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Abstract

The magnetization vs. temperature curve for
Hf(Feo.sAlo.s}a in low applied field presents a maximum and
also an irreversibility up to near the Curle temperature. For
temperatures lower than 7 K approximately, a critical field
(propagation field) exist in the virgin magnetization curves.
Even in high flelds (70 kOe) the magnetization values are not
saturated, suggesting high anisotropy energy and consequently
narrow domain walls. An exponential temperature decrease of
the coercive field is observed. These phenomena can be
explained by intrinsic domain wall pinning. The time effect
in the demagnetization region of the hysteresis loop was

measured and it is related to the wall deformation {(kink

creation). A brief comparison with other systems is done.

Key=words: Intrinsic pinning; Laves phases; Intermedallic com-

pounds; Hf{Fey (Al, o),; A(Fll_xﬁlx)2 A = (Y,2r); Spin-glass.
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Introduction

Some interesting magnetic properties arise on
pseudo-binary intermetallic compounds A(Fea-xAlx)z (A = Y,
2r) .and R(F’p«Alx)zCR = Dy, Er and Tb). According to
Hilscher et al. [1] the Y system has the cluster glass regime
in the concentration range from x = 0.10 to 0.338, while no
freezing phenomena was observed up Lo the critical
concentration x = 0.58 for Z.rCF‘e‘_xAlx)z. We have studied the
compound Hf(Feo.sAlo.s)z Lo undersiand the role of Hf in the
A(F‘e‘__xAlx)2 system, in the intermediate concentration range.
In this compound Hf(Feo'shlo.s)z the magnetization vs,
temperature curves shows a maximum and an irreversible
behavior. The virgin magnetization vs, field curve at
temperatures lower than 7 K approximately, presents a
critical field {(propagation field). F?r higher fields the
magnetization approaches slowly to the saturation but even in
high fields (70 kOe) the magnetization is not saturated. This
behavior also arises in systems like R(Fethlu)z(R = » Er
and Tb) (2~8]1, which have a high anisotropy energy and
therefore, wvery narrow domain walls are present. For Lhese
narrow walls Z2ijlstra (6] showed that there is a difference
of energy when the center of the wall is just at an atomic
plane or just between two planes. This energy difference is
an energy barrier and the wall energy along the crystal is

VEz) = V_ + &V sen’C T/ €1

where Vo is the wall energy in a minima potential, &V the
energy barrier and D the interplanar distance. AV glves rise

to an intrinsic coercive field
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Hilsinger and Kronmiller [7] have shown that this intrinsic
coercivity is greater for narrow walls through a relationship
Ho~ &V ~ @ ™% ihere & is the wall width. This intrinsic
coervive force was observed in Dy single crystal (8] and more
recently by Arnaudas et al. [9,10) in compounds (Dnyx—x)Alz'
(Tbderm)Alz and ErAlz. In these systems it was also
observed a time effect in the demagnetization region of thq
hysteresis loop . This occurs because the walls move by
thermal activation through a mechanism known as kink creation

[11,12]. According to this model the activation energy is

proportional to 1/H » where l-li is the internal fieid. Such
i

Lime dependence was also observed in Hf(Fe Al >
0.3 0.3 2
In the present paper, we show the DC-magnetization vs,
field, temperature and time, the température dependence of
the coercive field and also the AC-susceptibility curve of

the HfCFeo 5Al in order to elucidate the magnetization

I
.3 2
process at low temperature, and to compare with the systems

ment.ioned above.

Experimental

The sample was prepared by arc-melting furnace under
purified argon atmosphere in stoichiometric preoportion.
Elements were supplied by Johnson Matthey Chemicals LTD, Hf
with 99.9% purity, Fe and Al with 99,999%. The single phase
was ensured by X-ray diffractogram at room temperature,
Hf (Fe Al . has a hexagonal C-14 Laves phase siructure

0.3 0.3 2

and the lattice parameters are a = 5.083 A , ¢ = 8,307 A and
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c/a = 1.631 (They were extrapoclated using Nelson-Riley
function). The magnetization measurements were made using a
PAR Vibrating Sample Magnetometer. The Curie temperature was
obtajined by extrapolation of the M* vs. T curve to M = C,
for magnetization measurements in low field (B0 Oe) and also

by the maximum of X,

Results and Discussion
The magnetization vs. temperature measurements are

shown in fig. 1. We note three important aspects in these

cur ves!

