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The structure and magnetic properties of perovskite chromium oxide YCrO3 and its doping system are systematically
studied. Ceramic samples are prepared by solid state method. X-ray diffraction patterns reveal that the materials are
orthorhombic structure with space group Pnma. The result of magnetic study of YCrO3 and the doping system show that the
antiferromagnetism and ferromagnetism coexist in the system. The magnetism comes from the exchange interactions
between Cr ions. The results of magnetothermal curve reveal that all the samples show the negative magnetization induced
by temperature and doping at different positions affects the compensation temperature, which is related to the interaction of
magnetic ions in the system. The doping of Ce ions in Y-position affects the coercivity of hysteresis loop, but it has no effect
on the magnitude of magnetization. While, the doping of Fe ions enhances the antiferromagnetism of the system and makes
the magnetization decrease obviously. The phenomenon of negative magnetization in the sample makes it possible for this

kind of material to be used in magnetic sensor parts.
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1 Introduction

The oxide RMO; (R = rare earth ions or yttrium,
M = 3d, 4d transition metal) with perovskite structure
have attracted considerable attention in recent years,
due to its simple structure, rich magnetism, electrical
properties, high  temperature  superconductivity,
giant magnetoresistance effect and multiferroicity'™.
Magnetization reversal or negative magnetization in
the RCrO; materials has been well known in recent
years”®. It exhibits a net zero magnetization at a
characteristic temperature named as compensation
temperature (7comp). Rare-earth chromate RCrO; with
orthogonally distorted perovskite structure, each cell
containing four molecules, belongs to Pnma space
group. The system has complex magnetic characteristics
because of the interaction between transition metal
ions and rare earth ions, which has attracted extensive
attention and in-depth research. The spin magnetic
order of the 3d electron of Cr’" and the 4f electron of
R’ play an important role in the magnetoelectric
coupling of the RCrO; system'®. At low temperatures,
there are d-d interactions between transition metals,
f~f interactions between rare earth ions, and f-d
interactions between rare earth ions and transition
metals. The spin of Cr’" produces a spontaneous
antiferromagnetic order at the Neel temperature Ty.
The bond angle of Cr’"-O*-Cr*"deviates 180° due to
the competition between single ion anisotropy and the
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antisymmetric Dzyaloshinsky—Moriya (DM) interaction,
the spin of Cr’" is canted antiferromagnetism, and the
system shows weak ferromagnetism. The magnetization
reversal phenomenon is previously observed in
GdCrO;'", La;.Pr,CrO;”, YFe; ,Mn,0;", BiFeys
MngsO;* and some other perovskites. There are
different explanations for the origin of negative
magnetization in different systems. Magnetization
inversion in orthogonal chromium oxides is caused by
the antiferromagnetic coupling between rare earth and
transition metal ions”’lz, while in YFe;. . Mn,O; and
BiFe;sMnys0;, the random occupation of magnetic
ions at the B-site in the perovskite structure has been
suggested to be responsible for the magnetization
reversal”’. In the orthovanadates, the competition
between single-ion magnetic anisotropy and antisymmetric
Dzyaloshinsky-Moriya (DM) interaction is considered
to be the origin of negative magnetization.

Based on the physical mechanism of magnetization
reversal mentioned above, the Y-site and Cr-site
sublattices are simultaneously involved in the process
of magnetization reversal. The cationic substitution
of the Y and Cr positions in the perovskite structure
has been shown to be an effective substitute for
inducing new phenomena or improving magnetic and
transport properties'**?. Sinha et al.** reported that the
enhanced relaxer ferroelectric behavior has been
observed with the increasing Nd doping in YCrOs.
The effect of Eu, Sm and Er doping in YCrO; on the



SHI et al.: STRUCTURAL AND MAGNETIC PROPERTIES OF CE/FE DOPED YCRO; CERAMIC 639

electrical and magnetic properties was reported by
Chakraborty et al**?®, The decrease of Tx, coercive
field and magnetization value with the increase of
Al concentration in YCrO; was observed, and two
mechanisms that tune the magnetic properties were
discussed and proposed’’. The detail magnetic
behavior of Mn doped YCrO; was studied by
Hashimi et al® and by Wang et al”. The R-Cr
interaction in response to magnetic field and
temperature is argued to be the major factor for the
intriguing properties of these compounds®™'. The
fundamental importance of doping in enhancing the
electrical and magnetic properties which will open up
the possibility of YCrO; to be used in spintronic.
Therefore, considering the importance of YCrOs, the
Ce doping and Fe doping effect on the magnetic
properties is systematically investigated in this paper.

2 Experiment

Polycrystalline samples were prepared by solid
state reaction method with the stoichiometric
quantities of Y,03; (99.9%), Cr,0; (99.9%), Fe,O4
(99.9%) and CeO; (99.9%) as starting materials. The
mixture was sintered at 900 °C for 12 h after fully
grinding, and then 1200 °C for 12 h. After that, the
powder products were reground and pressed into
pellets with 13 mm diameter and 1 mm thickness. The
pressure for making YCrO; ceramic pellets was 12
Mpa and the time was 5 min. Finally, the pellets were
sintered at 1450 °C for 48 h.

