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[Tepleyopueva

* Mupnvikn ZVvtnén Kat To MTPOBANUA TwV YALKWV

* H enibpaon tng aktivoBoAiag ota YAk — Radiation Damage
— ATOULKEC UETATOTILOELC
— METOOTOL(ELWOELC

* MMpokANnoeLc yia Ta YALKA 20vTNENG KOl OL ETILKPOATECTEPEC
KOTNYOPLEC UALKWYV TIOU TLG KAAUTITOUV

* ‘Epeuva yla YAwa 2uvtnénc otnv Evpwrn kot oto -
«ANUOKPLTOY "
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[Tupnvikn 2uvtnén: To mpoPANUa TwV YALKWV FI'G
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H evépyela mapayetat
HE TN Hopdr) KNTIKAG

Agutéplo (D) Netpovio (n) — 14 MeV

Ta Taxea vetpovia €xouv tnv Wdlotnta va dtetcduouv Babld peoa ota UALKA
Kol VoL Ttpo&evoUV pLa oelpd armo SouLkEC BAABEC 0TO EOCWTEPLKO TOUC.

2tov PeAAOVTLKO avtdpaotripa DEMO ta UALKA KaTtaokeung Oa extiBovtal og
npwTtoyvwpa emntineda aktvoBoAiag vetpoviwy.

JAUEPA OEV EXOUUE QKO TA KATAAANAQ UALKA Lo va aviemeéEAOouV o€
OLUTEG TLC oUVONRKEC SLatnpwvTac TNV ALOTILOTIO TOUC

D+T— He (3.6 MeV) + n (14 MeV) i
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Ertidpaon Twv vetpoviwyv ota YAKQ FI'G
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1. ATopkec METATOTILOELC

2. MupnVIKEC avTIOPAOELC LETAOTOLXELWONG
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1. AToukéC MeTaTom{oELG l:m?
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* Metadopa EVEPYELOC KATA TNV EAQCTLKI) KPOUOHN TWV VETPOVIWV UE TA

dtoua 11 II}III"\II
Edappoyn: Netpovia 14 MeV oe atodAL (kupiwg Fe, Cr)

m=1, M~56

E=14MeV
Tmax ~900 keV, <T> =% Tmax ~ 450 keV

H evépyela avakpouong avilotolxel os Oeppokpacia ~ 10°°C »

= 210 ONMELO KPOUONG EXOULE TOTILKA TAEN
e H p.évl 0 = UEYAAOC apLOUOC ATOPWV peTatomilovTtal amo TI¢ O€oelg
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1. ATOLKEC LETATOTILOELC

FUSION
TECHNOLOGY
GROUP

2XNMUOTIKA ovarmapaotaon the Kpouong EVOC VETpoViou
KoL TNG pokaAoupevng aAAnAouyxiag atoplkwy petatonicewy — Displacement Cascade

Displacement spike

Instructions: Click "start” fo couse an neutron (not shown) to dieplace o primory knock-on
atam. This atom will then dinloce others, fo create o depleted zone of vocancies with
interstitial atoms surounding it. The key provides an easy way fo see what caused the
displecement of the aiom, whether it's the initic! neutron [orght red), the fist disploced
atom [{sightly dorker red), etc. Select the "draw lines” option to more easily visualise the

laftice structure.
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https://www.doitpoms.ac.uk/tlplib/nuclear materials/damage mechanism.pﬁ’i)_ t
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https://www.doitpoms.ac.uk/tlplib/nuclear_materials/damage_mechanism.php

1. ATOLKEC LETATOTILOELC

PeaAlotikn poocopoiwon pwa aAAnAouxiog atopkwy HLETATOTIOWY

Molecular Dynamics Simulation
Dr. R. Schaublin, EPFL
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Movada pLeTpnonc LETATOTIOEWV: dpa

1 displacement per atom (dpa) =
1 poviun PETATOMLON OAWV TWV ATOUWV ATIO TNV apXLkn Toug Beon

Ta MEPLOCOTEPA LLETATOTILOMEVA ATOMO ETILOTPEPOUV OE KPUOTAAALKEC
Bcoelc peow Beppuiknc draxuong

Y€ CUMBATIKA UALKA TO TTOOOOTO TWV ATOLWV Ttou emLotpedouv ival 90-
99%

— AUTO apkel yLao Toug avtdpaaoTrpeC oxaong onou xoupe €kBeon og ~10 dpa —
»
e [ T UALKA otov peAAoVTLKO avtidpaothpa 2uvtnénc DEMO auto to
TIOOOOTO TIPETEL VoL aveNBeL oto 99.9% }
"

— MNpoPAenopevn €kBeon ~100 dpa

— ~99.9% TWV UETATOTILOEWV TIPETIEL VAL ETIOVEABOUV
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Entidpaon tnc aktwoBoAlac ota UALKA

