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‘We have studied the magnetic and magnetocaloric properties of the Er3Co compound, which undergoes ferromag-

netic ordering below the Curie temperature T = 13 K. It is found by fitting the isothermal magnetization curves that

the Landau model is appropriate to describe the Er3Co compound. The giant magnetocaloric effect (MCE) without

hysteresis loss around 7¢ is found to result from the second-order ferromagnetic-to-paramagnetic transition. The max-

imal value of magnetic entropy change is 24.5 J/kg-K with a refrigerant capacity (RC) value of 476 J/kg for a field

change of 0-5 T. Large reversible MEC and RC indicate the potentiality of ErzCo as a candidate magnetic refrigerant

at low temperatures.
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1. Introduction

In recent years, the giant magnetocaloric effect
(MCE) around transition temperatures has been ob-
served in many materials that experience a first-order

[1-10] These materials usually have

phase transition.
a large magnetic entropy change (ASy) and a high
adiabatic temperature change, but magnetic hystere-
sis loss also happens inevitably. The slow kinetic in-
herence in first-order magnetic transition can greatly
reduce the actual refrigerant capacity (RC) of the ma-
terials. Therefore, it is necessary to acquire efficient
magnetic materials with a large reversible MCE and
a high RC. Recently, much attention has been paid to
the rare-earth(R)-based intermetallic compounds with
a low-temperature phase transition for the purposes of
magnetic refrigerant application.!'! =17 R3T (T=Co
and Ni) have the highest R content among the binary
3d-4f compounds and crystallize in the orthorhom-
bic Fe3C-type crystal structure (space group Pnma).
Although these compounds have identical crystallo-
graphic structures, they exhibit interesting magnetic

properties, such as complex magnetic structures and

natures of different magnetic transitions, which will
induce good magnetocaloric properties. Recently, Tri-
pathy et al.l'¥ reported the MCEs of GdsT (T=Co
and Ni). The maximal ASy values of GdzCo and
GdsNi are observed to be 11 and 5 J/Kg'K for a
field change of 0-5 T, respectively. A large ASy of
18 J/Kg-K for a field change of 0-5 T has been ob-
served in Th3Co, which results from an FM to PM
transition. %]

The neutron diffraction investigation on sin-
gle crystal ErgCo has revealed that the compound
posesses a non-collinear magnetic structure, in which
there is strong ferromagnetic (FM) ordering along
the b-axis and antiferromagnetic (AFM) ordering
along the a and c-axes at low temperatures.['8!
Polycrystalline ErgCo orders ferromagnetically below
the Curie temperature T¢, but undergoes a non-
collinear spin structure caused by the magnetocrys-
talline anisotropy.['?) Such a complex magnetic struc-
ture for ErgCo will bring interesting physical prop-
erties. In the present paper, we study the order of
magnetic transition and the MCEs of the ErgCo com-
pound. It is found that the Landau model is appro-
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priate to describe the ErsCo compound. Giant re-
versible MCE and considerable RC without hysteresis

loss around T¢ for Er3Co are obtained.

2. Experimental details

A polycrystalline ErgCo sample was prepared by
arc melting appropriate quantities of raw materials of
Er (99.9% in purity) and Co (99.9%) in an atmosphere
of high-purity argon. The sample was turned over and
remelted several times to ensure its homogeneity. In-
gots obtained by arc melting were wrapped by molyb-
denum foil, sealed in a quartz tube of high vacuum,
annealed at 923 K for 7 days and then quenched to
room temperature. Powder x-ray diffraction (XRD)
measurements were performed using Cu K« radia-
tion to identify the phase structure and the crystal
lattice parameters. Magnetizations were measured as
functions of temperature and magnetic field by us-
ing a superconducting quantum interference device
(SQUID) magnetometer. By using the Maxwell re-
lation ASy = fOH (OM /OT)ydH, the ASy was cal-
culated based on the isothermal magnetization data.
The sweep rate of the field was quite slow to ensure
that the M—H curves could be recorded in an isother-
mal process.

