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Magnetocaloric effect in rare-earth pseudobinary Er„Co1ÀcNic…2
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In this paper we study the magnetocaloric effect in the Laves phase pseudobinary Er(Co12cNic)2. We use a
theoretical model, considering both the localized spins of rare-earth ions and the itinerant electrons of the
transition elements. The two-body interactions are treated in the mean-field approach and the disorder is treated
in the coherent-potential approximation. The calculated isothermal magnetic entropy and the adiabatic tem-
perature change exhibit a good agreement with the available experimental data. We also propose a composite
material, based on different samples of the pseudobinary Er(Co12cNic)2, to work as a magnetic refrigerant in
the Ericsson cycle in the temperature range from 15 K to 36 K.
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I. INTRODUCTION

The magnetic cooling or heating occurs when a magn
material is submitted to an external magnetic-field change
an ideal thermodynamical cycle1,2 such as the Carnot cycl
in the entropy versus temperature diagram. In the isother
processes of this cycle, which are generated by increasin
decreasing the external magnetic field, keeping constan
temperature, the magnetic part of the entropy of the mate
is then changed by DSmag(T)5Smag(T,hextÞ0)
2Smag(T,hext50). The quantityDSmag is usually called the
isothermal magnetic entropy change. In the adiabatic p
cesses of this cycle which are generated by increasing
decreasing the external magnetic field, keeping constan
entropy, the temperature of the magnetic material is t
changed byDTad(T)5T22T1, determined under the adia
batic conditionS(T2 ,hextÞ0)5S(T1 ,hext50), whereS is
the total entropy. The magnetocaloric effect, which is m
sured by bothDSmag(T) and DTad(T), is intrinsic to all
magnetic materials and is due to the coupling of the m
netic lattice with the external magnetic field. The magne
caloric effect has been investigated in many magn
materials.1–11 The heavy lanthanide metals and their co
pounds have been the most studied materials because of
large magnetic moments. On the one hand, the theore
description of the magnetocaloric effect in rare earth int
metallic compounds such as RAl2 and RNi2 may be done by
means of a model Hamiltonian12–14 including only local
spins, since Al and Ni are nonmagnetic and the magnetism
these intermetallics is entirely due to the rare-earth ions.
the other hand, the theoretical description of the magneto
loric effect in RCo2 and RFe2 intermetallic compounds15,16

should include both localized 4f spins and itinerant 3d elec-
trons, since in these compounds the magnetic moments a
R, Co, and Fe sites contribute to the magnetism. Howeve
should be emphasized that the theoretical description of
magnetocaloric effect inRCo2 compounds is somewha
easier than that for theRFe2 compounds; once in theRCo2
intermetallics the magnetic moments at the Co sites are
duced by the rare-earth ions, whereas in theRFe2 com-
pounds both theR and the Fe ions have spontaneous m
netic moments.
0163-1829/2004/69~6!/064421~7!/$22.50 69 0644
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To what extent the itinerant electrons participate in t
physical mechanism which governs the magnetocaloric
fect in rare-earth–transition-element intermetallic co
pounds is not yet completely understood. Experimen
data10 show that both the isothermal magnetic entro
change and the adiabatic temperature change in the inte
tallic compoundsRCo2 (R5Er,Dy,Ho! exhibit large values
at around the magnetic ordering temperature and they b
drop quickly further way. This kind of behavior in theDSmag

versusT andDTad versusT curves is directly associated wit
the first-order magnetic phase transition due to the metam
netism at the 3d band of Co. Although the main contributio
to the magnetic and thermodynamical properties of theRCo2

intermetallic compounds comes from the local spins of
rare-earth ions, the itinerant electrons of the Co ions play
important role in them. Experimental data11 also show that
the substitution of Ni for Co in the pseudobina
Er(Co12cNic)2 not only reduces the magnetic ordering tem
perature but also changes the nature of the magnetic p
transition from first to second order, above a critical Ni co
centration at around 10%. Accordingly, the magnitude a
the position of the peak in theDSmag versusT and DTad

