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Session V: Specifics of coolant-material compatibility in fusion environment

The session V was dedicated to coolant material compatibility in Fusion Environment, 4

presentation were carried out.

Three presentation related material corrosion/SCC in water and one related coating as

corrosion mitigation strategy:

» On the water chemistry of fusion power reactors (I. Moscato)

» Corrosion AND SCC initiation of unirradiated and ion irradiated stainless steels in borated
water coordinated water chemistries (C. Gasparini)

» Effects of ionising radiation on Corrosion behaviour of CuCrZr alloys under aqueous
environment (J. LIM)

» Characterization of alumina permeation barriers on EUROFER 97 steel (M. Angiolini)
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Session V: Specifics of coolant-material compatibility in fusion environment

0 The Session was dedicated to the analysis effect of the coolant in contact with the structural
material: Corrosion, SCC, Activated corrosion product generated and deposited outside the VV
(316L and Eurofer F/M steel/Copper alloy);

0 Common approach identified for water coolant:

» Use borated water for the water chemistry control
= Use addition of alkaline elements (LIOH, KOH, NaOH) in order to increase the pH based
on LWR/WWERs experience;

O Coating were analysed as mitigation strategy in order to:

= Avoid/reduce water corrosion from borated water

= Avoid/reduce breeder-coolant corrosion (PbLi)
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Session V: Specifics of coolant-material compatibility in fusion environment

O Since Fusion Water Coolant required different water Materials
chemistry respected to LWR/WWERSs and operate at degradation
different operative conditions dedicated R&D are required in (H\rn\:’lél(g)?trl\lol\r/]IC)
order to identify the optimum water composition able to
shield the coils, protect the materials, reduce radiation Fuel perfor  Optimum water
(clad corr chemistry

e Njection)

inventory and minimise the operator exposure => change of
scope and operative cond. respect to LWR/WWERs

limits on Li

. . . . Chemistry control
O Several factor are involved in the optimisation of the water (impufmes)

chemistry: neutron exposure, material microstructure, alloy
elemental composition, surface finish, residual stress and
strain, water chemistry, contaminants, dissolved oxygen, and
temperature.
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Session V: Specifics of coolant-material compatibility in fusion environment

Breeding blanket Shielding Components

Q Preliminary analysis were carried out in order to Nom.thermabpower W] 1900 — il
investigate: e 8 [E o R G042 Hontont 350
= Corrosion of structural material 316L/EUROFER With [t ses o s
borated water (~8000 B ppm for DTT) compared with |
UPW - | hP
= SCC in borated water compared with UPW H!?’.J}
= SCC with 316L irradiated with Ni ions L L == ey v
= Use of Li in the borated water in order to increase ? " don ok lhe e G

since decades to have

even if you try hard to

the pH of the water and reduce SCC and Activated ,
corrosion product formation. tolamak o ook W apo.. | "endeh bsders

main equipment on the two opposite|

D Oscar Code WaS used for Fission (PWR) and Fuslon I.Moscatoetal.|Onlhewalerchemlstryo”uslonpowevplant;ﬁf\gig%%gllfi:;ﬁzv2023| Page 3/13
application (v1.4a) in order to: - s ___NEUS GENILE (06 et S0y}
BoeRr s c  ©

= estimate the amount of Activated corrosion product
produced in DTT VV, in ITER and in DEMO,
= Evaluate the ACPs that will precipitate outside the
VV in the auxiliary system.
The database has to be implemented in particular for high B concentration
and applied magnetic field. => common action for all Tokamaks! e S
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Session V: Specifics of coolant-material compatibility in fusion environment

O The preliminary experimental and numerical analysis on water corrosion and mechanical test
(Slow Strain Rate test, Crack Growth test) carried out with the addition of LIOH or KOH in the
borated water have shown the benefit of such solution:

= |n DEMO the maximum Lithium concentration add to water should be lower than 2.7ppm
(preliminary estimantion to be confirmed);

= |n DTT application the Li content in water should be higher than 57ppm in order to
increase the pH and reduce the corrosion effect => analysis is requested to evaluate the
consequence of huge amount of Li in Water;

= JT60 maybe will required higher Li content in borated water (B concentration in water is
12400 ppm, instead in DTT 8000ppm)

= Possible use of H2 in water has to be investigated to reduce water radiolysis;

The preliminary experimental analysis compared with numerical simulation has shown => It

Is requested a dedicated experimental validation at relevant operative condition.
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Session V: Specifics of coolant-material compatibility in fusion environment

O In order to investigate SCC it is mandatory to analyse the
performance of irradiated samples: Neutron irradiation at
relevant operative condition is not available, characterisation
test can be performed with lon => it is necessary to
understand how to correlate neutrona and ion irradiation
taking into account that neutron flux energy for Fusion
application is ~MeV => proposal??

(1) Source of ionising radiation
(Surrogate to neutron)
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[Courtesy of Birmingham University, UK]

(2) Source of coolant
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[Courtesy of CORMET, Finland] Temp.
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Session V: Specifics of coolant-material compatibility in fusion environment

O Protective Coating: Inside the pipes/shell to avoid Corrosion and Stress Corrosion Cracking (SCC was

investigated for Borated water of Tokamak facility in order to identity the ACPs) => open proposal to be

investigate PRI, « ool —
O Outside the pipes in the case of the WCLL BB in contact with the *—~;f :
breeder/coolant (PbLi): Al203 (alfa-phase) was investigated as ~ T B -|

coating material, the coating was manufactured by PLD (Pulsed Laser

Deposition) process on plates. Preliminary characterization shown

some concern related the presence of LIAIO2 that can impact the
[ Elementary cell or “Slice”

FW cooling channels Horizontal
7 ) m?

sullning plate ., coating performance, possible solution => use Multilayer coating

ALO,/(Li,0+ALO,) (molmol)

Figure 1. View of the WCLL BB elementary cell layout.
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