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Abstract: Nanosized (Lao.47Gdo.2)Sro.33MnOs perovskite oxides were prepared at relatively low calcinating

temperature of 600 C and 800 C for 10h using amorphous complex precursor. Curie temperature (T.) and

magnetocaloric effects(MCE) were investigated. X-ray diffraction( XRD) and electron diffraction( ED) reveal that

the resulting products are of pure single-phase rhombohedral perovskite structure. Transmission electron microscopy
(TEM) observation finds that the particle sizes are about 40 =50 nm and 80 = 100 nm, and the T. are 285. 1 K and
285.9 K, MCE are about 2.02J/ (kg * K™') and 3.90J/ (kg * K™ ') at 5T magnetic field. A relatively large MCE
with a broad peak around Curie temperature is observed in sample sintered at 800 ‘C for 10 h. This suggests that

nanosized (Lao 47Gdo.2) Sro33MnOs is a suitable material as working substance in magnetic refrigeration in room

temperature.
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1 INTRODUCTION

The magnetic property and crystal structure of
perovskite-type lanthanum manganese oxides were
first studied by Jonker and Van Santen in 1950'" .
These materials were of considerable interest in the
last decade due to their colossal magnetoresistance
(CMR) effect!”™ .

perovskite manganese oxides were reported to dis-

Recently a series of hole-doped

play a large magnetocaloric effect( M CE) in the vic

inity of the ferromagnetic Curie

(T.)"", which may be exploited to be applied in

temperature

magnetic refrigerator and heat pumps''”. Ideal
magnetocaloric material must exhibit an apprecia-
ble MCE in reasonably magnetic field. Meanw hile,
they should be light in mass, and have good chemi-
cal stability, low-cost and nontoxic. In terms of
the application in the magnetic refrigeration, a ma-
terial that exhibits a flat MCE peak with applied
magnetic field H in response to operation tempera-
ture range is needed'®. These requirements may
be met in the perovskite-type lanthanum manga-
nese oxides, and their magnetic properties, Curie
temperature and saturation magnetization can be
tuned by either Lasite or Mrsite element substi-
tution. These materials are believed to be good
candidates for magnetic refriceration in various
temperature ranges.

The properties of perovskite-type lanthanum
manganese oxides obtained by various preparation

19721
""" Furthermore, nanos-

methods are differen
ized material has been predicted to provide some
new features in the MCE and magnetic properties

1?2 The bulk

polycrystalline samples of perovskite-type manga-

comparing to the bulk materia

nese oxides are usually prepared by conventional
solid-state reaction method that needs higher tem-
perature(1 000~ 1600 C) and long annealing time
to obtain homogeneous composition and desired
structures. Solgel method has been widely used to
prepare nanosized materials, and some excellent
1% 21 but it is

limited by the stability of its precursor and its diffi-

work has been done by Sanchez et a

culty in doping different components of multrmetal
ions in complicated systems. In this paper, a new
method was used to prepare the nanosized ( Lao. 47
Gdo.2) Sro.33MnOs at relatively low calcinated tem-
perature, and its magnetism and MCE were stud-
ied. The reason of choosing Gd as the doping ele-
ment is that Gd’* has the largest spin among the rare
earth elements so that additional large magnetic entro-
py contribution from Gd™ could be expected.

2 EXPERIMENTAL

Firstly, La2z(CO3)s * 3H20, Gd2(CO3)3 *
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3H:0, SrCOs and MnCO3 powders ( Grade: AR)
with the desired molar ratio of La: Gd: Sr: Mn=
0.47: 0.2 0.33: 1 were dissolved in pure water,
then the excessive HsDTPA ( diethylene triamine-
pentaacetic acid) was added to the mixture. The
above mixture was stirred and heated to about 80
‘C to promote the dissolution and reaction. After
the mixture became a transparent solution, it was
filtered and then dried slowly at 60 C until a piece
of transparent glasslike material formed. Finally,
the complex precursors were obtained after the so-
lutions were dried completely at room tempera-
ture. The resulted complex precursors were an-
nealed in the air at 600 C and 800 C for 10 h, re-
spectively.

The thermogravimetric analysis (TGA) and
differential thermal analysis ( DTA)
formed by Shimadzu -50 and the heating rate was

were per-

10 C/ min. The phase identification and structural
analysis were carried out in X Pert Pro MPD with
Cu Kq radiation ( A= 0. 154 18 nm). High-purity
silicon powder was used as an internal standard to
determine the lattice parameter. The morphology
and particle size distributions were determined by
Hitachi H-800 transmission electron microscopy
(TEM) with accelerating voltage of 200 kV. The
field cooling (FC) with field of 7957.8 A/m and
zero field cooling( ZFC) magnetization curve( M —
T) as well as isothermal magnetization(M —H') curve
were measured by Quantum Design Superconducting
Quantum Interference Device MPMS System.

