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Abstract

From magnetization measurements In pellcrystalline

Hf(Fel_xAlxlz

1s not saturated even at high fields (70 kOe). It 1is

samples, it was observed that the magnetization

1-xA13)2 *

and consequently narrow domain walls exist. Magnetlzatien vs.

suggested that in Hf (Fe a high anisotropy energy

temperature curves present a different behaviour if the
sample is cooled with field (FC) or without (ZFC) fleld. This
difference is applied field dependent and iIs a maximum in the
range 0.45 < x < 0.50. The ZFC curve is Irreversible with
temperature whlle FC 1is reversible. In the Iintermediate
concentration range, the coercive flield decreases rapidly
with temperature. These behaviour can be explained by domain
wall pinning and not by spin or cluster glass effects. In the
magnetic phase diagram, ( TC vs x ) two different slopes
were found and T, vanishes at x = 0.63, approximately. To

c

compare the Hf(Fel_xAl )

iJp and 2r(Fe, Al )

X2

performed the same measurements on a Zr(Fe0-68A10.32)2

sample and found a simllar Iirreverslbility of 2ZFC

results, we

magnetization which has not been detected in the literature.

Key—words: Magnetism of Intermetallics; Hf(Fe, Al)z; Wall
motion; Time effects 1in magnetization; Magnetization
irreversibllity; Laves phase.
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1- Introduction

Much work has been done in the systems Y(Fe, Al ), and

2r(Fe, Al ), and very Iinteresting magnetic properties have

1=x "x'2

been observed. For Instance, in Y(Fe, Al ), there is a

freezing phenomena which are characteristic of a cluster
glass behaviour in Fe-rich side (0.1 < x < 0.35), so 1in the
magnetlization versus temperature measurements, the zero field
cocling (2FC) and field cooling (FC) curves are different

[(1,5). On the other hand, in Zr(Fe; Al ), no freezing

x'2

phenomenon was observed [1,4]. In Hf[Fel_xAl },, the ZFC and

x'2'
FC curves are also different but this fact Is related to
another phenomenon. We have already dlscussed the system

Hf(Fel_xAl J, in the Iintermediate concentration range in

X2
another paper to Hf(Fe0 5A10 5]2 {6). It has been observed in
Hf(Fe0 5AlO 5)2 through magnetization versus applied magnetic

field measurements that the magnetization is not saturated,
even In high fields (70 kOe); these measurements have
suggested us that the anisotropy energy is high.

Systemns with high anlisotropy energy have narrow domain
walls (8 a« v J/K, where J and K are the exchange and
anisotropy constants, respectively) and in this case there is
an energy difference when the center of the wall is just at
an atomic plane or Just between two planes (7). This energy
difference AE is periodic with the period D (interplanar

distance) and is powerful dependent with the domain wall
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width 8, by AE a e "¢¥/D) (g)

gives rise to an Intrinsic domaln wall pinning. Another

AE hinders the wall motion and

contribution to the domain wall pinning is the extrinsic
pinning which is attributed to the impurities and to all
kinds of defects. As these contributions are independent, the
coercive fleld can be written as the sum of both
contributions {9):

HC(T) = H. (T) + HC,e (7). (1)

. int xt

Therefore, systems like Dy(Fe1_xhlx)2 (10), (Dnyl_x)Alz

(11), (Dy Y, JFe, (12} and (Tb Gd, Al (13) with very

2
narrow domain walls have thelr magnetlc properties strongly
influenced by the Intrinsic domain wall pinning.

In order to better understand the role of Zr and Hf
l-x‘ux)z !

studled the magnetic properties of the Hf(Fel_xAlx)z by

isoelectronics metals in the systems A(Fe we have

magnetization measurements. We have compared the results of

the Hf(Fe, Al )
1—=x

)2 with the A(Fel_xA1 )

X2

For a brief comparison, we also have made magnetlization

(A = Y, 2r) [1,5].

measurements in Zr{Fe0.68A10-32)2 and we have found a
difference between ZFC and FC curves, which has not been

observed in literature [1,4].

2 - Experimental
Polycrystalline Hf(Fel_xAlx)z samples were prepared ln
an arc-melting furnace under a purified argon atmosphere in

stoichiometric proportions. Hf, Fe and Al metals have the
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purity (Johnson Matthey Chemicals LTD), 99.9%, 99.999% and

99,999%, respectively. HfFe, has an admixture of phases,

2
cubic C-15 and hexagonal C-14, although the cubic phase is
predominant (14). This admixture of phases remains up to x =
0.15. In order to stabllize a single phase in the range x = 0
and 0.15, we have made an annealing (800 OC, 1 week) but it
was not successful. For x = 0.08, approximately, the cubic
phase 1s almost stabilized (fig 1). However, in the range
between x = 0.15 and 1.00 the hexagonal phase is stabilized,
with or without annealing. The single phase was verified by
x-ray diffractogram at room temperature. The lattice
parameters a and ¢ were obtalned by extrapolation of the
Nelson-Rlley function and they 1increase linearly wlth x in
good agreement with Vegard's law (15}.

