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ABSTRACT

Magnetization and electrical resistivity measurements of @ the
CeAl, with Al substitution by Fe up to 1l0%at Fe show that the com-
petition between the increasing Kondo. effect and the antiferromag-
netism persists. Change of the electronic density is followed by
a decreasing Neel temperature and an increasing residual electrical
resistivity. The probable.appearance of ferromagnetism of the Ce
moments, at intermediate temperature range, is discussed. The small
decrease of the lattice parameter with Fe concentration or the mag
netic behaviour do not show evidence of valence changes in the Ce

ion.

Key-words: Ce(Fe,Al)Z; Magnetization; Electrical resistivity; Kondo
effect; Spin-glass-like; Laves phase.
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1 INTRODUCTION

The magnetic concentrated Kondo system (CKS) CeAl2 presents a
variety of anomalous and interesting behaviours, attributed to the
reascnable degree of delocalization of the 4f cerium electrons. The
modulated antiferromagnetic structure (MAS) [l] for example, re—
sults from the competition between Kondo effect (TKE 7K) and RKKY
interaction (TNg 3.8K}). Studies performed in this system reveal
that tﬁe application of an external pressure (P2 65 kbar) in the
nearly trivalent Ce-ions, cause a transition into a "volume -~ col-
lapsed state, suggesting intermediate valence (IV) of the Ce ions
[2I. A similar transition can be induced by the simulation of pres
sure, (lattice or chemical pressure) by alloying CeAl2 (lattice pa
rameter ao=»8.063) with an isostructural compound RA12 with smaller
a.

On the other hand studies performed in the c::ttpc::un:;"t'Ce}?e2 {ao= 7.38)
[3] have indicated that the ferromagnetic ordering (TC=230 K) ip
this compound is due to the Fe moments inferring no moment or a at

IVv-state for the Ce ions. Recent L experimental results give a

ITT
value of +3.3 to the Ce ions valence in CeFez. The ‘excepcional

low both ao.and TC' as compared with others RFez, were attributed

to the IV-state of the Ce ions. Therefore, we expected that the
pseudo-binary system Ce(Fel_xAlx)2 allow us to study many inter-
esting magnetic properties. 1In the Fe-rich side, the decrease of
To with Al concentration is followed by the occurrence of a new

magnetic phase [3,4]) which magnetic ordering nature is controver-

sial [5=7].

In a previous work, Takeuchi and da Cunha [8] show that for

X <0.90 the system changes from a ferromagnetic to a quasi-ferri-
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magnetic'phase around x=0.80 (20%at Fe). At low temperatures
~the mixed phase character was indicated by spin-glass  behaviour,
frigtration and wall pinning of ferromégnetic domains.

The purpose of this work is to investigate the magnetic beha-
viour of the intermetallic compound CeAl2 (x=1.00}) with the Al
substitution by Fe down to x=0.90 (10%at Fe), from magnetization,
electrical resistivity and lattice parameters results. It is in-
teresting to follow the influence of the substitution of A}l by Fe
on the magnetic interaction between the 4f electron of the Ce ions

and the conduction electrons.

2 EXPERIMENTAL

Polycrystalline samples of LaAl, and of the pseudo-binary in-
termetallic system Ce(Fel_xAlx)2 between x=1.00 and x=0.90 were
prepared from stoichiometric amounts of the elements by arc-melting
under an argon atmosphere and subsequently annealing for one week
at a temperature of 800°C. X-ray powder patterns using CuKa radia
tion show that this system crystalizes in the cubic MgCu, type of struc
ture. The lattice parameters a , derived by least sgquare analysis
using Nelson-Riley's extrapolation, for the various alloy composi-~
tions,is given in table 1. We can observe that the values of a,
are very close to that of the end compound'CeA12, These results
show that the pressure effect of the Fe for x2 0.90 (l0%at Fe) in
this system is very weak, so no changes due to .the variation of the
volume available for the conduction electrons take place in the den
sity of states.