1) The zero field cooling curve (2ZFQ) is almost
canstant up to 12 K approximately, above that there
is a rapid increase. The applied field used was G0
Oe. There is a difference on Hhe magnet.ization
curves when the sample is cooled with and withcut
applied field (Fig. 1a). The ZFC curve is irreversible,
in contrast with field cooling (FC)> curve that i=s
reversible. This irreversibility happens from low
temperatures up te near the Curie temperature,

2) For greater applied fields the maximum in ZFC curves
is shifted to lower temperatures (Fig. 1b).

3) The X, c susceptibility has a sharp maximum at 32 K
(Fig. 1cJ.

In the Y(Felelx)z CO.1<{x<0.338) 4tLhere is=s also an

irreversibility in the magnetization vs, temperature curves

but related to spin-glass regime [(1). This irreversibility

takes place from Jlow temperatures up to the freezing



CBPF-NF-007/90

-8~

temperature Tf. however, for the Hf(Feo.sAlo.s)z compound it

takes place up Lo near the Curie temperature TC' This is an

important difference between these systems. In stoichiomatric

Zr(Fe‘xAbez ne irreversibllity was observed {1), although

Hilscher 113) has used a higher applied field (S00 Ced in his
measurements,

In the fig. 2 we show magnetization vs. applied field
curves for some temperatures. The sample was always cooled in
zero applied field. There is a more rapid increase after a
critical field (propagation field).This critical field exist
at temperatures below 7 K approximately. For higher fields
the magnetization approaches slowly to the saturation but
evenn in high fields (70 kOe) the magnetization is not
saturated. It suggests a high anisotropy energy and
consequently narrow domain walls, sinc? the wall width |is
given by & YA K, where A and K are the exchange and
aniscotropy constants, respectively. ZTCFeb*Alx)z also shows
high anisctropy energy and it 1Is probable that +this
anisotlropy supports a ferromagnetic alignment, avoiding the
spin freezing effects [(14),

We show in fig.3 the ZFC hysteresis loop at 2.0 K,
where +‘the maximum applied field is 13 kQe. No difference
between ZFC and FC hysteresis loop was detected. We cbserve a
time variation on the magnetization values in the range
bet,ween O and Hc. where !-lc is the coercive field. Although
the observed effects of no saturation and of magnetization
time dependence, the coercive field was defined as the field

value corresponding to null magnetization., In fig.4 s
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presented a strong temperature dependence of the coercive
field, which can be fitted by an exponential. This rapid
decrease is closely related to the decrease of the wall
pinning and it is responsible for the magnetization process
at low temperatures.

To characterize the time effect, we stop the hysteresis
loop on zero field and the time variation of the remanent
magnetization ls measured. We did it for some temperatures
below Curie temperature. These curves can be fitted (fig.=
by,

M(L) = MTo

where MTo ls a different constant for each temperature. The

- cte In L 3>

time effect 4is greater for fields near Hc. This time
relaxation can be understood through the deformation of the
wall surface (kink e¢reation) {11,12) byﬁa thermal activation

process. The probability of the wall portion to jump one

atomic spacing is

~Ea/kBT
p = cte e 4>

wher = Ea is the activation energy and this probability is
related to the time varlation of the magnetization,

-E & T <82
dM a B
/dt cte e

According to Egami [11), the energy variation with a kink

creation iz given by,

E = 2rro - nriC@MH)D ¢8>
for a cylindrical deformation, where ¢ is the kink energy per
unit length, M is the magnetization per unit area of Lhe
atomic layer and Hi is the internal field. For the

~equilibrium condition, we cobtain the critical radius and the
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activation energy,

2
F "G
Fe = /aMHi and Ea o /BMHi <7
An interesting expression is obtained by substitution of the

activation energy intoc Eq(SJ,

2
1n (dM/ 3 = cte - T 1, 1/ can

dt M k. T H

This linear dependence ln(dM/aL) x "y is observed for

Hf(Feo.sAlo.s)z (fig.B).