The magnetization measurements were made using a PAR
vibrating sample magnetometer. The Curle temperature was
cbtalned by extrapolation of the HZ vs T to MZ = 0 with low
applied fleld {60 Oe) and saturation magnetic moment was

obtained alsc by extrapolation of the M vs. 1/H to 1/H = 0 on

fields up to 70 kOe.

3 - Results and Discussion
Magnetization versus temperature and applied magnetic

fleld measurements have been made for compositions 0.15 = x =
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1.00 and ac susceptibility for x = 0.40 and 0.50.

Magnetizatlion versus applied magnetic field
measurements at several temperatures are shown In fig. 2. The
samples were always cooled without applied field. At low
temperatures, after a critical field HP {propagation field
say, a field after which the wall can move), we have observed
a faster Iincrease of the magnetization. In high fields, the
magnetization increases slowly and it 1s not saturated even
at 70 kOe, Indicating a high anisotropy energy and
consequently narrow domain walls. These effects are more
pronounced in 0.40 = x s 0.55. The origin of the anisotropy
energy can be related to magnetocrystalline fleld due to the
lower symmetry of the hexagonal C - 14 structure.

In the hysteresis loops, we observe a time effect in
the demagnetizing reglon which has been attributed to the
appearance of the wall deformation.See ref. (6). Due to the
time effect, the coercive fleld 1s defined as the field
necessary to annul the magnetization in the hysteresis loop
measured with the rate of 54 De/s and the maximum field of 13
kOe. In fig. 3, we show the temperature dependence of the
coerclve fleld Hc for samples 1ln the range 0.30 = x = 0.55.
For x = 0.30, there is a slow decrease of HC while in x =
0.55 the coerclive fleld decreases raplidly. According to eq.

1, we can qualitatively Ildentify for x = 0.30 both
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contributions:; the intrinsic term at low temperature and the
extrinsic term at higher temperatures. For higher Al
concentration, the Intrinsic contribution becomes more
important, and for x = 0.50 and x = 0.55 it is dominant. The
intrinsic contribution was fitted by an exponential function.

Magnetlization versus temperature measurements are shown
in fig 4 for 0.30 = x = 0.55. The samples were cooled with
(FC) and without (ZFC) applied magnetic field. At 1low
temperatures in the ZFC curve, the magnetization is constant
up to a characteristic temperature TD. Above TD the
magnetizatlion increases and decreases near TC/Z. On the other
hand, the FC curve is always decreasing from low
temperatures.

ZFC curve is Iirreversible wlth the temperature while FC
curve 1is reversible (fig 5}. When the ZFC curve 1s
interrupted and the sample is cooled from any temperature
bellow TC' the magnetlization Increases and assumes different
values. It is interesting to remark that the irreversibility
behaviour in the ZFC curve occurs nearly up to TC and as an
example, for x = Q.15 the irreversibillity exists even up to
high temperatures, say 355 K. In Y(Fel_xAl )

x'2
cluster glass behaviour exists and the 1irreversibillity

contrary this

remalns only up to the freezing temperature Tf. This

temperature is a maximum for x = 0.20 vhere Tf = 50 K,
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1_xAlx]2 remains

almost up to TC' say temperatures higher than 1in

approximately. The irreversibility in Hf (Fe

Y(Fel_xhlxlz. This fact 1s important and distinguishes these

two systems.

To wunderstand the irreverslibility behaviour in
Hf(Fel_xAlxlz, we consider the domain wall pinning by the
Pierls potentials (intrinsic to narrow walls) and by all
kinds of defects. In the ZFC curve at low temperatures, when
the temperature increases the walls absorb thermal energy and
at T > TD it can move, changing the domaln conflguration and
the total magnetization. Inside the domains, there is another
contribution which 1is the spontaneous magnetization.
Therefore, when the sample is cooled from T < TC in the ZFC
state, the domain configuration remains unchanged; only the
temperature dependence of the spontaneous magnetization
exists which is reversible (Flg. 5).

We have observed that the difference of magnetization
in the FC and ZFC curves depends on the magnetic field
applied.We defined the susceptibllity difference at 4.2 K as
A = (H/H)FC(4.2 K) - (M/HJZFC{4.2 K}, and we found an
exponential decrease with the applled field. This is shown in

the fig. 6 for x = 0.45. In Hf(Fel-xAlx) compounds, it is

2
important to measure the magnetization at low flelds where
pinning effects are more pronounced. A attains almost

negligible values at 1000 Oe.
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The coercive fleld HC and A exhibit a similar Al
concentration dependence with a maximum in the range 0.45 <
X < 0.50 (fig. 7). This behaviour can, 1n principle, be
envisaged as a result of a maximum Iinhomogeneitles of
exchange and anlisotropy energles in the Iintermedlate
concentration region (16) and/or
metallurgical heterogenelties.

