Available online at www.sciencedirect.com

ScienceDirect

ACLA MATERIALIA

CrossMark

.:_,' 2 =
ELSEVIER Acta Materialia 74 (2014) 58-65

www.elsevier.com/locate/actamat

Phase transitions and magnetocaloric effect in Mn3;Cug goNg 96

Jun Yan?, Ying Sun®*, Hui Wu ", Qingzhen Huang ", Cong Wang**, Zaixing Shi?,
Sihao Deng®, Kewen Shi®, Huiqing Lu®, Lihua Chu®
& Center for Condensed Matter and Materials Physics, Department of Physics, Beihang University, Beijing 100191, People’s Republic of China

Y NIST Center for Neutron Research, NIST, Gaithersburg, MD 20899-6102, USA
¢ Department of Materials Science and Engineering, University of Maryland, College Park, MD 20742, USA

Received 5 March 2014; received in revised form 1 April 2014; accepted 4 April 2014

Abstract

We report a large magnetic entropy change observed in the antiperovskite Mn3;Cug g9Ng o6. Based on the heat flow peak measured by
differential scanning calorimetry, the total entropy change according to the structural transition (tetragonal to cubic) was calculated to be
~60J kg ' K! while the magnetic entropy change accounts for ~22.5% of the total entropy under a 50 kOe magnetic field at 145 K. To
clarify the origin of the magnetic entropy change, we managed to control the structure transition using a magnetic field. It was found that
the magnetic entropy change originates from the transformation from antiferromagnetic (AFM) to ferromagnetic (FM) as well as from
the phase transition from cubic to tetragonal under the magnetic field. In the tetragonal phase, a magnetic field can drive the AFM com-
ponent to transform gradually to the FM component. The magnetic field can also change the phase fraction in the tetragonal and cubic
two-phase coexistence region, a similar behavior to that induced by temperature. In the current system, only 5.4% of the cubic phase

transforms to the tetragonal phase at 5 Tesla (T), indicating there is still much latent entropy in Mn3;Cug g9Ng 6.
© 2014 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Materials with a large magnetocaloric effect (MCE)
have attracted much attention in recent years. Most of
these materials with large MCE contain expensive and
sometimes toxic rare-earth elements [1]. Development of
low-cost and innocuous materials with large MCE is there-
fore critical for practical applications.

Some antiperovskite compounds with large MCE have
potential for magnetocooling technology. Mn;GaC has
been found to undergo an abrupt first-order transition
from antiferromagnetic (AFM) to ferromagnetic (FM) at
~165 K, and this transition can be induced by a magnetic
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field [2-5]. A large magnetic entropy change of 15J kg ' K
below 20 kOe was estimated from the Maxwell equation
for the isothermal magnetization curves of Mn;GaC [2,3].
Carbon content was found to be capable of altering the
magnetic state of Mn3;GaC and influencing the entropy
variation of the phase transition [6-8]. It was reported that
by introducing 22% vacancies at carbon positions, the
magnetic entropy change can be reduced to 3.7 J kg ' K!
under a magnetic field of 50 kOe in Mn;GaCy 5 [7]. In
addition, substitution of Co for Mn in Mn;GaC can lower
the first-order magnetic transition temperature from 160 to
100 K without significant loss of MCE. As a result, Co
doping broadens the region of the large MCE in
Mnj;_,Co,GaC [9]. In order to generate large magnetic
entropy, a sharp change of magnetization is necessary.
Mn;CuN undergoes a first-order structural transition from
cubic to tetragonal accompanied by a paramagnetic (PM)
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to ferrimagnetic (FIM) magnetic transition [6,10]. Mn3;SnC
has a similar magnetic structure to Mn;CuN [6]. Wang
et al. reported that Mn;SnC has magnetic entropy
—AS,,, =80.69 mJ cm > K (corresponding to 10.37 Jkg' K™
and —AS,, =133 mJ cm > K ' (corresponding to 17 J kg ' K1)
at 20 kOe and 48 kOe, respectively [11]. The structure
variation and the resulting giant magnetostriction property
of Mn3SbN are analogous to those of Mn;CuN [12]. In
Mnj;SbN, the total entropy of the phase transition process
is 10.2 J mol ' K™! (corresponding to 34.93 J kg ' K'!) and
the magnetic entropy induced by a magnetic field of 50 kOe
is 2.1 T mol™! K™! (corresponding to 7.19 J kg™' K™!), hence
most of the entropy originates from lattice entropy [13]. To
the best of our knowledge, there is no report so far on the
total and magnetic entropy of Mns;CuN. According to
Ref. [6], the Mn, atom in Fig. I1b has an AFM moment
of 2.85 pg and a FM moment of 0.2 (0.15) pg, the Mn;
atom in Fig. 1b has a FM moment of 0.65 (0.15) pg at
4.2 K in Mn;CuN, from which it can be seen that Mn;CuN
displays weak FM component for neutron detection.
Hence we have attempted to prepare Mn;Cu,N, so as to
obtain a large MCE. It would be of great interest to
investigate the entropy in Mn;Cu,N,, due to its intriguing

