--.___E_Jnirmdia\ed 1
B e |+ Pure WIZBRSTREALIC &0 TIREA2ME L LML,
et UL, BEEA~EERE Ch o b,
Nominal strain, mm/mm Hﬁﬁﬁ)ﬁiﬁ'ﬁﬁ)of: o
* K-doped W-3%Re X BRGTEEIL (S Lo TEREEAUSIEEIBIIL =AY, MUKIZEA LR
WEMN Ot BEICIET AV TNERLLIENSEMEIE TH o=, S00°CIRE# & 14

EEkICERERBEAFEL TLM =,
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TSXT R EM#/BEM R ED
RIGFAF2HREREG R

RERKE H@RED

FRONTIER Task 1BS{% % :

BAESE LX) AIEE (ST RAJIR. HFLEF.
EER, THEXEESIN (RILX) . RIREL, A
BT (NIFS) | BN ERAE (R K) . RS &R (KBRFFX)
Lauren Garrison, Wilna Geringer, Charles Kessel, Xunxiang
Hu, Takaaki Koyanagi, Phil Ferguson, Yutai Katoh (ORNL)

15

. RRE:
aE {PFC:P(DEFE RE:
HAHHRE - BEE
Neutrons . BMEERE
/// - B3 - FUFH LB
rungsten " ot
( > BREBRITR DR
‘: = : b b SEN g
AR —— hR7—FR&
RE€, ERFHME TS M.
ER L5 B LS. sices P—— }ﬁﬁq?(f)j'jyg‘/; .
) UM TENICLBURATRD | oman
KRE ORI & RERBE~ DR . H{IWtI:EHﬁ
< HFR - EABEIH, hAT—FRA L rom
REFLREORER - BEAROHR
« INLT capability o KERGE- A LEESE
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Task 1—3 mm capsule 500C

NOTE:

« Temperatures shown are based on elemental composition estimate
averaged over the whole rabbit

« We should expect +/-100C from wish temperature

« This model assumes a central position in HFIR

e
e

These
temperatures are
arough estimate

XOMRIDSY

H AR i D EE 2@ L 7cHFIRERSY

« BKIFREED 51000°CE B R 2 FEF PRBEIF OIRE TD RS
HYATHE

« BXTaX bZIFTF

s HEIDFHEILE TRIFHHHRTRE

cBon/RERIEE

- RERARIIMRE N EZEAREIA. EXRRICIEKETENRE

- BB Z BORIC BRI

« RETSUBREAN, BREHR BRI [ KE ICEE

KYOTO UNIVERSITY
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B L i : = o ;]E_l

H2020 IL TROVATORE

(Innovative Cladding Materials for Advanced
Accident-Tolerant Energy Systems) —

A Brief Overview

Dr. Konstantina Lambrinou
SCK<CEN, Belgium

Bl ©'IL TROVAT 2RE |nusenia o

©/IL TROVAT 2 RE ATF Clad Irradiation @BR2

» Material down-selection based on a set of critical screening tests:
= Resistance to aqueous corrosion (330° C, 30 days, water)
= Resistance to high-temperature steam oxidation (1200° C, 1 h, steam)
= Hermeticity of sealed tubes
= Acceptable radiation tolerance (no decomposition or severe swelling)
> Targeted irradiation conditions: 330° C, max 7 dpa, PWR-like water
» MISTRAL-N rig — loaded in central cavity (& 34 mm) of 5-plate (Vn) FE

MISTRAL rig design

Rig design: 3 needles
Tubes of variable diameter/length

MISTRAL-N rig design

pL]
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IL TROVATORETHMHFERRH 21T 2 RATH
F L /1-SiICEEEMRIDEM

Kyoto SiC COMP-1  Kyoto SiC COMP-2  Kyoto SiC COMP-3

Kyoto SiC COAT-1  Kyoto SiC COAT-2  Kyoto SiC COAT-3

10mm

KYOTO UNIVERSITY

EUnh7R> 2 b TOBR2EBST

o« BRKIFR IS T D BT

«EUD X B

IS IR A B L BAEFHFLEUTRE
cBoN/ERITHE

- BREHRIIARENEZECTET. ERNICIFEUTER
- BRERANZHBINICBARANE T2z HE

- BATEEREAMT. RAEEARBKMNIZIEUICER

KYOTO UNIVERSITY
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R & BN & (£ - 7o AT 5 D LLER
I = =

