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ABSTRACT In recent years, the MnFePGe compound has drawn tremendous attention not only for
its excellent magnetocaloric effect (MCE), but also for its great commercial interest. Compared with
other advanced MCE materials such as GdSiGe, MnFePAs, etc., it possesses many practical advantages
such as more abundant raw materials, lower fabrication costs as well as better environmental amity. In
this work, Mn1.2Fe0.8P0.76Ge0.24 compound was prepared by mechanical milling and subsequent spark
plasma sintering (SPS) technique, its microstructure was investigated by SEM, meanwhile the rela-
tionship between phase transition and the properties was investigated by neutron diffraction, SQUID,
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DSC and XRD. The results show that the Mn1.2Fe0.8P0.76Ge0.24 compound is compact, and possess a
hexagonal Fe2P–type crystal structure. Generally, either applied magnetic field or temperature change
will induce the transformation between paramagnetic phase and ferromagnetic phase. When the applied
magnetic field increased or temperature reduced, paramagnetic phase transformed to ferromagnetic
phase and caused the magnetic entropy change to become larger. It is found that the magnetic entropy
change of Mn1.2Fe0.8P0.76Ge0.24 compound is directly corresponding to the percentage of the phase
transition.
KEY WORDS magnetic refrigeration material, phase transition process, neutron diffractionN�85�V�#)V�f.�8kS,  �9�:4fa
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[2],

NaZn13 2 La(Fe, Si)13
[3] eA|	Q_UK�

MnFePM (M= As, Si, Ge)[4,5] i. [H, Gd t%�;�(KU9e(�=95. La(Fe, Si)13 UK�f Curie �{�k, a�rA6|r^ Co[6,7] i, -Z�	 Curie �{hfk#, [	!afN9�Z�#�}, '�kI�N�8fa
.A | 	 Q _ N � 8 , O �, 2 v H f H
MnFeP1−xAsx ,O. <�+G*5�� MnFeP1−xAsx�PUK�3LXJ3$fG� [8−13], ��UK�2Xfdo�k	N�)aX, s,O5u:	, t%kF,

Curie �{E>-s. [H, MnFeP1−xAsx �PUK�Fh!xr^ As, h6kZ)V�f=�, ��L,Ofa
. ℄O, <�B�w�C�V�.f
x
D��, 
5)�Zo℄|�Zo As, #
 Si I Ge i55� As foZ� [14−17]. fk MnFePGe �UK�'
S��N�)a, �� h��fs,O�kf67?�I
V���iio, ?�2h�~
`>na
f,O
[18−20]. s
, N�8,Of����"Nh	. G��!� – ����ud�K��2R��a+K	U�I�pP	� [21]. 
ri;-,� (SPS) kS7�_Y2���f,�n1
${��f{#iio, �	 h3&,�K?UK�fyidF [22−24]. �*5�
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1 _lLJrAa+K	UI SPS, ��l\?��
Mn1.2Fe0.8P0.76Ge0.24 fM�. a+K	U2�� GN–

2 2�na, SPS 2�� SPS–5.40–IV/ET2. s,O�"�: Mn � (K{ ≥99.99%), Fe � (K{ ≥99.99%),ER� (K{ ≥99.9999%)I Ge � (K{ ≥99.9999%),{*T�p�UBmJ��OP� Ar ��Q�#z�n 1.5 h, }{�p
$�� 20 mm f:qm �, rA
SPS �u,�� 930 � (7�_{� 80 �/min) $�� 10 min, ,�DD� 30 MPa, ,�	.{� 6 Pa. {,�M�
W8��I�Pym, [
t$41n.

.
 FEI Nano 200 (ir� (SEM) 93,�M�f��1
, �
�-I.XI=^J- 0N�m
(SQUID) �,Of�2�N:j^f!�ACIN9z�6�Æ, .
 Netzsch 204 F1 5D(iJ�X (DSC)�K Bruker D8 2�p X .�I.X (XRD, CuKα),1JM���{j^�f!�ACe	9z.

2 _lUP
2.1 uri℄w 1 � Mn1.2Fe0.8P0.76Ge0.24 ,�M��04^f SEM $. -Z&H, ,�M���1
��${, M��f{LG.

2.2 
InFHh<RBw 2 � Mn1.2Fe0.8P0.76Ge0.24 ,�M�f}�
DSC ��, 1J��� 300—203 K, }�_Y�
5 K/min. -Z&H, M�f
����S�V&k�f
��, ���a,OXN!IqN!�vf(�, ���af�{�,O�}�AC�XN! (PM) (��qN! (FM) f Curie �{, � 256.7 K..
�� XRD � Mn1.2Fe0.8P0.76Ge0.24 ,�M�f!�AC�6L�Æ, w 3 �DLK	�}�AC�
FM p PMf (210)I.��{p�{f7�, �{�U�v� 286—245 K.-Z&H, ,O�I��

hXN!f�S�, 
*�{f}k, Q 262 K %A, k�H�LqN!f�, !kqN!pXN!/S�%AH�, �

b 1 Mn1.2Fe0.8P0.76Ge0.24 +�L�e~/3℄e SEM #
Fig.1 Fracture SEM image of the sintered bulk

Mn1.2Fe0.8P0.76Ge0.24 compound
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Fig.2 DSC curve of the sintered bulk

Mn1.2Fe0.8P0.76Ge0.24 compound
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Fig.3 Temperature dependence of the paramagnetic

phase and ferromagnetic phase (210) peak of

Mn1.2Fe0.8P0.76Ge0.24 compound{o>}k� 250 K Z�<, I.�f�{'}�6k��U, K	_��qN!. !k�{}kfAC�, ,O�6LfXN!!z&qN!f(�.�L�V(G�,Of!�AC, �
 Bruker -\%�f Topas %y��� XRD ��6 Rietveld {K, $m`H��AC�qN!fFJ, #w 4 �f FM–

fraction ��fD. 9� ∆S fm`#�:

