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In this paper we study the magnetocaloric effect in the Laves phase pseudobinary ENigp. 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($l.),, 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 To what extent the itinerant electrons participate in the
physical mechanism which governs the magnetocaloric ef-
The magnetic cooling or heating occurs when a magnetiect in rare-earth—transition-element intermetallic com-
material is submitted to an external magnetic-field change, ipounds is not yet completely understood. Experimental
an ideal thermodynamical cydiésuch as the Carnot cycle datd® show that both the isothermal magnetic entropy
in the entropy versus temperature diagram. In the isothermahange and the adiabatic temperature change in the interme-
processes of this cycle, which are generated by increasing @jlic compoundsRCo, (R=Er,Dy,Ho) exhibit large values
decreasing the external magnetic field, keeping constant thg around the magnetic ordering temperature and they both
temperature, the magnetic part of the entropy of the materiadrop quickly further way. This kind of behavior in theS,,
is then changed by ASyaf(T)=SnadT.h*'#0)  \ersysT andA T, , versusT curves is direct jated wi
> ext_ - 4 ad y associated with
. Smag(T.h 0). The quantitl Spagis usually C"?‘”ed _the the first-order magnetic phase transition due to the metamag-
isothermal magnetic entropy change. In the adiabatic PrOhetism at the @ band of Co. Although the main contribution

cesses of this cycle which are generated by increasing Qr : ; .
decreasing the external magnetic field, keeping constant the the magnetic and thermodynamical properties oiRi,

entropy, the temperature of the magnetic material is thehntermetalll_c CompOl_Jnds comes from the local Spins of the
changed byAT,4(T)=T,—T,, determined under the adia- _rare-earth ions, the itinerant el_ectrons of the Co ions play an
batic conditionS(T,,h®0)=S(T,,h**'=0), whereS is important r_ole_ in them. _Experlmente_ll d&taalso show t_hat
the total entropy. The magnetocaloric effect, which is meath® substitution of Ni for Co in the pseudobinary
sured by bothAS,.{(T) and AT,q(T), is intrinsic to all Er(Co,_Ni.)» not only reduces the magnetic orderlng tem-
magnetic materials and is due to the coupling of the magPerature but also changes the nature of the magnetic phase
netic lattice with the external magnetic field. The magnetolransition from first to second order, above a critical Ni con-
caloric effect has been investigated in many magneti¢entration at around 10%. Accordingly, the magnitude and
materials: ' The heavy lanthanide metals and their com-the position of the peak in thAS;,,4 versusT and AT,4
pounds have been the most studied materials because of thggrsusT curves change as a function of the Ni concentration.
large magnetic moments. On the one hand, the theoreticds it has been mentioned before, the magnetocaloric effect in
description of the magnetocaloric effect in rare earth inter£rNi, is entirely due to the local moments of Er ions while in
metallic compounds such as RAind RN} may be done by ErCo, both itinerant electrons and local spins play an impor-
means of a model Hamiltoniaf** including only local  tant role in the establishment of the magnetocaloric effect.
spins, since Al and Ni are nonmagnetic and the magnetism fience for a small Ni concentration the magnetocaloric effect
these intermetallics is entirgly due to th_e rare-earth ions. Ofh the doped compound Er(¢o.Ni.), is due to two mag-
the other hand, the theoretical description of the magnetocayetic sublattices associated with local spins and itinerant

X . . . 16 - L .
loric eﬁect inRCo, and RFe, mte_rmetalllq .Compoundé electrons. As the Ni concentration is increased the contribu-
should include both localizedf4spins and itinerant@elec- (o of the itinerant electrons to the total magnetization de-

trons, since in these compounds the magnetic moments at t!&?eases, so that the magnetocaloric effect is mainly governed
R, Co, and Fe sites contribute to the magnetism. However, 'lBy the local spins of the Er ions

should be emphasized that the theoretical description of the In order to study the magnetocaloric effect in the Laves

magnetocaloric effect inrRCo, compounds is somewhat phase pseudobinary Er(CqNic), We use a microscopic

easier than that for thBRFe, compounds; once in theCo, L N .
intermetallics the magnetic moments at the Co sites are inr_nodel Hamiltonian considering that the local spins of the Er

duced by the rare-earth ions, whereas in ®ige, com- 'ONS are immersed into an effective subsystem of itinerant

pounds both th& and the Fe ions have spontaneous mag_electrons containing disorder. We also include the effect of
netic moments. the crystalline electrical field on thef4spins of the rare-
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earth ions. For the sake of simplicity we use the Hartree- otf - -