ES BcRE HFRFR A DB

GBEST SIEIREES SRR 5E £ AR

RS HR EES E SRR OMB TR

SR BB AT E[ED EELERRECHR
HHORS T — Eris SR 56 £ 2

s EUERWB LRI AE BERgmnemnTos

KYOTO UNIVERSITY

BNFRAOE & EENFOLENE

< BAOHRMER LA, EEE R OMEITHNIL, BHAFE B WP FRBE L ATRE
THENZ K oRR 2B TE 3,

s MREECERNFEOIEIF IR FEIEBL EITERE LHETIIERE L,
- By SEAICRAMZET 2HRIETEARL,
- RAERARIE. ERNICHEFECORBE B YESICHNDSH S,

BRathl, BHIEAREMIIBEIOFRI O AT CERL TWA Y. BINCER
IhTns,

- BHER, BHERHAR. XEOMHEERTIAMOIEL GRS LTWS,

 BKIFD DR, BBEFE TORESEREAIETL VS DAMAFIAT
E2IMTRD & 5 BHIRFHNERICBETH %,

KYOTO UNIVERSITY
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3-3 ERICEIT 5 RETEIIIEDHL & FFatk

ALHRE R T2 e A EaE

]

1. 8
RS I CEN - B OB R DN I EEMRED — o> ThH 5 & OBz IA L, Zh £ THIER
SEBRAE R0 O FEHE L oM BRI 7 — & OFEM - i 3D LT E 72y, RO AR B ER
DFAE L 72 WBUR Tl BZR A 4 0 ISR S B ONRS Hiab A2 B 3 2 1 it 2 g FR SR 3R 5 0
SRR S D252, R Clx, e OBMAFRMEIO S b, B8 - 77 7y Mg
MBI O A R— 2R RZR D . ENORFETED TWAIEHBIHME 7 = Z 4 M, ¥
T AT ROSIC/SIC BAEMELOWFSEER OBUR L RLEE £ & DT,

2. EHEHIL7 = 74 MEOBFFEBER (bR, FALK, EK, K, uK, f)

KIEEHE 7 = F 4 M & 1%, Mod9Cr MHEVER 2~ — 22, A M CRIFFM O L 72 5
TRICEZHZ -7 =T A MET, F71Z F82H (Fe-8Cr-2W-0.2 V-0.04 Ta-0.1 C) 4l % .00 ik 52
MM MRHEIZ B 5 7 — 2 R— 2 DTN A TV D, MBI IAEAIIC Fe DZFFUTHEL,
BRI E R D 110 FRE LR\, EHEAR D LWL (X1 —%%) TIZRHE
Imm LN OME LRSI, e e CR & 728 & 72 b,

3. ZFUTRTUMBIOMZERFE (LXK, FIKR, ®K, #/HK, BILK, &KX, fl)
ERITHENTREOMEEETDHL T AT (WITEBE CESIMTENZ Lz, JEHEE
R OGRS TR EMREMEDS L FE N DN T 2 AR BERS & BAREE CllE Sz Wik
THEMERM ER LV OMREEAET A0, 672 5EMEORBIZITIHARIEE, DBTT KO
RO FEANUETH D,

4. SiC/SIC EEMBOBFERFE (EX, BTKXR, ®XK, f)

SiC/SiC EAEMEHT, BT I v 7 A CHAEM N 25k T 25 2 & TREMN, &Lk TR
BZZEMNe EOMERE L BHEME 2 AT D, ZOMEORMRIL, KFHEHIRE - (RREAREIC X D
S TERFM ORI TH 5, £z, BG O 72 bR O SR, flZEon 7 v b
TV R E | RIRWEETOEMEOBHEBICAY | BEMEFH e TERMT 5% < ot
WA OB RN RDBIFFEN D,

