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In this work we report on the results of investigation of the magnetocaloric eect in Gd100−x Yx (x = 0, 5,
10, 15) cold rolled ribbons. It is shown that the magnetocaloric eect exists within a wide temperature interval
258-295 K and is comparable with magnetocaloric eect observed in bulk samples of pure gadolinium. The value of
the magnetocaloric eect in the rolled samples is reduced as compared with the bulk samples and strongly depends
on the degree of the plastic deformation. Heat treatment procedures can restore the values of the magnetocaloric
eect in the cold rolled ribbons up to initial ones. Thus, cold rolling is proposed to be a promising technique
for producing thin forms of magnetocaloric materials for heat exchangers of magnetic cooling devices, modifying
microstructure of the materials and related magnetic properties.
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PACS: 75.30.Sg, 75.30.Gw, 75.50.Cc
The solubility of yttrium in gadolinium is quite high

1. Introduction

and this fact allows us to prepare alloys with wide range
Gadolinium is a benchmark material in the magnetic

of concentrations [6]. From that point of view Gd-Y al-

refrigeration technology. As a rule, all magnetic and ther-

loys are very interesting model alloys for investigating the

modynamical properties of magnetocaloric (MCE) mate-

inuence of severe plastic deformation on magnetic and

rials are compared with the properties of pure Gd. Since

magnetocaloric properties of diluted magnetic systems.

the discovery in 1997 of the giant magnetocaloric ef-

SPD technique is very convenient for designing new

fect [1] the development of magnetic refrigeration has

functional materials. Magnetic, structural or thermody-

been growing exponentially. Since that event numerous

namic properties of materials can be modied by a degree

dierent families of alloys have been found and inves-

of plastic deformation and this has not only academic in-

tigated, see for instance [2].

Some of them are used

terest, but also is of interest for practical applications.

in known prototypes of magnetic refrigerators and heat

For instance, one of the possible ways for designing ma-

pumps, a review of the machines built before the year

terials for magnetic refrigeration is tightly connected with

2010 can be found in [3].

Nevertheless, up to now Gd

preparation of very thin (down to several micrometers)

and Gd-based alloys with rst or second order transi-

foils with high MCE and good mechanical properties.

tions are still one of the best materials for prototyping

But as has been shown in our previous works, SPD leads

magnetic refrigerators.

to a signicant depression of the magnetocaloric eect in

The aim of this work is to investigate the magnetic and

SPD Gd foils.
The reason of such behavior lies in magnetic anisotropy

magnetocaloric properties of the series of intermetallic alloys Gd100−x Yx (x

= 0,

5, 10, 15) treated with the help

induced during SPD treatment.

So unusual phenom-

of severe plastic deformation (SPD) technique. The prin-

ena drive to new thermodynamic and magnetic proper-

cipal idea of this work is to obtain information about the

ties of deformed Gd foils [5] and make its future not so

inuence of SPD on magnetic and magnetocaloric prop-

bright for magnetocaloric application. But special high-

erties of the alloys under investigation. Milstein et al. [4]

temperature heat treatment can restore magnetocaloric

had reported on cold rolling of Gd polycrystalline in-

properties of the cold rolled ribbons back to the bulk

got, but the thickness reduction in those experiments was

ones. The heat treatment regimes are directly connected

amounted only by 27%. Today there is no data on the

with the degree of deformation.

inuence of cold rolling on magnetic or magnetocaloric
properties, except Gd [5].

2. Samples preparation

The starting materials were 99.9%-pure gadolinium
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and yttrium metals. Four ingots of Gd100−x Yx (x

= 0,

5, 10, 15) were prepared by arc melting in argon atmo-
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sphere. X-ray analysis showed that all samples are single
phase.
Cold rolling procedure was performed with the help of
four roller mill. The work rollers were made from tungsten carbide and have the diameter of 40 mm. Speed of
the rolling was 0.05 m/s. The maximal stress produced
by mill was 50 kN. All specimens were treated by cold
rolling procedure with many cycles of plastic deformation. On each cycle an additional deformation increased
slowly to avoid heating the material.
Some characteristics of as-cast ingots and rolled materials are shown in Table.

Width of the as-cast alloy

means the height of the alloy ingot; length means the
maximal diameter of the ingot.

