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Lecture Outline

Authority

 Magnetic fusion core conditions - a “challenging” environment for
materials!

* How the fusion environment affects materials:
* Radiation damage mechanisms

° Plasma_surface interactions ggzrgi'ng up later, on Materials at the FIS
. Trit_ium, lithium and the fugion fuel cycle

- Some candidate materials and their limitations: | 7 =dmondson, University of
o . » Materials Technology for Fusion Tamsin

F"_'S:t wall _ Whitfield, University of Oxford
* Tritium breeder materials * Magnets and Magnet Technology Susie

. eller, University of Oxfor
° Stru Ctu ral mate rIaIS . Fﬁsion Waste anél/ Waste Management
« Barriers and coatings. Mark Gilbert, UKAEA
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Magnetic fusion “core” conditions ko

Energy
Authority

Shield

First Wall - nearest
the plasma

Blanket - breeds tritium,
removes heat, and
shields

Divertor — removes
excess heat and fusion
“ash” (incl. impurities)

LS

From: UKAEA-Royce UK Fusion Materials Roadmap (2021 — 2040)
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Magnetic fusion “core” conditions e
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First Wall - nearest
the plasma

Blanket - breeds tritium,
removes heat, and
shields

Divertor — removes
excess heat and fusion
“ash” (incl. impurities)

From: UKAEA-Royce UK Fusion Materials Roadmap (2021 — 2040)



Magnetic fusion core conditions e
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Temperature Peak steady state heat flux  Neutron flux at 14 MeV

(°C) (MW/m?2) (n/cm2/s)
Divertor
Plasma facing <1300 STEP: 20 — 25, DEMO: 10 1.5 x 10"
Heat sink <600 STEP: 20 — 25, DEMO: 10 1.5 x 10"
First Wall
Plasma facing <900 <7 5x 1014
Heat sink <900 <7 3 x 1014
Shield < 850 <10 3 x 1014
Blanket
Front (first wall heat sink) <900 <7 3 x 1014
Back <700 <2 5x 1013

Pressurised water reactor (fuel

~ ~ 13 (~
cladding) 300 1 1 x 10"3 (~ 2 MeV neutron)

From: UKAEA-Royce UK Fusion Materials Roadmap (2021 — 2040)
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Where are the neutrons coming from?

1

Reactor Core

4He|ium
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Breeder Blanket

6
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Neutrons cause:
« Structural damage
* Transmutation

These reactions also
create He, D, T which
interact with the first wall
and divertor.



Structure-property relationships -
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Grain

\

Polycrystalline
material

°

Mechanical properties determined by internal structure and composition.
Fusion radiation can change both!

7
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Fundamentals of radiation damage e
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/ ® Energetic particle

S/ ‘ . ‘Primary knock-on atom (PKA)
B g o Lattice atom Hardening & Accelerated stress
@ - e T/ . -9 ‘ Self interstitial atom embrittlement corrosion & cracking
. 9 \ =
L= - I, ‘ E . . _I Vacancy
. . ,-* @ Helium
v el ! p Transmuted atom
a3 a X X
v

@

| (10)
(100) \ s / Swelling

Replacement Core of small Dynamic
collisions cascade crowdion
Knaster et al. 2016, Nat Phys 12:424-434. Damage levels
described in
“displacements per N
atom (dpa)” B
_ Gas production Activation & Accelerated .creep
8 | Fusion Industry School, York, 22nd June 2026 transmutation deformation
Not protectively marked | © UKAEA 2026 — All Rights Reserved



Neutron absorption-> transmutation TR
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From: M. J. Gorley (2015) Critical Assessment 12: Prospects
for reduced activation steel for fusion plant, Materials Science
and Technology, 31:8, 975-980.