5. RZPIZBIT 5 BAVEHFFREEF

RIS DIFMBHREHF 21T, & RER TR 20 k% 0 S e 1 PR S X 050 . BB R RR
BT ) A — )V ORI S — B L TIT 9 Z E 3 FTBE7Ze . AL K& E &= L ¥
— MR R E BRI GEE v 2 — 0 X 9 23t FER AR A S EA TR TH D,

F—U—F:
B, 7 =74 =T %A M, X7 AT A4, SiC/SIC BAME
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2020%12H22-23H
T-1 BT REOBFRIZHE T =7 —5 39T ]

ERICE T HBAMHEAED
WREAEE

EBERFRFRTFAHHER
BER BE

BHIEH QST, X, RAKX, TX

RFIFRVIFEEMHFAREDEE

FE— BKIF  SEEBKE F4HAEFE BEEF

My,  BARE, A-2FFNE RIESAE, WSS RAFMIE
ODSHl, it (%, Zr&é® RALRDH, Nid®  ODSH

Generation I SIC/SIC
| Generation I Wéﬁ
Generation 111 AN
Early Prototype L V&L
Reactors Commercial Power Generation 111 + :l/\
Reactors Advanced Generation IV Nbﬁ%
Sl = HEA
Ewolutionary
a Designs Offeting - Highly
Imp roved Economical
s Ecanamics for - Enhanced
o Near-Term Safet
- Shippingport Deplayrment 3 Minirr{al
- Dresden, Fermil Waste
- Magn ox - ABWR ~ :
- LWR-PWR, BWR Proliferation
' - System 80+ Resistant
- CANDUY
- WER/RBMK
Genlll | Gen I+ Gen IV i
1950 1960 1970 1980 1990 2000 2010 2020 2030

(1) HOKKAIDO UNIVERSITY
JL
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BEASEHIVIIFEDEEM FHZHE (2000£F R)

F—ATFALATILAMR FIRTIREEE 2 Sh AR EIR AN
- B0 ) —FIRERAMNERE
- ﬁ'ﬂ‘fZI'J.‘/V'fifJHEE W
A — & S
(BEETEDFRMOENELNE) Mo (TZM)
IT5AM LTI AR e
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- BRI E TR TS S AL i
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- RIS HAEL CuniBe
- NI -AEMEICER Sic/Sic
- ERICHITHEEEEL 0 200 400 600 1000 1200 1400
- THERELTEAVELY Temperature (iiC)

S.J. Zinkle and N.M. Ghoniem (2000)

“ﬁ’ HOKKAIDO UNIVERSITY
v

3
— =] A
RS DEMOFERADRATa—)L
IFMIF/EVIDA LIPAc 9MeV D+, 125mA Satellite Tokamak JT60-SA Fusion Power =0.5GW ~1dpa / full life
2020 ; 2030 ; 2040
;‘ Post BA 3 1 1
BA ' 1 : EEEENR I EEE
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() HOKKAIDO UNIVERSITY

- 129 -




JAEA-Review 2021-064

BRSSO RBAFE ALK, FiX, EX, HXA, AKX, )

== 5 1= -
= :
5 Absolute value of magnet

Z[m]

suhsE
14MeV hiEF

~10T

ic field (T]

EREEHE

-
300

400

| Temperature

500 250
/2000 /1000

1500
16000

! He/H, appm

(#i0) HOKKAIDO UNIVERSITY
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BRSHETTS A MA ~ BER RSB S LR FIS ok

RFIFRBBEBEE BREFISUryk
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Q ST S.J. Zinkle, Annu. Rev. Mater. Res. 44 (2014) 241-267

- 131 -




JAEA-Review 2021-064

8
ERSHET TSN ~ BHE EHET)
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H. Tanigawa et.al., J. Nucl. Mater. 367-370 (2007) 42-47

HOKKAIDO UNIVERSITY
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EEHE 7S5/ A ~ BEHIZEDM,;C,, Fe WD IERH 1L
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6.4MeV Fe3* ion irradiation at 300 °C / 10dpaF82H aged at 600 C for 30kh