∆S = ST2
− ST1

=

T2∫

T1

cp

T
dT (1)B�, ST1

I ST2
�"� T1 I T2 �{�f9�; cp �
N:<f��", J/(Kg·K). {w 2 �f
`f DSC}���V�Y$B (1) m`-
` ∆S, #w 4 � ∆S��fD.Qw 4 -Z&H, 
*�{f}k, qN!fFJp9�f�U�FÆ;V�. �{� 262 K Z*<, qN!
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Fig.4 Temperature dependence of the entropy change of

Mn1.2Fe0.8P0.76Ge0.24 compound and the FM frac-

tionfFJx� 12.5%, 
*�{f}k, qN!fFJ!z��, � 258—250 K �v, qN!FJf�U��2. �{� 250 K <, qN!FJ� 84.1%, O<M�f9�f�UU` 23.8 J/(Kg·K). �{o>}k<, qN!fFJ'}k��U, 9�Q'}k��U. fO!k, \!(�AC�6`VuC{<, o>}�, XN!&qN!f(�Æ;X\, 9�f�UQÆ;X\, 9�p!(�fC{����af7�.

2.3 D�nFHh<RB�LG�K	�!�AC��2f�U, � Curie�{�
f 262 K, �'tf{rN:��,O�6L�-I.�Æ.N��ÆLK	� 262 K, 
N:�f�2. w 5� 262 K �L
 SPS M� Mn1.2Fe0.8P0.76Ge0.24 �
2θ=20◦—120◦ ��wf�-I.V�. {M�I.V�
 Rietveld �2�;C= GSAS J=. w�f “×” !D>JV�, p	trf�!Dm`fV�, 2�gf��!DH�vf5�, �vf��Z!�l. {M��-I.V�{KP, �M��!�6uJ�Æ, ��M��"! Mn1.2Fe0.8P0.76Ge0.24 fFJ� 96.74%, |!fFJ� 3.26%. ,Of�n�2�p2fV� Fe2P 2�n�2, .v�� P62m.�P.
�-I.� 262 K 't{rN:�.
I.V�, �A Rietveld �2�;, 
`K	f�2/�.�>!k, ,OfXN!IqN!FJ/Ix� 96.3%,8lfx 4% �|! (MnO I Ge6Fe3Mn4). 
*N:f�r, ,O�6XN!&qN!f(�, �nf/VQ!a�6�U. \XN!(��qN!<, �%;V a �X, c �(, ��nb V _��D'�. \N:�{Q 0

A/m �r` 2.388×106A/m <, Xx 80% fXN!(��qN!, � Mn I Fe fN�$`h�6k��U.
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Fig.5 Refined neutron powder diffraction pattern of

Mn1.2Fe0.8P0.76Ge0.24 sample at 262 Kw 6 � Mn1.2Fe0.8P0.76Ge0.24 � 233—302 K fi�NU��. -Z&H, 
N:�{f�U, M�fN9z�6Lk�f�U, �k�<O, NU����Hp2fqNi9, gM���(N:�{�L2�
�I; ��#�<O, M�fNU����XNg, 
*{rN:�{f�r, M�fNU�{��9�r, �NUY�k,�#k Curie �{Z*-Z93`k�ffN:j^fXNg`qNgfN(� [25]. M�fNU���, 7:p}:�vS��P, !kO!(�AC�Vi!�.{w 6 fV�Z$Z��C [7]:

∆SM (
T1 + T2

2
) =

1

T2 − T1∫ H

0

[M(T2, H)−M(T1, H)]dH (2)B�, ∆SM �, M �, H �. �
*Bm`HL Mn1.2Fe0.8P0.76Ge0.24 M��N:�{� 0—

3.980×106 A/m �fN9�
�{f�U��, #w 7fD. -Z&H, 
*{N:�{f�rM�fN9�!z�r, �N:�{� 2.388×106 A/m <, 2XN9�� 22.4 J/(kg·K); N:� 3.980×106 A/m <, 2XN9�� 25.2 J/(kg·K). N:�{Q 2.388×106 A/m �r� 3.980×106 A/m fAC�, N9�f�r�
��X\, !k\N:�r`VuC{, o>�rN:<N9�f�r{'}k�.w 8 �K	�'tN:�, � Curie �{�
fN9�Ze�afqN!f	��, frN:�{Q 0 A/m` 3.980×106A/m. -x, 
*{rN:�{f�r, qN!f��A�X, M�fN9�Q�X. N:�{Q
7.960×105 A/m �r` 2.388×106 A/m fAC�, qN!FJ�rL 50%, N9��X` 22.4 J/(kg·K), N:Q 2.388×106 A/m �r` 3.980×106 A/m fAC�, N9��X` 25.2 J/(kg·K),qN!fFJ�rLx
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Fig.6 Magnetic isothermals of Mn1.2Fe0.8P0.76Ge0.24

compound
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Fig.8 Magnetic entropy and FM fraction of

Mn1.2Fe0.8P0.76Ge0.24 compound in different

magnetic fields
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3 U[
(1) rAa+K	U�K
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(2) Mn1.2Fe0.8P0.76Ge0.24 UK�}�ACf
Curie �{� 256.7 K, � Curie �{�
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(3) \{rN:� 2.388×106 A/m <, hXx 82%fXN!(��LqN!, O<,OfN9��
22.4 J/(kg·K). �
�{j^,O!�<, \�{kk
250 K <, Xx 84%fXN!(��qN!, O<,OfN9�� 23.8 J/(kg·K), pN:j^!�f�>H!�Kf.

(4) 
*{rN:f�r, UK�fN9��r, [
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