10°
3}4*"‘55-*:!-"' - =~ Fe,- o Cr,- &~ Mo
1074 TE-aiomCag L - v Nb, Ni, - = W
o - S -9~ ‘4 \)\ _______ o
10‘.i \‘.‘ K.\ ~v
5 i x
107 4 \.\3\»-\4 ' ST \
.3] 1)) ¥ . \v
107 § 49 i
i .5- ¥| A\A\ ES
» 10 i \ ‘L P
10-7]! \ a3y \-:
L
1074 :
10'“1: ‘\
10" Wby
10“}
. . 10° 10° 10* 10° 107 10" 10° 10' 10*> 10° 10* 10° 10°
Ni-58 + n = Ni-59 + Y Decay Time (years)
- Implications for maintenance and disposal
Ni-59 + n = Fe-56 + a P P
routes.
a+2e = Accumulates at grain boundaries — embrittlement.

Neutrons aren’t

Fusion Industry School, York, 22nd June 2026 always absorbed...
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Radiation hardening and embrittiement [
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0o ®0o

.:::o.::::. .:.:0.::::: e.g., small
00e %%000, 000e% %%0e%,, amounts(<0.3
00000 %000, S0000e 0000, %) carbon in iron
®000o02%%00, ©0000eg %0%00 "
2000000000 ::.:...0::::0 increases
.::::::.::0 o:.::::::.' hardness,
00...-::.’ ®®00000q reduces ductility.

::::.o .:::o:: Cryft?r:rc]jil:tcgrts,
o® :... ..... p g
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Radiation hardening and embrittlement Qs
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Yield stress of neutron-irradiated RAFM steels compared with non-irradiated RAFM
at a range of doses and temperatures -> increase in yield stress at lower T.

1400 : A.Bhattachezrya et al. J.Phys|.Energy4 (2022)' 034003
. . . . RAFM steels (0.1 - 78 dpa)
- Point defects pin dislocations, | T |
hardening the material. 12001 g\ 2 oscom
1.3 < X s S 0r ST
710001~ ¥ S e T IR 3 s i
 Leads to embrittlement: loss of = - 3 %j g S Jw
- . . . ~ A , Conventional FM steels (upto 94 dpa)
ductility of a material, making it o 500- e $ e Y gawers T
brittle. 2 sl 16 Q ot ‘
('D it v b Conv;;tiz‘::l 9Cr FM steels 1
O ; o = R
. . . .y ) % © o -} k fer i
» Increase in ductile-brittle transition = 400{ o B~ ¢ !
temperature (DBTT) | Non-Irradiated RAFM ;;,0 8 o
. 200 4 5 g\e 1
O -
i (o}
0 +—

0 100 200 300 400 500 600 700 800
Fusion Industry School, York, 22nd June 2026 Irradiation and test temperature (OC)
Not protectively marked | © UKAEA 2026 — All Rights Reserved

11




= = = - &
Radiation induced segregation
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« Combined effect of radiation and temperature.
(0.3-0.6 Ty,)

JEOL 2010F
0.75-nm Probe

« Spatial re-distribution of solute and impurity
elements -> enrichment or depletion of alloying
elements (e.qg., at grain boundaries).

Cr or Ni concentration (wt%)
Si or P concentration (wt%)

20 -15 -10 -5 0 5 10 15 20 e Can lead to:

Di f in boundary (nm) ' '
S e e « intergranular corrosion and stress

From: Fundamentals of Radiation Materials Science, Gary

S. Was (2007) Springer. corrosion cracking.
Grain boundary segregation of * secondary phase formation &
embrittlement.

elements in an irradiated
stainless steel.

Fusion Industry School, York, 22nd June 2026
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Volume swelling 6o
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Void swelling from vacancy accumulation (0.3-0.6 T,,) can lead to volume
expansion.

neutron irradiated
tube
(-75dpa:; 510°C)

“«

unirradiated
tube

\

Figure 1. 20% cold-worked stainless steel

From: L. Withop, Nuclear Engineering and Design 9 (1969) From: S. Zinkle. et. al. Materials Today, Vol 9 No. 11 (2009)
265 — 268.

