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Magnetocaloric effectson ThCo;.xAlx compounds
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The ThCos.xAlx compounds with x < 1 crystallize in a rhombohedral structure having R3m space group. The saturation
magnetizations, at 4.2 K, increase as cobalt is replaced by aluminium from 3.8 pg/f.u. (x=0) to 6.14 pg/f.u. (x=1) in
agreement with antiparallel ordering of Th and Co sublattices. The magnetic behaviour of cobalt was analyzed in the spin

fluctuation model. The adiabatic magnetic entropy changes, |Aq , were determined from magnetization data. The largest

magnetic entropy change,
300 K.
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Aﬁ max ? V@S obtained for the sample with x=0.99 which have the Curie temperature around
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1. Introduction

Magnetic materids showing a large magnetocaloric
effect (MCE) have attracted considerable attention for
their potential application in magnetic refrigeration
technology [1-3]. The compounds which undergo
temperature driven paramagnetic to ferromagnetic
trangitions show relaivey large “negative’ MCE, in
which the isotherma magnetic entropy change,
AS., =SH,T)—-S0,T) isnegetive[4]. Refrigerationin
the temperature range 250-300 K is of particular interest
because of potentid impact on energy savings and
environmental concerns. The materids to be applied in
magnetic refrigeration must present a series of properties:
(i) afirst order field induced transition near the working
temperature, in order to use the entropy changes associated
with this trangition; (ii) a high refrigerant capacity:

q:jTT“‘:AS(T)AHdT; (iii) a low magnetic hysteresis in

order to avoid the losses due to domains rotations in a
magnetic refrigeration cycle; (iv) alow heat capacity; (V)
low costs and harmless. The best magnetic refrigerants in
the whole temperature range are rare earths based
compounds.

The physicd propeties of RM; intermetalic
compounds, where R is a rare-earth or yttrium and M a
trangition metad were extensively investigated. As a
function of aloying partner and composition the transition
metals can cover a wide range of behavior from
nonmagnetic state to well defined magnetism [4]. TbCos
compound crystalizes in a rhombohedral PuNiz-type

structure, having R3m space group. In this structure the
Tb atoms occupy two non-equiva ent sites while Co atoms
three types of dtess The TbCo; compound is
ferrimagnetically ordered, the Tb magnetization being
antiparalelly oriented to that of cobat. The magnetic
moments of Co atoms are dependent on lattice sites. By

magnetic measurements only their mean value can be
determined.

Previously, we have andyzed the magnetic properties
of GdCos,Alx compounds [5]. It was shown that the
cobalt moments decrease when increasing Al content. The
above behaviour was corrdlated with p-d hybridisation
effects. In order to obtain additional information on
pseudobinary compounds with Al subgtitutions we
andysed the magnetocdoric effect in ThCos xAly System
in the composition range where rhombohedral solid
solutions are formed.

T T T T T ]
6 ® x=0.000
L") B x=0.166 ]
°om A x=0.330 ]
R o 2 x=0.660 ]
x=0.990 b
- . ;‘ ol ]
;: 4 E BEBBB};BA —_
oA ]
g; e %e o ima ]
= f * W .Bm ]
2 - e H .
- E m
] TbCoB_XAIX n, & o :
- Cop
0'....|....|....!.O...?..EP...|..'

0 100 200 300 400 500

T(K)

Fig. 1. Thermal variations of spontaneous
magnetizations for ThCoz.xAlx compounds.
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2. Experimental

The TbhCos;xAlx compounds were prepared by arc
melting the constituent elements in a purified argon
atmosphere. A small excess of rare earth d ement was used
in order to compensate for losses during melting. The
ingots were remelted several times in order to ensure a
good homogeneity. The samples were heat trested in
vacuum, at 1000 °C, for 5 days. The X-ray anaysis shows,
in the limit of experimenta errors, the presence of one
phase only, for x < 1, having R3m space group. The lattice
parameters decrease dightly when Al content increases,
fact attributed to smaller radius of Al ion compared with
Co one (see Table 1).

Table 1. Composition dependences of |attice parameters,
Curie temperatures and ratio r = S/, for ThCos.xAlx

compounds.

X 0.000 | 0.166 | 0.330 | 0.660 | 0.990
a(h) 5.010 | 5.008 | 5.006 | 5.004 | 5.001
c(R) [24.390 | 24.383 | 24.380 | 24.360 | 24.350

Tc (K) 506 472 409 361 304
=5'S | 1.14 1.24 1.37 1.47 1.56

Magnetic measurements were performed in the
temperature range 4.2-950 K and externa fields up to 9T.
The spontaneous magnetizations, M, were determined
from magnetization isotherms according to approach to
saturation law, M = M¢(1 - a/H) + x,H. We denoted by a
the coefficient of magnetic hardness and X, is a Pauli-type
contribution. Above the Curie points, the susceptibilities
were determined by using a Faraday type balance, the
samples being sealed in vacuum.

