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Magnetocaloric effect in (Er,Tb)Co2
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Abstract

A study of the magnetocaloric effect in the serie Er1�xTbxCo2 (x ¼ 0:8 and 1) of polycrystalline samples was
performed. From magnetization messurements under different applied fields, it was possible to calculate the change of

magnetic entropy of each sample due to a change in magnetic field. We obtained a large value for the magnetocaloric

potential in such compounds, comparable to those of rare-earth alloys. r 2002 Elsevier Science B.V. All rights

reserved.
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There has been increasing interest in magnetic

materials with large magnetocaloric effect over the past

years [1,2], since recent studies on compounds based on

rare-earths have revealed a large effect near room

temperature [3,4], which promises possible applications

of this effect for domestic/industrial refrigeration.

Compared with gas refrigerators, magnetic refrigerators

have a number of advantages, such as high efficiency,

small volume and ecologically clean.

Intermetallic compounds present interesting charac-

teristics; the possibility of tuning of the critical

temperature Tc; where a maximum in the change of

the magnetic entropy, DS; occurs; the facility for sample
preparation and large values of DS: Magnetization
measurements MðH;TÞ in the compounds Er1�xTbxCo2
were done in order to characterize the magnetocaloric

potential of these series (xX0:60; where the second order
transition takes place).

The magnetocaloric effect is intrinsic to all magnetic

materials and is induced via the coupling of the magnetic

sublattice with the magnetic field, which alters the

magnetic part of the total entropy, due to a correspond-

ing change of the magnetic field. It can be measured and

calculated as the adiabatic temperature change

DTadðT ;DHÞ; or as the isothermal magnetic entropy
change DSMðT ;DHÞ:
From general thermodynamic equations, the magnetic

entropy change for the isobaric–isothermal system can

be described with one of the Maxwell relations, as

qS

qH

� �
T ;P

¼
qM

qT

� �
H;P

: ð1Þ

The entropy variation can be calculated from the

integration of Eq. (1), for a field change from HI to HF:
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Using magnetization values measured at discrete

values of field and temperature, one can calculate the

entropy change through an approximation for Eq. (2):
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RCo2 (R is a rare-earth element) is an intermetallic

compound with MgCu2 cubic Laves phase structure.

For ion R nonmagnetic, the compound RCo2 are

exchange-enhanced Pauli paramagnets with a first-order

metamagnetic transition under external field above a

critical value as observed in ErCo2 (Tc ¼ 32K) [5],
whereas a second-order transition was found in TbCo2
(Tc ¼ 227K) [6]. Some phenomenological models have
been proposed to discuss the order of the magnetic

phase transition [7,8]. It has been found that in the

system (Er1�xTbxCo2), the magnetic transition changes
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from first to second order around x ¼ 0:60 [5]. Voiron
et al. [6] have measured specific heat in TbCo2 at zero

applied field, and no anomalous behavior was found

above Tc:
The samples were prepared by arc furnace melting of

the constituent elements in an argon atmosphere. To

avoid the appearance of spurious phases, a 6wt% excess

of rare-earth over the stoichiometric composition was

necessary. The alloys were then annealed in an

evacuated sealed quartz tube for a period of 1 week at

8001C. The crystal structure (cubic MgCu2 type) and the

parameters were determined at room temperature by X-

ray powder diffractograms. We have performed magne-

tization measurements (M vs. T), in a PPMS device. The

isofield curves were measured at small temperature

intervals, in sweep mode. Each M vs. T curve was done

with increments of 0.25T, up to 5T.

In Fig 1. are shown the magnetization measurements

performed in the TbCo2 polycrystalline sample. As the

system present diferences between field-cooled and zero-

field-cooled curves for field below 0.01T the minimum

field we applied to the system was always above that

value. This thermally irreversibility can be attributed to

domain wall motion in the crystal. For fields between 0.5

and 2T, some of the curves appear to cross, and are not

regularly spaced. In the same figure, a maximum, with

an onset at 2T, around 270K, is present. Fig. 1 displays

the first results in TbCo2 at higher fields.

The curves shown in Fig. 1 were used to calculate the

entropy change DS; from Eq. (3). The result, as

expected, shows a maximum around the magnetic

transition of the system (Fig. 2). For a field change of

4.5 T (0.5 T up to 5T), the absolute values of the

maximum entropy variation are 5.23 and

2.63 J kg�1K�1 at 233 and 273K, respectively.

The second maximum at higher temperature and

above 2T, is not fully understood. An X-ray analysis of

the sample did not show any impurities present. This

issue will be addressed later, with specific heat measure-

ments under applied field which are in progress.

In Fig. 3 are shown the magnetization measurements

for the Er0.2Tb0.8Co2 compound. For the Er0.2Tb0.8Co2
system, only one magnetic transition is observed. From

the same data, the magnetic entropy variation was

calculated.

A maximum around Tc is found to have almost the

same magnitude, 6.11 J kg�1K�1, of the compound

without Er (Fig. 4). No other anomaly is found, at least

in the temperature range measured. Unfortunately, we

could not reach higher temperatures with the measure-

ment system.
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Fig. 1. Isofield M vs. T curves from 0.50 up to 5T in 0.25T

steps, for the 7.40mg of TbCo2. For fields below 2T, some

curve crosses, while for higher fields a second process around

270K is visible.
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Fig. 2. Magnetic entropy change from 0.5 up to 5T. A

maximum is observed around the Tc of the system. A second

maximum is observed at 273K.
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Fig. 3. M vs. T curves for Er0.2Tb0.8Co2 polycrystalline sample

(19.59mg), from 0.25T (lowest curve) up to 5T.
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We investigated the magnetocaloric effect in

Er1�xTbxCo2 (x ¼ 1 and 0.8) polycrystalline samples.
The results are promising as compared to other

magnetic materials with huge magnetocaloric effect,

whose samples are expensive and difficult to prepare.

The systems studied here are of easy preparation and

present appreciable magnetic entropy change near room

temperature. The presence of Er in the compound does

not decrease the magnetocaloric potential, but produces

a displacement of the magnetic transition temperature

that depends on the Er concentration.
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Fig. 4. Magnetic entropy change, for Er0.2Tb0.8Co2 for a field

change from 0.25 up to 5T.
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