The electrical resistivity was measured by the standard DC four
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probe technique’, in casted ingots (v2x2 x10mm®) over a temperature
range between 2 and 300 K. The temperature was measured .with Ge
and Pt thermometers, attached to the sample holder. The magnetiza
tion measurements were performed between 2 and 300K using a PAR
vibrating sample magnetometer, in magnetic fields up to 13kOe. The
temperature for the magnetic measurements was mdnitored using a

GaAsAl thermometer.

3 RESULTS AND DISCUSSION

The experimental results.of_the.total electrical resistivity
p(T) of the sy.ste:m Ce(Fel_xAI_Lx)z-for x=1.0, 0.95 and 0.90 are
shown in the fig. 1. According to these experimental data, we can
observe that the main features. present in CeAl2 (i.e. maximum and
minimum), due to the Kondo effect, magnetic ordering and Fermi 1i
quid behaviour, persist down to x=0.9%0. (10%at Fe). The substi-
tution of Al by Fe yield an. increase in the temperature Tmin {whereas
Tmax has a constant value.of.Gi 1K) and also a remarkablel effect
in the residual resistivity Po* As the magnetic’resistivity. be-
haves as - 1nT in this rénge'of temperature, we can relate Tmin
with TK which increases with increasing Fe concentration.

The.magnetiC'contribution.pm.to the electrical resistivity of
this system as a function.of 1n T (fig. 2) was obtained by sub-
tracting the phonon.contribution pph{T) from the measured resisti
vity shown in fig. 1, using the non-magnetic isostructural refer-
ence compound LaAlz. These curves present a maximum at a tempera

ture of 4K due to the magnetic ordering, followed by a minimum (Kondo

effect) around 15K and a broad maximum around 100K and decrease
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logarithmically as T goes up to 300K. Excepting the low temperature
regime (T<$5K), these results agree with the theoretical descrip-
tion of the combined Kondo effect crystalline field, pﬁaﬁmmsh;_de—
duced and applied to CeAl, [9] that is, InT behaviour of the mag-
netic resisti\?it_y Cn (T) for kBT> A and kBT << f(A=splitting of the crystalline
field). 1In these curves we note that the broad maximum associated.
to A decreases in intensity and is shifted towards lower tempera-
tures with increasing Fe concentration, indicating the approxima-
tion of the exited TI'y to the fundamental I, level.

The temperature dependence of the magnetic;.susceptibility xg(:Mg/H)
for x=0.90 and x=0.92 in a static magnetic field of 0.1 and/or.
1kOe is shown in fig. 3. The detailed behaviour of xg.at low tem-
peratures for some concentrations is given in fig. 4. We can ob-
serve that the antiferromagnetic ordering'temperature TN has a gra
‘dual decrease with the addition of Fe. A simple extrapclation in-
dicates that towards x::O.BG,TN-fO. However, as the antiferromag-
netic ordering temperature decreases a gradual appearance of a new
magnetic phase takes place as shown by the sudden drop in the'xgﬂn
curves at higher temperatures T,. These curves, for x<0.92, pre-
sent distinct behaviour for the zero-field-cooled. (ZFC) and  the
field-cooled (FC) samples for temperatures lower than the high tem
perature transition.TC. Moreover, the maximum found at interme-
diate temperature becames rounded with higher applied fields. The
isotherns MQ(H) in this range of temperature (fig. 5) present curved
but without any trace of saturation for applied field up to 13kOe.
We can also observe in fig. 5 that for x=0.90 at low temperature
a metamagnetic-like transition or wall pinning .is evidenced  for
magnetic fields aboutinOe.

From the experimental results of the lattice parameters a, (Ta
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ble 1), we can conclude that the variation of the volume available
for the conduction .electrons with the substitution of Fe at the Al
sites is pratically null for xz2 0.90. Therefore, the decreasing of

the Neel temperature T _ cannot be explained by the pressure"argu—

N
ments (see Introduction). As the magnetic behaviour of the Kondo
system, at low temperatures on fhe basis of the Kondo lattice mo-
del, results of the competition between the Kondo .effect and RKKY
interaction, and'both.depends on.IJp(Ef)l(J=éexchange-interaction,
and p(Eé) density of states at Fermi level), exponentially and qua
dratically respectivelly, in our.case.we infer that the decreasing

