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Introduction
Materials showing a simultaneous coexistence of electric and magnetic ordering have 

high interesting properties allowing them to be used in several application arrears especially 
in next-generation memory devices such as in electric fields control magnetism. These 
materials are known as multiferroic materials. Among these materials, bismuth ferrite with 
the general formula BiFeO3 (BFO) stands up, because it is one of the limited materials being 
simultaneously magnetic and strongly ferroelectric at room temperature [1, 2]. The pure 
BFO presents an anti-ferromagnetism with Neel temperature around 750K. Indeed, the weak 
magnetic behaviour and leakage currents are still the drawbacks for its application in the 
case of novel magnetoelectric effects. However, it was reported that the substitution in A or/
and B-sites with suitably doped ions is deemed to be a compromising way to modulate and 
enhance the ferromagnetic and ferroelectric properties at room temperature of magnetic 
materials [3-6].

Considering the previous, the discussion of structural, morphological, magnetic and 
dielectric properties of BFO compound prepared by sol-gel and with the substitution of 10% 
of Er3+ and 10% of Ba2+ in A-site of BiFeO3 compound simultaneously with 4% of Mn3+ or Co2+ 
and Cr3+ (2% each one) in its B-site was done [7-9].

Results and Discussion
Structural and morphological studies

X-ray diffractograms of the Bi0.8Er0.1Ba0.1Fe0.96Co0.02Cr0.02O3 (BEBFCC) and 
Bi0.8Er0.1Ba0.1Fe0.96Mn0.02Cr0.02O3 (BEBFMC) compounds were indexed to bismuth ferrite 
material with the formula BiFeO3 (JCPDS file no. 71-2494) with rhombohedral structure, R3C 
space group, which confirms well the formation of the desired perovskite multiferroic material. 
Furthermore, minor impurity peaks are also evident in the XRD patterns of both compounds. 
Xpert-hight score was used to prove that these peaks correspond to the Bi2Fe4O9 and Bi25FeO40 
phases. The formation of these secondary phases during the synthesis of undoped BFO and 
cations substituted BFO is almost unavoidable accordingly to similar studies [10,11].
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Abstract
The Bi0.8Er0.1Ba0.1Fe0.96R0.02Cr0.02O3 (R = Mn3+ and Co2+) compounds were prepared by the Sol-Gel 

method and sintered at 800 °C for 2 hours. Both compounds present a rhombohedral structure with 
R3C space group. The nano-size criteria is confirmed for both compounds. The compound with Mn3+ 
ions presents the higher saturation magnetization and the higher amount of ferromagnetic contributions. 
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The average crystallite size, estimated from XRD patterns using 
Scherrer formula was found to be around 68nm and 35nm in the 
case of BEBFCC and BEBFMC, respectively. The composition and 
purity of the prepared compounds were determined by energy 
dispersive X-ray microanalysis. The surface morphology was 
investigated by scanning electron microscopy and the micrographs 
showed that the grains are irregular and non-uniformly distributed 

as in the case of the pure BFO compound [7]. The particle size 
determination was done by transmission electron microscopy using 
image-J software, as shown in Figure 1 for BEBFMC. According to a 
Lorentzian adjustment of the particles size distribution, a value of 
57nm was found. One can deduce that each particle has 2 crystallites 
in average. The nanosized criteria of the prepared compounds was 
confirmed.

Figure 1: TEM images and particles size distribution of the BEBFMC compound.

Magnetic studies
The temperature dependence of the magnetization under 

0.05T of the multiferroic BEBFMC and BEBFCC are shown in Figure 
2. One can notice that the magnetization of the BEBFMC compound 
is higher than that of BEBFCC. Clearly, the magnetization of both 
compounds, rises when decreasing temperature and shows an 
inflection point at around 569K and 575K for BEBFMC and BEBFCC, 
respectively. This temperature is attributed to the Ferromagnetic-
Paramagnetic phase transition known as the Curie Weis (TC) 
temperature. It is important to mention that the TC temperature of 
the pure BiFeO3 compound was found to be higher than 750K [12], 
so the utility of the substitution in both A and B sites was confirmed 
to decrease the TC temperature , especially in the case of Mn ions. 
The room temperature hysteresis (M(H)) loops of the BEBFMC 
and BEBFCC compounds are shown in Figure 2, respectively. As 
one can see, in both compounds, the magnetization occurs in 
two different behaviours; first region where the magnetization 
increases very sharply with increasing magnetic field, while at 
high magnetic fields the magnetization is more-or-less saturated 
and exhibits a linear behaviour. For pure BFO, the M-H curves 
exhibit an almost unsaturated straight line which proves that it 
has a G-type Antiferromagnetic (AFM) with canting of Fe3+ ions 
[13]. Both behaviours at high and low magnetic fields, confirm 
the existence of a competition between ferromagnetic (FM) and 
antiferromagnetic (AFM) interactions due to the substitution in 
A and B-sites of the BFO compound. This magnetic competition 
enhances the total magnetization in the studied compound. The 
saturated magnetization MS of the BEBFMC and BEBFCC compounds 

were found to be around 6.8 and 5.5emu/g, respectively, at room 
temperature which is more than seventeen times larger than 
that of the pure BFO compound (about 0.3 emu/g) [14,15]. This 
enhancement of magnetization is due essentially due to the FM 
interactions occurring with the substitutions of both A and B-sites.

The M-H loops have been modulated to quantify theoretically 
the FM and the AFM contributions, using the following equation: 
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where MFM
S, MFM

R, Hci are the ferromagnetic saturation 
magnetization, remnant magnetization, intrinsic coercive field, 
respectively. The first term in this equation is ascribed to the 
irreversible component of magnetization, coming from the 
ferromagnetic contribution (FM). The second one is due to 
the antiferromagnetic contribution (AFM) and shows a linear 
behaviour with the applied magnetic field [16,17]. The simulated 
ferromagnetic and antiferromagnetic contributions at room 
temperature for both compounds are shown in Figure 2. The 
resulted fitting parameters are listed in Table 1. From the fitted 
parameters values, it is concluded that for BEBFMC compound, the 
AFM contributions are around 34.48% of the total magnetization, 
while the FM part presents 65.62%, which confirms the domination 
of the FM contribution over the AFM one. As conclusion, the 
enhancement of the magnetization in BEBFMC is due especially to 
the ferromagnetic contribution originated from the substitutions in 
A and B-sites, while for BEBFCC compound, the AFM contribution 
dominates the total magnetization (61.3 %) over the FM.
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Figure 2: (a) and (b) Magnetization vs. temperature and its first derivation of the BEBFMC and BEBFCC 
compounds, respectively. (c) and (d) Fit results of the Hysteresis loop at room temperature of the BEBFMC and 

BEBFCC compounds, respectively.

Table 1: Parameters extracted from fitting the magnetization hysteresis loops of the compounds.

Sample Antiferromagnetic  Contribution Ferromagnetic Contribution

BEBFMC

BBBFCC

 (emu/g*T) HCI (T) MFMS (emu/g) MFMR (emu/g)

0.371 0.415 6.838 2.756

0.313 0.202 1.943 1.039

Conclusion
The utility of multi doping the BiFeO3 system was confirmed. 

When introducing a low concentration of Erbium and Barium in 
A-site with a low amount of Chromium and (Manganese or Cobalt) 
in B-site, the total magnetization rises more than seventeen times 
compared to undoped BiFeO3 compound. The Mn3+ ions in B-site 
enhances the amount of the FM contribution in the compound 
leading to a rise in magnetization.
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