Fig. 1. Crystal structures and magnetic structure of Mn3Cug goNg 96: (2)
cubic structure with Pm3m symmetry; (b) tetragonal structure with
P4/mmm symmetry; (c) orthorhombic magnetic structure model with P/
symmetry at 6 K (ay, = 2cy, bpyr =2ay, cyr = by).

coupled structural and magnetic phase transitions and
the possible resultant MCE.

A variety of fascinating physical properties related to its
magnetic, electronic and lattice properties have been found
in Mn;Cu,A,_N, (where A is a doping element). Chi et al.
reported a near-zero temperature coefficient of resistivity
(NZ-TCR) in Mn3CuN and found that the TCR was
~46 ppm K! at about room temperature [14] and could
be improved by partial substitution of Cu by Ni or Ag
[15,16]. Negative thermal expansion (NTE) behaviors were
found in some Mn-based antiperovskites, such as Mn;AN
(A = Cu, Zn, Ga), and partial substitution of A by Ge can
induce and adjust the temperature range of the NTE prop-
erty [17-21]. The magnetic-lattice coupling can be adjusted
by inducing vacancies in some antiperovskite structures
[22,23]. Furthermore, anisotropic magnetostriction behav-
ior was found in Mn3;CuN, [24,25]. All these properties
were related to electronic entropy, lattice entropy and
magnetic entropy.

In this paper, we use differential scanning calorimetry
(DSC) and a superconducting quantum interference device
(SQUID) magnetometer to study the entropy changes of
the phase transitions in Mn3CuggoNgos. We found that
the magnetic entropy in a magnetic field of 50 kOe is much
less than the total transitional entropy. To understand such
a large entropy and reveal its mechanism, we used neutron
powder diffraction (NPD) to study the crystal and
magnetic structures, and the structural transitions in
Mn;Cug g9Ngoe under magnetic fields, and to clarify the
correlations between the structure and the magnetic and
entropy changes.

2. Experiment

A polycrystalline sample of Mn3Cug goNj 9 Was synthe-
sized by a solid-state reaction method in vacuum (10> Pa)
using Mn,N, and Cu (purity 99.99%) as starting materials
[23]. Crystal and magnetic structures and their phase tran-
sitions were determined by NPD and Rietveld refinement
with the General Structure Analysis System (GSAS) pro-
gram [26]. The NPD data were collected at the BT-1
high-resolution neutron powder diffractometer at NIST
Center for Neutron Research (NCNR), using a Cu (311)
monochromator with wavelength of 1.5403 A. The intensi-
ties were measured with a scanning step size of 0.05° in the
20 range 3-165°. Data were collected in the 6-300 K tem-
perature range, and under a magnetic field of up to 6 T
(produced by a vertical superconductor magnet) to study
the effect of magnetic field on the crystal and magnetic
structures. The sample was sealed in a cylindrical vana-
dium container filled with He exchange gas. The neutron
scattering amplitudes used in refinements were —0.375,
0.772 and 0.936 (x10'?cm) for Mn, Cu and N,
respectively.