3. Results and discussion

The x-ray powder diffraction pattern confirmed
the single-phase nature of the ErsCo compound, crys-
tallizing in the orthorhombic FezC-type structure
(space group Pnma). The lattice parameters a, b,
and ¢ were determined to be 6.930(8), 9.227(8), and
6.205(2) A (1 A=0.1 nm), respectively, by using the
Rietveld refinement method. Figure 1(a) shows the
temperature dependences of zero-field-cooling (ZFC)
and field-cooling (FC) magnetization (M) in a 0.05-T
field for ErzCo. It can be seen from Fig. 1(a) that
ErsCo undergoes a magnetic transition from FM to
PM states, and its Curie temperature T is deter-
mined to be 13 K, which is in good agreement with
the value reported by Saito et al.'” In addition, it
is also observed that there is no hysteresis in ZFC
Below T¢, the difference
between the ZFC and FC curves may be related to
the domain-wall pinning effect. Figure 1(b) shows the
reciprocal magnetic susceptibility x ~! versus temper-
ature for ErgCo in a field of 1 T. The magnetic suscep-
tibility of the ErsCo compound exhibits Curie-Weiss
behaviour in the paramagnetic region. Calculation re-
sults show that the effective paramagnetic moment

and FC curves above T¢.

(teft) and the paramagnetic Curie temperature (6p)
equal 10.1 pg/Er®t and 27 K, respectively. The peg
value is slightly higher than the free ion moment of
Er3t (9.59 pp).
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Fig. 1. Temperature dependences of magnetization for
ErzCo under a magnetic field of 0.05 T (a) and the recip-

rocal magnetic susceptibility X;,1 versus temperature in a
field of 1 T (b).

The order of the phase transition of magnetic ma-
terial can be determined by the temperature depen-
dence of magnetic free energy based on the Inoue—
Shimizu model.?”! The phenomenological description
can be given by the Landau expansion of the mag-
netic free energy up to the sixth power of the total
magnetization M as follows:

F(M,T) = (1/2)c1(T)M? + (1/4)co(T)M*
+(1/6)c3(T)M® +--- —HM. (1)

The Landau coefficients ¢;1(T), c2(T) and c3(T) are
available through the equation of state linking M and
H as indicated below,

H = ci(T)M + c2(T)M? + c3(T) M, (2)

and they can be determined by fitting the magneti-
zation isothermal data around T using expression
(2). The magnetization isothermal data around T¢
for ErgCo at different temperatures together with
the fitted curves are shown in Fig. 2. It is found
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that the fitted M—H curves according to the Lan-
dau model are in good agreement with the exper-
This result indicates that the Lan-
dau model is appropriate to describe the ErzCo
Figure 3 shows the temperature de-
pendences of Landau coefficients ¢1(T), co(T) and
c3(T) for ErsCo derived from the fitting results.

imental one.

compound.
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Fig. 2.
Er3Co at different temperatures. The solid lines represent

Magnetization isothermal data around T¢ for

the fits to expression (2).
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Fig. 3. Temperature dependence of Landau coefficients
for ErgCo. The units for ¢1(T), c2(T) and c3(T") are
T2kg=J, T*kg3/J3 and TCkg®/J>, respectively.

Both the values of ¢;(T) and ¢o(T) at Te are found
to be positive at T. It has been reported that the
order of a magnetic transition is related to the sign of
the Landau coefficient ¢o(T') at T¢, i.e. positive and
zero values correspond to a second order transition
while the negative value corresponds to a first-order

n.[21:22] This result indicates that the zero ex-

transitio
ternal field magnetic transition at T¢ for ErzCo is of
second order.

