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Introduction AT

ad AS, Hysteresis Supply

The gases used in current refrigeration systems are harmful to the environment (e.g. ozone depletion, greenhouse effect) [1-2]. An innovative and (K) (Mkgk) (K)
promising alternative is magnetic refrigeration based on the magnetocaloric effects (MCE) of solid alloys used in the form of regenerators [3]. -
Several prototypes of magnetocaloric (MC) regenerators have been built and show a high coefficient of performance (COP), but very few are on 148

the market. These MC regenerators still have certain limitations, such as the brittleness of MC intermetallic alloys [4].
Q Aims:

To develop and characterise a magnetocaloric composite highly loaded with magnetocaloric powder and based on polymer (PLA/LDPE + EVA + SA) e 2 2 S:AFe.p.si
by mixing dedicated to the 3D extrusion and additive manufacturing process / To carry out numerical simulations of the thermo-magnetic- " @ La-Fe-Si-H
mechanical coupling of the composite. 5 @ Ni-Mn-In-Co
O Scientific challenges: The composite must have relevant magnetocaloric properties (AT,g and ASy,) similar to the reference bulks materials (Gd,

Gd derivative and Mn-Fe-Si-P). Classification of MC Materials with large MCE
where PLA denotes Polylactic Acid, LDPE Low - Density PolyEthylene, EVA Ethylene-Vinyl Acetate and SA Stearic Acid. compare ed to Gd [ 5 ]

Elaboration, Shaping and Characterisation of MagnetoCaloric (or MC) Composites

. . : . Structural analysis of the printed magnetocaloric composite [6]
Elaboration of highly loaded MC composites [6]: (with optimized print settings: V= 10 mm/s, @ouse =8 mm, T =413 K):

- - Scanning Electron Microscopy observations X-ray Tomographic Analysis
mml;l’r;‘ m{g:;ﬂg: ™ E"m’(l}}fkﬂ')a"o" Consti of the binder: Polymers Additives of a small printed plate (45*13*0,6 mm?) of a large cbmpofle (Tm]m; mm?)
Polylactic Acid Low - Densit Ethylene-Vinyl Acetate -

Gd 293 311 Designation (PLA) polyityiens (1576 (EVA) Stearic Add (5 Its free surface sesﬁifiififf oo er '
La(FeSi) 3H 235 9121 Function Daer;ii;rai:‘et(ii"tgo ng{?:t;g "to Improves elasticity Improves bp‘(:wder : T
NisoCoaMnzainis 298 5:1 =
Mixture \ . d 3R 3
La(Fe,Si)isH e / ’ il

(MC powder) Ther[noPIastlc
binders Blender Extruder MC pellets > Optimization of printing parameters leads to a printed component with few defects
Optimized composite (i.e. highest powder loading, best suited > Homogeneous distribution of 50 vol% of powder in the binder
for the elaboration and 3D printing processes): > Low porosity uniformly distributed
Shaping of MC composites: Ity e Vo MY Magnetocaloric characterization [6]: Evaluation of entropy variation As by DSC measurement

Ay (k) 2100 [ AsUK-ker) 0.1
3100 10.7 |

» homogeneous distribution of pores
» Very good fusion between layers
> Porosity estimated at 6%

Powder La(Fe.Si)H Materials
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} Powder La(Fe.Si)sH }

 Shaping by extrusion [7]:  Shaping by 3D printing based on Pellets [8]: 0

I
AL=31002 100 7K = —
R B i —_— M= Printed composite 2700 | 93 J
. B " N N -
Innovative and E H-0Am Magnetocaloric evaluation criteria Py
o Feedstock little-studied process! g4
» (pellets) i Py = AScomposite per unit mBSs i By, = 3, then same quantity of heat released or
= \Spowderper unitmass  absorbed as the powder alone.
—_— Extrusioq screw N \ Reference ‘Main binder Maf:(frr::.;;;:‘ g,(,,ﬂ ;)f;]);)::)der Tn\mmun(K) Pu )
6 & Layer by laver - 3Kimin J. Lanzarini et al. [7] LDPE 9 293 9
: 3 285 93 A. Diaz-Garcia et a
Problems: N> deposition of the ECR - NPT ] A_Diaz-Garcia etal. [8] PLA 55 289 45
> Too simple shape composite This work PLA 88 290 87
> Expensive tools '
. L;g development —— > Estimation close to the literature for La(FeSi)13H powder (~10 JK tkg ! between 0-17)
> High perties of the ite thanks to its high powder charge and translated by the Pw criterion

