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Abstract—The strong coupling between magnetization and 
polarization can be exploited in multiferroic materials to produce 
marvellous magnetoelectric switching devices and sensors. In this 
work, we have synthesized Bi0.85La0.15FeO3 (BLFO) and 
Bi0.85La0.15FeO3-15%BaTiO3 (BLFO-15BT) composite ceramics by 
solid state reaction route. These composites were structurally 
characterized by analysis of X-ray diffraction patterns which 
confirmed the simultaneous existence of both BLFO and BT phases in 
composites due to the observed broadening and splitting in 
prominent peaks.  The room temperature M-H studies display a 
decrease in the saturation magnetization in BLFO-BT composite. 
Significantly the coercivity of BLFO and BLFO-BT composite remain 
constant confirming separate existence of the constituent phases. A 
slim ferroelectric hysteresis loop of BLFO-BT composite is observed 
as compared to BLFO ceramic due to the lattice distortion.  The 
increase in coercivity in BLFO-BT composite is attributed to the 
interfacial polarization at the grain boundaries. Thus the BLFO-BT 
composite display an enhanced multiferroic nature which is very 
promising for magnetic memory devices and sensors. 

Introduction 

Multiferroics are the materials which have the simultaneous 
existence of two or more physical properties in a single 
material like ferroelectric, (ferro) magnetism and 
ferroelasticity. Bismuth ferrite is an excellent multiferroic 
material among the very rare present multiferroics in the 
nature [1] and used in various applications including sensors 
[2, 3]. The reason of rare existence of multiferroics is the 
different chemistry i.e. fully filled or do-ness is the nature for 
the electrical oxide materials and partial filled ‘d’ shell  for 
magnetic oxide materials [4]. Although BFO is an excellent 
multiferroic but there are some processing issues and as a 
result of which there are some impurities like Bi2Fe4O9, 
Bi25FeO39 etc. and unsaturated electrical hysteresis loop 
present in the material. The unsaturated hysteresis P-E loop 
shows the lossy nature of material which is not acceptable for 

the sensing as well as memory applications. Such type of 
problems in BFO comes from the volatile nature of Bi with 
respect to Fe. The processing temperature of Fe is very high 
comparative to Bi [5].  So there is a need of proper 
optimization and enhancement in the multiferroic properties of 
BFO either by doping or formation of composite with other 
suitable material or both.  So in the light of it, the present 
study is focused to prepare optimized pure phase multiferroic 
composite for sensors. First the impurities of BFO are the 
issue and solved by the doping at the Bi site as reported in the 
literature like Gd3+, La3+ and Sm3+  [6-8]. As per the literature 
the doping of La3+ at the Bi3+ site is more effective and the 
composite of La doped BFO with high piezoelectric as well as 
lead free ferroelectric BT has a number of important 
improvements in the physical properties like ant ferromagnetic 
to ferromagnetic change, low coercive and countable 
maximum polarization of electric hysteresis loops for loss 
analysis and removal of impurities due to the distortion in the 
structure of BFO after the doping of La at the Bi site.    

 Experimental 

Polycrystalline Bi0.85La0.15FeO3 and Bi0.85La0.15FeO3-
15%BaTiO3 were synthesized by the standard solid-state route 
using very high purity powders of Bi2O3, La2O3, Fe2O3, 
BaCO3 and TiO2. Both BLFO and BT were prepared 
separately and then mechanical mixing was applied for the 
composite formation. These materials were meticulously 
weighed in appropriate stoichiometric proportion with 5% 
extra Bi2O3, which was needed as spacer for compensation of 
bismuth loss at the time of heat treatment. The ceramic 
powders were mixed properly in stoichiometric ratio and 
ground systematically. Subsequently, the ground powders of 
BLFO and BT were calcined 750 oC and 850o C respectively 
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for 10 hrs. The pelletized samples of BLFO and BLFO-BT 
composite were sintered for 8 hrs at 650 oC respectively. 

The structural measurements of the samples were taken from 
X-ray diffractometer employing Cu-Ka radiations. The 
magnetization data were collected using vibrating sample 
magnetometer (VSM). Polarization vs electric field (PE-loop) 
measurements were done with the help of ‘Marine India’ 
instrument at 50 Hz under a field of 25 kV/cm. Before 
ferroelectric vs electric field (P-E loop) measurements, 
samples were heated at 100 oC for 1 hr in an oven for the 
removal of any moisture. Sintered pellets were polished and 
coated from both sides using silver paste to make good 
electrical contacts for measuring ferroelectric properties. 