Helium atoms stabilise cavities (formed by v-type dislocation loop accumulation).

Fusion Industry School, York, 22nd June 2026
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13




T &
Radiation induced creep

Energy
Authority

What is Creep?

L
]

Thermal Creep: time dependent plastic deformation

below the yield stress o, at high temperatures (typically -
~0.4T,.)

L
o
i

1.5

2]
in
H

Irradiation Creep (IC): enhanced effect below thermal
creep threshold temperature under irradiation.

-29

Average Creep Coefficient(10 MPa cm /n):B
5

« Combination of irradiation damage and stress
leads to preferential formation of dislocation
loops on crystal planes perpendicular to the
applied stress axis.

v
L¥
1

S
T

in
i

« Dimensional expansion of materials in specific
crystallographic directions > creep rate under

thermal conditions. 650 700 750 800 850 9N

Temperature K (Kohyama
Fusion Industry School, York, 22nd June 2026
Not protectively marked | © UKAEA 2026 — All Rights Reserved et al. 1994)
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High temperature helium embrittiement UK Mo
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At high temperatures (> 0.5 TM) helium produced by neutron transmutation reactions i
the structural material may migrate to grain boundaries and form cavities.

Unimplanted 5 appm 30 appm 100 appm * Fracture surfaces of helium-
3 ¢ : implanted and annealed 316FR
= steel after tensile test at 750 °C.
5
2 Helium production is strongly
8 affected by Ni content in
§ structural materials due to high
P absorptions cross section for
8 14MeV neutrons.

From: Journal of Nuclear Science and Tech, Vol. 48, No. 1, p. 130-134 (2011)

Fusion Industry School, York, 22nd June 2026
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Effects of radiation on microstructure &
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The resultant damage (and changes to material properties) is dependent on material
temperature, levels of damage produced, and types of defects produced.

Bubbles, voids, precipitates, solute segregation

e Radiation hardening and
Grain boundary : .
Amorphization e } embrittlement:
(intermetallics and ceramics) Network dislocations ‘k"IA < 04 TM’ S 01 dpa

S ———
4 Radiation-induced solute
segregation and phase
instabilities:

0.3-0.6 Ty, > 10dpa.

High temperature He
embrittlement:
>0.5T,,>10dpa.

Irradiation creep:
<045T,, > 10 dpa.

Stagell Stage lll
L L l ! | !
0.1 0.2

Volumetric swelling
from void formation:
Irradiation temperature (T/Ty)

0 ;
1 6 | Fusion Industry School, York, 22nd June 2026 ki S 0 0.3-0.6 T, > 10dpa.

Not protectively marked | © UKAEA 2026 — All Rights Reserved Annu. Rev. Mater. Res. 44:241-67
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Simulating the fusion radiation environment i
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Plasma-surface interactions
A unique fusion challenge

Fusion Industry School, York, 22nd June 2026
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Plasma-surface interactions: helium o
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0. 050 keV He 12 keV He Surf. temp.:1400 K, lon energy: 50 eV

- Original
|(a) 5000, 60,6000 90 9080300 0

‘00 o'o'o'o.o'oo 800’000 2000 surface

<1x1025 He*/m?

4Helium
2

%
Y

& ~ RK;\\ Q/

1neutron
0

2Deuterium

'

. I - P e SO ol

0900,
) °-&;Q~O%°,,%O
00 o, LGP YO0 0O
~1x1025 He*/m?

3
1Tritium

From: K. Wang, et al. Scientific Reports, (2016) 7:42315

* Reduces thermal conductivity,
« Exfoliates and contaminates the plasma.
« Decreases sputtering rate and T retention (?)

>2x1025 He*/m?

From: S. Kajita et al., Journal of Nuclear

Erosion and tritium retention Materials 418 (2011) 152—158

19
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Candidate materials for fusion
(and their limitations)

Fusion Industry School, York, 22nd June 2026
Not protectively marked | © UKAEA 2026 — All Rights Reserved



acuum vessel

Components & materials | s

Central solenoid Radiati
» Rare-earth barium copper oxide (REBCO) el '0
*  Niobium-tin (Nb3Sn) il on ) @\‘
T 1 “l—l : g Neutrons
. ' Ry ' A : 1‘: *l ‘.