» The magnetocaloric effec( of the composite respects a mixing law (i.e. proportional to the mass fraction of powder)

Modelling of field-induced Phase Transition in Ni-Co-Mn-In Single Crystal

Modeling of Phase Transformation induced by magnetic

field, mechanical stress and variation of temperature Temperature cycling: Experiment [13] & simulation

Magretisation M (emu/g) versus temperature T (K)

Magnetization versus Temperature from [9]

N . Martensite Austenite . Stato varabios yv— _ under afield of 7 T and without mechanical constraint
Matedal S8 : o mdgnerte errdmaghetic] In the framework of Thermodynamics Gbseratle | el | Forees 7
7 of Irreversible Processes [10-12], - |
“Thermal T -5 I
+ Emploved Variables: .
T dT/dH <0 2 : Volume fraction of Austenite Mechanics £ < I . I T NiCotnn
: # | Co-
] TS siH ;
i (T siH) pr—— Y f | (single ryse)
) H -
NiCoMnin .
" - ErecEncrey: Pseudo-Elastic
(Single Crystal) Elasticity Behavior
v DTz (s £l =e():C:(e~ely ~el)| - [Kiy 02 1A, _
Temperatre (0 Meta-magnetlc behavnor: experimentation [13] and simulation
Figure 1 Tl izati i I .

was eyclically
‘measured in the temperature range from 330K t0 200K in the following

i i L The . [ Falll | 370 K 1 'STABILIZED cycles between 0 and 7 T
specimen quenched from 1,173 K was first measured during heating = - ~T)-Tln|— 1 i
K o b i B e R T'ﬂ(,o H 405 K . atdiferenttemperstures
. s =’ { .
- -, |

arder: H ~ 0.5, 20 and 70KOe. 71 indicates values obtined at 7 tesl Magnetic Behavior Chemical Thermal e e
(=70k00) = 3
with the choice of the tensor of Phase Tr T (-9 / ” .
Clausius-Clapeyron (or State) diagram from [12] L s
* Driving Force 7 X
Applied Magnetic Field Applied Stress By putting each State Laws on the Dissipation expression, we identify the P— ’S’)!;';Iflg'x;';;”
uh Lo Thermodynamic Driving Force that exert on the interface between Martensite and
| Austenite as being:
— L
Martensite s A .
o Austénite Mgz = |AE ‘[Q - P
Under H (only): Under o (only): Ma: et " . . Qi .
ignetism Entropy variation during a temperature cycling: Simulation
dT/dH <0 i dljde>0 The effect of Maghedim 1s propartional to the Applieg Magnetic Field H g "to the Py 5 g P ‘e cycling:
(T~ ifH7) Marteasite Aussénite (17ife7) difference of Magnetization at Saturation of Austenite AMs. i
x Part due to phase transformation: 20 order Ni-Co-Mn-In
| I « Exolution law of variable z : 2 transition (single Crystal)
Applied Temperature By introducing a Yield Surface and by writing the Consistency Equation, we obtain the S(T;‘;”S)fa == Asy + S(Harg") “
{ — - - Evolution Law of the volume fraction z of the Austenite formed by Mechanical Stress, i P e 1
b, Magnetic Field and Temperature variation as being: ’ B
Phase Transformation induced by Stress o : Pseudo-elasticity (Well-known) H ) 1
For dT/dH > 0, Phase Transformation induced by Magnetic Field H dz |AE" o +(m, AM 7, HW*( Asy + 1ty AM | G‘,,)]ﬂ ; zlmgﬁ‘;, . ;
(Jeong et al., Mat. Eng. A359 (2003)) = N . . Lo
Reverse Phase Transformation induced by Stress o (Also well-known) i ki p7i0t Part "”" fo magnetisation:
For dT/dH <0, Reverse Phase ion induced by ic field H Elasticity Magnetism Chemical . L “__J s(H“;]J) = I‘o AM /57y Gy
= Meta-magnetic behaviour - - -
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