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Magnetocaloric effect has been investigated in TbB; in the vicinity of a second-order magnetic transition
at 144 K. The maximum magnetic entropy change —ASy, is 12.7Jkg=' K- for a field change from 0 to
7 T. The relative cooling power and adiabatic temperature change AT,y are 256] kg~ T-! and 29.5K for
a field change from 0 to 5 T. For a low-field change from O to 2 T, considerable —ASy (5.2]kg~' K1) and
AT, (14.7K) are obtained with a cooling power of 67.6 ] kg~ T-1, suggesting TbB, a good candidate for
magnetic refrigerant around 144 K.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Magnetocaloric effect (MCE) has come out as an attract-
ing cryogenic technology because of its energy-efficient and
environmental-friendly solid-state working substance [1]. Accord-
ing to the theory for MCE, magnetic materials with large effective
moment () per atom and sharp slopes in their M-T curves are
desirable for magnetic-induced cooling. The MCE of rare earth (RE)
metals and compounds are therefore substantially investigated,
due to their excellent magnetic properties [2-5]. On the other hand,
a wide diversity of structural, physical, and physicochemical prop-
erties (such as high hardness, metallic conductivity, and a complex
nature of magnetic ordering) has been found in RE borides [6].
It will also be of particular interest to study the MCE of the RE
borides. Usually, in applications of magnetocaloric materials, there
are some pitfalls in the first-order magnetic transition, such as
slow kinetic responses, and noticeable thermal/magnetic hystere-
ses [7]. It is disputable for very large values reported for isothermal
magnetic entropy change (—ASy) in some colossal MCE materi-
als, which are based on the first-order magnetic transition [8]. The
pursuit of highly efficient and reversible MCE compounds with a
second-order magnetic transition has become a more attractive
issue, practically, for application. Will et al. reported that ferromag-
netic TbB; has an effective moment of 8.3 pg/Tb3*, with its Curie
temperature Tc of 151K [9]. A large enthalpy change in TbB; at
about 143K by specific heat measurements [6] may foresee that
TbB; has a remarkable —ASy; near to its Tc. In this work, we syn-
thesized TbB, block by arc melting and report on a large reversible
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magnetic entropy change and a high relative cooling power in the
vicinity of a second-order magnetic transition in ThB,.

2. Experimental

The TbB, compound was prepared by arc melting 99.9 wt% Tb and 99.99 wt%
B with an Tb:B atomic ratio of 1:2. X-ray diffraction (XRD) data of the TbB, com-
pound were recorded by a D/max 2500PC diffractometer with Cu K, radiation at
50kV and 300 mA. It was indexed to be AlB,-typed TbB, with a space group of
P6/mmm, and very weak Tb peaks can be found in the XRD pattern as shown in
Fig. 1. Magnetic measurements were carried out using a superconducting quantum
interference device (SQUID, Quantum Design MPMS-7).

3. Results and discussion

Fig. 2 shows the temperature dependence of zero-field-cooling
(ZFC) and field-cooling (FC) magnetization (M) of TbB, com-
pound measured under a magnetic field of 0.01T. A typical
ferromagnetic-paramagnetic transition can be seen in Fig. 2. Tc of
TbB, is determined to be about 144 K by the minimum of the dif-
ferential of M-T curve shown as the inset of Fig. 2, which is in good
agreement with the result of specific heat measurement [6], but a
little lower than the Will et al.’s result [9]. A significant thermal irre-
versibility between ZFC and FC curves is observed below T¢, which
may be attributed to the domain-wall pinning effect [13].

