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ICAMCyL, A REFERENCE COMPETENCE CENTER

Non-profit private research foundation and competence center, founded by some of the main
industries from the CyL region in the sectors of advanced materials, engineering, mining and
processing and automotive, with the support of the regional government of Castilla y Ledn and the

County Government of Leén.

Key player in the European strategy for the efficient management of industrial resources, energy
efficiency, eco-innovation and substitution of critical raw materials with the aim of promoting the
development of advanced materials for the regional network of industries and the valorization of the
Castilla y Leon richness in raw materials, in line with its Smart and Intelligent Specialization
Strategy (RIS3).

.c¢ . SUSTAINABLE MINING

The development of a sustainable and low
environmental impact 21st century mining
through the development and integration of
novel methods, techniques and processes that
allow the utilisation and valorisation of raw
materials and subproducts, always in
agreement with the principles of sustainability
and circular economy.
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. ADVANCED MATERIALS
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ENGINEERING SOLUTIONS
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The development, preparation and fabrication
of the last generation novel advanced materials

7 [peaL JE
with high added-value, and their application in §

products and relevant industrial processes. We piLs DIPUTACION @b
can highlight nanomaterials like polymers, g DE LEON il L it
composites or carbon-derived (graphite,
graphene); ceramic materials, materials for
additive manufacturing and 3D printing, waste
and industrial subproducts, and materials for

energy (batteries, fuel cells and gas storage)
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ICAMCyL, A REFERENCE COMPETENCE CENTER

Scientific
Divisions

Integrated

Computational
Engineering & Materials
Design Division

Additive
Manufacturing &
Components Division

Materials Under
Extreme Conditions
Division

Circular Economy,
Sustainability &
Resource Efficiency
Division
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ADVANCED MINING CIRCULAR

TECHNOLOGIES ECONOMY SUSTAINABILITY NANOMATERIALS FABRICATION
: . * New production » Carbon- « Additive
: g)l(apslgirfai(t;;rilon . ‘Igv::;iling methods based m.anufacturing
« Processing « Valorisation * Eco-innovation * MOFs * Pilot lines
* Resource « Composites * Industry
efficiency * Alloys
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ENERGY & CLIMATE
CHANGE

« Batteries /fuel-
cells

» CO, capture

* Smart cities
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POLES OF INNOVATION

/ POLO PARA LA INNOVACION DEL \ 4 POLO DE INNOVACVION Y
CARBON(O): RECUPERACION DE RESTRUCTURACION SOCIAL DE LAS
LAS CUENCAS MINERAS MEDIANTE CUENCAS MINERAS HACIA UNA
LA PRODUCCION DE MATERIALES NUEVA MINERIA SOSTENIBLE
TECNOLOGICOS DE BASE ~
\CARBONO A PARTIR DEL CARBON/ s
’ ) 3 -
usa vammiim 155 B =
Revitalizing the S“’Q;,\l' pay N }
CyL region: R EED B
recovering coal - # e i 3
mining places by R 2
the creation of an
innovation pole
for carbon Vertsceros que continon Y N

r_esiduo_s de procesos Procesos industriales de residuos
industriales (stocks) de la produccion de metales
primarios y secundarios (flujos)

5. Mineria de vertederos (mejorada)
~2 incluyendo recuperacion de metales

Minerales residuales a
= valorizar en materiales
de construccion

4. Recuperacion
del metal

Productos
(intermediarios)

Y Minerales Metales v
Primarios.

v

R R aleaciones
9 Mineria Reciclados
- Primaria o
i 9 . 1. Reciclaje directo
CARBON (preconsumo) Desechos de Fase de
o O Nanotubos ﬁ fabricacién (flujos) uso
de Carbono - s
Comercializacién o |
2. Reciclaje/Mineria v
... Ofros materiales Urbana Productos en final de vida util
avanzados basados ; (flujos/stocks)
en Carbono 7
PIC(O) 3. Mineria de vertederos v 4
|EQM CLIJL \ (mejorada) Vertederos que contienen
residuos solidos urbanos (sfocks)
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S3P - INDUSTRIAL MODERNIZATION FOR BATTERIES

