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Magnetoelasticity and Magnetoresistance Iin
Cu—-Al-Mn Shape-Memory Alloys

Jordi Marcos, Antoni Planes, Lluis Mafiosa, Amilcar Labarta, and Bart Jan Hattink

Abstract—This paper is aimed at studying the effect of a Zeeman energy difference of twin-related domains arising from
magnetic field on the martensitic transition of a Cu-Al-Mn the strong magnetic anisotropy of the tetragal#aphase.
shape-memory alloy. The martensitic transition has been studied The present paper is aimed at studying the effect of a mag-

through resistance measurements under applied magnetic fields L " .
ranging from 0 to 50 kOe. Negative magnetoresistance showing netic field on the martensitic transition of a Cu—Al-Mn shape-

an almost linear dependence with the square of the magnetization memory alloy. In this material thé/7" occurs at intermediate
has been observed. This magnetoresistive effect is associated wittcompositions between the gAl and the Heusler GLAIMn [4].

the existence of small ferromagnetic Mn-clusters. Its strength and For these compositions thiephase, which is only stable at high
thermal dependence is different in both phases. The martensitic temperatures, is retained in a long-lived metastable state at low

transition temperature is slightly increased and its spread in ¢ ¢ b f fast h i T .
temperature significantly reduced upon increasing the field. These eémperature by means or fast enough cooling. 1wo successive

results show the existence of magnetoelastic coupling, whichordering transitions to thé2 and L2, structures take place
favors the nucleation of those martensitic variants with the easy during this cooling [5], [6]. On further cooling th&/ 1" takes

magnetization axis aligned with the field. place toward ai8 R or 2H structure depending on composition
Index Terms—Cu—Al-Mn, magnetoelasticity, magnetoresis- [8]. The magnetic properties originate from localized magnetic
tance, martensitic transition. moments at Mn-atoms [7]. In the2; structure these Mn-atoms

are mainly located on one of the four distinguishable sublat-
tices. This ordering of the Mn-atoms enables ferromagnetism in
the stoichiometric Heusler compound. In contrast, the systems
HAPE-MEMORY alloys are systems which can recovesf interest here display a spin-freezing process at a rather low
rom large permanent deformations (in some cases largemperature [9].
than 10%) by just slightly increasing their temperature [1]. The In this work, theM 7" has been studied through resistance and
physical mechanism behind this peculiar behavior is a martenagnetization measurements under applied magnetic fields up
sitic transition ({7) from an orderedcc (3-phase) toward a to 50 kOe in a wide temperature range coveringMi&. These
close-packed martensitic structurg/{phase). Indeed, thesemeasurements enable the effect of the magnetic field ohtive
materials have become very attractive from a technologicahd the effect of thel/7 on the magnetoresistive properties
point of view since they can function as sensors as well @fthe system to be studied. While it is expected that magne-
actuators. toresistive and magnetoelastic effects are weak in the studied
During the last few years there has been a great deal of ffbnstoichiometric material, their study may play a decisive role
terest in the development of new magnetic alloys undergoiffgunderstanding the behavior of ferromagnetic shape-memory
a martensitic transition in which the shape-memory effect camaterials.
be induced at a constant temperature by means of an applietthe paper is organized as follows. In Section 1l we briefly
magnetic field. It has been shown that this is feasible when suitescribe the main characteristics of the samples used and the
able magnetoelastic coupling exits, which produces motion @kperimental set-up. The results presented in Section Il are then
M/p or M /M interfaces due to the magnetic field [2]. Recentlygliscussed in Section IV.
this has been verified to be the case in the HeusleMKiGa
alloy where deformations 6£6% have been induced by means
a moderate magnetic field (below 10 kOe) [3]. In this system
the induced deformation has been associated with the motion oMeasurements have been performed on a Cu—-Al-Mn poly-
twin-boundaries in théZ-phase under the driving force of thecrystal (grain size~ 0.1 mm) prepared by melting pure ele-
ments. The nominal composition of the studied sample is Cu;
_ _ 22.8 at% Al; 9.0 at% Mn. On cooling from th@stability re-
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Fig. 1. R versusI’ curves across the martensitic transition at different valu
of the magnetic field<, showing the change of electrical resistaricB and the
spread in temperatureA (") at the transition. The inset shows!" as a function

of H.

q§|g. 2. Magnetization versus temperature at different values of the field
showing the change of magnetizationM at the transition. The inset shows
M as a function of /7.

electrical resistance measurements they were polished dow
a thickness below 0.05 mm. These measurements were car 100 | P I o T 11
outin the range from 5 to 300 K using an ac four-probe methg .

Magnetization measurements were performed in a SQU | ’
magnetometer. In the two experiments a superconductiy 75
magnet enables the application of fields up to 5T. g

T
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3
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IIl. RESULTS % SoF T

Experiments were carried out by first cooling the sampl< ;
down to 10 K and then increasing the temperature at 5 K ste 51 -
The electrical resistanc& was measured during isotherma | o
runs in which the field{ was slowly varied from 0 to 50 kOe. [
From these measurements the changdiafith temperature o(.)’ : 1'0 : 2'0 : 3'0 : 4'0 : 5'0
(1) across theVT" can be obtained for different values &f
Results are depicted in Fig. 1. This method providess. T’ Magnetic field H (kOe)
curves with the same shape as those obtained by directly m&a-3. Magnetization change at the martensitic transition as a function of the
suring R vs. T under continuous heating at different constarffagnetic field.
values of H. However, the latter can yield slightly different
values for the transition temperature due to uncontrollahiecreased which is a clear evidence of a magnetoresistive effect
metastability effects occurring during thermal cycling througtvhich seems to be different in the high and low temperature
the MT [10]. phases.