3 RESULTS AND DISCUSSION

3.1 Thermal decomposition of complex precursor

The thermal analysis results of TGA and DT A
for the complex precursor are shown in Fig. 1.
With the increasing temperature, there are mainly
three mass loss regions in the T GA curve. Accord-
ing to quantity calculation of the mass loss in each
region, the whole thermal decomposition process
can be distinguished. The mass loss region from 20
‘C to about 210 C results from the loss of coordi-
nated and solvent water. The region of mass loss
from 230 C to about 360 C is due to the decompo-
sition of CHx organic components and amino-
groups. The strong mass loss region from 360 C
to about 460 C is related to the complete decompo-
sition of the carboxyl metal group. The decomposi-
tion temperatures for the four kinds of carboxyl
metal groups in such a precursor are very close,
which is quite helpful to promote the formation of
(Lao.47Gdo.2) Sro.33MnOs.

The DTA result of the complex precursor
shows a weak endothermic region below 210 C and
three exothermic peaks in the curve. The endo-
thermic peak at 130 C results from the loss of co-
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Fig.1 TGA and DTA curves of

complex precursor

ordinated water. The peaks at 320 C and 365 C
are produced by the decomposition of CHx organic
components and amino-groups. The exothermic
peak at 445 C is very strong, which contains both
the exothermic contribution from the decomposi

tion of carboxyl metal groups and the formation of

the (Lao.47=Gdo.2) Sro.33MnOs3 oxide.

3. 2 Crystallization of nanosized (Lao.47Gdo.2)-
Sro. 33 MnOs

According to the thermal analysis results of
TGA and DT A for the complex precursor, sintered
the precursor in the air at 600 C and 800 C for 10
h, respectively. The X-ray diffraction patterns of
the precursor and the sintered samples at different
temperatures are shown in Fig. 2. The precursor is
amorphous. After the precursor is calcinated at
600 C for 10 h, characteristic peaks of crystalline
phase appear on the XRD pattern, which are in-
dexed to pure rhombohedral perovskite-type crystal

structure ( space group R3C), the lattice parame
ters are calculated by the Lapod program of
Cohen s method™ , and the results are a= 0. 546 4
nm and ¢= 1.347 0nm. This indicates that ( Lao.4-
Gdo.2) Sro.33MnOs; with pure perovskite structure
can be synthesized by this method even at relative
ly low calcinated temperature of 600 C.

The particle sizes and morphologies of ( Lao.47-
Gdo.2) Sro.33 MnOs at different calcinated tempera-
tures were examined by TEM, as shown in Fig. 3.
When the precursor is calcinated at 600 C for 10 h,
the particle-sizes are about 40 = 50 nm( Fig. 3(a)),
and the electron diffraction( ED) (inset in Fig. 3
(a)) indicates that the polycrystalline perovskite
type oxide is crystallized perfectly. As the calcinat-
ed temperature increases to 800 C, the particle size
grows up to about 80 = 100 nm( Fig. 3(b)). TEM
images show that the particles tend to aggregate
with one another. These results indicate that the
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Fig.2 XRD patterns of complex precursor and
(Lao.47Gdo.2) Sro.33MnOs sample at different

calcinating temperatures
(a) —Precursor; (b) —600 C, 10 h;
(¢) —800 C, 10h

calcinating temperature has great effect on the par-
ticle size.

3.3 Magnetic properties and magnetocaloric effect
of nanosized ( Lao. 47 Gdo.2) Sro.33 MnOs

Fig. 4 shows the low-field( 7 957. 8 A/ m) mag-

netization as a function of temperature in both

zero-field-cooled(ZFC) and field-cooled ( FC)

processes for the samples calcinated at 600 C and

800 C for 10 h, respectively. The ferromagnetic

100 nm

Curie temperature is 285. 1 K and 285. 9 K respec
tively, for both samples, which is determined by a
minimum in dM/dT curves as shown in Figs. 4(b)
and 4(d). Comparing with the results by TEM, it
can be found that the Curie temperature does not
depend on the particle size. However, the magnet-
ic ordering transition, as indicated by the deriva-
tive of the magnetization with respect to tempera-
ture dM/dT, becomes broader in the case of smal-
ler particles. This result may be related to the lar-
ger surface and interface of smaller particles. The
fact that Curie temperature of both samples decrea-
ses to near room temperature with the substituting
rare-earth Gd may attribute to the crystallographic
distortion induced by the smaller ionic radius of the
On the one hand,
Gd™ has a large local moment, and Gd doping may

substituting rare-earth ions.

lead to the rise of Curie temperature and the
strengthening of the magnetization. On the other
hand, the crystallographic distortion induced by
Gd doping may cause the decrease of Curie temper-
ature and the magnetization. The ionic radius of
La’ is 0.1032 nm, and the ionic radius of Gd** is
0.093 nm'”, so, the substitution leads to a de
crease of the Mn —O bond distances and Mn —0 —
Mn bond angles, and results in a smaller double
exchange interaction between Mn ions. The result
of the experiments show the decrease of T'. and the
magnetization is mainly dominated by the crystallo-
graphic distortion.