| =
h : .. I ¢ " O
Join the . ..‘,.._ a3 an L
L A future for people — % 4 -"Y - récion L.
‘. $ > 5 <0 N Nouvelle-Aquitaine
SMART P 7. h/ S P e g !
SPECIALISATION Ll “Pan.l 32k ‘ L. @
PLATFORM il TR v, g U La Region
J - : ; . 8 - Auvergne-Rhéne-Alpes
KEMIJSKI INSTITUT . - S B > 4«’-’1 > 4 ec noo“ ;a in
s DY N a2 £3EMIRI
ropean Structural and Investment s -

i et Advanced materials for batteries
SPrl EINDHOVEN

TALDEA i Agendia Andaluza de la Energia
CONSEJERIA DE ECONOMIA, INNOVACION Y CIENCIA

ELECTRO MOBILITY STATIONARY ENERGY STORAGE

Aim of this S3P — Industrial Modernization is to bridge the large
gap between research and industrial applications.
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CURRENT ONGOING PROJECTS

3 WEﬂ

Advanced materials
solutions for next
generation CSP
tower systems

Euro
Com

\_

¥ j MINING AND METALLUREY REGIDNS DF EU

Mining and
Metallurgy Regions
of EU

Horizon 2020
European Union funding
for Research & Innovation

pean
mission

~N
%t/orontulo

Recovery of Tungsten,
Niobium and Tantalum
occurring as by-

( EXPLOREMAT:
Descubrimiento de
materiales avanzados
por métodos
computacionales para
la industria de Castilla

VALUECYL: \
Valorizacion de las
materias primas
de los residuos de
la actividad minera
en Castillay Ledn

products in mining

J

-

(CRM)
Solutions for Critical

Raw Materials Under
Extreme Conditions

\_

MINEA

Mining the
European
Anthroposphere

ccosE

EUROPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY

y Ledn
and processing waste compertoa | (C @ B
Stream S empresarial h ~ g;’ B Junta de
j K N — Castilla y Leon
e ENGAGER
o POVERTY ACTION ( \

European Energy Poverty:
Agenda Co-Creation and
Knowledge Innovation

European Institute of
INnnovation & Technology

@

INNOCAT: Innovative CRM
substitution technology

\_

J
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ENGINEERING & MATERIALS DESIGN DIVISION
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MATERIALS GENOME: Our vision

Materials Genome Initiative

WHITE HOUSI E ﬁ Get Email Updates Contact Us

BLOG  PHOTOS&VIDEO  BRIE ROOM ISSUES o the ADMINISTRATION  zh

Computational
Tools

Materials Genome Initiative

Goals | Examples | News& Announcements | Federal Programs | External Stakeholder Activities | Contact Us

:

Experimental Digital

To help busin
deploy
launching what v

Tools Data

Materials Innovation
Infrastructure

Genome Ini e invention of
silicon circuits and lithium-ion t

made computers and iPods and iPads
possible — but it took years to get those
technologies from the ¢ ing board to the
marke tpl ace. We can do it faster.

DATA MODELS

e 10 TAILORED MATERIALS ICAMCYL
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SOME EXAMPLES

Multi-scale Modelling of Magnetic Materials

- Applying multiscale technigues to magnetic materials study with adaptative genetic
algorithms

- High-throughput exploration of magnetic materials
- From nanostructure to final materials properties
- DFT -> MD -> Coarse Grain -> MacroScale

- Stable lattice structure AGA+DFT Molecular dynamics
- Ground state energy :
- Electronic structure

- Magnetic moment (i)

- Exchange constant (J)

- Magnetocrystalline anisotropy (d)

- Deffects

- Impurities location + Arapan S, Nieves P, Cuesta-Lopez
- Amorphous structure

S. A high-throughput exploration of
magnetic  materials by  using
structure predicting methods.
Journal of Applied Physics (2018)