DSC was used to measure the crystal and/or magnetic
phase transformation and to calculate the entropy change.
The temperature dependence of magnetization was
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measured between 10 and 300 K under magnetic field of
500 Oe using a SQUID magnetometer. The measurement
was conducted under field cooling conditions. A set of
magnetization isotherms (M-H) at selected temperatures
near the phase transition temperature were measured and
the magnetic entropy change was calculated using the
Maxwell equation.

3. Results and discussion
3.1. Crystal and magnetic structures

The Mn;Cugg9Ngos sample adopts a cubic structure
with space group Pm3m above 152K and a tetragonal
structure with P4/mmm symmetry below 143 K. A two-
phase coexistence region was found between 152 and
143 K. Fig. 1a and b show the cubic structure and tetrago-
nal structure, respectively. Fig. lc illustrates the magnetic
structure model of Mn;Cugg9Nyoe. It exhibits an ortho-
rhombic symmetry with ay,=2cy, bar=2an, cpr=bn,
where a,;, by, cjr are magnetic lattice parameters and
ay, by, ¢y are nuclear lattice parameters. The magnetic
structure refinement revealed that the Mn moments show
an AFM component of 3.65 (2) pg on the ¢y, = 0.5 plane,
and a FM component of 0.91 (0.04) pg parallel to the y axis
on the a;;=0.25 and 0.75 planes at 6 K. The magnetic
structure of Mn3CuggoNg o thus shows a ferrimagnetic
(FIM) state.

Fig. 2a and b shows the effect of temperature on the
crystal and magnetic transition. The variation of the
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Fig. 2. Temperature dependence of the intensities of (a) the magnetic peak
(110) and (b) the nuclear peak (211) of Mn3Cug 9Ny 96-

nuclear peak (211) and the magnetic peak (110) can char-
acterize the crystal and magnetic structure evolutions as a
function of temperature. The nuclear peak (21 1) splits into
two peaks (211) and (112), which indicates a phase transi-
tion from cubic to tetragonal structure. Meantime, the
magnetic peak (110) intensity gradually increases with
decreasing temperature. The lattice parameters increase
along the a and b axes and decrease along the ¢ axis with
decreasing temperature. According to the NPD results,
Mn;Cug g9Ng g exhibits a FIM structure at low tempera-
ture as shown in Fig. lc. Studying the crystal and magnetic
evolutions with temperature as shown in Fig. 2, we can see
that the structural transition is exactly consistent with the
magnetic ordering on cooling, and the cubic and the tetrag-
onal phases correspond to the PM and FIM states,
respectively.

3.2. DSC measurements

We used DSC to measure the phase transitions and the
latent heat of the Mn3Cug goNg 96 sample, and to calculate
the entropy changes associated with the phase transitions.
The temperature dependence of the heat flow and entropy
change in the cooling and warming processes are shown
in Fig. 3a and b, respectively. Sharp exothermic and
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Fig. 3. Temperature dependence of the heat flow (left axis) and entropy
change (right axis) for Mn3CuggoNgos: (a) cooling, with AS,..=
—59Tkg "K' (exothermic process); (b) warming, with ASp.x=
63.45J kg ! K™! (endothermic process).
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endothermic peaks associated with the transitions were
observed in the cooling and warming processes, respec-
tively. The transition temperature was observed to be
142 K (onset) upon cooling and warming without thermal
hysteresis. The total entropy changes (AS) can be estimated
using the following equation:

e DdH dr 1
AS:STZ_STIZ/ %dT:/
T T

where the C,, T, H, t and ‘é—fl denote heat capacity at con-
stant pressure, temperature, enthalpy, time and the heat
flow. The maximum total entropy changes (ASnax) are
59T kg 'K (exothermic process) and 63Jkg ! K
(endothermic process) upon cooling and warming,
respectively.