Irradiated region
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WHH O REAFE L X, Tl X, 3K, #@X, ELX, 5EX, )
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Tohoku University ‘f@i HOKKAIDO UNIVERSITY
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i o — . (EECERRORIIEEIIAR OHER
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A A NNd R & 8 L7Z in-situ TEM 284 L T\ 5, LR T, 2 BOA A R LVW$~
RS LA BTV — A& EE MBI Th 5, lonization-induced annealing K> L —
W —BRE) L R B PRIC L D EIE TEM (2 X 5 mURBETERL « iR OFZBRE o al i ke &8 L
AT ZADFEGLHRE, RBRFERE COMEMTREITIESTWDEEERD,

SEER
(1] ERPFES, BRI H57EEE, 15(7) (1973)pp.458-468
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L—a Bt &R SR ST FEIR
EFTHOMHEERTICTDOLNT

R RBRIFOERICAIT T - ayT
2020/12/22-23

SRILERE, BEaE—

ItBEKRE KER TEHRR BEIRILY— ITI)7ILREHEEH R 42—
Tamaki Shibayama and Seiichi Watanabe

Center for Advanced Research of Energy Materials,

Quantum-Beam HVEM laboratory,

Faculty of Engineering, Hokkaido University

AADHE !

1. BERDAA U IERBDARYET—H

2. B X EFIBEME HVEM+/ A ESE . L—5—)
D

3. ESDEIM

4. IMTRERIF THMRFNELEISE S L. DX7E (F4) FR 5
FORRRBEHFLET !

HOKKAIDO UNIVERSITY
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# (X, https://www.nanonet.go. Jp/yp/mdex html
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HEATBHITORERILY — 2020/02/25 HOKKAIDO UNIVERSITY
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4

LBEXRPEIEOBEMFIDORGE PAFS

MB (CHAFEUCERIBRE &S TTDEZEVAFIEME RN ZEEEREDOHICANT, ERE
THRTHH TAIERRES Tz, TDE. HFLARBREG TAISZRE, kESET. BHES
FIAESNTULBIREER (Nakaya's diagram) ZE/ER Uz,

EREBEDOLT AT

A FEHE P iy
A3 [ A TR S 4 PAFHE SORFEICAHE
(1930~1962) cRTLES
(&, AR

HLLVMRZRIH DL, REREEZRD,

CEREBMNETNIE, EBRAHEELL, JMTRELE#E104E)
SENDOBIHFEEEY S (T XY T 3>0)=>EBR-I, HFIR, FFTF/MOTA., L—J R EIXiBEICE
515 CKEATR)

REBHERFUMER. BEEEFEMELL)
-BEFENAERICHEHEDA) YN BRBEFHBE

HOKKAIDO UNIVERSITY

Nakaya’s (Crystal morphology) Diagram

L Plates | Columns Columns and Plates
(2] L)

T Needles
5
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s
o 14%) Columns
a2 7| Plates |
£ 1
= LE
N ? j _ Solid N
Lo S plates \ . Plates
- % prisms ce
0 -5 —io =I5 0 25 5o =35
n 20 10 0 S0 =20 20 b
Temperature, Colder —
http://www.snowcrystals.com/morphology/morphology. HOKKAIDO UNIVERSITY
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Kk HERAEFE—LBEE
EF5AMEE (MQB-HVEM)

AK QI4LE— L—H—HEESEEFEMER
(JEM-1300NEF)

EZPN Jinﬁﬂ?ﬁ%‘&%ﬁ&iﬁﬁ(dw—moor( SR)
/%’ HOKKAIDO UNIVERSITY

.

#E (& hitps://www.nanonet.go.jp/yp/index.html
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B5 DHVEMZ F| AL =B & LIS D ElFR 173 ARSI DLV T

AER(ERTFRE) RERGE (ERBE)

—

KBSI Morning star HVEM

» ——

KBSI Bio HVEM

I35 A% vIL—, FAYMPI, hEEELEHEE | HOKKAIDO UNIVERSITY

Our research strategy in Electron Microscop)p

An initiative nano dynamic study of matters by
[Multi-quantum beam HVEM)]
lon beam hadron  Electron: lepton

lon beam
Laser

Laser: photon

Capable of multi-beam irradiation of

electron, ions and lasers.
Inter-atomic bond excitation might be
induced by an appropriate laser energy.
Ultra-short (>130fs) pulsed laser might
induce a diabatic process.