\/ Atomistic spin dynamics \ 123(8)

i Temperature effects . i -L6
Mlcrosructure Magnet shape (Temp ) TSaturation magnetization Ms(T] Nieves P, Arf_apan S, C_uesta Lqpez
3yiaririiy - Magnetic susceptibility x(T) S; An adaptive genetic algorithm
§ai8ndvies - Exchange stiffness A(T) approach for predicting magnetic
i ieteil - Anisotropy constant K(T) structure  suitable  for  high-
% g :‘:_ 153555 - Curie temperature Tc
et et performance permanent magnet
AR development; 2017 IEEE
Micromagnetics 100 nm International Magnetics Conference,
p . ; ~
; _ f 2 (Largessize scale) INTERMAG 2017 (2017)
- Electromagnetic . .
and thermal performance - Magnetic domains * Nieves P,Arapan S,Cuesta-Lopez S;
- Improve design - Domain wall motion Exploring the Crystal Structure
- Magnetization reversal s f CoF inf>2</inf>P b
- Hystersis loops p_aCe (0] ¢ ore<inr> . </Inf> . Y
- Coercive field Using Adaptive Genetic Algorithm
- Remanence ; |IEEE Transactions on
> 1000 nm Methods;

Magnetics (2017) 53(11)
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SOME EXAMPLES

Tool for radiation damage in materials

- Software tool base on the open source tool for Computational Fluid Dynamics
(CFD) tool OpenFOAM
- Analysis of crystallographic structures in materials under radiation damage

[ RADAMATFOAM® analysis features

MATFOAM®. Ekhi
Arroyo, Jordi Fradera,
Santiago Cuesta, UBU.
BU-90-12 11/07/2012.

RADAMAT-FOAM®

e ———— . - . ‘ Radiation Damage In
Bulk structures — WS Nanostructures — Visualization — VTK } Materials For Openfoam.

Method Vi E. Arroyo, J.Fradera, S.

olume Method 5 - Yo, :
- : Scalar volume fields Cuesta, U. Burgos. BU
S IntBrsttialy f Nacaacles « Cascades * Deviation fields 59-13. 03/05/2013.

¥ Clustepzationion. = * Grain Boundaries * Defect diffusivity /
interstititals / vacancies t
e |Interfaces rates

* Dumbbells * Time / Space statistics
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SOME EXAMPLES

Database for molten salt properties

Intensive Review SCATERING, LACK OF DATA
1700125 __ 850 " 425 Chemical Engineering and Processing: s
: Process Intensification [y
-4 0.01832 b,
Volume 73, November 2013, Pages 87-102
% S 4 0.00674 é %’
g o L5 oonzis > | S e RS N Molten salts database for energy applications
g e R R. Serrano-Lépez &+ # . Fradera, S. Cuesta-Lopez &« &
. . ; ; ; 00091 1400 200 500 800 1000 1200 Universidad de Burgos, Science and Technology Park, 1+D+| Building, Room 63, Plaza Misael Bafiuelos s/n, 09001 Burgos,
0.0008 0.0012 0.0016 0.0020 0.0024 1K) Spain
T (1°K)
MOLTEN SALTS X
LN 7 bl ' — r
On-line
'_ Nolten SAlts
database Initiative
\
/ \ / ’\ "\)
‘\
Friendly web interface 14 Molten Salts
, - - 2 5 Properties
MOLTEN SALTS e | s nowi oy | P
Qodine Molten Salts Datal ") , T m—
Search =
i ik = F - + Properties prediction section
£= + Uncertainties section
S o P e ST -Tu-f.,. - A1OBTR)

chk access to data and references by filtering
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SOME EXAMPLES

From nano to multiscale damage in materials

- Nanostructured metallic multilayers

- Radiation damage healing and helium trapping properties

- Objective: changing the life-time perspective of radiation
shielding

- CuNb & CuW look stable and arise as solid candidates to
form multilayers, nano-structured metallic interfaces

— 500 nm —— -y - . @ W

Pt layers <:
: IR MO UBUZOIY W
(Tream Ter)
(uNL LTSRN

Y0320 min

+Cue y-{(110)% 1111}
FAAAAAAAALA TA_.X;M;“

Si substrate

IN COOPERATION with University of Cagliari ( F. DELOGU et al)

Slide 15

[@ Set 1. Cu-Nb: B=(2.2.1.3)A @ Set 1. Cu-Cu®: 5=(2.2,1.3)A @set2:B=(-20149A |

Source: M. J. Demkowicz, PRL 100, 136102 (2008)




SOME EXAMPLES

From nano to multiscale damage in materials He DYNAMICS AT THE INTERFACE

Self healing properties under radiation:

Cu-Nb |nterface )

?