Fock approximation to treat the Coulomb interaction be- HE=2 el difdi,+ > TH,did;,, 2
tween itinerant electrons and the molecular-field approxima- v e

tion to deal with the exchange interaction between localized

spins. The disorder is treated in the nondiagonal coherent- HEMT=— > (383" +0.804¢(s?))If + HCF
potential approximation. The calculatéd,,,4 versusT and [

AT,q4 versusT curves for the pseudobinary Er(£qNig),

are in good agreement with the available experimental #ata. — giMBE hextJif ) ®)
We also propose a composite material, formed by six differ- [

ent samples of the pseudobinary Er¢CgNi c=0.0, o ) .
0.012 0_%25 0.035 505 0.07% \)//vorkﬁag\;lcr%zaénetic re. The HamiltonianH§" describes a subsystem of itinerant
frigera,mt frorr,1 15 K 'Eo 36 K electrons under the action of the effective magnetic field gen-

erated by the localized spins, wheed =s)+U'(n_,)
—0.5034¢(3") — geugh®™ The effective HamiltoniarH '’
II. HAMILTONIAN AND APPROXIMATIONS describes a subsystem of localized spins under the action of
the crystalline electric field“F) and coupled to the itiner-
In order to describe the magnetocaloric effect in theant electrons.

pseudobinary compound Er(€aNi;),, we start with the In order to treat the disorder in the effective Hamiltonian

following model Hamiltonian: HE™, we use the coherent-potential approximati@iPA).1°
In this approximation, we consider that the difference in the
electron hopping energy involving sites occupied by different

atoms is parametrized by
H= =362 33 —gine3 =342 Js]

T =eT,8)" 4
S w5 (05500, (0§—2109), 1 =Tt @
* ; W F +(1=[x]) Fe whereT, is a reference hopping energy. The paramegers
and g}' (I, 1"=Co or Ni) should be taken consistently with
+ ) b, ditdig+ > Ti'!(’}_di*rdjaJrU'E NN, the extension of thel-wave functions of Co and Ni atoms.
io ‘ o U i With this approximation we can write Green’s function
G(z)=(z—HEM ! ag®
~Gera 2y ST ) »
Go(2)=| X (zmel,)di b= 2 elTof) did,|
The terms in the first row of this Hamiltonian describe local- ®

ized spins, wherd' is the total angular momentum of the . . , ~
rare-earth ions and®*! represents the external magnetic field Where les“;'o' Defining the renormalized energy;,
applied along the easy magnetization directidf’ is the = (Z—&i,)/& the Green function reads

effective exchange interaction parameter between localized

spins. The terms in the second row of this Hamiltonian rep-

resent the crystalline electrical field for the cubic Go(2)= W
symmetryt’ where W is an energy scale and gives the

relative importance of the fourth- and sixth-order ter@§,  Note that in the above Green function, the disorder is now
are Stevens’ operatdfsand F4=60, F¢=13860. The terms contained only in the local term described by the renormal-
in the third and fourth row of this Hamiltonian describe itin- ized energﬁi'(,. In order to restore the translational invari-

erant electrqns where,, (1=Co or Nj is an atomic energy  ance of the system, we introduce an effective medium with a
level andej'U (I,I"=Co or Ni) represents the electron hop- self energyX,. The Green function of the subsystem of
ping energy between two different sitds! (I=Co or Ni)is itinerant electrons, written in terms of the self-energy, is
the Coulomb interaction parameter between itinerant elecgiven by
trons;sﬁ| is the spin of itinerant electrons adg; is the ex-

change interaction parameter between itinerant electrons and
localized spins. The parametagsandg, are the Landdac- 9,(2)= % EU(Z)di-tfdi(r_ijEU Todidiy| - (D
tors of the rare-earth ions and of the itinerant electrons, re-

spectively. Note that in this Hamiltonian, the disorder is con-in order to determine the self-energy, we put in a given site

. . | . i —~ X
tained in the local terms, and U' as well as in the 0" an atom with energys!,, creating a Koster-Slater prob-
nonlocal termT:j'g. In the mean-field approximation the lem of a single impurity embedded in the effective medium.
Hamiltonian (1) can be written as two effective Hamilto- The perturbed Green functiohi(z) for the Koster-Slater

nians, namely: problem in the effective medium is

-1

. (6)