As shown in Fig. 3, isothermal M-H curves were recorded
between 130 and 166 K with a temperature step of 4 K. The magne-
tizationrapidly increases in aweak field region at low temperatures
and shows a tendency to saturate with increasing field, indicating
a typical behavior of ferromagnetic materials. A good coincidence
between increasing- (solid square lines) and decreasing-field (solid
circle lines) curves in the vicinity of Tc shows the absence of mag-
netic hysteresis. This is a good sign of magnetic reversibility for
potential application in magnetic cooling. Fig. 4 shows Arrott plots
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Fig. 1. XRD pattern for TbB, compound recorded at room temperature.
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Fig. 2. Temperature dependences of ZFC and FC magnetization for TbB, com-
pound under a magnetic field of 0.01T. Inset is the differential of field-cooling M-T
curve.
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Fig. 3. Isothermal M-H curves for TbB, between 130 and 166K with a tempera-
ture step of 4K. Solid square lines and solid circle lines denote the increasing- and
decreasing-field magnetization curves, respectively.
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Fig. 4. Arrott plots of TbB, derived by the M-H curves in Fig. 3. Dashed line is
extrapolated from the high-field part at the Curie temperature of 144 K.

(H/M versus M?2), which has been extensively used to distinguish
the magnetic ordering of materials [14]. As described by the Lan-
dau expansion theory, the magnetic free energy near T¢ can be
expanded in powers of magnetization M neglecting higher order
parts as:

F(M, T)=AM? + BM* — MH + ... (1)

Here A and B are temperature-dependent parameters, called Lan-
dau coefficients. According to the Banerjee criterion [15,16], a
magnetic transition is expected to be of the first order when the
slope of H/M versus M2 plot is negative (i.e. B<0), whereas it will
be of the second order when the slope is positive (i.e. B>0). It
is very clear that the Arrott plot for TbB, shows a characteristic
second-order magnetic transition in the complete M2 range.

According to the equilibrium condition dF(M, T)/dM = 0 of Eq.

(1), one can obtain:
H
M
When T=T, the extrapolated intersection of the high-field H/M
versus M2 curve with the H/M axis is, by definition, zero. This zero-
intersection is well produced by extrapolating the high-field part
of the Arrott plot of TbB, at the Curie temperature of 144K (see
the dashed line in Fig. 4). A noticeable deviation from linearity near
T¢ is observed in the low-field range of the Arrott plot, which may
be caused by a very small amount of terbium impurity. It should
be mentioned that, apart from the itinerant-electron systems, the
Arrott plots are in principle meant to be applied only to low-
field magnetization data where the relative magnetization is much
smaller than unity. However, the Arrott plots often also appear to
be very sensitive for magnetic impurities, secondary phases, etc.
Although the question may arise whether the relative magnetiza-
tion is still much smaller than unity, it is better to neglect the data
at the lowest fields. In the present case this seems true.

The magnetic entropy change —ASy of TbB, is calculated
from isothermal magnetization curves by using the Maxwell rela-
tion. It is believed that Tb impurity has insignificant influence
on the total magnetic entropy change of the present TbhB, sam-
ple mainly because of two reasons: (1) the amount of Tb is very
small in the present sample; (2) the corresponding temperature
(144K) of the maximum —ASy in TbB, is far lower than the
ferromagnetic-antiferromagnetic transition at about 220K of Th
[17]. The values of —ASy; as a function of temperature for differ-
ent magnetic field changes are shown in Fig. 5. The temperature
dependence of —ASy shows a maximum value at about 144K,

= 2A + 4BM? (2)
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Fig. 5. Magnetic entropy change as a function of temperature for TbB, at different
magnetic field changes.

which increases monotonically with the applied magnetic field and
reaches 10.3 and 12.7J kg~ K~! for a magnetic field change from
0 to 5T and from 0 to 7T, respectively. The maximum entropy
changes —AS), for a low-field change from 0 to 1T and from O to
2T are 2.7 and 5.2]kg~1 K1, respectively. This magnetic entropy
change is much higher than those reported in the same temperature
range (between 70K and room temperature) [10-12].

The relative cooling power — ASmax M&Tfwnm is a measure of how
much heat energy can be transferred between cold and hot sinks in
an ideal refrigerant cycle, which is of practical significance [18,19].
Here 8Tgpy, is the full width at half maximum — ASy;, namely, tem-
perature difference at half values of the magnetic entropy change
peak. The cooling power of TbB, is calculated to be 67.6 and
256] kg1 T-! for a magnetic field change from 0 to 2 T and from 0
to 5T, respectively. To further investigate the application potential
of this compound, we consider the adiabatic temperature change
ATgq = —ASM(To, H) x To/Cp(To, Hp), where Cy(To, Hp) is the zero-
field specific heat, as reported in Ref. [6]. The maximum values of
AT,, are estimated to be 14.7 and 29.5 K, respectively, for a mag-
netic field change from 0 to 2T and from 0 to 5T. All the above
results reveal the terbium diboride as an interesting magnetic cool-
ing material.