versusT curves change as a function of the Ni concentrati
As it has been mentioned before, the magnetocaloric effec
ErNi2 is entirely due to the local moments of Er ions while
ErCo2 both itinerant electrons and local spins play an imp
tant role in the establishment of the magnetocaloric effe
Hence for a small Ni concentration the magnetocaloric eff
in the doped compound Er(Co12cNic)2 is due to two mag-
netic sublattices associated with local spins and itiner
electrons. As the Ni concentration is increased the contri
tion of the itinerant electrons to the total magnetization d
creases, so that the magnetocaloric effect is mainly gover
by the local spins of the Er ions.

In order to study the magnetocaloric effect in the Lav
phase pseudobinary Er(Co12cNic)2 we use a microscopic
model Hamiltonian considering that the local spins of the
ions are immersed into an effective subsystem of itiner
electrons containing disorder. We also include the effect
the crystalline electrical field on the 4f spins of the rare-
©2004 The American Physical Society21-1
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earth ions. For the sake of simplicity we use the Hartr
Fock approximation to treat the Coulomb interaction b
tween itinerant electrons and the molecular-field approxim
tion to deal with the exchange interaction between locali
spins. The disorder is treated in the nondiagonal coher
potential approximation. The calculatedDSmag versusT and
DTad versusT curves for the pseudobinary Er(Co12cNic)2
are in good agreement with the available experimental da11

We also propose a composite material, formed by six dif
ent samples of the pseudobinary Er(Co12cNic)2 ~c50.0,
0.012, 0.025, 0.035, 0.05, 0.075! to work as a magnetic re
frigerant from 15 K to 36 K.

II. HAMILTONIAN AND APPROXIMATIONS

In order to describe the magnetocaloric effect in t
pseudobinary compound Er(Co12cNic)2, we start with the
following model Hamiltonian:

H52J0
e f f(

i j
Ji

fJj
f2gimB(

i
Ji

fhext2Jd f(
i

Ji
fsi

d

1(
i

WFx
~O4

015O4
4! i

F4
1~12uxu!

~O6
0221O6

4! i

F6
G

1(
is

«0s
I dis

1 dis1(
i j s

Ti j s
II 8 dis

1 dj s1UI(
i

ni↑ni↓

2gemB(
i

si
dhext. ~1!

The terms in the first row of this Hamiltonian describe loc
ized spins, whereJf is the total angular momentum of th
rare-earth ions andhext represents the external magnetic fie
applied along the easy magnetization direction.J0

e f f is the
effective exchange interaction parameter between local
spins. The terms in the second row of this Hamiltonian r
resent the crystalline electrical field for the cub
symmetry,17 where W is an energy scale andx gives the
relative importance of the fourth- and sixth-order terms.Om

n

are Stevens’ operators18 andF4560, F6513860. The terms
in the third and fourth row of this Hamiltonian describe iti
erant electrons where«0s

I (I 5Co or Ni! is an atomic energy

level andTi j s
II 8 (I ,I 85Co or Ni! represents the electron hop

ping energy between two different sites;UI (I 5Co or Ni! is
the Coulomb interaction parameter between itinerant e
trons;si

d is the spin of itinerant electrons andJd f is the ex-
change interaction parameter between itinerant electrons
localized spins. The parametersgi andge are the Lande` fac-
tors of the rare-earth ions and of the itinerant electrons,
spectively. Note that in this Hamiltonian, the disorder is co
tained in the local terms«0s

I and UI as well as in the

nonlocal termTi j s
II 8 . In the mean-field approximation th

Hamiltonian ~1! can be written as two effective Hamilto
nians, namely:
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Hd
e f f5(

i s
« is

I dis
1 dis1(

i j s
Ti j s

II 8 dis
1 dj s , ~2!

