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Fusion Plant

60606666
133000
o.o.o.@o.o.o
iy . N L 58 158
Tritium, H3, is a rare and radioactive
isotope of hydrogen with a half-life of
~12.3 years. The nucleus one proton
and two neutrons, whereas the
nucleus of the common isotope H1
(protium) contains one proton and
zero neutrons, and that of a non-
radioactive H2 (deuterium) contains
one proton and one neutron.
Deuterium has a natural abundance in
Earth's oceans of about one atom of . Neutron
deuterium among every 6,420 atoms
of hydrogen.

<
™\ 2

(1) Displacement Damage

(2.1) Gases: Helium &
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(2) 14 MeV Transmutation

Helium

Carry 80% of the energy out
of the plasma
Heat = power = electricity

Materials /\
/;; Processing /L\\

Institute PRISM © Materials Processing Institute 2023




Fusion Plant - International Thermo-nuclear Experimental Reactor (ITER)
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The term "tokamak" comes to us from a Russian acronym that stands for "toroidal
chamber with magnetic coils" (ToponganbHaa Kamepa ¢ MarHUTHbIMWU KaTyLLKamMu).

Ma’reridls /\ https://www.iter.org/mach/Tokamak
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Fusion Plant

DIVERTOR

https://www.iter.org/mach/Divertor
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Fusion Plant — Breeder Blanket

The breeding of tritium occurs
through the reaction Li6 + neutron
becomes He4 + tritium.

n Li-6 He T
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https://www.iter.org/mach/Blanket
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Fusion Plant — STEP (Spheroidal Tokamak for Energy Production)

(a)

RIB intlet
RIB outlet

COB intlet
COB outlet

Segment >
chimneys |

UKAEA Fusion reactor
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Fusion Plant — STEP

2024 2028 2032 2040
STEP enters STEP begins STEP STEP operations
tranche 2 — procurement of construction commence

detailed design long-lead items starts
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Why Do We Need New Materials

Currently across Europe, Americas and Asia the main high temperature alloy developments are
focussed upon Nuclear and in particular Fusion.

Q. Why?
A. Money

Current fission plant structural materials run at around 450°C and using similar materials the fusion
plant could potentially operate at around 550°C.

Operating at 650°C the financial benefit from the increased efficiency is around £3.5B over the lifetime
of the plant and at 850°C this raises to around £10.35B.

Q. Why aren’t existing materials capable of being used since many conventional power plant operates
at 650°C and aerospace materials well over 850°C?

A. Activation

7 Materials /\
X #8\+¢ Processing ,,/‘\_!\ Funded by
» Institute PRISHM Innovate UK © Materials Processing Institute 2023




Why Do We Need New Materials

Each country will have its own requirements, for many countries including the UK this requires that
after plant decommissioning all materials need to be recyclable in mainstream recycling systems
within 100 years.
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safety and licensing update. Fusion Engineering and Design, 87(5), pp.476-481.

Materials /‘L

% Processing A\  Funded by

Institute H@H@”HSM Innovate UK © Materials Processing Institute 2023




Why Do We Need New Materials — Breeder Blanket

Helium can cause swelling, hardening and DBTT-shift
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Why Do We Need New Materials — Breeder Blanket

A summary of the fusion materials requirements are

1) Reduced activation potential

2) High creep strength — target life is 60 years of operation
3) Liquid metal corrosion

4) Low potential for swelling and embrittlement

Essential
Desirable

5) Scalable to full production
6) Fabricable

7) For strategic purposes — low rare earth content
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Current Status — Breeder Blanket

Development work of ferritic-martensitic 9-12% Cr-steels at
Forschungszentrum Karlsruhe
Institut fir Materialforschung

Development of low activation fusion steels really kicked

off in 1965, from the high temperature 9-12%Cr power ey
plant steels. Leading to the development of EUROFER
as a European reference material for future DEMO
reactors.

X20CrAMoV 12 1
X22CrMoV 12 1
(1.4922/23)

RNOD
X18CrMoVNb 12 1
(Luftfahriwerkstoff 1.4914)

Irradiation
behaviour Nb-free l

Step I (1950)
Optimization of higher

0,25% Nb

| x18CrMoVND 12 1
L (1.4914)

fracture toughness

e Nb-stabilization

e N-, C-reduction
= Fast-Breeder Technology
e Technology for S28 LECn0igy

coldforming l
Step II (1984)

Under the EUROFER umbrella there were many

international and national programmes feeding into this
collective programme, including the Japanese OPTIFER
(Optimized Ferrite) project leading to their own RAFM
(Reduced Activation Ferritic Martensitic) steel F82H-mod.