CuNb Interface structure / dynamic information
Anticipation of KS1’ structure

UMMWW

Cu Cu Cu Cu

Massive simulations of radiation damage

. 9€ | INTERFACE TRAP AND RECOMBINATION OF
cascades on Cu, Nb, W interfaces -> statistics Interface

IRRADIATION-INDUCED DEFECTS

Ability to trap He atoms

STADISTICS OF DEFECTS, DIFUSION
COEFICIENTS
IN FUCTION OF ENERGY, PARTICLE, TIME

DISPLACEMENT

CASCADE

MODEL OF PREDICTION OF DAMAGE AT THE
MACROSCALE 10°
DPA-ENGINEERING DESIGN MACROSCALE

. Ortun-Palacios J, Locci A, Fadda S, Delogu F, Cuesta-

!
Lépez S; Role of Interface in Multilayered Composites 1043
under Irradiation: A Mathematical Investigation; 2
Advances in Materials Science and Engineering (2017) £, 1077
2017 !
10
. Ortun-Palacios J, Locci A, Delogu F, Cuesta-Lépez S; i Sy

Self-healing ability assessment of irradiated L -===CuNb

]

multilayered composites: A continuum approach; .
. B e S TE e R e Ao et SR
Journal of Nuclear Materials (2018) 512 391-406 10°10° 10° 105102 10° 10° 10! 102 10~ 10810P-10° 107 10* A° 10°

T

SI | d (S] 16 Fig. 9. Temporal profiles of (a) SIA and (b) vacancy trap occupation probability at the interface between metals o and B (z = 1).




He DYNAMICS AT THE INTERFACE

- Confirmation of the existence of a
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SOME EXAMPLES

Atomistic view of nano-crashes, nanoindentation and impact

phenomena

 Nuclear Instruments and Methods in Physics
J—}’.‘L‘ Research Section B: Beam Interactions with

- Refractory materials study: niobium response

: wsisge
iy

against the impact of high energy debris Materials and Atoms
- MD study of microstructure after impact T
- Damage response in niobium as shleldlng Theoretical study of the performance of

. . refractory materials for extreme conditions
material, showing low energy dependence on

dislocation density for debries energies over
10 keV

- Methodology can be extended to other refractory
metals of industrial interest (tungsten, tantalum)

applications

Claudia Pecoraro ® ' €, Santiago Cuesta-Lépez * bedam

OUTPUT
ENERGY WIGNER-SEITZ DISLOCATION NUMBER OF
EXTRACTION ANALYSIS EXTRACTION PARTICLES
ALGORTIHM3  EJECTED FROM
l THE SURFACE
TOTAL ENERGY, KINETIC NUMBER OF
KINETICAND  ENERGY  INTERSTITIAL DISLOCAIS ~ D
POTENTIAL OFSOME AND VACANCIES DENSITY g

ENERGY OF THE SELECTED

SYSTEM  PARTICLES 1
IN THE .
I )

: F
SURFACE \

A\
Scheme of the analysis routine performed IcCAa MCLr’L B




SOME EXAMPLES

Liquid Metals in Nuclear In

- High relevance of liquid metals as coolants in nuclear industry: ITER project
- Behaviour of liquid metals can be studied with the help of multiscale modelling

technique

- Previous experience in this field: developing interatomic potentials for Li-Pb,

irradiation effects over coolants.
- Next step: He-Li-Pb interatomic potential

Lithium-Lead (LL)

TBMs

» Structures: ———
F/M Steel

» Multiplier/Breeder:
Eutectic Pb-16Li >

» Coolant: He at

8 MPa, 300/500°C

alone (HCLL) or with

LiPb at 460/700°C

(DCLL, DFLL)