The magnetization isotherms of ErgCo around T¢
are shown in Fig. 4. It is observed that the magnetiza-
tion curves exhibit typical FM nature below T¢. The
isothermal curves obtained well above T show strong
curvatures at low fields, indicating the existence of
short-range ferromagnetic correlations in the param-
agnetic state.[?324 To investigate the reversibility of
the magnetic transitions for ErsCo, we have also mea-
sured the M—H curves around T¢ in field increasing
and decreasing modes. Almost no magnetic hysteresis
in each curve is observed, indicating that the mag-
netization of ErgCo around T¢ is perfectly reversible,
which is advantageous for practical applications of the
materials.
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Fig. 4. Isothermal magnetization curves of ErzgCo in a
temperature range of 5-49 K.

The ASy of ErgCo was calculated from mag-
netization isotherms shown in Fig. 4. The temper-
ature dependences of —ASy; for different magnetic
field changes are shown in Fig. 5. It is observed from
Fig. 5 that both the peak and the width of ASy de-
pend on the applied magnetic field, and increase ob-
viously with increasing field. The temperature depen-
dences of ASy; exhibit a A-shape profile as shown usu-
ally in magnetic materials with a second-order mag-
netic transition. A giant ASy;, which results from
a second-order FM-to-PM transition, is observed in
Er;Co around T¢. The maximal value of ASy for
ErsCo is found to increase monotonously with applied
magnetic field and reaches a value of 24.5 J/kg-K at
16 K for a field change of 0-5 T. It is interesting to
note that a large reversible ASy; for ErgCo is as high
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as 12.5 J/kg-K for a field change of 0-2 T, which is
beneficial to the practical applications because a mag-
netic field of 2 T can be supplied by a permanent
magnet. For comparison, the magnetocaloric prop-
erties of several compounds with a similar magnetic
transition temperature and our samples are listed in
Table 1. It can be seen that the ASy value of ErsCo
is comparable with those of HoCoAlM HoNiAl24
and DyNi,[?% and it is also much larger than those of
DyNis, ErNi5[26 and DySb. 6!

The values of RC for Er3Co are calculated by
numerically integrating the area under the ASy—T
curves (Fig. 5), with the temperatures at half max-
imum of the peak used as the integration limits.[?”]
Calculations show that the maximal value of RC for
Er3Co is 476 J/kg for a magnetic field change of 0-5 T,
which is comparable with or much larger than those
for HoCoAl (450 J/kg), HoNiAl (435 J/kg), DyNi,
(349 J/kg), DyNis (230 J/kg), ErNi; (230 J/kg) and
DySb (82 J/kg) (see Table 1). In particular, a high
value of RC is also obtained to be 163 J/kg for a rela-

|

tively low field change of 0-2 T. This is attributed to
the appreciably large values of ASy; obtained at T¢ for
ErsCo. The present study shows that the large values
of RC and no magnetic hystersis for ErgCo around T¢
are very useful for magnetic refrigeration applications.
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Fig. 5. Temperature dependences of magnetic entropy
change —AS); for the ErsCo compound for different mag-
netic field changes.

Table 1. Values of Curie temperature T, magnetic entropy change ASy; and refrigerant capacity RC at
Tc for a magnetic field change of 0—5 T for some magnetocaloric materials with a T¢ ~ 13 K.

materials Tc or Tn/K —ASy /T kg™ LKL RC/J-kg™! Refs.
HoCoAl 10 21.5 4502 11
HoNiAl 14 23.6 4352 24
DyNig 20 21.3 3492 25
DyNis 11.6 15 230 26
ErNis 9 15 230 26
DySb 9 15.8 822 16
ErsCo 13 24.5 476 this work

aThe RC values are estimated from the temperature dependence of ASy in the literature.

4. Conclusion

Orders of magnetic transition and magnetocaloric properties of the ErsCo compound have been studied. It

is found that the fitted M—H curves according to the Landau model are in good agreement with the experimental

result. This result indicates that the Landau model is appropriate to describe the ErsCo compound. Our results

indicate that ErsCo possesses a large reversible magnetocaloric effect with a maximal ASy; value of 24.5 J/kg-K

and an RC value of 476 J/kg at T = 13 K for a field change of 0-5 T. The excellent magnetocaloric properties

indicate the applicability of ErsCo to magnetic refrigeration in the low temperature regime.
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