Based on the thermodynamical theory'™ , the
magnetic entropy change ASu (T, H) associated

(b)

100 nm

Fig.3 TEM images of Lao47Gdo2Sro33MnOs sample at different calcinating temperatures
(a) =600 C, 10h; (b) —800 C, 10h
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Fig.4 Magnetization dependence of temperature in ZFC and FC process with
applied field 7 957. 8 A/ m for Lao47Gdo.2Sro.33MnOs sample at different calcinating temperatures
(a), (b) —600 C, 10h; (c), (d) —800 C, 10h

with a magnetic field variation is given by

ASw(T, H)y= Su(T, H)- Su(T, 0)
= J: aa% HdH (1)

In the case of magnetization measurements at
small discrete field and temperature intervals,

— ASw can be approximated to be'*”

| asy |z SMi=Mir (2)
— Tiw1— T

where M, and M, | are the experimental values of
the magnetization at temperature T; and T 1. re
spectively, under an applied magnetic field H by
measuring the isothermal M —H curve at various
temperatures, one can calculate the magnetic en-
tropy change associated with the magnetic field
variation from Eqn. (2).

Fig.5 shows the isothermal magnetization
curves of nanosized ( Lao.47 Gdo.2) Sro.33 MnO3 sub-
jected to the calcinated temperature of 600 C and
800 C, respectively. The corresponding magnetic
entropy change — ASw calculated from Eqn. (2), is
plotted in Fig. 6. According to Eqn. (1), the maxi-
mum of magnetic entropy change is located at T,
where the variation of magnetization with tempera-

ture is the fastest. In our experiments, the maxi-
mum entropy change — ASwmx exhibits a broad
peak, and the values are about 2. 02 J/ (kg * K™ ")
and 3.90J)/ (kg * K™') at 5T magnetic field for the
samples calcinated at 600 C and 800 C, respec
tively. The magnetization and M CE for the sample
calcinated at 600 C is obviously lower than that for
the sample calcinated at 800 C. In general, each
particle can be seen as being composed of two dif-
ferent parts. The inner part is a core where double
exchange interaction dominates and promotes fer
romagnetic behavior. The outer part is a layer
where magnetic interactions are clearly modified by
defects, vacancies, stress, and broken bonds direc
231 The cat-

ionic vacancies and the defects in the structure are

ting to a disordered magnetic state

mainly located in this external zone, and lead to a
reduction of ferromagnetic interaction. This result
indicates that high-temperature and long-time heat
treatment are needed to improve the MCE in the
sample synthesized from amorphous complex pre
cursor. However, the broader peak temperature
range of the magnetic entropy change around the
Curie temperature probably reveals the presence of
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Fig. 5 M —H Curves for Lao47Gdo.2Sro.33Mn0O3 sample at different calcinating temperatures
(a) =600 C, 10h; (b) —800 C, 10 h
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Fig. 6 Temperature dependence of — ASw under 0T to 5T for

(Lao.47Gdo.2) Sro.33MnOs sample at different calcinating temperatures
(a) =600 C, 10h; (b) —800 C, 10 h

a distribution
[32]

in magnetic exchange interac
tions

This is a very interesting result, because we
are able to change the MCE and the width of peak
temperature range of the material by changing the
particle size, and may select optimization, which is
desirable for an Ericsson-cycle magnetic refrigera
tion and heat exchange technology. Therefore, it
suggests that the material is a suitable candidate

for magnetic refrigeration near room temperature.

4 CONCLUSIONS

1) The nanosized ( Lao47 Gdo.2) Sro.3s MnOs
with rhombohedral structure and stoichiometry is
successfully prepared at relatively low calcinating
temperature of 600 C and 800 C for 10 h using the
amorphous complex precursor. The particle sizes
are 40~ 50 nm and 80 7 100 nm, respectively, and

it can be controlled by varying calcinating tempera-
ture. It is an effective method to synthesize nanos-
ized perovskite-type complex oxides.

2) There exists a large magnetic entropy
change with a broad peak around the ferromagnet-
icparamagnetic transition temperature( 285. 9 K)
for the sample calcinated at 800 C for 10 h. Nano-
sized ( Lao.47 Gdo.2) Sro.33 MnO could be a suitable
candidate as working substance in magnetic refrig-
eration technology near room temperature.
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