1

3.3. Magnetization measurements

The entropy change normally consists of three parts: lat-
tice entropy, electronic entropy and magnetic entropy. The
magnetic measurements were performed to deduce the
magnetic entropy. Fig. 4 displays the temperature depen-
dence of the magnetization and inverse susceptibility of
Mn;Cug g9Ng 96 sample. The onset temperature of the tran-
sition (7,) from the PM to the FM state is 147.7 K, slightly
lower than the 7, = 150 K reported in Mn3zCuN [14]. As
shown in Fig. 4, when the temperature is much higher than
the T, the variation of the inverse magnetic susceptibility
1/4¢(T) with temperature follows the Curie-Weiss law.
However, the Curie—Weiss law fails to describe the suscep-
tibility in the vicinity of 7. The 1/¢(T) curve shows charac-
teristics of the FIM state. Previous neutron diffraction
measurement revealed that the ground state of Mn3CulN
exhibited FIM characteristics which consisted of AFM
and FM components [6]. Based on the M-T and 1/y(T)
curves in the present work, we confirmed that in
Mn;Cug g9Npge there is an FM component and a sharp
magnetic transition upon cooling, both of which are neces-
sary for a large magnetic entropy change. A magnetic
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Fig. 4. Temperature dependence of the magnetization, M-T, at

H = 500 Oe (left axis) and the inverse susceptibility (right axis).

entropy change can be derived from the magnetization
measurements using the Maxwell relation.

Fig. 5a presents the magnetization isotherms of the sam-
ple at selected temperatures near 7. The isotherms were
measured with increasing and decreasing magnetic field
(loop history 0-50-0 kOe). The magnetization suddenly
decreased with increasing temperature from 144 to 146 K,
indicating a large entropy change. Based on these M-H
curves, the magnetic entropy change can be evaluated via
the Maxwell equation [27]:

ASy (T, H) = Sy/(T,H) — Sy(T,0)

_ /0 ! (—‘W(;T’H ))HdH, 2)

where AS)/(T,H), T, H and M denote magnetic entropy
change, temperature, magnetic field and mass magnetiza-
tion, respectively. The temperature dependence of ASj,
calculated from Eq. (2) with fields of 5, 10, 20, 30, 40
and 50 kOe is shown in Fig. 5b. The maximum value of
—AS), was determined to be 13.52Tkg ' K™ at 50 kOe
near 7., much smaller than the total entropy changes of
~60 J kg ' K™! obtained from the DSC measurement:
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Fig. 5. (a) Magnetization isotherms of Mn;Cugg9Npgs at various
temperatures in the presence of external magnetic fields up to 50 kOe.
(b) Magnetic field-induced isothermal entropy change as a function of
temperature under various applied magnetic fields.
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RCP =

T,
/ ASM(T)dT‘ ~ |ASY*ST mn | (3)
Ty

where RCP is refrigeration capacity, 77 is the initial
temperature and 75 is the final temperature, ASy(7T) is
the magnetic entropy change as a function of temperature,
ASY™ is the maximum magnetic entropy change and
0T ey 18 the full width at half maximum. According to
Eq. (3) [28], the relative cooling power (RCP) is
38.94 T kg '. In addition, from the M—H loops, there is
only a small hysteresis at 146 K, suggesting small hysteresis
loss of Mn3Cugg9Ng g compound for practical applica-
tions in magnetic refrigeration.