The entropy changes were determined from
magnetization isotherms, between zero fidld and a
maximum field (Hy) using the thermodynamic rel ation:

AS, (T,Hy) =S, (T.Hg) —Sn(T.0) =A—1T jD[M(T +AT,H) - M(T,H)lH
0

where AT is the temperature increment between
measured magnetization isotherms (AT = 5 K for our
data).

3. Results and discussion

The thermal variations of spontaneous magnetizations
are plotted in Fig. 1. The saturation magnetizations, at
4.2 K, increase from 3.8 pg/f.u. a x=0 to 6.14 pg/f.u. a
x=0.99. The above behaviour is in agreement with the
presence of a ferrimagnetic type ordering. Assuming that
the terbium mean magnetic moment, at 4.2 K, is the same
like that determined on ThCo; compound by neutron
diffraction study [7] the cobdt contributions to
magnetizations were determined. The mean cobalt
moments decrease gradualy when cobat atoms are

replaced by aluminium ones — Fig. 2. The ordered-
paramagnetic transitions are of second order.

The temperature dependences of reciproca
susceptibilities, X, follow a hyperbalic law of Néd - type,
characteristic for ferrimagnetic ordering. At high
temperatures, the X vs. T plots shows linear dependences.
The Curie constants, determined in the above temperature
ranges, are higher than the characteristic values for Th*
ion suggesting the presence of contributions from the
cobalt atoms. According to addition law of susceptibilities
and supposing that the Curie constant of terbium is the
same as that of Tb>" ion, we determined the contributions
of Co, to the Curie constants and the effective cobalt
moments, Mg(Co), respectively-Fig. 2.
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Fig. 2. Composition dependences of the mean cobalt
magnetic moment at 4.2 K and mean effective moments.

The Mgi(Co) vaues are only dightly composition
dependent. The Curie temperatures T, decrease when x
increase, varying from 506 K for x=0 to 311 K for x=0.99.
We note that there is a linear dependence of mean cobalt
moments on the Curie temperatures. The ratio r=S/S,
between the number of spins obtained from effective
cobalt moments, Sp, and saturation moments, S, increase
with Al content - Table 1. In the local moment limit we
have r=1.0. For a weak ferromagnet the r values increase
considerably. In case of ThCos; compound the r=1.14 value
suggest that cobalt has mainly a localized moment. The
gradua substitution of Co by Al increase the r values, the
itinerancy degree, respectively. The above behaviour can
be analyzed in spin fluctuation model [8]. When the
amplitude of local spin fluctuations (LSF) is large and
fixed, there is a loca moment limit, where only the
transverse components of LSF are important. As the
amplitude of LSF issmall, there is the weakly ferromagnet
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limit, where the longitudina components of LSF or
temperature variation of amplitude of LSF play an
important role  From the variation of r vaues in
ThCoz xAlyx system we conclude that there are some
contributions from longitudinal components of LSF which
increese when Al content is greater, athough the
transverse components dominate.

The temperature dependence of magnetic entropy
change in 5, 7 and 9T external applied fidd for the
compound with x=0.99 are plotted in Fig. 3. The
maximum values of entropy change occur amost a the
Curie temperature for al the compounds. The maximum
velue is around 8.5 Jkg K in a 9T magnetic field for the
compound with sharper transition (x=0.99) around 300 K.
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Fig. 3. Magnetic entropy change of the compound with
x=0.99 as function of temperature in different applied
magnetic fields.

The magnetic entropy change decreases at 6 Jkg K in
fidd of 7T and a 4 Jkg K in field of 5T. These values are
somewhat smaler than those evidenced in
La(FepgsAlo12)13Cx  interstitidl  compounds where as
function of x values changes from 9.6 to 8.3 Jkg K were
evidenced in field of 5T [9]. The determined AS valuesin
ThCoz xAlx are rather high for compounds showing a
second order type transition. In case of the compound with
x=0.99 around 65% of the heat is &bsorbed in a
temperature range +10 K, centered at the Curie point.

The origin of the large magnetic entropy changein the
compound with x=0.99 could be attributed to the
considerable variation of the magnetization near the
transition temperature.

4. Conclusions

We have studied the magnetocdoric effect in
TbCoz xAlx compounds in the region where a

rhombohedral  structure having R3mspace group is
formed. Large magnetic entropy change has been observed
for al concentrations with a maximum a x=0.99. The
transition temperature can be tuned via Al concentration.
These suggest that TbhCos xAlx has a potential application
as aworking substance of magnetic refrigeration.
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