EU, HC-TBM ¥ port

 Liquid Lithium TBMs

¥ Structures: V-alloys
» Breeder: Lithium
¥ Multiplier: Be />
» Coolant: Lithium at
250/530-550°C
(Korea He-coolant
version is under
definition)

Water-Cooled
Ceramic Breeder TBM
b Structures: FM Steel
¥ Multiplier: Be pebble
» Breeder: Li,TiO; o—>
¥ Coolant: He at

8 MPa, 300/500°C

LLi®+n—,He'+ T + 4,78 MeV under nuclear fusion conditia
Li’+n—,He'+ T° +n+247MeV atom to the engineering design

TriNum'is"absorbed'into"He'bubbles,"
'where'only'can'exist'as'molecular'triNum.™

Molecular'triNum'has"a'larger'energy'than || b o
He'gas'pbhase, therefore'it'is'desorbed" ° ° _— POL|TECN|CA
from'the'bubble'into’the'bulkliquisl,”
where'it'dissociates'into'atomic'triNum”
again.™

Bubble'hucleaNon'&'growth"phenomena.™

iy
e

-

v

®o¢

ResidenceNme'"of 'eutecNc'atoms'in‘a"
material'surface.'Diffui o 'inside'the"
structural'material”

* Fraile, A., Cuesta-Ldpez, S., Caro, A., Schwen, D., Manuel Perlado, J. Interatomic potential for the compound- forming Li-Pb liquid
alloy (2014) Journal of Nuclear Materials, 448 (1-3), pp. 103-108.

« Fradera, J., Cuesta-Ldpez, S. Impact of nuclear irradiation on helium bubble nucleation at interfaces in liquid metals coupled to
permeation through stainless steels (2014) Fusion Engineering and Design, 89 (1), pp. 16-24.

* Fradera, J., Cuesta-Ldpez, S. The effect of a micro bubble dispersed gas phase on hydrogen isotope transport in liquid metals under
nuclear irradiation (2013) Fusion Engineering and Design, 88 (12), pp. 3205-3214.

* Fradera, J., Cuesta-Ldpez, S. Nucleation, growth and transport modelling of helium bubbles under nuclear irradiation in lead-lithium
with the self-consistent nucleation theory and surface tension corrections (2013) Fusion Engineering and Design, 88 (12), pp. 3215-
3223.

Fraile, A., Cuesta-Lépez, S., Iglesias, R., Caro, A., Perlado, J.M. Atomistic molecular point of view for liquid lead and lithium in Nuclear

Fusion technology (2013) Journal of Nuclear Materials, 440 (1-3), pp. 98-103.




SOME EXAMPLES

permeation of helium through fusion steels at interfaces in
liquid metals

L

- e @ s 7
my (o) : et
—= . L
ans | (== o

: q’q”ﬁ y ;

(-3 : =
m m discharge
: permeation
process
;. ........ i ..................................... Fig. 3. One dimensional case configuration. Central LLE slab T discharge process
Fig 1. Kinetic growth model (left) and diffusion growth medel (right) showieg when & model is used depending on the He concentrations " through permeation process.
¢ Fig. 1. Hydrogen isotope and helium transport phenomena in a permeation system.
1,1x10° — , : . ' , interface * Fradera, J., Cuesta-Lopez, S. Impact of nuclear
o[ EU'97 LLE EU'97 ] LM-membrane l . P . . .

woxo* —— g o S !rra.dla'tlon on helium bubble nuclea.tlon atinterfaces

ol S 1 AT Vil t in liquid metals coupled to permeation through

8,0x10” | " g s . . . .
ool —— EEE 1 D i 0.0025m stainless steels (2014) Fusion Engineering and
£ sono’[ = so0m ] Design, 89 (1), pp. 16-24.
g somo0”f %3:‘*33 * Fradera, J., Cuesta-Lépez, S. The effect of a micro
o ::‘i: ._ﬁ*wﬁ' * r bubble dispersed gas phase on hydrogen isotope

200107 |- ] X transport in liquid metals under nuclear irradiation

1,0x107 | e 2a0's A s (2013) Fusion Engineering and Design, 88 (12), pp.