3.4. Relationship between the structure transition and
entropy change

From the NPD study on MH3CUO'89N0_96, M1'13CU()'89N0_96
undergoes a structure transition from cubic to tetragonal at
143 K accompanied by a magnetic ordering on cooling.
The structure distortion can be explained by the Jahn—
Teller effect [6,29]. The Jahn-Teller distortion (cubic to
tetragonal) removes the degeneracy of the hybridization
narrow band between Mn 3d and N 2p in Mn3Cug 39N o6.
The process is related to the electronic transfer between the
large conduction band and the narrow band, thus is related
to the resistivity [6,32]. Fig. 6 shows the temperature
dependence of resistivity for Mn3;Cugg9Ngog. There is an
anomalous increase in resistivity around the transition
temperature 7. with decreasing temperature. The sudden
change in the resistivity leads to the electronic entropy
change. As such electron-transfer originated resistivity
stems from Jahn-Teller structural distortion, the electronic
entropy change is therefore believed to be induced by
structure distortion in Mn3;Cug ggNg g6.

To further elucidate the relationship between the total
entropy change and the structure transition, we compare
the total entropy change with the variation of nuclear peak
(211) as a function of temperature. As shown in Fig. 7, the
variation of the integrated intensity of peak (21 1) indicates
the structural transition. With increasing temperature, the
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Fig. 6. Temperature dependence of the resistivity for Mn3;Cug g9No 96.
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Fig. 7. Temperature dependence of entropy change (left axis) and the
intensity of nuclear peak (211) (right axis) of Mn3CuggoNgogs upon
warming.

tetragonal structure gradually transforms to cubic struc-
ture and the intensity of peak (211) increases. The transi-
tion temperature region and the variation in entropy
nearly coincide with the intensity of peak (211) with
almost the same onset temperature. The small deviations
observed can be ascribed to system errors between the
different measuring instruments. Therefore, it can be
concluded that the total entropy change is directly related
to the structural and magnetic transitions. The cubic phase
corresponds to the PM state and the tetragonal phase
corresponds to the FIM state.

3.5. Magnetic field effect

In order to understand the mechanism of the MCE in a
magnetocaloric material, it is critical to clarify the effects of
magnetic field on magnetic and structural transition. It had
been reported that a transition from AFM state to FM
state can be induced by applying a magnetic field in
Mn;GaC [4,5]. Therefore, applying an external magnet
field would help trigger the phase transition and determine
the origin of the MCE in Mn3Cug goNy 9.

From the literature, it appears that the application of a
magnetic field does not affect the profiles of the X-ray dif-
fraction patterns of Mn;CulN when it exists as a tetragonal
phase at 120 K or as a cubic phase at 150 K under a
magnetic field of 5T [24]. In addition, a small magneto-
crystalline anisotropy was observed in MnsCuN [30];
therefore, if the magnetocrystalline force is large enough
to fix the magnetic moments along the magnetization easy
axis in a field, the component of the effective field on each
grain would be widely distributed and more energy is then
needed to excite the state. On the other hand, it is well
known that triggering a structural phase transition needs
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less energy at a temperature near 7, than at a temperature
far from 7. For example, at the first-order transition
temperature of 165 K in Mn3GaC, a magnetic field of only
1 T can induce the transition from the AFM to the FM
state. However, at 50 K, a magnetic field of as large as
17 T is needed to induce this transition [31].

From those observations, we choose a tetragonal phase
region (e.g. 140 K) and a two-phase coexistence region (e.g.
144 K, with 18.5% tetragonal phase and 81.5% cubic
phase) to apply magnetic fields for an easier transition
induction.

Figs. 8 and 9 show the variations of the lattice, magnetic
and phase fractions for Mn3;Cug¢Cy ¢ under a magnetic
field at 140 and 144 K, respectively. The magnetic field
dependence of these parameters can be fitted with a linear
equation. For the lattice parameters:

ag = a(0) + B,B(T), or ¢y = c(0) + p,B(T). 4)

Here ay and cg are the lattice parameters along the a axis
and the ¢ axis under a magnetic field, respectively, a(0) and
¢(0) are the lattice parameters without a magnetic field. B is
the magnetic field in Tesla (T). ; and f, are scaling factors
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Fig. 8. Variations of (a) the lattice parameters ay and cy, (b) the
tetragonal unit cell volume Vy, and (c) the antiferromagnetic moment
M, (left axis) and the ferromagnetic moment M, (right axis) of
Mn;Cug g9Nog 96 under various magnetic fields at 140 K.
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Fig. 9. Variations of (a) the lattice parameters ay and cgy, and (b) the
tetragonal cell volume V74 and cubic cell volume V., and (c) the
tetragonal phase fraction F7 in Mn3Cug goNg 9 under a magnetic field at
144K .

