
6th IIF-IIR International Conference on Magnetic Refrigeration 
Victoria, BC, 7-10 September 2014 

 

  45 
 

ACCURATE DETERMINATION OF THE MAGNETOCALORIC PARAMETERS OF LaFeCoSi 
COMPOUNDS 

R. BURRIEL(a),  M. SAZATORNIL(a),  E. PALACIOS(a),   

A. BARCZA(b),  M. KATTER(b) 
(a) Instituto de Ciencia de Materiales de Aragón, CSIC - Universidad 

de Zaragoza, 50009 Zaragoza, Spain, burriel@unizar.es, sazator@unizar.es, elias@unizar.es   
(b) Vacuumschmelze GmbH & Co. KG, 63450 Hanau, Germany, alexander.barcza@vacuumschmelze.com, 

matthias.katter@vacuumschmelze.com 
 

ABSTRACT — Four samples of magnetocaloric compounds of general formula La(Fe,Co,Si)13 with transition temperatures 
between 253 K and 307 K have been characterized. A precise determination has been obtained for the adiabatic temperature 
increment, ∆Tad, and the isothermal entropy change, ∆ST, under various field changes between 0 and 5 Tesla. Field dependent heat 
capacities have been measured with adiabatic calorimetry. Direct measurements of ∆ST and ∆Tad have been done under quasistatic 
field changes. Results from the entropy derived functions have also been used for indirect determinations of the magnetocaloric 
parameters. The results from direct and indirect determinations give an excellent match and also agree with the values of ∆ST 
derived from magnetization measurements. 

1. INTRODUCTION 

Magnetocaloric materials based on La(Fe,Si)13 alloys are becoming good candidates to be standard cooling materials in practical 
devices for magnetic refrigeration. They present a first-order itinerant electron metamagnetic transition producing a giant 
magnetocaloric effect. A controlled doping with Co or Mn allows reducing the hysteresis to a minimum and tuning the transition 
temperature in the room temperature range. They also avoid the toxicity problems of other magnetocaloric compounds and have a 
low cost of the raw materials. They can be produced at an industrial scale with stable and reproducible properties. 

2. EXPERIMENTAL 

Four compounds of La(Fe,Co,Si)13 have been sintered according to the method described in [1] with stoichiometries close to 
LaFe12-xCoxSi and x between 0.65 and 1.15. Heat capacities have been measured around the transition temperature region on 
heating and cooling at applied fields of 0, 0.8, 1.6, 3, and 5 T. Adiabatic step points have been obtained on heating, and slow 
dynamic thermograms, as described in [2], have been used on cooling and heating. The magnetocaloric parameters ∆Tad and ∆ST 
have been obtained from direct measurements of the temperature increment upon adiabatic changes of the field [2] and from 
isothermal determinations of the heat input when the field changes quasistatically. Indirect determinations of the same parameters 
have also been obtained from the entropy functions derived from the heat capacity at various fields. No corrections have been 
introduced for the effective internal fields. The experimental samples are non-compacted grains filling a cylindrical container of 8 
mm diameter and 20 mm long. Field dependent magnetization at different temperatures has also been used for the determination of 
∆ST using the Maxwell relation. 

3. RESULTS AND DISCUSSION 

 

 
Fig. 1. Heat capacity step points at zero 
field (○) and heating thermograms at 
fields H = 0, 0.8, 1.6, 3, and 5 T for the 
compound with x = 0.65. 

 
Fig. 2. ∆ST from direct measurements 
(symbols) and derived from the entropy 
curves (lines) for field increases up to 
0.8 (∆), 1.6 (∇), 3 (◊), and 5 T (□). 

 
Fig. 3. ∆Tad from direct measurements 
(symbols) and from the entropy curves 
(lines) for field increases up to 0.8 (∆), 
1.6 (∇), 3 (◊), and 5 T (□). 
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The experimental results for the heat capacity and the magnetocaloric parameters ∆ST and ∆Tad of one of the compounds are shown 
in Fig 1 – 3. The heat capacity shows a sharp transition with high entropy content. The temperature of the transition increases with 
the Co content, decreasing the height of the peak but maintaining the value of the transition entropy. On increasing the field, the 
transition becomes more rounded and broader, increasing the temperature of the maximum with field dependence between 3 and 4 
K/T. The thermal hysteresis is always smaller than 0.2 K. 

The magnetocaloric parameters present very high values that decrease gradually for increasing Co content. The values measured 
directly coincide almost perfectly with the indirect results derived from the heat capacity measurements. The isothermal entropy 
change obtained from field dependent magnetization coincides also with the values derived from the different caloric 
determinations. Table I reports the thermodynamic functions for the transition anomalies. The anomalous entropy has been 
obtained after subtracting a smooth base line to the experimental heat capacity, corresponding to the lattice contribution. The 
relevant magnetocaloric values are also given for the applied field changes. 

TABLE I.  MAGNETOCALORIC PARAMETERS. 

Variable     La(Fe0.868Co0.050Si0.082)13     La(Fe0.853Co0.067Si0.080)13     La(Fe0.841Co0.079Si0.079)13    La(Fe0.833Co0.088Si0.078)13 

Tc(K)     252.9     277.5     295.7     307.0 

Cp(J/kg·K)     1105.4     871.7     807.3     766.9 

∆St(J/kg·K)     23.6     22.0     22.2     22.0 
Field         Tmax  −∆ST,max          Tmax −∆ST,max         Tmax −∆ST,max         Tmax −∆ST,max 

0.8 T         254.7 7.1         279.9 4.9         298.7 4.1         310.8 3.6 

1.6 Τ         255.8 11.5         280.5 8.7         299.2 7.0         311.2 6.3 

3 T         257.3 16.4         281.5 12.9         300.0 11.0         312.0 10.3 

5 T         259.1 20.6         282.9 17.5         301.0 15.8         313.0 14.5 
Field         Tmax  ∆Tad,max          Tmax ∆Tad,max          Tmax ∆Tad,max         Tmax ∆Tad,max 

0.8 T         254.5 2.0         280.1 1.8         298.6 1.7         311.5 1.6 

1.6 T         255.0 3.7         280.4 3.3         298.9 3.0         311.6 2.9 

3 T         255.8 6.2         281.0 5.3         299.3 5.0         312.1 4.9 

5 T         257.0 8.8         281.8 7.9         300.0 7.6         312.7 7.2 
 
In the low Co range of our samples, a strong first-order character of the transition is still kept, giving the highest values for the 
magnetocaloric parameters. The peak values of the adiabatic temperature change are very close to the values obtained for Gd and 
decrease only around 20% in the series of compounds with transitions up to 307 K. The isothermal entropy changes are much 
higher than for Gd but decrease more steeply for the compounds with higher transition temperatures. 
 

4. CONCLUSIONS 

Very accurate determinations of the magnetocaloric parameters have been obtained for a series of compounds of the La(Fe,Co,Si)13 
family.  They can serve as reference values for these widespread materials used in magnetic refrigeration prototypes. 

Small Co doping has a strong effect on the transition temperature and allows covering the room temperature range of interest. The 
weak first-order character of the metamagnetic transition produces giant magnetocaloric effects with very small hysteresis that 
gives a high efficiency to the cooling cycles. As a drawback of these giant values, the useful temperature range for each compound 
is quite narrow. A cascade of graded materials in an active regenerator is necessary to cover a broader temperature span. 
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