Results and discussion 

Structural analysis is a tool for the confirmation of material 
phase formation and measured by powder X-ray diffraction. 
Fig. 1 shows the powder XRD spectra of BLFO and BLFO-
15BT composite. The spectrum shows the polycrystalline 
nature of the samples. The indexing of the XRD spectra peaks 
have been done on the basis of distorted rhombohedral 
structure with space group R3c [9]. The impurities reported in 
the literature for pure bismuth ferrite (Bi2Fe4O9 and Bi25FeO39) 
[4] are almost suppressed after the La doping on the Bi site 
and also in line with the reported literature [6-8]. Fig. 1 shows 
that BFO-15BT holds the peaks of both BLFO as well as BT 
(denoted by ‘*’). This is the confirmation of composite 
formation without any impurity.  

Fig. 2 shows the expanded view of XRD data near to 32o and 
the peaks are shifting with splitting towards higher 2 theta 
side. It is due to the different ionic radii of different ions 
present in the composite (Bi3+, Ba3+, La3+, Fe2+ and Ti4+). As 
per the literature, shifting in the peaks indicates the distortion 
in the lattice due to compression and it is related to the 
polarization switching [10]. 

  

Fig. 1 X-ray diffraction patterns of BLFO and BLFO-15%BT 
composites 

The room temperature magnetization (M-H) hysteresis loop 
measurements confirm the different magnetic parameters of 
the material like saturation magnetization, coercivity and 

remnant magnetization. Such type of measurements decide the 
role in device applications like data storage, magnetic read 
heads and sensors etc.  Fig. 3 shows the room temperature 
saturated M-H hysteresis loops for both the samples viz BLFO 
and BLFO-15BT. As per the literature reported, BFO shows 
the antiferromagnetic nature [1] but the doping of La at  

 

Fig. 2: Enlarged X-ray diffraction pattern of BLFO and BLFO-
BT composites in the range of  30o to 35o 

the Bi site of BFO greatly enhance its magnetization and the 
reasons behind such enhancement is (i) due to the increase of 
the spin canting angle (ii) pre-dominantly due to destroying of 
the spiral spin-modulated incommensurate structure. And as a 
result of both the reasons the net macroscopic magnetization is 
obtained [11-13]. The addition of 15%BT in to BFO reduces 
the saturation magnetization but the coercivity (intrinsic 
property of the material) does not change which confirms that 
the BT is on the interface or on the grain boundaries and not 
inside the grains of the BLFO. It is also the reason of the 
composite formation and both peaks present in XRD patterns 
(Fig. 1). The coercivity is very low and nearly 442 Oe which 
confirms the loss is minimum in the samples. 

 

Fig. 3: Room temperature M-H hysteresis loop of BLFO and 
BLFO-BT composites  
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The room temperature electric hysteresis loops (P-E loop) 
measurement is an excellent technique to find the loss analysis 
and the maximum polarization in the samples. Fig. 4 shows 
the P-E loops of BLFO and BLFO-15BT composite, measured 
at a frequency of 50 kHz, 25 kV/cm and at room temperature. 
The maximum polarization of pure BFO is along the diagonals 
of the perovskite unit cell (111) pseudocubic / (001) hexagonal 
[1] but the incorporation of BT with La modified BFO 
changes ferroelectric hysteresis and the values of the 
maximum polarization obtained are 0.65 and 0.24 μC/cm2 for 
BLFO and BLFO-15BT respectively. The BT substitution in 
to BLFO reduces the leakage current and improves the 
electrical properties. It is very interesting to note that the 
coercivity increased from 3.5 kV/cm for BLFO to 12.1 kV/cm 
BLFO-15BT composite. The increase in coercivity of BLFO-
BT composite is attributed to the interfacial polarization at the 
grain boundaries. 

 
Fig. 4 P-E ferroelectric hysteresis loop of BLFO and BLFO-

15%BT  

The ferroelectric and ferromagnetic nature of both (BLFO and 
BLFO-15BT composite) enhance after the doping at Bi site 
and composite with BT of BLFO, which confirms the 
multiferroic nature of the pure BFO enhanced and such type of 
materials can be used in sensing application. The further 
analysis of the effect of magnetic field on ferroelectric 
properties and as a result of it magnetoelectric coupling is 
under investigation. 

Conclusions  

Multiferroic materials with pronounced magnetic and 
electronic properties have flooded everywhere in modern 
technology including electric field-controlled magnetic 
memory data storage.  The solid state reaction route has been 
employed to prepare multiferroic BLFO and BLFO-BT 
composite. The co-existence of rhombohedral and tetragonal 
phases of BLFO and BT in BLFO-BT is confirmed from the 
splitting of marked peaks in the XRD pattern. The magnetic 
studies display a decreased coercivity due to addition of BT in 

BLFO. A dramatic change in the P-E loop of BLFO-BT 
composite is observed as compared to BLFO arising out of the 
interfacial polarization.   