(B1 = Aa/AB, B> = Ac/AB), and Aa and Ac are the varia-
tions of the corresponding lattice parameters, respectively.
AB is the variation of magnetic field. o; = B,/a(0) or
oy = Bo/c (0) is the linear lattice expansion or contraction
coefficient induced by a magnetic field. For the volume:

Vie = V(0) + B3B(T). (5)

Here Vy is the volume at a magnetic field measured in
Tesla, and V(0) is the volume without the magnetic field.
B3 = AV/AB, AV and AB are the variations of the volume
and the magnetic field, respectively. o3 = B3/V (0) is the
linear volume expansion or contraction coefficient induced
by a magnetic field.

3.5.1. Magnetic field effects in the tetragonal phase region
(140 K)

Fig. 8a shows that the Mn3;Cug goNj 96 unit cell expands
along both the « axis and the b axis but contracts along the
¢ axis with increasing magnetic field. The linear expansion
coefficient of the a axis and the shrinkage coefficient of the
¢ axis induced by the magnetic field are 1.53 x 107> and
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—3.05 x 107> T~ ' at 140 K, respectively. The lattice expan-
sion along the ¢ and b axes offsets the lattice contraction
along the ¢ axis; therefore, there is no net cell volume
change with increasing magnetic field at 140 K as shown
in Fig. 8b. The ratio of ci/ar (cr < ar, cy/ar < 1) decreases
with increasing magnetic field, indicating that the lattice
distortion is increasing. Hence, it is difficult to promote
the structural transition from teragonal to cubic phase with
a magnetic field at this temperature. Fig. 8c shows that
with increasing external field, the AFM moments decrease
and the FM moments increase, suggesting the AFM state
gradually transforms into the FM state with the increased
magnetic field. Even though we cannot achieve complete
phase transition from the AFM to the FM state at 140 K
under 6 T, the variation of the magnetic state under a
magnetic field reflects the close correlation between the
magnetic phase transition and the magnetic entropy change
in Mn3Cugg9Npos. In the tetragonal phase the magneto-
crystalline anisotropy may block the transition from
tetragonal phase to cubic phase. Thus, it would be
interesting to investigate the phase transition from cubic
to tetragonal under a magnetic field.

3.5.2. Magnetic field effects at the phase coexistence region
(144 K)

Fig. 9a shows the variation in the axes of the tetragonal
phase as the magnetic field changes at 144 K. The linear
expansion coefficient of ay and the linear shrinkage coeffi-
cient of ¢y induced by the magnetic field are 3.73 x 107>
and —2.95 x 107> T, respectively. The volume of the
tetragonal phase increases with increasing magnetic field.
Fig. 9b and ¢ shows the relations between the unit cell vol-
ume, phase fractions and the magnetic field. The variation
of magnetism is not shown: as the cubic phase is the dom-
inating phase at 144 K, it is difficult to extract accurate
magnetic moment information from the neutron data. As
shown in Fig. 9b and c, with increasing magnetic field,
the tetragonal phase fraction increases, the tetragonal unit
cell volume increases, and the cubic unit cell volume
decreases. The total volume (V=Vyx Fr+ V.x F,)
remains nearly constant at ~59.293 A® at 144 K. This indi-
cates that the sample is not a homogeneous system, but
rather consists of different components with different
lattice parameters and transition temperatures. The phase
transitions of some components can be induced by a low
magnetic field. As the magnetic field changed from 0 to
5T, the tetragonal fraction increased 5.4% in the current
sample with the same trend as that triggered by tempera-
ture. This supports the hypothesis that a higher magnetic
field may increase the amount of phase transition.

