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ABSTRACT — Magnetocaloric materials to be used in cooling applications require having some practical properties in addition 
to high magnetocaloric parameters. The use of a heat transfer fluid to transport the heat between the magnetocaloric materials and 
the cold and hot sinks affects the performance of the cooling systems through the heat conductivity of solid and fluid and the 
stability of the materials under the contact with the fluid. The effectiveness of several water corrosion inhibitors on the oxidation 
of La(Fe,Co,Si)13 magnetocaloric materials has been analyzed measuring the rate of corrosion of the materials. Also the thermal 
conductivity of these materials has been measured for different magnetic fields in their temperature range of interest. 

1. INTRODUCTION  

In addition to the essential magnetocaloric parameters of cooling materials, some other properties have to be taking into account for 
the validation of practical materials. The stability of the solid magnetocaloric material under the action of the heat transfer fluid has 
to be assured for the long term duration of the active regenerator. Moreover, the simulation programs to optimize the design of an 
active magnetic regenerator need to use a variety of physical properties of the materials to solve the heat exchanges in the system. 
Apart from the specific heat of solid and fluid, the thermal conductivities of both components have a crucial influence on the heat 
exchanges and, as a consequence, on the maximum frequency of the cooling cycles that can be used. 

2. EXPERIMENTAL  

A corrosion study of a representative compound of sintered La(Fe,Co,Si)13 has been done in different heat transfer fluids. In a first 
step, the fluids were selected by means of sequential photographic pictures regarding the qualitative aspect and color of the 
oxidation, checking the effect over several weeks on plates immersed in demineralized water, commercial car antifreeze, different 
dilutions of ethylene glycol (EG) in water, water plus 1% of ENTEK FNE, and air. Finally, on the fluids with the best results, an 
immersion corrosion test at room temperature was made following the Standard Practice for Laboratory Immersion Corrosion 
Testing (ASTM G31-72). 

The thermal conductivity of one of these materials has been determined in a broad temperature range around the transition and 
using different magnetic fields up to 9 T. Several experimental techniques have been used to measure the heat transfer: Diffusivity 
with a laser flush method, effusivity with a transient plane method, or the thermal conductivity in a Quantum Design PPMS.  

3. RESULTS AND DISCUSSION

The corrosion effect of several heat transfer fluids on 
sintered La(Fe,Co,Si)13 materials is shown in Fig. 1. 
The action of demineralized water on 0.4 mm thick 
plates is fatal, destroying them completely in less than 
two weeks. The addition of EG in any proportion does 
not help to avoid oxidation. Commercial car 
antifreeze, not shown in the figure, has just a slightly 
better protection effect than dilutions of EG. Plates of 
this magnetocaloric material left in the open air 
develop pitting corrosion, clearly seen after one week. 
The corrosion of these materials had been found to 
grow around the secondary α-Fe phase of the sintered 
material [1]. The oxidation products have not been 
analyzed, though the air humidity is probably 
responsible for them. Dilution of 1% of the corrosion 
inhibitor ENTEK FNE is very effective in preventing 
corrosion and only a slight coloration of the water 
around the plate can be seen after two weeks.   

A quantitative analysis of the corrosion rate was made 
measuring the mass loss of plates of LaFe10.95Co1.05Si  

       
Fig. 1. Views of the corrosion of plates of La(Fe,Co,Si)13 immersed in 
different fluids along 2 weeks (W: water, EG: ethylene glycol, E: 
ENTEK FNE; h: hours, d: days, w: weeks). 
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that have been kept immersed in heat transfer liquids 
along different time lengths. The mass of the prepared 
plates were measured after washing, brushing and 
drying the plates that had been immersed during 1, 2, 
3, 4, and 6 days in the following liquids, 20% dilution 
of EG in demineralized water, 1% dilution of ENTEK 
FNE corrosion inhibitor, and 30% dilution of Luzar 
organic antifreeze. A blank plate was also cleaned 
with the same procedure to know and correct for the 
small weight loss due to the cleaning process. 

A recent study found for these materials close to zero 
mass loss using a 3% dilution of rust preventing 
noxal in water [2]. The evolution of our corrosion 
rates per unit of exposed surface and per day are 
shown in Fig. 2. The mass of the plates was around 
0.5 g for an exposed surface of 4 cm2. The corrosion 
rate in the EG dilution is high and increases with 
time, probably due to the increase of the effective 
surface exposed to the liquid upon corrosion. A 
surface passivation effect is observed for the ENTEK 
FNE dilution that shows a small initial corrosion and 
decreases to almost zero after 4 days with a total 
weight loss of around 0.01%. The results for the 
Luzar organic antifreeze are compatible with no 
corrosion at all. 

The thermal conductivity of LaFe10.95Co1.05Si has 
been determined in a broad temperature range around 
the transition for different magnetic fields up to 9 T 
and is shown in Fig. 3. The results show an anomaly 
in the thermal conductivity at the ordering 
temperature. This anomaly becomes smoother and 
occurs at higher temperatures on increasing the field, 
similarly to the behavior of other thermodynamic 
anomalies. The values of the thermal conductivity are 
in the range of some published results on similar 
compounds [3, 4], though our results additionally 
include their magnetic field dependence and a 
detailed map of the thermal conductivity at the 
transition anomaly. 

Fig. 2. Corrosion rate of plates of La(Fe,Co,Si)13 immersed in water 
dilutions of: 20% ethylene glycol (○), 1% ENTEK FNE (◊), and 30% 
Luzar organic antifreeze (□). 

       
Fig. 3. Thermal conductivity of LaFe10.95Co1.05Si around room 
temperature at zero field (○), 0.8 T (◊), 1.6 T (∆), 5 T (□), and 9 T (×). 

4. CONCLUSIONS 

The corrosion effect of several water-based heat transfer fluids on compounds of the La(Fe,Co,Si)13 family has been measured.  
Luzan organic antifreeze and ENTEK FNE have been found to have excellent corrosion protection. The thermal conductivity of the 
La(Fe,Co,Si)13 family under different magnetic fields has been determined around their phase transition temperatures. This 
characterization can help for a precise modeling of the heat exchanges between solid and fluid in the active regenerator of a 
magnetic refrigerator. 
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