Interference with quantum waves of
electron, ions and lasers would be
considered..

Excited bond

%,

-

Non. Equib. matter

i

New functional devicg

Innovative matter science of nano dymamics at far-from-equilibrium:
*Nonequilibrium matter science and development of new functional materials
*New quantum beam physics and matter study by interference beam effects
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Multi-Quantum Beam HVEM (ARM-1300 )
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1250 kV-HVEM IR
WU S

ion beam
. _ (400,kV)

ion beam
(300 kV)

(b) . — pre—
Terget chamher Accelerator
TI: = EI q _ ! = ’7 " High veltage terminal
G, . |

X-Y Scamner
[;[ |" [ St lr lon souree
L - J el i it
] —~ v = c o
s 4 f = I L - Py
PE!E dRe ! =l R
M 54 7 Quadrupuie lens A
P A Specimen
| /?‘\ =] "™ Electron beam
L/,'..‘S.,. e lon beam irradiation
W ThA T Laser irradiation

« continuous-wave laser (A= 325 nm)
* nano-second pulsed laser (A = 532 nm)

+ femto-second pulsed laser (A = 800 nm) )O UNIVERSITY

S &g

In-situ observation of voids formation in Fe—Cr—Mn (W, V) alloy irradiated by (a)l 5
single Electron (e”) irradiation,(b) Electron irradiation after helium injection (He* +
e”), (c) Helium/electron dual beam irradiation (He*/e ~).

w

e-single =P _o—

A He*t/e- dual

£
£
S
22
@ 7 =
@ /
g 94/'//
@
z 1 <¢— He*pre-injection
]
2L
0 2 4 6 8 10

Dose (C/dpa)

(1) Helium enhanced void nucleation, and in the

condition of helium existence the sink strength of - Hetp T i )f,grﬁ‘//"
voids is decreased in order of electron beam 'g“’” Y 1 e et ol
irradiation after helium injection, electrons/He+-ions = /
dual-beam irradiation and singleelectron beam £ / o——Y
irradiation. g n/ &= V<=« singie
(2) The void swelling of Fe—Cr-Mn (W,V) alloy is 5 d
enhanced by helium existence. 3 (v)
1020
0 2 4 6 8 10

" Dose (C/dpa)

_t#5.) HOKKAIDO UNIVERSITY
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Discussions

@ o O ®) co recombiggtion (@
.Hc i R He He * 64\1'\1'\.\«
S S A/ 0 ‘.Hc
g "
recombination

> -
*O O <
- » 4
4 vacanc}‘*qmsmtma] cavity ‘?/l/'l e w
v @ o~
cavl .
ty .c interstitial loop vacancy T~ Aterstitial

interstitial loop’

Schematic drawing of secondary defects formation and interactions, (a) electron
irradiation after He injection, (b) electrons/He+-ion dual-beam irradiation.

HOKKAIDO UNIVERSITY

Before

—S—HMDBLANEIHRERIBE0N 2
e e

Pd including Si0,
glass window /

L—HY—0th
#10mJ/cm?2-pulse

SUS316LD RSN R (a) EF ST, (b)E F/HeRFF RSt SUS316LD 5T %1 R (a) EFIRET. (b)EF/HeRFFIR A
-HeH\ I B =D RIF DML . RAFDEEEEMES A ZRE  -HeHITHE 2O RIGDWHMIL . RAFDBBEEMES A XHR
Y. Hidaka, et. al, JNM, (1994) S. Yang, et. al., JNM, (2017)

- 158 -



JAEA-Review 2021-064

Injection of supersaturated vacancies by nanosecond-pulsed laser irradiation

i ki F: a |
o o] g
o Lok T Treire T T
o
e

w i
! - =+ L dual beam i,
‘“Th?—.é#\ )u_ﬂ_\

timie) i)