H f
e f f52(

i
~J0

e f f^Jf&10.5Jd f^s
d&!Ji

f1HCF

2gimB(
i

hextJi
f . ~3!

The HamiltonianHd
e f f describes a subsystem of itinera

electrons under the action of the effective magnetic field g
erated by the localized spins, where« is

I 5«0
I 1UI^n2s&

20.5sJd f^J
f&2gemBhext. The effective HamiltonianH f

e f f

describes a subsystem of localized spins under the actio
the crystalline electric field (HCF) and coupled to the itiner-
ant electrons.

In order to treat the disorder in the effective Hamiltoni
Hd

e f f , we use the coherent-potential approximation~CPA!.19

In this approximation, we consider that the difference in t
electron hopping energy involving sites occupied by differe
atoms is parametrized by

Ti j
II 85j i

IT0j j
I 8 , ~4!

whereT0 is a reference hopping energy. The parametersj i
I

andj j
I 8 (I , I 85Co or Ni! should be taken consistently wit

the extension of thed-wave functions of Co and Ni atoms
With this approximation we can write Green’s functio
G(z)5(z2Hd

e f f)21 as19

Gs~z!5F(
is

~z2« is
I !dis

1 dis2(
i j s

j i
IT0j j

I 8dis
1 dj sG21

,

~5!

where z5«1 i0. Defining the renormalized energy«̃ is
I

5(z2« is
I )/j i

2 the Green function reads

Gs~z!5
1

~j I !2 F(
is

«̃ is
I ~z!dis

1 dis2(
i j s

T0dis
1 dj sG21

. ~6!

Note that in the above Green function, the disorder is n
contained only in the local term described by the renorm
ized energy«̃ is

I . In order to restore the translational invar
ance of the system, we introduce an effective medium wit
self energySs . The Green function of the subsystem
itinerant electrons, written in terms of the self-energy,
given by

gs~z!5F(
is

Ss~z!dis
1 dis2(

i j s
T0dis

1 dj sG21

. ~7!

In order to determine the self-energy, we put in a given s
‘‘0’’ an atom with energy«̃ is

I , creating a Koster-Slater prob
lem of a single impurity embedded in the effective mediu
The perturbed Green functionG(z) for the Koster-Slater
problem in the effective medium is
1-2
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Gs~z!5H F(
is

Ss~z!di
1di2(

i j s
T0di

1dj G
1~ «̃0s

I ~z!2Ss~z!!d0
1d0J 21

. ~8!

Using the unperturbed Green function

gs~z!5F( isSsdis
1 dis2(

i j s
T0dis

1 dj sG21

we can rewrite the perturbed Green functionG(z) as

Gs~z!5$@gs
21~z!1~ «̃0s

I ~z!2Ss~z!!#%21. ~9!

Multiplying on the left by the inverse of term on the righ
hand side and after a simple algebra, the perturbed G
function G(z), written in the site representation, takes t
form

G i j s~z!5gi j s~z!

1gi0s~z!
~Ss~z!2 «̃0s

I ~z!!

12g00s~z!~Ss~z!2 «̃0s
I ~z!!

g0 j s~z!.

~10!

Taking the average on the previous equation and assum
^G i j s(z)&5^gi j s(z)&, we obtain the well-known CPA
equation19

K ~Ss~z!2 «̃0s
I ~z!!

12g00s~z!~Ss~z!2 «̃0s
I ~z!!

L 50 ~11!

which determines the self-energySs . Hereg00s can be cal-
culated by the Hilbert transform of a standard paramagn
3d density of statesr0, i.e., g00s(z)5*d«r0(«)/(z2Ss).
Once the self-energy is determined, the local Green func
at the impurity site 0 occupied by an atomI (I 5Co or Ni! is
given by

G00s
I ~z!5F g00s~z!

12g00s~z!~Ss~z!2 «̃0s
I ~z!!g00s~z!

G . ~12!