FUSION
TE
GROUP

Eva patwvouevo nou eéeAiostal o mMOAAATAEC KAIUQKES XWPOU KAl XPOVOU

ATOMIKEG METATOTOELG KOL TUPNVIKEG AVTLOPACELG OFE I|~

ULKPOOKOTILKN KALpOKAL....
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®  Energetic projectile glf-interstitial atom

(for example neutron)

@

Lattice atom

. Transmuted atom
Knaster et al. Nature Materials 2016
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O&nyouv og dAAAYEC TWV LOKPOOKOTILKWY LOLOTATWY

DEMOnstration
reactor concept

Irradiation-assisted
microstructural,
changes, erosion,
stress corrosion cracking,
swelling, creep and >
fatigue crack growth 5m

Long-range diffusion
and segregation of
solutes, precipitate

incubation
H, He diffusion
- and trapping Long-range
defect
Point defect transport and
recombination, diffusion annihilation
and clustering at sinks
Primary defect
production and short-
— term annihilation
Atomic
vibrations
| | | | | |
fs ps ns us ms S
Timescale
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MaKpPOOKOTILKEG ETUTTWOELG TNG AKTWWOBOANONG e

Meiwon BepPIKAG, NAEKTPIKAG aywyILOTNTOG
Augnon okAnpoTtNnTaC, EUBPAUCTOTNTA

Zinkle, Materials Today 2009



YAka yia touc Avtidpaotrpec 2uvinenc

* H avamtuén YAtkwv tkavwyv va avtene€éEAOouUV ot CUVONKEC
Aewtovpyiac tov DEMO amoteAsl pia oo TLE L0 ONLOVTLKEC
NPOKANOCELC yLa TN Zuvtnén

* OL ONUOVTIKOTEPEC KATNYOPLEC UALKWV v -
— Aopka YAwka (Structural)

— YAwka o€ apeon enadn He to mhaopa (Plasma-Facing) "

>
1S\

— YAwka yia vPnAec Bepuikec posc (High Heat Flux)
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Mavsbag (20 dpa/yr, 2 MW-yr/m?) TER
Vacuum Vessel

Sector

Newtoupyiec:

e KUpLo douiko otoyeio tou avtidpaothpa

e Eival o OaAapoc kevou

* EmuBpaduvon twv vetpoviwv

* Anaywyn OgppdtnTag yLa mapaywyrn EVEPYELOC
e Avarmapaywyn tou kawoipou Tpitiov (breeding)
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Mavduog (20 dpa/yr, 2 MW-yr/m?)

Aopika YAKA - ATLOLTOELG:

e Aouikn otaBepotnTa

e AVTOXH OTLC TAOELC KOTA TN AELTOoupyla
— KEVO, poyvnTLka redial KATT

* YYnAn avtoxn otnv aktwvoBoAnon

« XapnAn evepyomoinon

OwkoyéEveleg YALKWV

* Depprtika AtodAla XapnAng Evepyormnoinong
— EUROFER

* Kepapika ouvBeta LALKA
— SiCf/SiC
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He sub- * He-1 .
systems Pb-17Li coolant

t manifold

hot shield

cold shield
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ODS Layers

plated to the FW , \

pol. EUROFER Structure
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channel inserts

i
Fig. 3.1-4: Dual-coolant blanket (model C), equatorial outboard blanket module (1.5 x B .
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Ektpomnéac (10 dpa/yr, 10 MW yr/m?)
Divertor

Aeltoupyla:
e Amaywyn tTwv npoitoviwyv tn¢ avtidpaonc (He)
e Amaywyn LEYAAOU TTOCOU EVEPYELOLC

YAwka YYnARG Oepuikng pong
(High Heat Flux)

*  Ogpulki AywyLpotnta

e Avtoxn oe uPnAEC Beppokpaoieg

e Armor: Refractory alloys (W-based)
Cooling: Cu-based alloys (CuCrZr)
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Epevva yla ta YAKA 20vtnénc

* ['vwplloupe TIc Baolkec okoyeveleg UALkwY (EUROFER, W, ...)
* Exoupe AUoeL 0Aa ta tpoPBARpata; - OXI

e Aopkd YAk
— EuBpavototnta petd ano aktwvofoAnon, H & He enbewvwvouv to mpoBAnua
— Mnxavikn Avtoxn os unAEc Beppokpaoieg