SV quenched by nanosecond-pulsed laser irradiation (5~7ns. 2Hz., 24mJ/cm?-pulse)
Electron flux: 2 x 10-3dpa/sec

HOKKAIDO UNIVERSITY

Zhanbing Yang, Seiichi Watanabe & Takahiko Kato, The Irradiation Effect of a Simulfa us Laser and Electron Dual-beam on Void Formation
Seientific Renarte 3 1201 (2013) DOL- 10 1038 01201

Irradiation induced segregation

G.B. (a) 80 GJB.
- Fe 1 L ]
9 ] & E
2 70 \ 4 i 70 f -
E — ‘H—v/lw H v—v\q/v\V\f-v/V“ o
- [ O—g & [ "% T T
E 10 .‘\l—o‘-.. o A\._]/D\__é__*-a-\. 5 D—D—-D‘.J__—Jﬁ /J—D-Mff
g ] g o
=] £ t
o 0 Cr © Cr
300 200 100 0 -100 200 -300 0
300 200 100 0 -100 200 -300
Distance (d/nm) Distance (d/nm)
80 .

| . Gp. (b) | The segregation of solute elements such
s " |e as Cr, Mn near the grain boundaries was
@ \ 4 i
A | _partlglly de_crgased after (_alectron
g o ; ;;n irradiation in right upper figure. On the
5 = v = other hand, the segregation suppressed
R e o U DD SN p el by existence of helium in pre He injected
g1 *'ﬁf (a) and spontaneous He irradiation (b).
5 0 [ Cr | i

300 200 100 0 -100 -200 -300 HOKKAIDO UNIVERSITY
Distance (d/nm)
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S=7Fa7HAETSER i (Double Notch Shear)
DIER B %

pecimen preparation sequence by FIB

Shibayama,T., Matsuo,G., Hamada,K., Watanabe,S., and Kishimoto,H.
In-situ Observation of Fracture Behavior on Nano Structure in NITE SiC/SiC Composite by HVEM
IOP Conf. Ser.: Mater. Sci. Eng. 18 162013(2011)

Homogeneous distribute
the shear stress L e e
CXXXX-00 Standard Test Method for the Shear Stren%gaﬁperamic Joints
C1425-99 Standard Test Method for Interlaminar Shear Strength of 1-D and 2-D Continuot$iber-Reinforced
Advanced Ceramics at Elevated Temperature
C1292-95 Standard Test Method for Shear Strength of Continuous Fiber- Reinforced Advanced Ceramics at
Ambient Temperatures

% HOKKAIDO UNIVERSITY

Figure 21. Micrograph of C-Nicalon WRN/SINCO CFCC double notcted specimen

BRIV —IC L DTIREB T DBHR LA EE AR

®Prior to crack initiation @Crack initiation

(DBefore testing (@Just contacting

(BCrack propagation ®Crack opening

o oh 13 1A 24

Maximum shear strength: 2.8 x 10%MPa

(Compression strength of nuclear grade pyrolysis carbon: 80MPa-)
&) HOKKAIDO UNIVERSITY
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2

Window-type environmental cell holder 2

- Pressure: 5.0%x102 — 1.0x10%Pa
- Temperature : R.T. —350°C
- Gaseous species: H,, O,, Ar, Air

Screw
Lid
O-ring
D SiN-window grid
@ Separator
R
'-.

Heating wire
SiN-window grid
O-ring
O-ring
Electron beam C: 10 nm-thick

SiN: 15 nm-thick

H,gas: 500 um-thick

— Siframe

— H,gas

Pd: 10 nm-thick
= Siframe SIN: 15 nm-thick HOKKAIDO UNIVERSITY

Application to Hydrogen-Metal Reaction 23

ACS Appl. Mater. Interfaces, 2016, 8(23), pp14548-14551.
IEESAPPLIED MATERIALS

CXINTERFACES

Hydrogen Absorption of Palladium Thin Films Observed by in Situ
Transmission Electron Microscopy with an Environmental Cell