Accordingly, the spin-polarized local density of states at
origin occupied by an atomI is then given by

rs
I ~«!52

1

p
ImF 1

~j I !2
G00s

I ~z!G . ~13!

III. MAGNETIZATION AND ENTROPY

The total magnetization of the intermetallic compound
given by the summation of the contribution from the su
system of itinerant electrons (Md) and the contribution from
the subsystem of localized spins (MR). The temperature de
pendence of the magnetization associated with the subsy
of localized spins is given by
06442
en

ng

ic

n

e

-

em

MR5gimB

(
i

^f i uJuf i&exp~2bEi !

(
i

exp~2bEi !

, ~14!

whereb51/kT, k being the Boltzmann constant.f i andEi
are the eigenvectors and the eigenvalues of the effec
HamiltonianH f

e f f .
The local magnetization at the Co or Ni site is calculat

by MI5n↑
I 2n↓

I , wherens
I is the electron occupation numbe

per spin direction given by

ns
I 5E

2`

m

rs
I ~«! f ~«!d«. ~15!

Here f («) is the Fermi distribution function,m is the chemi-
cal potential, andrs

I («) is the local density of states at a si
occupied by an atomI (I 5Co or Ni!, calculated by Eq.~13!.
The magnetization in the subsystem of itinerant electron
then calculated byMd5(12c)MCo1cMNi. Note that the
contribution from the itinerant electrons to the total magn
tization depends on the local spins through^Jf& which renor-
malizes the density of statesrs

I . Note also that the contribu
tion from the localized spins to the total magnetizati
depends on the itinerant electrons via^sd& which acts on the
subsystem of local spins as an effective magnetic field.

The total entropy of the intermetallic compounds is ma
by the contribution from the magnetic (Smag) and the crys-
talline lattices (Slat), i.e., Stot5Slat1Smag. Here we take
the crystalline lattice entropy in the Debye approximatio
which is given by

Slat~T!5F23R lnS 12expS 2
QD

T D D
112RS T

QD
D 3E

0

QD /T x3

exp~x!21
dxG , ~16!

whereQD is the Debye temperature andR is the universal
gas constant. The magnetic entropySmag is the sum of the
contribution from the subsystem of localized spins (Sloc)
plus the contribution from the subsystem of itinerant ele
trons (Sel), i.e.,Smag5Sloc1Sel . The contributionsSloc and
Sel are given respectively by the relations14–16

Sloc~T,hext!5RF ln(
i

e2bEi1
1

kT

( iEie
2bEi

( ie
2bEi

G ,

~17!

Sel~T,hext!5RF( sE ln~11e2b(«2m)!rs~«!d«

1
1

kT ( sE ~«2m!rs~«! f ~«!d«G .
~18!
1-3
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Once the total entropy is obtained the magnetic entr
change and the adiabatic temperature change upon mag
field variation is calculated by

DSmag~T!5Smag~T,hextÞ0!2Smag~T,hext50!, ~19!

DTad~T!5T22T1 . ~20!

IV. NUMERICAL RESULTS AND DISCUSSION

In this section we show our theoretical calculations for
magnetocaloric effect in the Laves phase pseudobin
Er(Co12cNic)2. The Debye temperature for the intermetal
compounds ErCo2 and ErNi2 were respectively taken as12,20

QD
Co5240 K andQD

Ni5200 K. The crystal-field parameter
for the intermetallic compounds ErCo2 and ErNi2 were re-
spectively taken as21,22 @xCo520.24, WCo520.042 meV]
and @xNi520.54, WNi520.034 meV]. For intermediate
concentrations we take these parameters as a linear inte
lation of the corresponding values for the pure compoun
The total angular momentumJf and theg factors were ex-
tracted from Hund’s rule. The exchange interaction para
eter Jd f was taken as23 Jd f51.4 meV. For a given Ni con-
centration, the effective exchange interaction parameterJ0