First Wall

Cryostat ‘\‘\‘E@H !
- Stainless steel New . is

First-wall/plasma

- Magnets
(toroidal field) T breeding zoné

facing armour o o
* Tungsten ~2000°C -269°C
I I 1016 ) | I
Breeder blanket 1. 105 3 low (<0.1 MeV)
Structure: et Gl o EE —— fast (>0.1 MeV)
*  RAFM steels ' J ‘ o 1077 —— total
+  Advanced steels (e.g. ODS, SEp. 5 E 10 4 o 5
RAFM, CNA) = g . 2
«  SiC/SiC composites ¢ z 1074 N 5 > 2
Corrosion & Permeation S 10" 4 % S € 2
Barriers: - R : — S 5 = 3 iS)
ﬁR X 10" 4 o + ®© o
« Ceramic and oxide layers = ] = s > oy
Breeder: 5 1071 & S =
» Li ceramics, liquid lithium. S g @
z =
Divertor Magnets (poloidal field) 10"+ £
. . (1
* RAFM steels +  Rare-earth barium copper .Neu_:rontshltt)elqc:ng ° 4
* Advanced steels (e.g. oxide (REBCO) ungsten boriae =
ODS, RAFM, CNA) o Niobium-tin (Nb3Sn) ° Boron Carblde. 10 — T — T .
o SiC/SiC Composites o Tungsten carbide 0 20 40 60 80 100 120 140 160 180 200
* Metal hydrides Radial distance from FW [cm]

21
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Plasma facing components e

Energy

Materials: Armour= W alloys, || Challenge: Transmutation, high heat Armour: T up to ~1000°C
Be/C, structure & heat sink= || flux >10MW/m?2, erosion, tritium Structure < 300°C
CuCrZr retention, and plasma poisoning.

JET divertor &
limiters absorbing
energy from

plasma.

Fusion Industry School, York, 22nd June 2026
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https://fusionforenergy.europa.eu/news/european-production-of-iter-first-wall-panels-starts/
https://fusionforenergy.europa.eu/news/european-production-of-iter-first-wall-panels-starts/
https://fusionforenergy.europa.eu/news/european-production-of-iter-first-wall-panels-starts/
https://fusionforenergy.europa.eu/news/european-production-of-iter-first-wall-panels-starts/

Example: ITER First Wall

=4
Kk
UK Atomic

Energy
Authority

European production
of ITER first wall
panels starts - Fusion

for Energy
(europa.eu)

i | s Tungsten

ITER first wall block prototype with 10mm thick Beryllium
tiles
( 2015, Handle with care Accessed 15:31, 18/06/2026)

Beryllium *

23

Low atomic number won’t impact plasma cooling
(has few electrons to dilute the plasma),

Getters oxygen, which improves plasma efficiency.
Low melting temperature (1287 °C),
Undergoes neutron induced swelling,
Biological hazard,

Uranium is an impurity which can undergo fission
or decay to Pu

Fusion Industry School, York, 22nd June 2026
Not protectively marked - 2026 All rights reserved ©UKAEA

High melting temperature (3,410 °C), Cu-alloys
(heat sinks) cannot operate at these
temperatures).

High thermal conductivity and sputtering threshold
(low erosion rates),

Low swelling and tritium retention.

High atomic number (cools plasma),

Poor machinability.

High ductile-to-brittle transition temperature (above
700 °C) which increases!

Transmutates into a W-18Re-30s alloy after
irradiation at 50 dpa.