Tengfei Zl'l:mg,“"‘é Yuki Nakagawa,‘;ﬁ Takenobu Wakasugi, d Shigehito Isobe, ™" Yongming Wangf
Naoyuki Hashimoto, and Somei Ohnuki’

Sample: Pd thin film Dislocation generation during the reaction
(Thickness: -10 nm)
A . — TEM grid

& =

-]
= |
o
E

=

=]
E}
=1

0

il

el |
=
=
2

Dislocation core

HOKKATDO UNIVERSTT
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Liquid EM R&D: lonic liquid

Stardust (Hoshi no suna) at sea shore in Okinawa, Japan
It is a kind of coral shell in southern sea.

-Vacuum pressure<10-9[Pa]
—Potential usage in TEM

-Electron conductivity
—Less charge-up properties

*Maintain liquid state even if in vacuum.
—Application to bio and soft materials With ionic liquid ~ Without ionic liquid

CHa
" o o
é_’\; FiC % N'ﬁ CFa
N o o

CHy
Treatment by using EMI — TFSI ionic liquid

Kuwabata et al., Chemistry Letters Vol.35, No.6, 600 (2006).

HOKKAIDO UNIVERSITY

Thickness measurement of ionic liquid

v lonic liquid inside hole

supported by surface tension..

Carbon thickness is nearly
20 - 25 nm.

Positions (x axis)

i)
/% HOKKAIDO UNIVERSITY
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Seeding, growth, and photocorrosion of ZnO nanocrystals26
J. Ishioka, et. al., AIP Advances 7, 035220 (2017); doi: 10.1063/1.4979726

TEM grid ™

®

UV lamp

(24hours, A: 365 nm) nanocrystals

Growth
direciion
@
[001]1%==[00T]
£33 Zn0O nanocrystals + lonic liquid 5
(-f-) (TMPA-TFSI) THRA T_FE : —
Carbon ’ ~ HyC CF3S!
P L . £
M e & 0~ HeSNSEH [ 03"
\ T’ HyC C—CH, |cF;s0f
5 W UNIVERSITY
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In-situ observation of phot corrosion by using ionic
liquids and MB- | -

min min

Torr Seal H,0
BAEH AL OMEMER

1mm
Custom built cell

Receipe

Epoxy resin

Torr Seal(Agilent Technologies)
Curingﬁjvays(@ZS"C)

RP testing
(EDWARDS, RV-3)
2.0 x10" Pa

2 =
TMP testing
(Pfeiffer Vacuum, TSU261)
3.0x10* Pa

¥

200 kV C-TEM
(JEOL, JEM-2010)
2.8x 105 Pa

2

Newton ring
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Water filled in custom built liquid cell under
observation

In-situ observation of water in the liquid cell.

1 Before observation After unloaded from TEM

L 16

€

=3

= 14

L

_g 12 ce

> n

“ 10

. : ySis.
. .
After unloaded the liquid cell from TEM, SiN film was deformed.
: —Pressure difference VERSITY

CaV|tyf TITTAUUTT alTd CUATSSTETICE UuUTiTy UUSET VAatiorT 7

B OMHBNAEADAA U INER DTN, IEDEE
FATEM+A/F U MEF=>L—F— /N LABFR(BERRZDEHIL)

1. New Microscope and Ion Accelerators for Materials Investigations (MIAMI-2
Huddersfield

G. Greaves *, A.H. Mir, R.W. Harrison, M.A. Tunes, S.E. Donnelly, J.A. Hinks
Nuclear Inst. and Methods in Physics Research, A 931 (2019) pp. 37-43.

2. Concurrent in situ ion irradiation transmission electron microscope

K. Hattar, D.C. Bufford, D.L. Buller T
Nuclear Instruments and Methods in Physics Research B 338 (2014) pp. 56-65.

HAREBDEE LR L200kVODTEM
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32

VAV TLREGICLIRTFHEERITIDLENHD.