e f f

was properly chosen to describe the experimental value
the magnetic ordering temperature of the pseudobin
Er(Co12cNic)2. The standard paramagnetic 3d density of
states for the pure intermetallic compound ErCo2 (c50) was
taken from the calculations of Syshchenkoet al.24 ~see
Fig. 1!. The 3d-electron occupation number at the Co site
ErCo2 was estimated asnCo51.80. For the pure intermetalli
compound ErNi2 (c51.0) we consider the starting parama
netic 3d density of states, similar to the one used for the p
compound ErCo2 with slightly different bandwidth. The
3d-electron occupation number at the Ni site in ErNi2 was
estimated asnNi51.96. In the intermetallic ErCo2, the Fermi
level lies close to a sharp peak in the density of sta
whereas in the intermetallic ErNi2, it is located at the end o

FIG. 1. Paramagnetic density of states for the intermetallic co
pounds ErCo2 and ErNi2. Vertical lines represent the chemical p
tentials.
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the 3d band as can be seen in Fig. 1. In our model
difference in the Co and Ni bandwidth is taken into accou
by the parameterj I (I 5Co or Ni!. Here we takejCo51 and
jNi51.15. The factorUI parametrizing the Coulomb inter
action between itinerant electrons was chosen to ensure
the Stoner criterion for the appearance of the magnetic o
at the Co or Ni site is not fulfilled. All of these paramete
are kept fixed during the entire self-consistent process.

In order to solve the self-consistency defined by the c
pling between the subsystems of localized spins and itine
electrons, we take the following procedure. For a given te
perature and for a initial value of^sd& we write the effective
HamiltonianH f

e f f for the subsystem of localized spins in
matrix notation18 using the eigenvectors of the crystal-fie
term in the cubic symmetry forJ515/2. After diagonalizing
this matrix, we obtain the energy eigenvalues and the m
value^Jf&. Afterwards we turn to the subsystem of itinera
electrons and use the obtained value of^Jf& to compute the
spin-polarized density of states and consequently obta
new value for^sd&. This process is repeated until two co
secutive values of̂sd& and^Jf& are obtained within a preci
sion previously defined. After solving the process cons
tently, we calculate the magnetization and the total entro
of the pseudobinary Er(Co12cNic)2 in the absence of an ex
ternal magnetic field and forhext55 T. Our calculations
show that in the case of the pure compound ErCo2 the sub-
system of localized spins has a spontaneous magnetiza
due to the exchange coupling between local spins. On
other hand, the magnetic subsystem of itinerant electrons
a magnetization antiparallel to the Er one, induced by
coupling of the itinerant electrons with the local spins.
Fig. 2, we show the temperature dependence of the contr
tions from the subsystems of local spins and itinerant e
trons to the total magnetization of the intermetallic co
pound ErCo2. The nature of the magnetic phase transition
aroundTc533 K is of first order. This first-order transition i
due to the metamagnetic transition at the Co band, whic
associated with the position of the Fermi level near a sh

-

FIG. 2. Temperature dependence of the local magnetizatio
the Laves phase compound ErCo2. The solid lines represent th
local magnetization in the absence of an external magnetic fi
The dotted lines represent the local magnetization calculated
an external magnetic field of 5 T.
1-4
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peak in the density of states. As Ni is substituted for Co
3d-electron occupation number increases and the Fermi
ergy moves away from the peak in the density of states. A
result, the contribution from the 3d band to the total magne
tization decreases gradually. Besides, the critical tempera
drops with increasing Ni concentration, and the magne
phase transition becomes of second order, above a critica
concentration. In Fig. 3, we show the temperature dep
dence of the total magnetization, per unity formula, of t
pseudobinary Er(Co12cNic)2 for some Ni concentrations. In
Fig. 4 we plot the magnetic entropy for the pseudobin
Er(Co12cNic)2, in the absence of an external magnetic fie
as well as for an external magnetic field of 5 T. From th
figure we can observe that the magnetic entropy of
pseudobinary Er(Co12cNic)2 for all Ni concentrations satu
rates aroundR ln(2J11).22.98 J/K mol, which is the ex
pected saturation value of the magnetic entropy for thef
spins of the Er ions. This fact indicates that the contribut
from the itinerant electrons to the magnetic entropy of
pseudobinary Er(Co12cNic)2 at high temperature is almos
negligible. However, the first-order magnetic phase transi
observed in this pseudobinary, with a latent heat of about
J/mol, for c50 and 125 J/mol forc50.05 and its influence
on the magnetocaloric effect strongly depends on the c
pling between itinerant 3d electrons and local 4f spins.