Upper limit (1200 °C) to avoid re-crystallization
(reduction in toughness).


https://www.iter.org/node/20687/handle-care
https://www.iter.org/node/20687/handle-care
https://fusionforenergy.europa.eu/news/european-production-of-iter-first-wall-panels-starts/
https://fusionforenergy.europa.eu/news/european-production-of-iter-first-wall-panels-starts/
https://fusionforenergy.europa.eu/news/european-production-of-iter-first-wall-panels-starts/
https://fusionforenergy.europa.eu/news/european-production-of-iter-first-wall-panels-starts/
https://fusionforenergy.europa.eu/news/european-production-of-iter-first-wall-panels-starts/
https://fusionforenergy.europa.eu/news/european-production-of-iter-first-wall-panels-starts/
https://fusionforenergy.europa.eu/news/european-production-of-iter-first-wall-panels-starts/

w8 4

5

Tungsten transmutation under irradiation o

Energy

Courtesy of Mark Gilbert ,similar analysis for elements in ITER first Authority
conditions: http://dx.doi.org/10.13140/RG.2.2.23414.80969
Time: 0.00 seconds 10°
Au Au Au Au Au Au Au Au Au Au Au Au

79 | 185 | 186 | 187 | 188 | 189 | 190 | 191 | 192 | 193 | 194 | 195 | 196 4 100 o e a—a s &S X
Pt | Pt | Pt [ Pt | Pt [P | P | P | Pt [P | Pe [Pt | Pt = ~—

78 | 183 | 184 | 185 | 186 | 187 | 188 | 189 | 190 | 191 | 192 | 193 | 194 | 195 " /é“ - | D _ _ _ _ _ _ _ _ _ o __ o221
k| I | Ir | Ir | I | Ir | Ir | Ir | Ir | Ir | Ir | Ir | Ir - 1100 &, Q.

7T | 182 | 183 | 184 | 185 | 186 | 187 | 188 | 189 | 190 | 191 | 192 | 193 | 194 o % 10+ - - - - - - ---ccccmmmama
Os Os Os Os Os Os Os Os Os Os Os Qs Os = - 1000 \E.?/ ~—

76 | 181 | 182 | 183 | 184 | 185 | 186 | 187 | 188 | 189 | 190 | 191 | 192 | 193 = - . B - - L e o e e s oo
Re Re Re Re Re Re Re Re Re Re Re Re Re o O

75 | 180 | 181 | 182 | 183 | 184 | 185 | 186 | 187 | 188 | 189 | 190 | 191 | 192 e 100 = i 102 A B . o222
w Ew | w w wilw/|w]|wl|w S E

74 | 179 | 180 | 181 185 187 | 188 | 189 | 190 | 191 L | 10 E‘ -E- | D _ _ _ _ _ _ _ oo
Ta Ta Ta Ta Ta Ta Ta Ta Ta Ta Ta Ta Ta L CD

73 | 178 | 179 | 180 | 181 | 182 | 183 | 184 | 185 | 186 | 187 | 188 | 189 | 190 g O 100 1 B _ _ _ _ _ _ _ _ _ _ _ _ _ _ oo~ _

N

Hf | Hf | Hf | Hf | Hf | Hf | Hf | Hf | Hf | Hf | Hf o c

72 | 177 | 178 | 179 | 180 | 181 | 182 | 183 | 184 | 185 | 186 | 187 | 116 117 £ @) L . o s i oan el e ot ik om o A =
Lu Lu Lu Lu Lu Lu Lu Lu Lu - 4 0.1 O

71 176 | 177 [ 178 [ 179 | 180 | 181 | 182 | 183 | 184 | 114 115 102

Z 3 Li | Li[ L | | | | | | | |

105 106 107 108 109 110 111 112 113 il 0.01 W Re Os Ta Ir Hf H He Pt

N—» 2 |5 % 3| % Element

H| H | H
1 1 a | 3 4
P T 9 Transmutation of W during irradiation under

predicted DEMO operating conditions

Can lead to changes in ductility, and variation in trapping of hydrogen isotope & helium.