3. Some remarks on in-situ studies using TEM-heavy-ion accelerator link from the stand
point of extracting radiation damage caused by fast neutrons

Shiori Ishino , Naoto Sekimura, Kenta Murakami, Hiroaki Abe

Journal of Nuclear Materials 471 (2016) pp. 167-174.

170 5. Ishino et al. / Journal of Nuclear Materials 471 {2016) 167—174
Table 1
Fusion and fission neutrons, sell ions with equivalent energies of PKAs for fusion and fission reactors and 1 MeV electrons for HVEM (For HVEM, see Ref. [14]).
Particle 14 MeV fusion 1 MeV fission 400 keV sell ions 40 keV self ions 1 MeV electron for HVEM
neutrons neutrons
Critical parts or components in First wall and FBR Mid fuel pin“ Max PKA energy for Average PKA energy for  PKA energy ~ displacement energy
the energy device blanket structure® eritical component critical component
Temperature Dependent on Dependent on Need data for RKT-1300 K Need data for KT-900 K Cryogenic and high temperature
cooling condition  cooling condition goniometer available (12—1300 K)
Max flux, (Achievable 1 Mw/m? eq. 5% 10"n/m%s  (Achievable minimum  (Achievable minimum  High dose rate ~ 3 x 10 * dpafs
minimum flux)” flux-10 © dpajs)* flux~10 ® dpajs)*
Max fluence Present 250GWd[ Ty High dose possible High dose possible Relatively high dose ~300dpa/d
goal — DEMO ~250dpa
Mature of damage Large cascade Cascade Large cascade Cascade Frenkel pair

Rel. M. Kiritani, J. Nucl. Mater. 216 (1994)220—264.
* Assume ferritic-martensitic steels or 0ODS ferritic-martensitic steels.
" Assume CW austenitic stainless steels or ODS ferritic-martensitic steels.
¢ In parenthis, minimum fluxes are given allowing to observe the effects of single impinging ion.

% HOKKAIDO UNIVERSITY

HA®DHIT,. DUETER—R[ZTDSUATREDDEE

..
universite
PARIS-SACLAY

Loghn | Ragster |

JANNUS - Joint Accelerators for Nano-science and Nuclear Simulation

1 Pty
iprien The JANNUS mulli-ion beam irradiation platform was established in 2005 around two facililies:
Rasaarch toplcs and 1
publications = JANMNUS-Oreay, located in Orsay at the Laboraloire de Physique des 2 Infinie (réne Joliot-Curie (LICLab), created in January [ 3

Contact 2020 following the Tusion of GSMSM with IPNO, IMMC, LAL and LPT. ICLab is & joint research unil of Centre National de la -

Request Baam tima Recherche Scientifique (GNRS) and Universilé Paris-Saclay. CNRS is acting through one of his instituts called Instilul National
de Physigue Nucidaire et de Physigue des Particules (IN2P3).
= JAMNUS-Saclay, lecated on the CEA Paris-Saclay is part of ithe Nuclear Malerials Depariment in the low carbon energies
division of the Commissariat & I'énergie atomique ot aux énergies alternatives (CEA). 3
Served by a knowledgeable scientific staff, the capabiities combine a total of five electrostatic accelerators for single beam, dual
lbeam and triple beam ion s and a slectron for fn sifu studies.

in @ perfectly controlled ranner, and thus to sbserve and quantify the evolubon of
formation of dislocation loops, cavities, bubbles, aic) and service proparties. Sucha SGIGN\FIC platform has HD e-qumaent in Eurape
and plays an essential rela for multi-scale modalling of radiation effects in materials.

JANNGE ks dedicated to ressarches in the eMects of lans In materials, s parficle beama maka it poasible to inadiate small samples J ﬂ n n U J'

» IANNuE-Dreay in situ dhal ion beam TEM
» JANNSS-Cactay Irigke ion beam

Last paper on the facility: A. Genfils and C. Cabel, investigating radiatian damage in nuclear energy malerials vsing JANNGS muitiole jon beams, Nuckear Instrum, snd|
M

inPhyysics Research B 447 (2018) 107
Aﬁ YCu

% HOKKAIDO UNIVERSITY
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HOKKAIDO UNIVERSITY
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