We calculate the isothermal magnetic entropy and
adiabatic temperature change for the pseudobin
Er(Co12cNic)2 using a magnetic-field variation from 0 to
T. The obtained results are shown in Figs. 5 and 6, resp
tively. The curves forc50.025 are our theoretical predic
tions, since there are no available experimental data for
concentration. For the other concentrations, our calculat
are in agreement with the experimental data.11 However, we
can note some deviations of our calculations in the lo
temperature regime for some Ni concentrations. This me
that the model should be improved to calculate better
electronic structure, which plays an important role in t

FIG. 3. Temperature dependence of the total magnetization
unit formula, in the Laves phase pseudobinary Er(Co12cNic)2. The
solid lines represent the total magnetization calculated in the
sence of an external magnetic field, whereas the dotted lines re
sent the local magnetization calculated with an external magn
field of 5 T.
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magnetocaloric effect of this pseudobinary.
From Figs. 5 and 6, we can observe that both theDSmag

versusT and DTad versusT curves of the pseudobinar
Er(Co12cNic)2 for small Ni concentrations exhibit the max
mum value at around the magnetic ordering temperature

er

b-
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tic

FIG. 4. Temperature dependence of the magnetic entropy in
Laves phase pseudobinary Er(Co12cNic)2 for c51.0, c50.05 ~a!
and c50.1, c50.0 ~b!. The solid lines correspond to our calcula
tions in the absence of an external magnetic field, whereas o
circles, triangles, and squares represent experimental data~Ref. 11!.
The dotted lines correspond to our calculations for an external m
netic field of 5 T.

FIG. 5. Temperature dependence of the isothermal magnetic
tropy change in the Laves phase pseudobinary Er(Co12cNic)2. The
solid lines correspond to our calculations for a magnetic-field va
tion from 0 to 5 T. Open circles, triangles, squares, and cros
represent experimental data~Ref. 11!.
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drop down quickly as we move further away. Besides,
position of the maximum value of theDSmag versusT and
DTad versusT curves moves to lower temperature as
increase the Ni concentration. The existence of large va
in the DSmag versusT and DTad versusT curves only at
around the magnetic ordering temperature imposes a
limitation to the use of single magnetic materials as a go
magnetic refrigerant in the Ericsson thermodynamical cy
In order to overcome this limitation the creation of a co
posite material made by combining single magnetic mater
with slightly different magnetic ordering temperature b
with similar magnitude of the isothermal magnetic entro
change has been suggested in the literature.25,26 The com-
posite magnetic material obtained in this way is suppo
to exhibit a nearly constant isothermal magnetic entro
change in a wider range of temperature. Here, we
numerical simulations to construct a composite mate
formed by @Er(Co12cNic)2#yi

~c50.0, 0.012, 0.025, 0.035

0.05, 0.075!, i.e., Ay1
By2

Cy3
Dy4

Ey5
Fy6

, where A5ErCo2 ,

B5Er(Co0.988Ni0.012)2 , C5Er(Co0.975Ni0.025)2 ,
D5Er(Co0.965Ni0.035)2 , E5Er(Co0.95Ni0.05)2, and
F5Er(Co0.925Ni0.075)2. The factorsyi represent the mass ra
tio of each component under the conditiony11y21y31y4
1y51y651. The effective isothermal magnetic entrop
change and the magnetization of this composite materia
given by26

