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Nickel metal ΔB = 1.5 T  ΔT = 0.7K

Magnetocaloric effect 1917 Weiss & Piccard (not Warburg as found on Wikipedia)
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Classical treatment of paramagnetism

We ignore that the moments can point only along certain
directions because of quantization (Quantum Mechanics)

Find expression for ( , )M B T

!

- At B = 0, isolated (non-interacting) magnetic moments 
of a paramagnet point into random directions

- At B ≠ 0, moments will be ligned up by the applied field B

- Degree of lining up (magnetization) will depend on 
B (lines up) and T (randomizes)
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sphere with
unit radius

Fraction of directions with angle
between     and             is proportional
to shaded area, which is

Total surface area of unit sphere is

Fraction is 
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Moments in this direction have a component along     
equal to

and energy
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Probability of finding a moment in a particular direction:
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Average moment along      at temperature T: 
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Boltzman distribution for three equidistant levels
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Average moment along      at temperature T: B
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For small y: 31
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sM N magnetic susceptibility

At high temperatures or low fields
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Curie law 
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Langevin equation in conflict with 3rd law of Thermodynamics.
But we may see a large cooling effect to approach 0K

Nobel prize 1936

Magnetic cooling: Debye and Giauque 1926
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Magnetic cooling: Debye and Giauque 1926

61g Gd2(SO4)3·8H2O, ΔB=0.8T, 1.5K →0.25K 
Nobel prize 1949
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spins            lattice

Basic magnetocalorics

E

Two energy reservoirs
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E

Basic magnetocalorics

spins            lattice
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CES 2015 Las Vegas, first GMCE based refrigerator
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Magnetic heat pump 

https://www.youtube.com/watch?v=jnl9m0rSE7U
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Thermodynamics:

Differential of Gibbs free energy

Entropy Magnetization
Volume

Differential of entropy

Magnetic material Gibs free energy G(T, B, p)
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Identification of terms

Adiabatic process at 
constant pressure

Magnetic entropy

Maxwell relations

Steep change of magnetization → large ΔSm
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Magnetization vs temperature of Gadolinium and MnFe(P,As)

For MnFe(P,As) first order phase transition, much 
steeper near Curie temperature! 
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Second order versus first order materials

Gadolinium metal
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Room-temperature MCE
Second-Order Phase Transition 

(SOMT)

First-Order Phase Transition  
(FOMT)
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In low B,
Tad ~ L/C



Ekkes Brück ESM 2025

Ideal FOT

∆Tad= ∆TC Field induced shift of the transition  

No transition width No thermal hysteresis
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MCE Materials
At room temperature, for  ∆B= 1 T (=available with permanent magnets)
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Large-Scale Applications:

“Giant” MCE: based on first order transitions

Toxicity Cost + availability
Other nonmagnetic requirements 

(corrosion, mechanical resistance ...)
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Figure of Merit

• Refrigerant capacity RC = ΔS·ΔT
Measure of net work in reversible cycle. Often 
used, but not a good FoM.

Wood & Potter Cryogenics 1985

Coefficient of Refrigerant performance CRP

Dimensionless Figure of Merit which can be used to 
compare different materials even gas compression
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Which work (shaded area) is here relevant?

Hysteresis lossMagnetizing workApplied field work
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Desired Magnetization processes as we want large change in 

magnetizaton in low field

Material with field 
induced first order 
phase transition.
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MnFe0.95P0.595B0.075Si0.33

From 
MB(T)

F. Guillou et. al. Adv. Mat. (2014)

B 0.075

B 0.0

Taming the first order transition



Ekkes Brück ESM 2025

MnFe0.95P0.595B0.075Si0.33

Cyclic insertion and extraction in 
1.1 T field Resulting ΔT
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∆S MCE 
B=1T

(J kg-1 K-1)

Transit. 
Width

(K)

dTC/dB
(K/T)

∆M
(A m2 kg-1)

∆Str = L/Tc
(J kg-1 K-1)

Sample

-10.57.54.4 ±0.26521.1
Boron 
7.5%

-10.58.03.2 ±0.26129.8Mn rich

-36% +40%

MnFe(P,Si,B) vs Mn1.25Fe0.7P0.5Si0.5

Reminder:
MnFe(P,Si,B)

Mn1,25Fe0,7P1/2Si1/2

+40% !!

+6%
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Consequences of no volume change

Mn1.3Fe0.7P0.5Si0.5

ΔV/V ≤ 0.2 % 

MnFe0.95P0.587B0.078Si0.34 

ΔV/V ≤ 0.05 % 



Ekkes Brück ESM 2025

Summary Magnetocalorics

• Magnetoelastic transition enhances MCE in low fields

• Small changes in composition strongly affect properties

• Materials with high Curie-temperatures may be suited for waste–heat recovery

Not toxic 

Not expensive

Good mechanical stability

Easy tunability of TC

Next week magnetic and electronic structure

Desired properties:



Thank you for
your attention

ESM 2025 Ekkes Brück