Phase purity of all prepared samples was confirmed
by a powder X-ray diffractometer (XRD, Burker
AXS) with Cu-Ka radiation. Morphology studies and
composition analysis have been carried using field
emission scanning electron microscope (FE-SEM)
instrument. The magnetic properties were measured
using a vibrating sample magnetometer Versalab-
VSM (Quantum Design). Zero field cooling (ZFC)
and field cooling (FC) models were used to measure
the variation curve of magnetization with temperature
from 50 K to 350 K. Hysteresis loops were measured
with the magnetic field from -3 T to 3T.

Result and discussion

Fig. 1 shows the room temperature X-ray diffraction
patterns of (a)YCrO;, (b) Y0.9Ce(,CrO; and (c)
YCryoFey10;. The results showed that all the
diffraction peaks can be assigned to the single phase
orthorhombic structure with space group Pnma. No
other impurity peaks were found, and the samples had
good monophasic properties. The composition of the

synthesized samples is verified by energy-dispersive
analysis of X-ray (EDAX) technique and the spectrum
is shown in Fig. 2. The results showed that the
compositions of the samples are retained and showed
peaks according to their concentrations. There is no
loss of integral elements in the samples. The insets of
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Fig. 1 — The room temperature XRD patterns for polycrystalline
compounds (a) YCrOs (b) Y4Ce;CrO; and (c) YCrgoFeg0;.
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Fig. 2 — EDX patterns of (a) YCrOs; (b) YCryoFep;0; and

(¢) Yo9Cey1CrO;. The micrographs of samples are shown in
the insets.
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Fig. 2 display the surface morphology of the samples.
Clear grain and grain boundary are evident in the end
products, and all the samples exhibit similar grain
structure. It is clear from the photomicrograph that the
particles are well separated, which could explain the
agglomeration process that occurred during sample
preparation.

To explore the effect of ion substitution in different
positions, temperature dependence of magnetization of
YCI‘O37 Y0_9C60,1CI'O3 and YCI‘(),()FC(),]O3 measured in
ZFC and FC mode with an applied magnetic field of
0.01 T is shown in Fig. 3. In all the samples, when
the temperature is above 145 K, the magnetization
decreases linearly with the increase of temperature,
which indicating a paramagnetic behavior (PM).
Magnetic phase transition occurred in the sample near
145 K. The magnetization curves of ZFC and FC modes
show different behaviors at low temperature, that is, the
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Fig. 3 — Temperature dependence of magnetization measured

with 0.01 T magnetic field. The inset of (a) shows the differential
of magnetization with respect to temperature, and the arrow
indicates the magnetic transformation temperature Ty = 145K.

magnetization curves have irreversibility, indicating that
there is competition between different magnetic ordered.
As shown in Fig. 3(a), in the YCrOs sample, there is a
transition from paramagnetic to antiferromagnetic
with decreasing temperature. The phase transition Neel
temperature (Ty) is 145 K (Ty, defined as the first
inflection point from high temperature to low
temperature in the FC curve). For the doped samples, the
Ty of Y9Ce CrO; and YCrgoFe 05 are 145 K and
147 K, respectively. When some Y** ions are replaced
by Ce*’, the antiferromagnetic exchange interaction
remains unchanged, which is because the
antiferromagnetic order in the system originates from
the exchange interaction of Cr-O-Cr. However, when
Cr'* ions are replaced by Fe'', the antiferromagnetic
interaction is enhanced, and there are Cr-O-Cr and Fe-
O-Cr antiferromagnetic exchange interactions in the
System.