> Ei'g(z)df;dig—; Todidj o

io

-1
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I'y(2)=

2 3,(2)d -2 Todrd,} 2 (i3] i)exp — BE))

] " MF=giue , (14)
- -1

+<s'og<z>—zc,<z>>dgdo] . ®) 2 exp—pE)

where 8= 1/kT, k being the Boltzmann constanb; andE;
are the eigenvectors and the eigenvalues of the effective
-1 HamiltonianH§'".
The local magnetization at the Co or Ni site is calculated
by M'=n}—n}, wheren,, is the electron occupation number
per spin direction given by

Using the unperturbed Green function

9,(2)=

2 izrz(rditrdi(r_ IjE(r T0d|+(rdjrr

we can rewrite the perturbed Green functio(e) as

I(2={[0; 2 +GEh (-3, L (9 n = f " o (e)f(e)de. (15

Multiplying on the left by the inverse of term on the right- . o _ . )
hand side and after a simple algebra, the perturbed Gredneref(e) is the F‘frm' distribution functiory is the chemi-
function T'(2), written in the site representation, takes theCal potential, ang, () is the local density of states at a site
form occupied by an atorh(1 =Co or Ni), calculated by Eq(13).

The magnetization in the subsystem of itinerant electrons is

Tijo(2)=0ijo(2) then calculated byM%=(1—c)M®°+cMN. Note that the

contribution from the itinerant electrons to the total magne-
(3,(2)—2b,(2)) - tization depends on the Ioc(::é spins throydh) which renor-

— = Yojol2)- malizes the density of states . Note also that the contribu-
1=9000(2)(24(2) = 20,(2)) tion from the localized spins to the total magnetization
(100 depends on the itinerant electrons ¥&) which acts on the
subsystem of local spins as an effective magnetic field.

N9 The total entropy of the intermetallic compounds is made
by the contribution from the magnetiSy,, and the crys-

+gi0(r(z)

Taking the average on the previous equation and assumi
<Fij(,(z)>9=<gij(,(z)), we obtain the well-known CPA

equation talline lattices Gar), 1.€., Siot=Sjat+ Smag- Here we take
~ the crystalline lattice entropy in the Debye approximation,
< (34(2)~%6,(2)) > o (p Whichisgiven by
1-goor(2) (2 (2) ~ £0,(2))
D
which determines the self-enerdy, . Heregqyg, can be cal- Sare(T) = [ —3R In( 1—exp( - T))
culated by the Hilbert transform of a standard paramagnetic
3d density of statepy, i.e., §oo,(2) =Sdepo(e)/(z—2 ). T\3(eo/m X3
Once the self-energy is determined, the local Green function +1R Op) Jo expx)—1 dx|, (16)

at the impurity site 0 occupied by an atdrl = Co or Ni) is
given by where @ is the Debye temperature amlis the universal
gas constant. The magnetic entrofy,q is the sum of the
900, (2) contribution from the subsystem of localized spirf§,{)
1_ s = - (12 plus the contribution from the subsystem of itinerant elec-
9000 (2)(25(2) = £04(2))Goos(2) trons (Se)), i.€., Snag=Sioct Sei- The contributionss,,; and

4 . - 14216
Accordingly, the spin-polarized local density of states at thede! @re given respectively by the relatiofis'
origin occupied by an atorhis then given by

Flooa(z) =

1 [ 1 5 p 2 Ee Tt
Loy — | Soc(T,hY=R[ In>, e B+ — —— |
poe)=——Im —=T0,(2) |. (13 oc - kT
T (gl)Z 000 ! E ieflgEi
17)
Il. MAGNETIZATION AND ENTROPY

The total magnetization of the intermetallic compound is Se,(T,heX')zR[E (,f In(1+e P~ p (e)de
given by the summation of the contribution from the sub-
system of itinerant electron$(®) and the contribution from 1
the subsystem of localized spinsI{). The temperature de- + KT > Uf (e—p)ps(e)f(e)de|.
pendence of the magnetization associated with the subsystem
of localized spins is given by (19
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ENERGY (eV) FIG. 2. Temperature dependence of the local magnetization in

FIG. 1. Paramagnetic density of states for the intermetallic comhe Laves phase compound EgCdhe solid lines represent the

pounds ErCe and ErNj. Vertical lines represent the chemical po- '0cal magnetization in the absence of an external magnetic field.
tentials. The dotted lines represent the local magnetization calculated with

an external magnetic field of 5 T.

