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The Mn1−x
57FexAs (x = 0.001, 0.003, 0.005) compounds for magnetic refrigeration application

were synthesized by using a solid-vapor reaction method. We have investigated the crystallographic
and magnetic properties of Mn1−x

57FexAs (x = 0.001, 0.003, 0.005) samples by using x-ray diffrac-
tometer (XRD), vibrating sample magnetometer (VSM), superconducting quantum interference
device (SQUID), and Mössbauer spectrometer. The XRD patterns, revealed that all samples exhib-
ited hexagonal space group P63/mmc below Curie temperature (TC), while above TC they belong
to the orthorhombic space group Pnma. The temperature-dependent magnetization curves under
200 Oe between 4.2 and 320 K showed a large hysteresis in the magnetization as a function of the
temperature. To analyze the meagnetocaloric effect, the value of magnetic entropy (−ΔSM ) was
calculated from the isothermal initial curves up to 5 T at various temperatures. Mössbauer spectra
of Mn0.997

57Fe0.003As sample were taken at various temperatures ranging from 4.2 to 315 K.
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I. INTRODUCTION

In the precious refrigerator development, the cost re-
duction has been the most important factors. However,
recently, refrigerator development researches have been
focused on pollution reduction and energy efficiency.
Therefore, interesting physical properties of magnetic re-
frigeration based on the magnetocaloric effect (MCE)
have been extensively investigated in magnetic materi-
als such as MnAs based materials, R1−xBxMnO3 (R-
rare-earth, B-bivalent ion) and La(Fe, Si)13 [1–7]. Espe-
cially, very recently, MnAs showed a Curie temperature
(TC) of 318K and showed the large magnetocaloric ef-
fect at around room temperature, accompanying a first-
order magnetic transition (FOMT) from ferromagnetism
to paramagnetism. However, the FOMT of MnAs is dis-
advantageous to practical applications due to the large
thermal hysteresis and MnAs is known to change the
FOMT temperature and value of magnetic entropy by
external pressure [6, 7]. Therefore, chemical doping re-
quires research to partially replace Mn or As with other
elements. MnAs based materials having substitution of
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Fe, Cu, Cr and Al for Mn or substitution of Sb, Si and
P for As are expected to have the large magnetocaloric
effect at temperatures near room temperature, which is
associated with the FOMT from ferromagnetism to para-
magnetism [7–10].

In this paper, we have synthesized Mn1−x
57FexAs

(x = 0.001, 0.003, and 0.005) samples and investigated
the crystal structure and magnetic properties by x-
ray diffractometer (XRD), vibrating sample magnetome-
ter (VSM), and Mössbauer spectrometer measurements.
Substitution of 57Fe ions in MnAs can change the chemi-
cal pressure in the system to lower the transition temper-
ature and increase the change in magnetic entropy [11,
12].

II. EXPERIMENTS

The Mn1−x
57FexAs (x = 0.001, 0.003, and 0.005)

samples were synthesized using a solid-vapor reaction
method with high-purity powders of Mn (99.99%), Fe
(99.99%), and As (99.999%). These were mixed with the
appropriate stoichiometric ratio, and sealed in evacuated
quartz tubes at 10−8 torr. Then, the mixture was slowly
heated at a rate of 2 ◦C/min to 800 ◦C, and calcined
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