Fusion Industry School, York, 22nd June 2026
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Tritium breeder materials. B e

Energy
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Materials: Challenge: Achieve Tritium T ~200°C-1000°C
« Solids: lithium ceramics (Li,SiO,4, Li, TiO;) + He Breeding Ratio (TBR) > 1.1, He production
gas extract tritium efficiently & high ( dependent
» Liquid metals: lithium, Pb-15.7 Li (at.%) safely under irradiation, on breeder
* Molten Salts: FLiBe, FLiNaK withstand high He production. material)
* Incorporating neutron multipliers like Be. E.g.
Be12Ti

Solid Breeder vs Liquid Breeder

Ttl/z = 12.5 years | fible with
G Effect of radiation ncompatiole wi

6L
n . N
' damage and He structural materials
+ " 4.8MeV formation on T release

not fully known.

D High thermal conductivity

He for efficient heat
recovery.

Higher Li density.

Fusion Industry School, York, 22nd June 2026
Not protectively marked - 2026 All rights reserved ©QUKAEA

25




Breeder blanket structural materials

Structural material

depends on the

breeder concept; solid

or liquid

 Reduced Activation
Ferritic-Martensitic
(RAFM) steel

« Oxide Dispersion
Strengthened
(ODS) steel

* Vanadium alloys

» Silicon Carbide
composites

* FCC stainless steels are
also candidates but
critically contain highly
activating species!

Temperature (°C)

Materials at risk from wide range of failure modes:
Radiation hardening

Void swelling
Creep rupture

Non-hardening embrittlement

Corrosion

1200

1000

VHTR

800

600

SCWR
400

GFR

LFR

T ~200°C-1200°C
20-50 dpalyear;
He, 10-15 appm/dpa;
H, 40-50 appm/dpa ( up
to 2000 appm/dpa for
SiC)

Fusion

MSR

L SiC

V-alloy, ODS steel

F/M steel

200
\ Current (Gen-Il/Ill) fission reactors

0 T

ITER fusion reactor

Fusion structural materials
will see higher
temperatures and

experience higher dpa

0 50

Fusion Industry School, York, 22nd June 2026
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150

Displacement Damage (dpa)

200 250 than all the Gen-lV fission
reactors.
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Activation of structural materials Uk Ao

) Energy
Effect of nickel, Authority

https://doi.org/10.1016/B978-0-08-056033-5.00094-X
105 — —————— molybdenum
FFHR Li blanket ] and nitrogen
10° first wall E
103 neutron 1.5 MW m™ 7
operation

E 10? : “wferritics (£82H) E
© 101 SS316for ITER 4
S N V-4Cr-4Ti (NIFS-NEAT) (SS316LN-IG) i
g 107 AL 7 100yr Fusion
= 101k Pure SiC/SiC | Full-remote Community Target
© g 7 recycling
5 102k L ~——
O E 3
102 ¢
E B o= = | 3
104 B J Full-hands-on
] recycling
10_5 Lol rral Lo raanl L1l Lol L ""
102 10-" 100 101 10 10¢

Cooling time after shutdown (years)

Figure 3 Contact dose after use in first wall of a fusion commercial reactor for four reference alloys. SS316LN-IG: the

reference ITER structural material F82H: reference reduced activation ferritic/martensitic steel NIFS-HEAT-2: reference
V—-4Cr-4Ti alloy SiC/SiC: assumed to be impurity-free.