* Plasma Facing & High Heat Flux — BoAdpapLo

— Emupavelakn ofeidbwon

— Mewpévn ehatotnta, euBpavototnta

— AotaBela otn pkpodoun -

* Epguva otnv Eup(brtr] Kol S1eBvwc

— BeAtlwon umapXOVTwV Kol aVATITUEN VEWV UALKWV 4
— Avamntuén BewpnTLKWV LOVTEAWV yLa TNV emépaon NG aKuvoBoMaq !
— EmBeBaiwon pe aktvoPoAnoelg os smtaxuvreq & ocuppatikoug avu&pacmpeq e
— EAeyyoc & lNiotomoinon o€ npayuatike¢ ouvInkec Asttoupylog - -
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e XapaKTNPLOHMOC AOULKWV YALKWV
— Miuwkpodoun
— Metpnoelg NAeKTPLIKAC & BEPULIKAC AYWYLULOTNTOG
— MEeTpAOoELC HayVNTIKWV LELOTATWV

* Enidpaon tng aktwvoPfoliag ota YALKQ
— AKTWOBOANOELC UALKWV OE LOVTLKOUC ETILTOXUVTEC
— Anokatdotaon NAEKTPIKAC avtiotaong o€ kpapota Fe-Cr kat EUROFER
— AkTwoBOANoN Kol LOYVNTLKEC LOLOTNTEC O AeTttd LEVLIa Fe-Cr

* YAka o€ emadn pe to nAdaopa (Plasma Facing)
— Xopoktnplopog aktivofoAnuévwy ITER-like tiles

—  MnYaVIKEG KoL SOULKEG LOLOTNTEG AKTLVOBOANUEVWV UALKWV
le Baon to BoAdpauwo (W

— Mnyxavikéc 1dotntec evwoewv (W/CuCrZr)

To EpEUVNTIKO MPOYPOUOL EVTACCETOL KAl Xpnuratodoteita
ano to EUROfusion Concortium, HORIZON2020
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Aopka YAKQ yolunAnc evepyomnolnonc

. Artootolomouloc | 54° ¢ LE. Stamatelatos, et al., Nucl. Instrum. & Meth. Phys. Res. B 2004

EUROFER: Ferritic/Martensitic Steel
Composition (%) : Fe, 9 Cr, C0.12,Mn 0.4,Cr9,V0.2,W1.1,Ta0.1

no Mo, Nb =) reduced activation

neutron irradiation:
- No swelling
but: low temperature embrittlement

Z0vOeta VALKA pe Baon to SiC L
e Determination of

o o Nasic/siC active impurities by
© N3sic/siC Neutron Acti)gation
ol e N4 with optimized Cobalt content N
optimised SiC Analysis

- - main impurity content half of the optimized ones Recommendations
of optimized SiC for
achieving less than
10 years storage
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MeAETEC amoKkaTAoTAONC ATEAELWV 0€ DEPPLTLKA UALKA

FUSION
TECHNOLOGY
GROUP

OL L8LOTNTEC TWV HIKPOCKOTUKWYV ateAslwV (HeTavaotevuaon, aAAnAenidpacn, anokataotacn)

i ; A . ATOMLKEG LETATOTILOELG KL TTUPNVLKEG AVTLOPACELS OF
KaOopileL Tn HAKPOOKOTILKY) CUMIEPLPOPA TWV VALKWV romioeg K rupmESe
1] & @ ‘
Newpapata cto EKEQE «Anunokpirog» £ .
o ©
* AktwvoPBoAnon otov erttaxuvi) TANDEM tou «AnpokpLtou» - s P
- '@ @ \'\
* EWOIKA ouokeun yla aktvoBoAnon o kpuoyevikn Beppokpacia (4 K) kal peAétn il e 0 . 00 -0®
arokatdotacng BAaBwv oe LAKa .0 0 T & @,
i i 1 ’ ’ \ X.
* METPNOELS NAEKTPLKNG AVTLOTAONG yLa TtapakoAouOnon tng AmoKataoTaonG 20 °, /’
ateAelwv ot real-time ol e orme
* Edappoyn os pelétec amokataotaong os Fe-Cr, EUROFER, W ; @~ :::Y —

JUyKpLoN HE BewpNTIKA LOVTEAQ

Zuokeun aktwvofoAnong IR?
R I
1 Positioning
Stage
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Anuoupyla & Antokataotaon ateAelwy oto Fe-C

FUSION
TECH
GROUP

ATTOKATAOTAOT ATEAEIWV — OTAdIA

T T T T T T T T

Resistivity Increase vs Proton Dose
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>uvoyilovrtac ....

* Ta Baoika tpoBAnuata ya ta YAKa 2uvtnénc elvat:
e Aopkad YAka = QeppLtika atoaAla
— EuBpavototnta Katd TNV aktvofoAnon VeTpoviwv

* Plasma-Facing & High heat flux = BoAdpapo
— 2upBatotnta YE To MAACMA KoL avtoxn o€ Bepuika poptia
& aktvoBoAia
* 2TO «AnUOKpLTO» SleCayeTal Epeuva o€ OAO TO pacua -
TwV TIpoANuATwWY mou adopouv ta YALKA ZUvtnéng
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Euxaplotw yLa TNV mpoooxn ooc ....
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