Once the total entropy is obtained the magnetic entrop
change and the adiabatic temperature change upon magne
field variation is calculated by

3d band as can be seen in Fig. 1. In our model the
ifference in the Co and Ni bandwidth is taken into account
by the parameteg' (1= Co or Ni). Here we tak&“°=1 and
&éN'=1.15. The factoilU' parametrizing the Coulomb inter-
action between itinerant electrons was chosen to ensure that
the Stoner criterion for the appearance of the magnetic order

ASmad T)=Smag T.n®#0) — Sy T,h=0), (19)

ATag(T)=To—T,. (20) at the Co or Ni site is not fulfilled. All of these parameters
are kept fixed during the entire self-consistent process.
IV. NUMERICAL RESULTS AND DISCUSSION In order to solve the self-consistency defined by the cou-

pling between the subsystems of localized spins and itinerant

In this section we show our theoretical calculations for th9e|ectron57 we take the fo”owing procedure_ For a given tem-
magnetocaloric effect in the Laves phase pseudobinargerature and for a initial value @&%) we write the effective
Er(Co,_cNic),. The Debye temperature for the intermetaliic jamiltonianH' for the subsystem of localized spins in a
coCmpounds EGCaS_d ErNp were respectlvgly taken & matrix notatior’® using the eigenvectors of the crystal-field
©5°=240 K and®p'=200 K. The crystal-field parameters term in the cubic symmetry fai=15/2. After diagonalizing
for the intermetallic compounds Erg@nd ErNp were re-  this matrix, we obtain the energy eigenvalues and the mean
spectively taken @522 [x“°=—0.24, W°=—0.042 meV]  value(J'). Afterwards we turn to the subsystem of itinerant
and [x"'=—0.54, W\'=—0.034 meV]. For intermediate electrons and use the obtained valug & to compute the
concentrations we take these parameters as a linear interpgpin-polarized density of states and consequently obtain a
lation of the corresponding values for the pure compoundsnew value for(s®). This process is repeated until two con-
The total angular momentudi and theg factors were ex-  secutive values ofs®) and(J) are obtained within a preci-
tracted from Hund'’s rule. The eXChange interaction paramsjon previous|y defined. After So|ving the process consis-
eterJy; was taken & Jy¢=1.4 meV. For a given Ni con- tently, we calculate the magnetization and the total entropy
centration, the effective exchange interaction param@fér of the pseudobinary Er(Ga.Ni.), in the absence of an ex-
was properly chosen to describe the experimental value aernal magnetic field and foh®*'=5 T. Our calculations
the magnetic ordering temperature of the pseudobinarghow that in the case of the pure compound Er@e sub-
Er(Co,cNic),. The standard paramagnetia 3lensity of  system of localized spins has a spontaneous magnetization
states for the pure intermetallic compound E3Co=0) was  due to the exchange coupling between local spins. On the
taken from the calculations of Syshchenlebal®* (see other hand, the magnetic subsystem of itinerant electrons has
Fig. 1). The 3d-electron occupation number at the Co site ina magnetization antiparallel to the Er one, induced by the
ErCo, was estimated as“°=1.80. For the pure intermetallic coupling of the itinerant electrons with the local spins. In
compound ErNi (c=1.0) we consider the starting paramag- Fig. 2, we show the temperature dependence of the contribu-
netic 3d density of states, similar to the one used for the pureions from the subsystems of local spins and itinerant elec-
compound ErCe with slightly different bandwidth. The trons to the total magnetization of the intermetallic com-
3d-electron occupation number at the Ni site in ErMias  pound ErCe. The nature of the magnetic phase transition at
estimated aa"'=1.96. In the intermetallic ErGo the Fermi  aroundT =33 K is of first order. This first-order transition is
level lies close to a sharp peak in the density of statesdue to the metamagnetic transition at the Co band, which is
whereas in the intermetallic Erjiit is located at the end of associated with the position of the Fermi level near a sharp
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FIG. 3. Temperature dependence of the total magnetization, per E 154
unit formula, in the Laves phase pseudobinary Ef(Gdli;),. The 4 1
solid lines represent the total magnetization calculated in the ab- ?:, 10+