of T. is associated with the increase of the _p-(EF) . In the CKS like

N
CeAlz, the increase of the density of state, Supposing J constant,
favours a non-magnetic singlet ground state, with a conseguent in-
-crease of Kondo temperature Tk. .We can guess that.the.increase of
density of states p(EF) in the system Ce(Fe,Al)z, come from the
great difference between the substituted metal Al(sp) to the Fe(3d).
The observed abnormal residual resistivity Py and the increase of
the temperature of the minimum (Tmin) with Fe concentration are coherent
with this assumption.

The magnetic transition (T.) that appear for xs5.0.92 at a higher
temperatures in the ¥ g versus T curves is not very clear. In general, a
magnetic transition is accompained by an anomally in - resistivity
(0) or in the derivative dp/drT. Clearly, the electrical resistivity

'data present qualitativelly the same behaviour caf'Cl:-:-Jls.l2 as trivalente .
Ce ions, crystalline field, Kondo effect, etc. Moreover, the ef-
fective paramagnetic moments obtained from the linear part of the
reciprocal susceptibility_are those of a trivalente Ce ion (as for
x=0.90 where u_, = '2\.53 vg/form), in agreement with the lattice pa-

rameters results a,. On the other hand, studies performed in the
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AB compdunds with.MgCuz-type structure indicated that the magne-

2
tic percolation limite for the B-sites, localize in more higher Fe
concentration that the present study. From the above dbservations.
we can infer that the most probable arrangement of the magnetic mo
ments in this range of temperature is a parallel'coﬁpling of the
3* Ce-ions, assisted by the m, moment of the Fe. Coherent with this
assumption, the paramagnetic ‘temperatures 0p change from  nega-
tive values (6p=-33K) for the antiferromagnetic compound oauQ to
positive (Bp==+40K) for x=0,90. The appearance of the Fe moments
(not ordered) in this concentration range is not unique. For exam
ple, MYssbauer results performed .in Y(Fe0.30A10.70)2 reveals that
magnetic Fe moments exist for .this concentration_fIO].

Summarizing our present experimental study; we can say that the
substitution of Fe at the Al site \in_CeAlz trend to yield a non-
magnetic ground state. In addition, a new magnetic transition ap-
pear for xs 0.92 at intermediate temperatures with some typical spin-
glass-like behaviour. The nature of this magnetic 6rdering is not
very clear and seem to be related to a tendency of ferromagnetic.
ordering of the Ce moments. The existence of the spurious crystal
line fefrbmagnetic phase can be discarded as thé Cufie.temperature-
(TC) in the Fe-rich side, is relatively higher than this one. The
magnetic irreversibility observed for x £ 0.92 is a beginning of the
magnetic characteristics of the system with higher Fe concentrations  {8]
as spin-glass-like behaviour and pinning of magnetic domain:wélls.
To know the reason why any effect was detected in the p vs. T cur-
ves at the higher temperature transitions and further informations
about this system will require the extendihg.of our studies with

other experimental techniques.
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CAPTIONS

Electrical resistivity as a function of the temperature

for x=1.00, x=0.95 e x=10.90.
Magnetic resistivity as a function of the temperature.

Magnetic susceptibility as a function of temperature for

ZFC e FC samples and/or different applied fields.

Low temperature dependence of the magnetic susceptibility.
In the insert, the concentration dependence ¢f .the .Neel

temperature TN'

Isothermal magnetization as a function.of the  magnetic

field for various temperatures and x=1.00, x=0.95, x=0,92

and x=0.90.
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TABLE 1.
x a. Ry T (K) % (T,) (10" 3emu/qg)
o N g "N 1B
1.60  8.064 : 0.006 335 0.28
0.96  8.055.t 0.005 3.0 0.34
0.95 ~ 8.055 * 0,005 2.5 0.4
0.92  8.050 ¢+ 0.005 2.3 0.8
0.90 8.043 + 0.007° <2 >

Ty (P of --“dX/dTlmx) xg (TN, H = 1kOe)
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