Acknowledgements 

Authors are thankful to University of Delhi, New Delhi for 
funding the Star Innovation Project (ARSD-SIP-01). The 
authors would like to thank USIC, University of Delhi for 
magnetic measurement, New Delhi, Centre for Nanoscience, 
Jamia Millia Islamia University for XRD, New Delhi, and 
NSIT for ferroelectric P-E loop measurements, New Delhi 
India for their characterization facilities. 

References 

[1] G. Catalan  And J. F. Scott, “Physics And Applications Of 
Bismuth Ferrite,”  Adv. Mater. Vol. 21, Pp. 2463–2485, 2009. 

[2] Z. Wen , X. Shen, J. X.Wu, D. Wu, A.D. Li  And J. L. Wang, 
“Temperature-Dependent Leakage Current Characteristics of Pr 
And Mn Cosubstituted BiFeO3 Thin Films,” Appl. Phys. Lett.,  
Vol. 96, Pp. 202904-1-3, 2010 

[3] V. R. Palkar, K. G. Kumar And S. K. Malik, “Observation Of 
Room-Temperature Magnetoelectric Coupling In Pulsed-Laser-
Deposited Bi0.6Tb0.3La0.1FeO3 Thin Films,” Appl. Phys. Lett., 
Vol. 84, Pp. 2856–2869, 2004. 

[4] P. Uniyal  And  K. L. Yadav, “Study Of Dielectric, Magnetic 
And Ferroelectric Properties In Bi1-xGdxFeO3,” Mat. Lett., Vol. 
62, Pp. 2858–2861, 2008. 

[5] M. Mahesh Kumar, A. Srinivas, And S. V. Suryanarayana, 
“Structure Property Relations In BiFeO3 /BaTiO3 Solid 
Solutions,” J. Appl. Phys. Vol. 87, Pp. 855-862, 2000. 

[6] S. Pattanayak, R. N. P. Choudhary, S. R. Shannigrahi, P. R. Das 
And R. Padhee, “Ferroelectric And Ferromagnetic Properties Of 
Gd-Modified BiFeO3,” J. Magn. Magn. Mater., Vol. 341, Pp. 
158-164, 2013. 

[7] X. M. Chen, J. L. Wang, G. L. Yuan, D. Wu, J. M. Liu, J. Yin 
And Z. G. Liu, “Structure, Ferroelectric And Piezoelectric 
Properties Of Multiferroic Bi0.875Sm0.125FeO3 Ceramics,” J. 
Alloys. Compd., Vol. 541, Pp. 173-176, 2012. 

[8] W. Dong, Y. P. Guo, B. Guo, H. Y. Liu, H. Li And H. Z. Liu, 
“Photovoltaic Properties Of BiFeO3 Thin Film Capacitors By 
Using Al-Doped Zinc Oxide As Top Electrode,” Mat. Lett., Vol. 
91, Pp. 359-361, 2013. 

[9] S. Shankar, M. Kumar, S. Kumar, O.P. Thakur, A. K. Ghosh, 
“Enhanced Multiferroic Properties And Magneto-Dielectric 
Effect Analysis Of La/Co Modified BiFeO3,” J. Alloys Comp., 
Vol. 694, Pp. 715-720, 2017. 

[10] H. Liu, P. Yang, Z. Fan, A. Kumar, K. Yao, K.P. Ong, K. Zeng 
And J. Wang, “Uniaxial Strain-Induced Ferroelectric Phase 
With A Giant Axial Ratio In A (110) Bifeo3 Thin Film,” Phys. 
Rev. B, Vol. 87, Pp. 220101-1-6, 2013. 

[11] C. Ederer And N.A. Spaldin, “Weak Ferromagnetism And 
Magnetoelectric Coupling In Bismuth Ferrite,” Phys. Rev. B, 
Vol. 71, Pp. 060401-1-4, 2005.  

[12] M. Kumar, S. Shankar, R.K. Kotnala And O. Parkash, 
“Evidences Of Magneto-Electric Coupling In BFO–BT Solid 
Solutions,” J. Alloys. Compd., Vol. 577,  Pp. 222-227, 2013. 

[13] M. Kumar, S. Shankar, O.P. Thakur And A.K. Ghosh, “Studies 
On Magnetoelectric Coupling And Magnetic Properties Of (1− 
x) BiFeO3–xBaTiO3 Solid Solutions,” J. Mater. Sci. Mater. 
Electron, Vol. 26, Pp. 1427-1434, 2015. 