Fusion Industry School, York, 22nd June 2026
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Reduced Activation Ferritic Martensitic Steels %
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RAFM Steels: Eurofer 97, Challenge: Increase safe operating T ~ up to 550°C +
F82H, CLAM, CNAs (US), temperature window, avoiding both LTHE and 20-50 dpalyear;

Advanced RAFM void swelling and creep failure. He, 10-15 appm/dpa;
: > : H, 40-50 appm/dpa

- el

Fusion Industry School, York, 22nd June 2026
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Reduced Activation Ferritic Martensitic Steels &

Energy

Authority

RAFM Steels: Eurofer 97, Challenge: Increase safe operating T ~up to 550°C +
F82H, CLAM, CNAs (US), temperature window, avoiding both LTHE and 20-50 dpalyear;
Advanced RAFM void swelling and creep failure. He, 10-15 appm/dpa;
H, 40-50 appm/dpa
30
From:
Nuclear
- — - — x = 20 Engineering
“Conventional” RAFM | “Advanced” RAFM ) Austenitic 316 SS and Tech.45
A S S RN = = No.3 (2013)
AT\ )L 2
-. >
». o
_, - ;o Ferritic steels
Typically 10s of
nanometres in size PR S RN R I e 02 S R SN
: 0 20 40 60 80

Dose (dpa)

Fusion Industry School, York, 22nd June 2026
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Factors affecting radiation induced degradation of

RAFM steels...

. 10.1016/S0022-3115(96)00327-3

) A “i"_."_. JLF & t
B g L g .'.I:-||m 65T 12Cr-Gidn TW
0o = v Wiush at at TR ¥
= ® AN R |
< - ] 2 s, Bdpma10°C ol -
o 50 et ® a0 " . Kahyama at al l 4
— | \ g 5 N
— ™ L 3 n, W UEs r
m " 2.25Cr2w L 3 \ ey ¥
D i 7doa: 365°C = " ‘\51:‘:4.- s
L BULTUE S _"‘;“J: . ’. ™ ’.
HEcipa: 4100 .
i 1Edpa . . . ‘ l_m-
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Other candidate structural materials for fusion B e

Structural Material Operating Temperature Windows: 10-50 dpa
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« SiC composites face
manufacturing challenges (can
not be currently formed into
complex geometries).

« V alloys undergo low-
temperature irradiation
embrittlement.

« ODS steels at low Technology
Readiness Level (TRL).

Good structural performance does not
always align with breeder compatibility...



Coatings and tritium barriers e
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How materials scientists are solving fusion problems: a UKAEA snapshot! L

Breeder blanket structural materials
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Alex Leide, et. al.. Journal of the European Ceramic Society 45
(2026) 117624

1000

Bowden, et. al. Journal of
Nuclear Engineering, 7
(2026)
High Temperature Superconductors
(@ _ (b)
5 f— tabGAP ® o thee
% 5.0 -¢- ACE @ o "t.ig..;%.-
Yield Stress s O . ;» '.
€45 &2 see
£1) o Epeem
2 \\ P G o ‘,. 0'..".. -
R %4.0 \\\ /// “. £ «,; 3
§ g 3 N2 'm', < 2R o = :ﬁ- -~
% £ i ¥ n. » (5 ?r‘ “;::'.
£ g 83s T "; ) - *J%‘?;.;
F 2 ‘s o - g W o ¢ ::;s:! 8
g z ) A
5 €30 PR
o 1nm
>
6.6 6.7 6.8 6.9 7.0
x in Y832CU30X

Uniform Elongation

33

Total Elongation

Dickson, et. al. Phys. Rev. B, (2026)
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SIMULATION

EXPERIMENT
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Predicting defect and failure modes of materials in operation using crystal
plasticity models to describe dislocations, with data inputs from novel micro-
mechanical testing and in-situ synergistic (irradiation and stress) testing.

- First Wall-Plasma Interactions

lonut Jepu contribution to “Runaway
electron-induced plasma facing component

damage in tokamaks”, Plasma Physics and
Controlled Fusion (2026)




Summary
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Fusion machines create an extreme environment.

Two major materials challenges are:

« Tritium breeding and retention (breeder, coatings,
structures).

« Radiation damage & extreme temperatures (magnets
(cryogenic), structural components, plasma facing (hot!))

Many candidate materials are at low technology
readiness levels.

Materials selection will affect plant operations ( &
vice versal)

There are no fusion environments for testing!

Fusion Industry School, York, 22nd June 2026
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Questions & discussion time.
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