From the present investigations in Mn3CuggoNy g6,
the structural and the magnetic transitions, as well as the
anomalous variation in resistivity, occur within the same
region as the two-phase coexistence region. The maximum
magnetic entropy change is also within the phase coexis-
tence region. Fig. 7 indicates that the total entropy change
is directly related to the structural and magnetic

transitions. The cubic phase corresponds to the PM state
and tetragonal phase corresponds to the FIM state.
According to the analysis of Figs. 8 and 9, the magnetic
field can change the magnetic arrangement (the AFM
moments decrease and the FM moments increase) and
the phase transition in the tetragonal phase and the two-
phase coexistence regions, respectively. The magnetic
entropy change is in the temperature range of 135-150 K
as shown in Fig. 5b which includes the tetragonal phase
and the two-phase coexistence region. This indicates that
the magnetic entropy originates partly from the magnetic
arrangement change of the tetragonal phase and partly
from the phase transition (cubic to tetragonal) induced
by the magnetic field. Two Mn atoms have FM moments in
the FIM structure of Mn3;Cuy goNy 96. According to the mag-
netization isotherms in Fig. 5a, the difference in the magne-
tization between 144 and 146 K is AM =4.9193emug ',
which corresponds to ~0.207ug per molecule. For the
FM component, it is difficult to confirm such tiny changes
from NPD refinement. However the variation of AFM and
FM moments under a magnetic field at 140 K confirms the
presence of the FM moment and the influence of a mag-
netic field on it. The magnetization is still not saturated
under 50 kOe in Fig. 5a, which indicates that the FM com-
ponent would increase further with the applied magnetic
field. Therefore, an even higher magnetic field is needed
in order to fully promote a transition from cubic to
tetragonal and to achieve a greater magnetic entropy.

Although the total entropy cannot be completely
achieved by a 50 kOe magnetic field, the magnetic entropy
change of Mn3Cug goNo o6 (13.52 J kg ™! Kﬁl) is comparable
to those of the Gd, GdsSi,Ge,, GdgNis/sSis, MnFeP 45As80 s,
La(Feg9,Sig 1)13, MnAs, etc., in which the absolute values
of the magnetic entropy change |AS,| with a field of
50kOe are 9Tkg 'K at 294K [33], 18Jkg 'K at
276 K [33], 5.72 T kg ' K [34], 18 T kg ' K™' at 310 K [35],
30Jkg "K' at 184K [36] and 32Tkg 'K ! at 318K
[37], respectively. Although the magnetic entropy change
of Mn3Cug9Ngoe 1s not the largest, this could still be a
candidate magnetic refrigerant material due to its inexpen-
sive and nontoxic constituent elements, easy preparation,
as well as its small M-H hysteresis.

4. Conclusion

In summary, a large entropy change ~60 J kg™' K was
observed in MnsCug goNj9¢ Which originates from phase
transitions in this material. This entropy change comprises
lattice entropy, electronic entropy and magnetic entropy.
The magnetic entropy is 13.52 J kg™' K™! under 50 kOe at
145 K. The magnetic entropy change is caused by (i) the
magnetic transition from the AFM to the FM state in
the tetragonal phase; and (ii) the phase transition from
cubic to tetragonal under a magnetic field. The structural
and magnetic transitions and the resistance variations co-
occur within the two-phase coexistence region. In the same
region, the magnetic field was also observed to be able to



J. Yan et al. | Acta Materialia 74 (2014) 58-65 65

change the phase fraction. These results indicate that the
entropy changes in this region induced by the
magnetic field comprise not only magnetic entropy but
also lattice and electronic entropy. Because of the
inexpensive and nontoxic raw materials used and the
simple fabrication process involved, the discovery of
the MCE in Mn3;Cug g9Ng 96 make this material a potential
candidate for magnetic refrigerant applications.
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