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INTRODUCTION


Magnetic cooling technique is now considered as a serious alternative for conventional refrigeration. This technique is based on the magnetocaloric effect (MCE) which is one of the basic physical properties of magnetic solids [1,2]. Great number of materials with the significant MCE was found in recent years [3,4], but the Gd still remains one of the most suitable material for real application in refrigeration or heat transport technologies. The MCE can be characterised as the adiabatic temperature change or the isothermal entropy change of materials when varying the external magnetic field. Both the sign and the extent of the temperature or entropy change between the initial and final state of the material depend on numerous intrinsic and extrinsic factors. For the application is important not only size of the MCE but also the temperature position of its maxima, which is usually connected with the magnetic transition of studied material. Hence the transition temperature defines the temperature range of possible application. 

In the present work we have studied the MCE of the Gd-Mn alloys with the Mn concentration of 40 at.%. We used two different methods to determine MCE - the direct measurement of the temperature changes and the magnetization measurement. We compare and discuss the results obtained from these measurements.

EXPERIMENTAL DETAILS

The Gd0.60Mn0.40 sample was prepared by arc-melting of stoichiometric mixture of pure element (3N for Gd and Mn) in ultra high-purity Ar atmosphere. The sample was remelted several times. The structure of the sample was checked by the x-ray powder diffraction with Cu Kα radiation. 

The temperature dependence of the sample magnetisation was measured on MPMS measurement system from Quantum Design. The transition temperature of the sample was determined from this dependence as the temperature where the maximum of the first derivative occurred. The entropy change of the sample was determined from the magnetisation isotherms measured in a wide temperature range from 265 to 305 K according to equation derived from the Maxwell relation. The accuracy of this determination of MCE was widely discussed in literature [5-8].

The direct measurement of the sample temperature change was performed on simple cryostat consists of a container with liquid nitrogen and a sample holder. Temperature of the holder is controlled by a heater in the temperature range from 450 K down to 80 K. The magnetic field is produced by superconducting magnet with maximal field of 4.7 T.

Results and discussion

The x-ray powder diffraction (fig. 1) shows that the sample contain two phases. First is Gd phase with hexagonal structure (fig. 2). The second is GdMn2 phase arranged in cubic structure (fig. 3).

The magnetisation isotherms were measured in temperature range from 265 to 305 K with temperature step of 2 K. The evaluated isothermal entropy change is shown in fig. 4. The maximum of the entropy change occurs around the transition temperature TC = 289 K. The temperature dependence of the entropy change corresponds with the paramagnetic to ferromagnetic transition. The shape of this dependence shows a good agreement with that published in the literature for smaller content of Mn [9]. The size of the entropy change is significantly decreased. For 0 – 1 T field change is 0.95 J.kg-1.K-1 and for 0 – 4.8 T is             3.37 J.kg-1.K-1. 

The result of the direct measurement of the temperature change is shown in Fig. 5. The maximum of the temperature change occurs around the transition temperature TC.  We find the maximum temperature change is 3.25 K at temperature 284 K for magnetic field change of 4.7 T.

The temperature change as well as the entropy change is significant in large temperature region which results in high value of the relative cooling power (RCP). The RCP can be calculated as the area below the ΔS(T) curve in temperature region where the ΔS(T) is greater than half of the maximum entropy change. We can roughly estimate that the RCP is 230 J.kg-1 from our measurement. 
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Figure 1.  X-ray diffraction of sample Gd0.60Mn0.40. Two phase character of the sample is confirmed by a fit (solid line).
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Figure 2. Structure of Gd phase with hexagonal arrangement of Gd atoms.
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Figure 3. Structure of GdMn2 phase. Grey spheres represents atoms of Gd and pink are atoms of Mn. 
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Figure 4. Dependence of entropy change of the sample on temperature for different magnetic field change.
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Figure 5. Direct measurement of temperature dependence of the temperature change. 

Conclusions

The magnetocaloric properties of Gd0.60Mn0.40 were measured. The maximum of the MCE corresponds with transition temperature TC. The direct measurement of the adiabatic temperature change was performed. The obtained result shows decrease of the MCE from values obtained on pure Gd [10]. Despite this the Gd0.60Mn0.40  alloy is still a good candidate for application in room-temperature refrigeration.
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