sence of an external magnetic field, whereas the dotted lines repre- w§

sent the local magnetization calculated with an external magnetic 5
field of 5 T. :
0

peak in the density of states. As Ni is substituted for Co the 0 10 20 30 40 50 60
3d-electron occupation number increases and the Fermi en- TEMPERATURE (K)
ergy moves away from the peak in the density of states. As a FIG. 4. T wre d q  th tic ent i th
result, the contribution from thed3band to the total magne- - & lemperalure dependence of the magnetic entropy n the
L . " | aves phase pseudobinary Er(CeNi;), for c=1.0, c=0.05 (a)
tization decreases gradually. Besides, the critical temperature ! A
. - . ! ~andc=0.1, c=0.0 (b). The solid lines correspond to our calcula-
drops with increasing Ni concentration, and the magnetig

h t ition b f d ord b itical I\lons in the absence of an external magnetic field, whereas open
phase transition becomes of second order, above a critica 1rcles, triangles, and squares represent experimentalRafall).

concentration. In Fig. 3, we ghow the te_mperature depenThe dotted lines correspond to our calculations for an external mag-
dence of the total magnetization, per unity formula, of the,qtic field of 5 T.

pseudobinary Er(Ca .Ni;), for some Ni concentrations. In
Fig. 4 we plot the magnetic entropy for the pseudobinary

. . .. ’magnetocaloric effect of this pseudobinary.
Er(Co,_(Ni.),, in the absence of an external magnetic field, )
as well as for an external magnetic field of 5 T. From this From Figs. 5 and 6, we can observe that both Al

figure we can observe that the magnetic entropy of th yersusT and AT,y versusT curves of the pseudobinary

pseudobinary Er(Go (Niy), for all Ni concentrations satu- G‘Er(Col,CNlc)z for small Ni concenltra'uons. exhibit the maxi-
rates arouncR In(2J+1)=22.98 J/K mol, which is the ex- mum value at around the magnetic ordering temperature and

pected saturation value of the magnetic entropy for the 4
spins of the Er ions. This fact indicates that the contribution ]
from the itinerant electrons to the magnetic entropy of the 14
pseudobinary Er(Ga .Ni;), at high temperature is almost 1
negligible. However, the first-order magnetic phase transition
observed in this pseudobinary, with a latent heat of about 34¢&5
J/mol, forc=0 and 125 J/mol foc=0.05 and its influence £
on the magnetocaloric effect strongly depends on the cou-§
pling between itinerant @ electrons and local #spins. hr’
We calculate the isothermal magnetic entropy and thecgE
adiabatic temperature change for the pseudobinary'
Er(Co,_Ni.), using a magnetic-field variation from 0 to 5
T. The obtained results are shown in Figs. 5 and 6, respec
tively. The curves forc=0.025 are our theoretical predic-
tions, since there are no available experimental data for this
concentration. For the other concentrations, our calculations
are in agreement with the experimental détalowever, we FIG. 5. Temperature dependence of the isothermal magnetic en-
can note some deviations of our calculations in the low+ropy change in the Laves phase pseudobinary Er(@4i.),. The
temperature regime for some Ni concentrations. This meansolid lines correspond to our calculations for a magnetic-field varia-
that the model should be improved to calculate better theon from 0 to 5 T. Open circles, triangles, squares, and crosses
electronic structure, which plays an important role in therepresent experimental da&ef. 12.

1

(-]

¢=0.05 Er(Co, Ni),
¢=0.025

AG

70
TEMPERATURE (K)
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FIG. 6. Temperature dependence of the adiabatic temperature F|G. 7. Temperature dependence of the magnetization
change in the Laves phase pseudobinary Ef(ENic),. The solid  of the composite materialg 1800801100 10 24 028, Where

lines correspond to our calculation for a magnetic-field variationa=ErCo,, B=Er(Ca 9sNio 019 2: C=Er(Cayg74Nig 0292,
from O to 5 T. Open circles, triangles, squares, and crosses represant= Er(Cay g5dNig 0392 E=Er(Cay gNig.09) 2, and
experimental datéRef. 11). F=Er(Cay 9,Nig 0795

drop down quickly as we move further away. Besides, theand Er(Ce@ g,Nig g75», respectively. The temperature depen-
position of the maximum value of th&S,,, versusT and  dence of the total magnetization of this composite material,
AT,q4 versusT curves moves to lower temperature as wecalculated usingy;=0.14, y,=0.09, y;=0.11, y,=0.12,
increase the Ni concentration. The existence of large valuegs=0.26, andys=0.28 is shown in Fig. 7. The steps ob-