The concentration dependence of the Curie temperature

T,. and the saturation magnetization HS are very similar.

C
Both, decrease linearly with x and have two different slopes
(fig. 8 and tab. 1)} in the same reglons. TC vanishes at x =
0.63, approximately.

From band calculations, some papers report a calculated
magnetic moment at A site in AFez, where A = Y, 2r and Hf
(17,18) and found an anti parallel moment. This moment is
induced by hybridization of the 3d states on Fe atoms and the
4d or 5d states on A atoms and for H.fFe2 they found -0.43 u
/at{18). Recently, from polarized neutron experiments, C.
Ritter found m, = -0.67 Hy and Mre = 1.77 My (19). As there
is a dilution of the Fe moment we suppose, to a first
approximation that, if there is a magnetic moment on Hf atoms
it is negligible and we attributed whole magnetic moment to
Fe.

According to Grossinger and Hilscher [1,4], in
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Zr(Fel_xAl ). no freezing effect was observed (For fields

x'2
larger than 500 Oe). As Hf is tetravalent like Zr and also

has in the Laves phase AFe, (A = Zr, Hf) almost the same d, ,

distances (20), we suggest a similar behaviour for the

systems Hf (F°1-x“1 )

)2 and Zr(Fel_xAl )

x2°

phase diagrams, we observe almost the same slopes In the

In thelr magnetic

first Al-concentratlon range as 1s illustrated in the table

1. We prepared a stolchliometric sample Zr(Feo_GsAlo_Szlz.
Just in the range where the maximum of the magneto
crystalline anisotropy occurs {3). At low flelds a different
behaviour in ZFC and FC curves was observed (see fig. 9) as
in Hf (Fe, Al ), (x > 0.15). The T. obtalned is 148 K which
is in agreement to Grdssinger, 146 K (2). In fig. 6 we have
shown that A (A = (M/H)..(4.2 K} - (H/HJZFC(4.2 K) )} for

Hf(Fe0_55A10_45)2
important to measure the magnetlzation versus temperature

has an exponential fleld decay and it 1s

curves at low fields. The fallure to detect difference
between ZFC and FC by the other authors may be due to a
rather high external applied flield to measure the
magnetization. Therefore, in Zr(Fel_xAlx)2 can exlists, as in

Hf(Fel_xAlxlz, the domain wall pinning effect,.

4. Conclusion

Hf{Fel_xAI ), has an admixture of phases, cublic C-i5

x'2
and hexagonal C-14 in the range 0 < x < 0.15, whereas in 0.15
< x < 1.00 the hexagonal phase is stabilized. For x = 0.08,
approximately, the cubic phase Is almost stabilized. There

is no saturation of the magnetization even In high flields
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(70k0e). Therefore, we suggest that a high anlsotropy energy

exists in Hf(Fe, Al )

1-x "x°2°

narrow and they are pinned by Pierls potentials and all types

Consequently, the domain walls are

of impurities and defects. The different behaviour in the ZFC
and FC curves and the presence of the propagatlion field at
low temperatures in the magnetizatlon versus applied fleld
are explained by domaln wall plnning rather than by cluster
glass effects which appear in Y{Fel_xAlx)z. The pronounced

exponentlal decay of the coercive fleld in the intermediate
concentration range (0.40 < x < 0.55) indicates that the
intrinsic domain wall pinning appears as the predoaminant
contribution. The two slopes in the magnetic phase diagram
may be due to the faster decrease of the anisotropy than the
magnetization as x approaches X which is also observed in
the Zr systen.
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Figure Captions

Table 1~ dMS/dx and ch/dx for Hf(Fel_xAlx)z and

zr(Fei-xAlx]Z'
Figure 1- Structural phase diagram for Hf(Fel_xAlx)z.
Figure 2- Magnetlzation vs. applied magnetic fleld at several
temperatures.
Figure 3- Temperature dependence of the cocercive field
for 0.30 = x < 0.55.
Figure 4- M/H vs. temperature in the range 0.30 s x = 0.55,
H = 60 Oe.
ap
Figure 5—- M/H vs, temperature for x = 0.45, Hap = 60 Oe.
Figure 6~ Exponential field dependence of the A = (H/H)FC(4.2
K) - (H/H}ZFC(4.2 K).
Figure 7- Al-concentration dependence of the A4 (a) and of
the coercive fleld HC (b).
Figure 8~ Al-concentration dependence of the TC and MFe'
Figure 9- M/H vs. temperature for Zr(FeO.68A10.32)2. Hap =
60 Qe.
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Table 1

My Te at %Al

dx
HE (Fe, Al ),
1 0,15 < x < 0,45 - 0,0258
II 0,45 < x < 0,63 - 0,0169
Zr(Fe, Al ), (ref.3)
I 0,26 < x < 0,40 - 0,0264
II1 0,40 < x < 0,55 - 0,022

)
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dTe Kot %A1’
dax

- 11,3

- 3,5

- 11,4

- 4,6
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