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We need reliable values for the
magnetocaloric parameters

How reliable and how useful are the reported values
for ΔTS, ΔST , RC

How valid are for hysteretic transitions
Results from CB(T) : Good, but depends on the T range
Direct measurements
Results obtained from M(B), M(T)
Considerations in hysteretic compounds:

Mixed phase, irreversibility
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Effect of a magnetic field change on T and S
• Adiabatic temperature change, ΔTS
• Isothermal entropy change, ΔST
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4.2 K – 350 K

Magnetic Field up to 9 T

Heat capacity:

Heat pulse method.

Continuous cooling and                

heating thermograms.

Transition enthalpy.

Direct measurement of the 

MCE parameters.

Adiabatic field cycles.

Adiabatic installation

Pt 
thermometer

Thermocouple

Adiabatic 
shield

Sample 
holder

CernoxTM

thermometers
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Adiabatic calorimetry
Fields B = 1, 2, 3, 4, 5 T
First-order transition
Ferro               Para

Heat pulse: Quasiestatic heat,  C(T)B = Q/(T2−T1)

Mn1.18Fe0.82P0.75Ge0.25

Experimental techniques for ΔST  and ΔTS 
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Thermograms

• Map the heat capacity of sharp transitions
• Cooling and heating thermograms: Thermal hysteresis
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Experimental method
δT = Tsample – Tadiabatic shield
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Tocado et al, J. Therm. Anal. Calorim. 84, 213 (2006)
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• Good at low T

S(T)B=0 >> S(T)B=5
Precision of ΔS T and S T are similar

• Low precision at high T

ΔS T < 5% of S T
Error in ΔS T > 20 times the error in S T

Pecharsky and Gschneidner,  J. Appl. Phys. 86, 565 (1999)

Problems from specific heat determinations of S
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Pecharsky, Gschneidner, J. Appl. Phys. 86, 565 (1999)

• Improvement combining CB with direct measurements
• Avoids the need of CB at low temperatures
• Without increased error at high T
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Adiabatic system
Pt thermometer

Thermocouple

Adiabatic shield

Sample holder

CernoxTM

thermometers

Direct measurements

Control of T, Q and B 
in the sample and in 
the surrounding shield
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Other methods: Peltier cell
Basso et al, Rev. Sci. Instrum. 79, 63907 (2008)
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Magnetocaloric parameters from magnetic measurements
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Problem with derived “spikes” from Maxwell relation

The colossal effect for Mn1-xFexAs
Nature Materials 5, 804 (2006)
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Hysteretic compounds

Mixed phase:

M = x·MP + (1-x)·MF

Calculation from M(B)T

ΔST = ΔS + ΔSex
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Tocado et al, J. Appl. Phys. 105, 093918 (2009) 
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Same results for ΔST from:
• Field dependent magnetization M(B)T

with complete phase conversion
• Temperature dependent magnetization

M(T)B
• And also from Cp,B(T) and direct values
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Heating process:
• D     A, Stable phase Ferro-
• A     B, Transition to Para-

Cooling process:
• B     C, Stable phase Para-
• C     D, Transition to Ferro-

A to C, unstable ∂S/∂T < 0

Phase equilibrium at Teq
GE = GG
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Irreversibility: Entropy dS ≥ dQ/T
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Similarly, on cooling
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Error in the measurement of the entropy cycle
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Hysteresis: possible mixed phase

Wrong application of the Maxwell relation in M(B)T measurements

Unphysical “colossal” effect ΔSex

Irreversibility: Entropy dS ≥ dQ/T

Cycle of pseudo-entropy from
calorimetric measurements

Effects of hysteresis and irreversibility
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Reduction of the efficient
T region in practical cycles

Reduced effective
parameters and cooling
efficiency
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Conclusions

Precise determination of the MCE parameters.

Measurement and control of:  Q, T, and B ΔTS and ΔST

Determinations from CB, good at low T, no precision at high T.
Solved with CB around Tc plus one direct measurement of ΔST.

Hysteretic compounds. Spike problem from M(B)T

Irreversible entropy. Small correction.

Hysteresis: reduces the effetive ΔTS, ΔST  and RC
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