Deformations were de-

termined as a relation between the widths of a sample

Fig. 1. Optical image of rolled samples of Gd-Y alloys.

before rolling and after the last roling cycle.
Optical image of the rolled samples and scanning electron microscopy of transverse fracture of cold rolled ribbons are shown in Figs. 1 and 2, respectively. Ribbons
of the rolled alloys are exible despite numerous cracks.
The structure of the ribbon is well texturized in the plane
of cold rolling (see Fig. 2).

TABLE
Residual deformation of the rolled alloys.
Composition Initial size
of the ingot
(width/length)
[mm]
Gd
6.0/16.0
Gd95 Y5
6.3/16.0
Gd90 Y10
6.5/16.5
Gd85 Y15
6.25/17.5

Width of
rolled foil
[mm]

Deformation
wstart /wfinish

0.040.10
0.100.12
0.100.12
0.100.12

60150
5363
5465
5263

Fig. 2. EM image of transverse fracture of rolled
sample.
most deformed sample of pure gadolinium and the magnetocaloric eect was much lower. If that the rst point
which correspond to cold rolled alloy with zero yttrium
content should be higher and both dependences sould

3. Results and discussion

correlate.

Direct measurements of adiabatic temperature change

∆Tad

were carried out in an apparatus described in detail

elsewhere [7]. The variable magnetic eld was generated
by a permanent-magnet assembly and was limited to 1.9
T. The eld was applied in the plane of the rolled strips,
to avoid demagnetization. The acquired

∆Tad

data for

bulk samples and rolled samples are plotted against temperature in Fig. 3. The graph also contains a reference
curve measured on polycrystalline Gd. One can appreciate that cold rolling depresses the

∆Tad

eect in Gd

to about one-half of the initial value and this depression
is connected with the degree of plastic deformation (see
Table).
Two dierent tendencies in MCE of studied samples
can be noticed (see Fig. 4). For the case of bulk alloys a
depression of the magnetocaloric eect during increasing
yttrium content in the sold solution occur, but in the case
of deformed samples this tendency brakes and we see increasing magnetocaloric eect. This discrepancy can be
described by the fact that occasionly we measured the

Fig. 3. Magnetocaloric eect in bulk and rolled samples of Gd100−x Yx (x = 0, 5, 10, 15).
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Curie temperature

TC

as a function of yttrium con-

some functional materials.

643

It is completely inapplica-

tents for bulk and rolled samples of Gd100−x Yx is shown

ble for brittle intermetallic alloys or some pure elements

in Fig.

like cobalt, because even small deformations applied by

5.

Good coincident for both series of samples

been observed.

TC

linearly decreases with increasing yt-

rollers results in destruction of the sample. Nevertheless

trium concentration within the interval 258-295 K. The

in the case of gadolinium-yttrium alloys this technique

same trend has been observed in previous studies [6].

allows us to produce ribbons with a thickness down to 40

Dierence between [6] and present work in the region

micrometers which can be used in magnetocaloric heat

of high yttrium contents is probably due to a deviation

exchangers. The width of the magnetocaloric materials

from nominal compositions.

The decrease of

TC

is ob-

is principal in heat exchangers, because the process of

served due to a reduction of the exchange interactions

heat transfer is limited mainly by the heat conduction.

with increasing nonmagnetic Y atoms concentration. It

In this case the larger is the surface to volume ratio, the

has to be noticed that for Gd100−x Yx (x

better system will transfer heat.

= 0,

5, 10, 15)

alloys the temperature span achieved about 37K and this

Studied Gd100−x Yx (x

is quite large useful interval for dierent magnetocaloric
applications and devices.

The theoretical back-

ground of this was discussed in [8].

= 0,
TC

perfect temperature span of

5, 10, 15) alloys show
(about 37K) and good

mechanical properties for subsequent treatment.

No

changes were observed for Curie temperatures for appropriate compounds. During SPD treatment of Gd100−x Yx
(x

=

0, 5, 10, 15) we observe a depression of magne-

tocaloric eect by 20-50% as compared to the bulk samples. The origin of this lies in the magnetic anisotropy
induced during cold rolling. For the considered values of
deformations it is quite simple to recover magnetocaloric
eect up to bulk value by high-temperature heat treatment [9].
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