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Modern society relies on the possibility of cooling below ambient
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How to cool ? H
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How to cool ?

o’ v T q2
Rudolf Emmanuel Clausius (1822-1888) @ —  Work

Henri Poincaré (1854-1912)
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The simplest cycle: The Carnot Cycle

g | AT =T,-T,
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q,|= T,AS | |0,|= T,AS
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T
Refrigerant capacity

R = ASAT

Need: Materials with large changes in entropy and temperature
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Undergraduate Thermodynamics

Generalized displacement

=1 oT J:]‘ nooTe— Generalized field
Caloric effects \
Yi /0x;
AS(0 — V) = / (—@) dY;
( %) 0 8T ]G:]_n ¢
YoT /Ox;
AT(0 — Y;) = _/ L (ﬂ) dY;
loric eff h (%) is |
Large caloric effects when 9T Vim1..n is large
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Isothermal entropy change
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S(T,Y=0)




Adiabatic temperature change
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Caloric effect

OX
— | <0 .
e In general (8T )H — AS, ., <O when AY >0 I Inverse CE I
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AS.. >0 =
Sample heats up when applying field adiabatically 10 S(Y=0)
AT, <0 S(Y#0)
But..... AT,;> 0
OX ASiso <0
— | >0 = AS_>0 when AY>0
oT ), MCE
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Sample cools down when applying field adiabatically
Inverse caloric effect
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Computation of caloric effects

1=1

/ Calorimetric (adiabatic, relaxational, ac,..\
measurement of C under field

—dT

S(T,Y):‘T. T

\ %

(8_33) qY;
ol')y.=1...n

J

/ From Maxwell relation:
Isothermal measurements xvs Y
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Y, /91
AS(0 —Y;) = / (%)
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Direct methods: adiabatic measurement of temperature
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Other methods: pulsed fields, Clausius-Clapeyron, etc...
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Undergraduate Thermodynamics

Generalized displacement

C n r0x;
dS = —dT —”) dY;
T T g ( Vi=1l..n

— \OT no— A\ ed field
\\ S
o\o
/ Caloric effects (6(\"‘ \
Y, e’
AS(0 —Y;) = /Q | dY;
O®
(;,&0 VT
ATQRY) = - | qy;

N

Large caloric effects when (—) is large
Y.=1...n
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Measurements of entropy changes at a first order phase transition:

DSC Calorimetry under constant temperature (T): sweeping field (Y )

dQ/dy

Y
DSC Calorimetry under constant field ( Y ): sweeping temperature (T)
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A FEW EXPERIMENTAL RESULTS

[Elastocaloric effect: Cu-Zn-Al ]

E. Bonnot et al. Phys. Rev. Lett. 100 (2008) 125901.




Magnetic shape memory alloys

Martensitic transition

-

(a) C&3¥o o
©®e
Cod®
©o e
CoO®
®@De
Co®
@O o
(Fm3m) °co®
@O o
camo

K Heusler X,YZ

~

(b)

J

Change in symmetry + Change in magnetization + Change in volume + Change in strain
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Magnetocaloric effect
Ni-Mn-X (X=Sn,In,Sb,Ga)

M{Am2 kg-1)
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x=015

TA= 320K
M,=189K

Magnetocaloric effect is inverse: entropy increases on applying field
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AS(TH) (I/kg K)
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Magnetocaloric effect
Ni-Mn-X (X=Sn,In,Sb,Ga)
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Inverse magnetocaloric:

Sample cools on applying
Magnetic field.

Magnetocaloric effect
Ni-Mn-X (X=Sn,In,Sb,Ga)
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S(T, p)=S (To, p) U kg 1K)

ST, H)=S(Ty, H) U kg KT

Barocaloric effect
Ni-Mn-In
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L. Manosa et al Nature Mater. 9 (2010) 478
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S(T, p)=S (To, p) U kg 1K)

ST, H)=S(Ty, H) U kg KT

Barocaloric effect
Ni-Mn-In
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NaZn,, structure

(Fm-3c)

J

No change in symmetry + Change in magnetization + Change in volume




Entropy (Jkg™' K™

MAm2Kg )

Barocaloric effect
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MAm2Kg )

Entropy (Jkg™' K™

Barocaloric effect
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Adiabatic temperature change (K
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Shape memory alloys (the classic ones)

Martensitic transition
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Adiabatic temperature change
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Electrocaloric effect

Sweeping temperature
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calorimetric signai

Electrocaloric effect

Sweeping electric field

Field-induced transition
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Electrocaloric effect
Indirect method: P(T,E)
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Electrocaloric effect

Direct Indirect
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Electrocaloric effect
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INVERSE CALORIC EFFECT
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Caloric effect <—)> latent heat of the transition
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In summary

Materials with structural transitions + LARGE changes in extensive properties

(Cross-response to external stimuli)

[GIANT caloric effects ]

Eco-friendly refrigeration Energy Harvesting

narrow hysteresis
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