4. Conclusion

In summary, magnetocaloric effect has been investigated in ter-
bium diboride in the vicinity of a second-order magnetic transition
at 144 K. The maximum values of magnetic entropy change —ASy,
and adiabatic temperature change AT, are 12.7Jkg-!K-! and
29.5K, respectively, corresponding to the magnetic field change
from 0 to 7T and from O to 5T. Relative cooling power of TbB, is
found to be 256 kg~ T~ for a field change from 0 to 5 T. The large
reversible magnetic entropy change and high cooling power make
TbB, to be a promising cooling material applicable in a temperature
region around 144 K.

Acknowledgements

This work has been supported by the National Natural Science
Foundation of China under Grant Nos. 50831006 and 50701045,
and by the National Basic Research Program (No. 2010CB934603)
of China, Ministry of Science and Technology China.

References

[1] A.M. Tishin, Handb. Magn. Mater. 12 (1999) 395.
[2] VK. Pecharsky, K.A.B. Gschneidner, ]. Magn. Magn. Mater. 67 (1997)
L179.
[3] B.Li, WJ. Hu, X.G. Liu, F. Yang, W.]. Ren, X.G. Zhao, Z.D. Zhang, Appl. Phys. Lett.
92 (2008) 242508.
[4] B. Li, J. Du, W.J. Ren, WJ]. Hu, Q. Zhang, D. Li, Z.D. Zhang, Appl. Phys. Lett. 92
(2008) 242504.
[5] X.G.Liu,D.Y.Geng,].Du,S. Ma, B. Li, P.J. Shang, Z.D. Zhang, Scr. Mater. 59 (2008)
340.
[6] V.V. Novikov, A.V. Matovnikov, Russ. J. Phys. Chem. 81 (2007) 659.
[7] QY. Dong, B.G. Shen, J. Chen, J. Shen, J.R. Sun, J. Appl. Phys. 105 (2009) 113902.
[8] L.Caron, Z.Q. Ou, T.T. Nguyen, D.T. Cam Thanh, O. Tegus, E. Briick, ]. Magn. Magn.
Mater. 321 (2009) 3559.
[9] G.Will, V. Lehmann, K.H.J. Buschow, ]. Magn. Magn. Mater. 6 (1977) 22.
[10] P.Kumar, J. Lyubina, O. Gutfleisch, J. Phys. D: Appl. Phys. 42 (2009) 205003.
[11] ]. Shen, L.Q. Yan, ]. Zhang, F.W. Wang, ].R. Sun, F.X. Hu, C.B. Rong, Y.X. Li, ]. Appl.
Phys. 103 (2008) 07B315.
[12] W. Hermes, T. Harmening, R. Péttgen, Chem. Mater. 21 (2009) 3325.
[13] N.K. Singh, K.G. Suresh, R. Nirmala, A.K. Nigam, S.K. Malik, J. Appl. Phys. 99
(2006) 08K904.
[14] A. Arrott, Phys. Rev. 108 (1957) 1394.
[15] S.K. Banerjee, Phys. Lett. 12 (1964) 16.
[16] H.Gencer, N.Kervan, A. Gencer, M. Gunes, S. Atalay, J. Alloys Compd. 466 (2008)
1.
[17] D.E. Hegland, S. Legvold, F.H. Spedding, Phys. Rev. 131 (1963) 158.
[18] W.F. Giauque, D.P. MacDougall, Phys. Rev. 43 (1933) 768.
[19] K.A.B. Gschneidner, V.K. Pecharsky, Annu. Rev. Mater. Sci. 30 (2000) 387.



	Magnetocaloric effect in terbium diboride
	Introduction
	Experimental
	Results and discussion
	Conclusion
	Acknowledgements
	References