A number of interesting features are seen from Fig. 1. Thereln order to further clarify the magnetic response of
is a large decrease of electrical resistande on heating in the Cu-Al-Mn, we have carried out magnetization measurements
range between 150 K and 175 K where th&l’ takes place. over a wide range of temperatures from below to above the
The spread in temperature of the transition can be quantifiédl’. Magnetization\M versusH /7 curves are depicted in the
by the temperature differena®7” between the maximum andinset of Fig. 2. Although no hysteresis of the magnetization
the minimum of theR vs. T" curves. InterestinglyAT is sig- is detected, it is clear from the figure that these curves do not
nificantly reduced upon increasing the magnetic field. This &ale with’H/7 . This excludes the simple superparamagnetic
shown in the inset of Fig. 1. Since the changdiofith 7" pro- behavior of the ferromagnetic Mn-clusters, which indicates the
vides a very good description of the corresponding evolution ekistence of magnetic interactions among them. This finding
the transformed fraction, it is clear that some magnetostructuisiconsistent with previous results reported in [11] for similar
coupling exists which is responsible for such an effect. Moreystems and also with the spin blocking observed at low
over, the inflexion point of the? vs. 7" curves shows a small temperature [9]. Fig. 2 also shows the temperature dependence
but systematic dependence dh We have evaluated this de-of the magnetization measured at given valuesHofThese
pendence to be-5 mK/kOe. curves show a significant (see Fig. 2) jump at the martensitic

A second feature regards the larger decreade with H in transition. The magnetization changeAM corresponding to
the M-phase. This leads to a reduction AfR as the field is this jump is plotted as a function 6{ in Fig. 3. Interestingly,
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4 Clausius—Clapeyron equation, the change of the martensitic
transition with the magnetic field is expected to be given by:

o)
&\2 5= Ty(H)—Ty(H=0)  AM )
g I - AN T TAs
2 whereAS is the entropy change at the transition. TakiR§ ~
2 » = 130 LN . —1.4 J/kmol [8] we obtairs ~ 7 mK/kOe. This value is in good
_‘E “Tla }‘5‘8 oy i agreement with the observed change of the inflection point of
§ v 155 ~y the R vs.T curves with{. Moreover, this value of is consid-
S o Eg \ erably smaller than the one reportedd(1 K/kOe) for ferrous
8 Sr |4 200 o martensitic alloys [15].
8 v 225 . The most significant effect of the magnetic field on the&l’
= © 20 is the reduction of the temperature range over which the transi-
Y 5_0;104 ' 1_0;105 ' 1_5)'(105 ' 2_0)'(105 250" lionspreads. The physical mechanism behind this field-induced
, change of the transition path lies in the fact that in the vicinity
MZ (emu’/mof’) of magnetic clusters, the magnetic field breaks the degeneracy

i . i . of the M-phase by favoring the nucleation of those marten-
Fig. 4. Magnetoresistance as a function of the square of the magnetlzatlor{i

Solid symbols correspond td/-phase curves. Open symbols correspond 16! C_Variants with magnetization egsy—axis in_ .the d_irectioq of
3-phase curves. the field. In Cu—Al-Mn, orthorhombic martensitic variants with

the c-axis oriented alon@{ are expected to have maximum nu-
cleation probability. This effect seems to occur mainly during

AM saturates for values for whiciMt is far from being
saturated. This fact enables a change of magnetization at
MT of ~100 emu/mol to be evaluated.

IV. DISCUSSION g

In this paper, the effect of a magnetic field on the properties of 2]
a Cu—Mn-Al alloy were studied. Magnetoresistive effects have|3]
been observed in bulk polycrystalline samples. Simiavs.

) : 4]
‘H behavior has recently been reported for melt-spun ribbons 01%5]
composition close to that of the alloy studied in the present work
[12]. The magnetoresistance, defined as the relative change dfl
resistance with the application of a magnetic field at constantz
temperatureM R = [R(T, H)—R(T, H = 0)]/R(T, H = 0),
is negative and scales witi? as shown in Fig. 4. The scaling
curve is different below and above thé7". These magnetore- (8]
sistive effects are typical of granular magnetic solids where|9]
magnetoresistance mainly originates from the spin-dependent
scattering of conduction electrons at ferromagnetic clustergol
embedded in a metallic nonmagnetic matrix [13].

In the studied alloy, the formation of ferromagnetic clusterg11l
is due to a tendency of the Mn-atoms to increase the numbey,
of third-order neighbors of the same species inithelattice.

This leads to a nonhomogeneous distribution of Mn-atoms
within one of the four distinguishablgcc-sublattices of the
L2, structure.

The change of magnetizatioA M at the M7 is of the
same order of magnitude as that measured for the ferrqys
magnetic Heusler NMnGa [14]. Taking into account the

(14]

ttlp]% first and last stages of the transformation.
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