According to.KUttarer et, al. [15) the coercive field
has twe conibributions: the intrinsic coercive field (
intrinsic pinning, characteristic of narrow domain ‘walls),
and the extrinsic coercive field ( extrinsic pinning which is
produced by all kinds of defects)., At low temperatures, the
first one dominates. Taking into account the rapid decrease
of coercive field in the compound Ef(Feo'sAlo_s)z y WO
believe that the coercivity is mainly produced by intrinsic
pinning. This intrinsic pinning 1is present in several
systems:  (Dy Y OJAl,,  (TbG6d D>Al,  ErAl, (10,117,
R(F‘el_xﬁnlx)z (R = Dy, Tb and Erd [2~-8]. All these systems
have high anisotropy energy and narrow domain walls.

In the ZFC magnetization vs. temperature curve for B0
Ce (fig. 1a) the magnetjization values below 12 K are almost
constant, because the wall can not move, due to wall pinning.
Cnly when the wall energy 1s high enough te deblock the wall
{due to thermal energy) the magnetizatioen values increase,
For the magnetization wvs, field curve a similar effect

occurs, but in this case the energy is provided through the

external applied field and moments interaction. When Lhe
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sample is cooled in the presence of field, starting at any
temperature , the walls can not move and we see tLhe
temperature dependence of spontanecus magnetization. These FC
curves are reversible because there is not wall motlon,
existing only a spontaneous magnetization temperature
dependence.

The values of tLthe Curie temperature Tc determinated by
extrapolation of the M° vs. T curve to M = O and by the X c
are very close, say 33 and 32 K, respectively. Above TC' 1/x
vs, T obeys the Curie-Weiss law. The paramegnetic Curie
temperature ep ;s 31 K and Lhe effective magnetic moment “eff
is 3.34 p'/Form. The magnetic moment, obtained by
extrapolation of the M vs, 1-H curve to 1-H = O on fields up
Lo 70 kCe is 0.335 p'/Form. We don’t know if the whole moment
is attributed to iron, In recent papers‘has been reported the
existence of moment at A sites in AFez CA =Y, Zr and HfD.
From band structures calculations [16,17) it was shown to
exist a small magnetic moment at the A site antiparallel teo
the Fe moment. More recently an experiment using polarized
neutrons in YFez {181, found m,= - 0.67 Hy and M 1.77 My
For the Hf(Feo.sAlo.s)z the iron moment is O.3% My or 0.78 u
if the Hf moment 1s nil or -0.43 Hy (17} Cecalculated to Hf in
HfFez). respectively. Our measurements are not able to
clarify this problem and Hf(Feo.sAl > may be ferro or

0.5 2
ferrimagneticaly ordered below TC.
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Conclusion

Hf(peo.sAlo.s)z has a pure hexagonal structure, in
contrast to the admixture of €-15 cublc and a small portion
of €-14 hexagonal phases in HfFez. The maximum and the
irreversibility behavior of the magnetization vs. temperatufe
curve below T., the presence of the critical field below 7 K
spproximately, in the virgin magnetization vs. field curve,
can be explained by intrinsic domain wall pilnning and they
are not cluster glass effects, like those observed in the
Y(FermAlxbz system, These intrinsic pinning effects also are
present in other systems like Dy single crystal (81,
(Dny‘_x)Alz. (Tbdei__x)Alz. ErAlz (10,111, R(Fe‘_KAlx)z (R =
Dy. Tb and Er) [2-81. All these systems show high anisotropy
energy and consequently have narrow domain walls. The time
effect in the demagnetization region o;"_ the hysteresis loop
is related to the wall deformation (kink creationd which is
verified through the linear dependence ln(dM/dt) x 1/ y in

Hy

agreement with the Egami model [11].
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Figure Captions

Figure 1. Ca) and (b> MH vs. temperature for 60 and 700 Oe,

respectively. Cc) AC-susceptibility vs. temperalure,

Figure 2. Magnetization vs. applied field at several temperatures.

Figure 3. ZFC Hysteresis loop at 2.0 K,

Figure 4. Temperature dependence of the coercive fleld.

(o) experimental points, (——3) exponential fit.

Figure 5. Time dependence of tLhe remanent magnetization for

some temperatures below TC‘

Figure 6. Linear dependence of the remanent magnetization
rate vs. inverse of the internal field for some temperatures

below Tc.
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