0,0 L 1 -
001 003 005 007 009 011 013 015 Fig.9. 3D pipe configuration for the pipe CFD simulation. Symmetry planes are used 3205 3214

x[m] to save computational resources.

Fig. 8. Concentration profiles at different a,, for t=2 x 10%s.

Slide 20 ICAMCYL




OUTLINE

1. ABOUT ICAMCyL
2. ICAMCyL & MATERIALS DISCOVERY
3. PREVIOUS PROJECTS

4. CURRENT PROJECTS

ICAMCYL =



CURRENT PROJECTS

Quantum Molecular Dynamics
(QMD) and MD models of
materials (Kanthal,FeCrAl Alloys)
and coolant (Lead, Lead+Bismuth)

Coarse Grain and Dislocation
Dynamics Models of materials

Header

U-Tube heat
exchanger
modules (4)

Multiscale modelling of ODS alloys — FeCrAIl-Pb interaction

Control
rods

* Generator

Electrical
power

(Kanthal,FeCrAl Alloys) and coolant
(Lead, Lead+Bismuth)

Reactormodule/
fuel cartridge

'

FEED (removable) Heat sinl eat sink
rC"C:)OCETet * In:e rcooler [~
Coolant Compressor
CFD+FEM modelling of the system \§ )
under operation conditions =
RS ..
< Liquid Lead-cooled Fast
- Reactor (LFR)
OUR APPROACH

DAMAGE ESTIMATION WITH RESPECT
TO MATERIALS COMPOSITION AND

1. MD model for liquid metal corrosion
WORKING CONDITIONS

2. Coupled CFD+FEM model for liquid metal
refrigeration

LIFE TIME PREDICTION WITH HIGHER
PRECISION

Slide 22



NANOSCALE MODEL: FeCrAl-Pb interaction

Objective:
- FeCrAl-Pb corrosion study

- Pure diffusion approach to corrosion

Steps:
1. Build model with Fe and Pb
2. Study diffusion coefficients dependence with T
3. Build FeCrAl and study diffusion of components
4. Build Alumina and study diffusion

LJ potentials MEAM potentials

V(r) = 4e [(%)12 - (%)GI Etor = Z IFi(ﬁi) +%Z Sijdij(Rij)

Jj(=#1)

\/ More elements can \/ More accurate

be considered
Only available for a

few elements

x Less accurate

lisEes ICAMCYL




MACROSCALE MODEL: FeCrAl-Pb interaction

The physical problem now at a macros-scale level: appearance of
weak points under long-term operation

steel

liquid-Pb coolant )

High-stress loading

steel

_ liquid-Pb coolant
Quantum Molecular Dynamics
(QMD) and MD models of

materials (Kanthal,FeCrAl Alloys)
and coolant (Lead, Lead+Bismuth)

High-stress loading

CFD+FEM coupling strateqy:

Coarse Grain and Dislocation — Interactions between liquid-Pb coolant and Kanthal
Dynamics Models of materials .
(Kanthal,FeCrAl Alloys) and coolant p| pe

(Lead, Lead+Bismuth)

— High shear-stress and thermal loading near joints
i / P .
CFO+FEM modeling of the system — How can these addlt_lc_)nal loads affect the_aglng
| e and thus the operability of the solid material?
AN

— Steady state vs. Transient operation

Slide 24 ICAMCYL




MACROSCALE MODEL: FeCrAl-Pb interaction

CFD simulations to investigate the liquid-Pb coolant
flow problem

» Structured grids
1. Mesh « Low y*to resolve with enough
Generation accuracy hydrodynamic and
thermal boundary layer
 Grid sensitivity study

2D mesh

* ANSYS Fluent solver (2D + 3D with thickness at later stage)

» Steady state + time-dependent simulations with heat

5> Numerical trans_fe_r a_nd buoyancy-driven effec_tg

Simulations  Realistic internal cooling flow conditions: Reynolds number
range Re € (10* — 109), fully turbulent flow

« Working fluid: pure liquid-Pb (with the possibility to include
impurities at a later stage from molecular analysis)