In the process of ZFC curve measurement, negative
magnetization occurred in all samples. The compensation
temperature of YCrO; and YoCep ;CrO; is
Teomp= 144.7 K, below which the magnetization is
negative. However, the compensation temperature of
the iron-doped samples is Teomp= 145.5 K, and the
increase of the compensation temperature of YCrgg
Fe(10; is related to the change of magnetic coupling
interaction between Fe'" and Cr'* caused by iron-
doped. A similar magnetic behavior induced by Fe
doping in has also been reported by Mao et al.*.
The negative magnetization behavior below the
compensation temperature can be attributed to the
antiparallel magnetic coupling interaction between
Fe-O-Fe /Cr and Cr-O-Fe/Cr, which results from the
competition between single-ion magnetic anisotropy
and antisymmetric DM interactions®. In the FC
curve, the magnetization of YCrO; increased rapidly
around 145 K, then gradually increased with the
decrease of temperature, reaching saturation at
0.7 emu/g, indicating that the sample was ferromagnetic
at low temperature. Due to the DM exchange
between adjacent Cr’" ions, Cr’” ions are arranged in
an antiferromagnetic array with inclination Angle.
Therefore, the system generates ferromagnetism near
the phase transition temperature, resulting in a sharp
increase in the FC curve near the Ty. The Ce*" ion-
doped samples did not change the Ty and Tcom, of the
system, and the magnetization of the low temperature
region did not change significantly. This may be
because the interaction between Ce-Cr ions is similar
to the interaction between Y-Cr ions, and the doping
concentration is low, so the doping of Ce*" ions have
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little effect on the magnetic properties of the system.
Cao et al.” reported the magnetic compensation of
CeCrO; near 133 K, which was attributed to the
antiparallel coupling between Ce’" and Cr’” moments.
Thus, the magnetic curve of the system directly
reflects the influence of the interaction between Cr’'
ions on its magnetism. In the Fig. 3(b), the intensity
of ZFC and FC magnetization curves decreased
significantly in the low temperature region, which
is due to the enhanced antiferromagnetic interaction
after Cr’" was replaced by Fe".

Figure 4 shows the isothermal hysteresis loops of
samples (a) YCrOs, (b) YCrooFeq105 and (¢) Yo9Cey,
CrO; at 50 K and 200 K. The magnetization curves of
YCrO; and the doped samples are linear, indicating that
the system is in paramagnetic state, which is consistent
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Fig. 4 — Magnetic field dependence of magnetization of

(a)YCrOs, (b) YCrygFe( 05 and (c) Y 9Ce ;CrO; at temperatures
of 50 K and 200 K.

with the results of magnetothermal curves (The results
show that the system is in paramagnetic state when T >
145 K). At 50 K temperature, the hysteresis loop of the
sample is nonlinear and unsaturated with small
hysteresis phenomena in the low field range, indicating
that the system has weak ferromagnetism as well as
antiferromagnetism. The hysteresis loops have different
shapes when the samples are doped with different ions
at 50 K. The hysteresis loops of YCrO; samples are
full and close symmetrically, showing obvious
ferromagnetism. When the magnetic field is greater than
1.5 T, there is no trend of magnetization saturation and
it increases linearly, indicating that the system has
antiferromagnetism. The unsaturated magnetization
curve shows that the YCrO; system has both
antiferromagnetism and ferromagnetism, and the co-
existence of the two components is consistent with the
weak ferromagnetism result caused by the canted
antiferromagnetism spin of Cr’" ions, which well accord
with the published literatures®. As shown in Fig. 4(c)
the variation trend of hysteresis loops of Ce*" ion-doped
samples is consistent with that of YCrO; samples and
the magnetization does not change much. However, the
coercivity of the hysteresis loop of Y(oCeg;CrOs
decreased obviously (Coercivity is defined as that, after
saturation of magnetization, the magnetization does not
retreat to zero when the external magnetic field back to
zero. Only in the opposite direction of the original
magnetic field plus a certain size of the magnetic field
can make the magnetization back to zero, the magnetic
field is called coercivity field, also known as
coercivity.). The coercivity is strongly influenced by the
grain size change. The decreased coercivity of the
hysteresis loop of Y(4Cey;CrO; may be caused by the
fact that the ion radius of Ce’" is larger than that of Y™
A similar result was observed in La, Ce,CrO;”. The
hysteresis loops of Fe*" ion-doped samples are long and
flat, which is different from the magnetization curves of
YCrO; and Y(9Ce;CrO;. The magnetization curves of
YCrooFe;0; in both the low and high fields show
a linear increase, and the magnetization intensity
decreases significantly, as shown in Fig. 4(b). This
indicates that the antiferromagnetism is prominent in the
YCrooFe0; system, which is related to the anti-
ferromagnetic exchange interaction between Fe’™ ions
and Cr'* ions. The doping of Fe*" ions did not change
the coercive force of the system.

3 Conclusions
The YCrO; and doped ceramic samples with
orthogonal structure are successfully synthesized, and
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the space group of the samples is Pnma. The magnetic
properties of the system are systematically studied.
The Cr’" ions are canted antiferromagnetic in order
near the magnetic phase transition temperature of
145 K, and the antiferromagnetic and ferromagnetic
states coexisted in the system under low field and
temperature. The negative magnetization induced by
temperature is observed in YCrOs, Y9CeoCrO; and
YCryoFep10;. The magnetothermal properties of the
system don't change when the Ce*" ion doping at Y
position, while the compensation temperature increased
and the magnetization of the system reduced
significantly when the Fe'" ion doping at Cr’*" position.
This is because the magnetism of YCrO; system
mainly comes from the exchange coupling interaction
between Cr ions, and the doping of Fe ions enhances
the antiferromagnetism of the system. The experimental
results provide a good experimental material for the
possible application of rare-earth chromium oxide
YCrO; in magnetic devices and the understanding of
the physical mechanism in the system.
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