~DSmag!comp5(
i 51

6

yi~DSmag! i ,

Mcomp5(
i 51

6

yiM i ,

whereMi and (DSmag) i ( i 51,2,3,4,5,6) represent the ma
netization and the effective isothermal magnetic entro
change of the single materials ErCo2 , Er(Co0.988Ni0.012)2 ,
Er(Co0.975Ni0.025)2 , Er(Co0.965Ni0.035)2 , Er(Co0.95Ni0.05)2,

FIG. 6. Temperature dependence of the adiabatic tempera
change in the Laves phase pseudobinary Er(Co12cNic)2. The solid
lines correspond to our calculation for a magnetic-field variat
from 0 to 5 T. Open circles, triangles, squares, and crosses repr
experimental data~Ref. 11!.
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and Er(Co0.925Ni0.075)2, respectively. The temperature depe
dence of the total magnetization of this composite mater
calculated usingy150.14, y250.09, y350.11, y450.12,
y550.26, andy650.28 is shown in Fig. 7. The steps ob
served in this magnetization curve are due to the superp
tion of the magnetization curves of each single mate
which exhibits first-order magnetic phase transition at diff
ent magnetic ordering temperature. Associated to each
in this magnetization curve, there are peaks in theDSmag
versusT and DTad versusT curves. This is easily under
stood, if we invoke that bothDSmag andDTad can be calcu-
lated by the derivative of the magnetization curve with
spect to temperature, i.e.,DSmag5*(]M /]T)dhext DTad
52*(T/C)(]M /]T)dhext, whereC is the specific heat. The
correspondingDSmag versusT curve of this composite ma
terial is shown in Fig. 8. From this figure, we can obser

re

n
ent

FIG. 7. Temperature dependence of the magnetiza
of the composite materialA0.14B0.09C0.11D0.12E0.26F0.28, where
A5ErCo2 , B5Er(Co0.988Ni0.012)2, C5Er(Co0.975Ni0.025)2 ,
D5Er(Co0.965Ni0.035)2 , E5Er(Co0.95Ni0.05)2, and
F5Er(Co0.925Ni0.075)2.

FIG. 8. Temperature dependence of the isothermal m
netic entropy change in the composite ma
rial A0.14B0.09C0.11D0.12E0.26F0.28, where A5ErCo2 ,
B5Er(Co0.988Ni0.012)2 , C5Er(Co0.975Ni0.025)2 ,
D5Er(Co0.965Ni0.035)2 , E5Er(Co0.95Ni0.05)2, and
F5Er(Co0.925Ni0.075)2 for a magnetic-field variation from 0 to 5 T
1-6



ea
ur
his
a

ot
th

th

ag
de
cu

alt

nt
the
nd.
ich
not

n-
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that the isothermal magnetic entropy change exhibits at l
the constant value 5 J/K mol in the range of temperat
from 15 K to 36 K. Hence, in this range of temperature t
composite material is a good candidate to work as a m
netic refrigerant in the Ericsson cycle.

In conclusion, our theoretical calculations show that b
localized spins and itinerant electrons play a key role in
magnetocaloric effect in the pseudobinary Er(Co12cNic)2.
We have also shown that the magnetocaloric effect in
pure intermetallic compound ErCo2 is due to two magnetic
sublattices, while in the pseudobinary Er(Co12cNic)2 the
magnetocaloric effect is mainly dominated by only one m
netic sublattice, above a critical Ni concentration. The mo
presented in this paper is straightforwardly applied to cal
te

te

te

,

hy

06442
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late the magnetocaloric effect in other rare-earth cob
intermetallic compounds such as Ho(Co12cNic)2 and
Ho(Co12cRhc)2. It is also worth pointing out that the prese
model may be improved by including the degeneracy of
3d states and the two sublattice character of the compou
However, it is expected that these improvements, wh
make the numerical calculations much more complex, do
change the main conclusions of this paper.
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