EUROFER released for demonstrator service in 1997

Balance between fracture
toughness and creep-
strength

e N/C-variations

e N/Al-relation

o &S-ferrite influence (Cr)

Step I1T (1992)

Optimization of low-

X11CrMoVNDb 111
(MANET)

OPTIMAR
(1.4914-X1)

Fusion Technology

Conventional

Technology

CeTa l TaHf (1986) (1920-1593)

activation and high purity »_v()l—’*ITH-R NPUT(EIIT-E’)\R
variants for the fusion -
commonly known as EUROFER 97 e =
e Substitution of Nb, FUROFER = (1999)
Mo, Niby Ta, W, Ge : (1997‘)“
ete,
e Low concentration of EUROFER-ODS
tramp elements: Ag, (2000)
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Eurofer 97 — Tensile, Charpy, Creep and Structural Tests, M.

Reith et.al, Forchungszentrum Karlsruhe, FZKA 6911, Oct
2003.




Development of Materials — Breeder Blanket
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Development of Materials — Breeder Blanket

Time to LLW
after DEMO divertor body exposure
(phase 2c~ 5 years pulsed operation)

UK LLW after:
<1 year
1-10 years
10-50 years

50-100 years
100-300 years
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STEP Targets — Breeder Blanket
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Mechanical Property Requirements — Breeder Blanket

To meet the challenge of the fusion reactor a huge effort is on going to develop/evolve new materials
to meet the challenge, including evolution of EUROFER and F82H-mod plus new RAFM steels
including BRAFM, ODS (Oxide Dispersion Strengthened) steels, CNA (Castable Nanostructured

Alloy), High Enthalpy Alloys.

Example of novel microstructures for
enhanced creep strength. Similar to
the y/y’ structure used in aerospace
for single crystal turbine blades.

Courtesy Sandy Knowles, University of Birmingham
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Neurone

BSE-SEM Images Growth of Z phase precipitates
(VN Cr(V,Nb)N)

S$63 0.3V 730 $63 0.07Ta 730 $63 0.3V 750 2
o . -~ - /.
. i B 1.8 —
e S g s °
' 16 — =5
N -
:? 14 g >4
c -, ’ o -~ $5630.3V
£ 12 A 4% 5 730
o ” ” ”
1 -’ , -
2 7’ 7’ P - - = 563
2 - g ”’ 0.07Ta
2 038 o z - 730
v ” -
E ” rd ”~ P
® 06 v P - -0 $630.3V
s g > S 750
” L ’/ -
4 -
0 o pr A’
- i
Sl e
<o
0
0 100 200 300 400 500 600 700

Aging Time/hours

Example of the potential use of novel
strengthening phases

Courtesy Eric Palmiere, University of Sheffield
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SEM Automated Feature Analysis — Axial 5nm
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Mechanical Property Requirements — Accelerated testing

Target life is 60 years of operation. How long do we test for?
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Fig. 1. Impression testing. K= 0 ¢
0 200 400 600 200 1000
Test time (hours)
Impression creep and other localized tests, J.
Li, Materials Science and Engineering A322
(2002) 23-42 « 80 MPa Q0 MPa - 100 MPa -+ 110 MPa

Commercialisation of impression creep testing, T. Gallacher et. al., 5th International
Small Sample Test Techniques Conference, Swansea University, 2018

Materials /\
£ Processing ;/‘5} Funded by

Institute PRISHM Innovate UK © Materials Processing Institute 2023




ECCC — Can Rupture Data be Predicted from Tensile Data?

900 T
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Can Long Term Time to Rupture Data be Predicted Using Only Tensile Test Data?, M. W. Spindler, ECCC2021, 5t Int Creep & Fracture Conf., Oct 2021, Virtual.
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Summary

1) Enough money is flooding into the Energy space especially Fusion for a Fusion Powered Plant
becoming a reality within the next few decades.

2) The technical challenges and time scales are incompatible with commercialisation of Fusion power
by 2040.

3) Collaboration, detailed science, accelerated testing and extrapolation are essential for the success
of Fusion power.

4) If you're interested in power generation material science Fusion is the place to be.
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Thank you for your attention and will try and answer
any guestion.

Pete Barnard

peter.barnard@mpiuk.com
Materials Processing Institute, Middlesbrough, UK
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