J———

» Wall data regarding shear

3. Post-processing stress, friction coefficient,
heat flux, temperature, among
others

Siide 25 ICAMCYL



MACROSCALE MODEL: FeCrAl-Pb interaction

. _ 170 |
Correlations extracted from: Ph
; ; ; 50 |
Vitaly Sobolev, Database of thermophysical properties of 2
. . . :’;‘ A ® Miller. 1954
liquid metal coolants for GEN-IV — Sodium, lead, lead- 3 " onk 0
. . . . . = ‘-9 s Banchila, 1973
bismuth eutectic (and bismuth), Scientific Report SCK- £ o o 2 B
=2 & Smithells, 2
. i Kyrillov. 2008
CEN-BLG-1069, Belgian Nuclear Research Centre, 2011. /’f bl
90
500 700 900 1100 1300 1500 1700 1900
Temperature (K)
108 EM N Sl E 475 T (@ Miller, 1954 2 a " o Miller, 1954
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MACROSCALE MODEL: FeCrAl-Pb interaction

KANTHAL

C% |Si% | Mn% | Mo% | Cr% | Al% | Fe %

Part of Sandvik Group Nominal composition 3.0 | 21.0 | 50 | Bal
Min - - - 20.5 -
Max 0.08 | 0.7 0.4 23.5
Temperature °C | Thermal Expansién Coeff. x 10/ K
20 — 250 124
20 —-500 13.1
20 -750 13.6
20 —1000 14.7
20 — 1200 15.4
Density g/cm?® 7.25
Electrical resistivity @ 20 °C Q mm?/m 1.40
Poisson’s ratio 0.30
T (°C) 20 | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100 | 1200 | 1300
Young’s 220 | 210 | 205 - 190 - 170 - 150 - 130 - - -
modulus (GPa)
Temperature - 100100101101 |101|102|21.02|21.02|21.03| 1.03 | 1.03 | 1.03 | 1.04
factor of
resistivity (Ct)
Thermal 11 - - - - - 21 - 23 - 27 - 29 -
conductivity
(x 10%/K)
Specific heat | 0.48 - 0.56 - 0.64 - 0.71 - 0.67 - 0.69 - 0.70 -
capacity
(kJ kgt K1
Melting point 1500 °C
Magnetic properties The material is magnetic up to approximately 600 °C (Curie point)
Emissivity - fully oxidized 0.70
material

Data extracted from Kanthal datasheet and implemented in the solver
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MACROSCALE MODEL: FeCrAl-Pb interaction

Preliminary CFD results — 2D steady & turbulent liquid-Pb flow

+++++++

Contours of Ps

Contours of Ts Contours of V

8716400

iiii

. v . -
[ 1 - 874

ol : :{872€
/| i O I Parameters for CFD simulations Values

S / | - 870% Tube diameter (mm) 150

o . ' } ] o Inlet temperature (K) 873

x T / -~ —868 E‘ Reynolds number (-) 105
= | gttt ] o Static Pressure (MPa) 0.1
&0.5 P LR | - 866 Turbulence intensity (%) 5.0
@ - : g Turbulent viscosity ratio (-) 5.0
o4l P . Wall heat transfer coeff. (W/m2.K) 20.0
I r \
21
5 .1 /

0.2} «see |
ﬁ : O"""-.. ..'--no'l---"-n/ '
= |
; 0 _l L l Ll 1l 1l l Ll 1 1 l Ll Ll l Ll Ll I Ll 1L I Ll 1 1 ] Ll 1l I 1 Shear Stress and Wa” temperature
0 0.1 02 03 04 05 06 07 (coloured by the y-direction)
X (m)
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MACROSCALE MODEL: FeCrAl-Pb interaction

Following step:

CFD-FEM coupling to investigate the liquid-Pb coolant flow problem

CFD solver Coupled FEM
Hydrodynamic and thermal loading Structural study — thermal and
on the solid material extracted from stress analysis

CFD simulations

GOALS:

* Investigate the variation of the
mechanical properties of the Kanthal
for real stress loading conditions

STRESS

« Estimate with higher precision the
service life of the Kanthal for liquid-
Pb cooling nuclear applications

SERVICE LIFE

ICAMCYL =
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