in the ASy,,4 versusT and AT,4 versusT curves only at  served in this magnetization curve are due to the superposi-
around the magnetic ordering temperature imposes a hatén of the magnetization curves of each single material
limitation to the use of single magnetic materials as a goodvhich exhibits first-order magnetic phase transition at differ-
magnetic refrigerant in the Ericsson thermodynamical cycleent magnetic ordering temperature. Associated to each step
In order to overcome this limitation the creation of a com-in this magnetization curve, there are peaks in A&,
posite material made by combining single magnetic materialsersusT and AT,y versusT curves. This is easily under-
with slightly different magnetic ordering temperature butstood, if we invoke that botA S,,,, andAT,4 can be calcu-
with similar magnitude of the isothermal magnetic entropylated by the derivative of the magnetization curve with re-
change has been suggested in the literftuif@The com-  spect to temperature, i.ASpag=J(IM/IT)dh®* AT 4
posite magnetic material obtained in this way is supposed- — [(T/C)(dM/dT)dh®*!, whereC is the specific heat. The

to exhibit a nearly constant isothermal magnetic entropycorresponding\ S, 4 versusT curve of this composite ma-
change in a wider range of temperature. Here, we useerial is shown in Fig. 8. From this figure, we can observe
numerical simulations to construct a composite material
formed by[Er(Col_CNiC)z]yi (c=0.0, 0.012, 0.025, 0.035,

0.05, 0.075, i.e., Ay,By,Cy.Dy Ey Fye where A=ErCo,, 7'_

B=Er(CaygsdNio.0122; C=Er(Cay.g7Nig.0292: 61
D =Er(Ca gedNio 0392 E=Er(Cay i 092, and
F=Er(Co.gdNig o792 The factorsy; represent the mass ra-
tio of each component under the conditippt+y,+Yys+Y4
+ys+yg=1. The effective isothermal magnetic entropy
change and the magnetization of this composite material i
given by® 2

g 34

-AS"_( JIK mol)

6
(Asmag)comp:ig1 Yi(ASmag)i )

0 F T d T d T T T d T T T

6 TEMPERATURE (K)

M°°mp_i§1y"v'" FIG. 8. Temperature dependence of the isothermal mag-
netic entropy change in the composite mate-
whereM; and ASy,,9i (1=1,2,3,4,5,6) represent the mag- rial Ao 18000110010 26 0.28, where  A=ErCo,,
netization and the effective isothermal magnetic entropys=Er(Caq, gedNig 0192, C=Er(Cayg7Nig.29 2,
change of the single materials EfGOEr(Caq)gsdNip 0192, D =Er(CaqygsdNig 0392, E=Er(CayoNig 092 and

Er(Cayg7Nigo292, Er(CaygeNipoz92, ErN(CaygNigos 2, F=Er(Cayg2dNig 079 for a magnetic-field variation from 0 to 5 T.
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that the isothermal magnetic entropy change exhibits at leasate the magnetocaloric effect in other rare-earth cobalt
the constant value 5 J/Kmol in the range of temperaturéntermetallic compounds such as Ho(CegNi.), and
from 15 K to 36 K. Hence, in this range of temperature thisHo(Co, _.Rh.),. Itis also worth pointing out that the present
composite material is a good candidate to work as a magnodel may be improved by including the degeneracy of the
netic refrigerant in the Ericsson cycle. 3d states and the two sublattice character of the compound.
In conclusion, our theoretical calculations show that bothHowever, it is expected that these improvements, which
localized spins and itinerant electrons play a key role in thanake the numerical calculations much more complex, do not
magnetocaloric effect in the pseudobinary Er{Cdi.),. change the main conclusions of this paper.
We have also shown that the magnetocaloric effect in the

pure intermetallic compound ErGas due to two magnetic
sublattices, while in the pseudobinary Er¢CeNi.), the
magnetocaloric effect is mainly dominated by only one mag- We would like to thank Conselho Nacional de Desen-
netic sublattice, above a critical Ni concentration. The modelolvimento Cientiico e Tecnolgico—CNPg/Brazil for par-
presented in this paper is straightforwardly applied to calcutial financial support.
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