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Experimental studies of barium titanate nanofibers prepared by electrospinning
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This paper reports the fabrication and characterization of BaTiO3 nanofibers prepared by the electrospinning method. The X-ray diffraction (XRD)
pattern revealed the formation of tetragonal phase corresponding to the Bragg angle 2θ = 31◦ and 45◦. The formation of metal oxide is confirmed
by the FTIR measurement. SEM study evidenced the smooth and randomly grown nanofibers with their average sizes 472 and 515 nm with respect
to the samples BT1 and BT2 prepared at 8 and 12 kV dc voltages. TG/DTA analysis was performed to study the heating behavior of the composite
BaTiO3/PVP mat and 49 % weight loss was observed at 725 ◦C.
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1. Introduction

Barium titanate (BaTiO3) has excellent ferroelectric and piezoelectric properties. This material has been utilized
in several industrial applications like capacitors, actuators, non-volatile RAM etc. [1–4]. In the absence of an external
field, BaTiO3 possess ferroelectric polarization. Over BaTiO3 particles, nanofibers are reported to be promising one
due to their large dielectric permittivity. Electrospinning technique has been reported to be as the simplest method for
the fabrication of composite nanofibers of BaTiO3. It consists of mainly three parts such as power source, collector
and the syringe pump. Upon applied dc voltage, the loaded solution flows under the region of strong electrostatic field
which experiences a repulsive force and as a result fine jet formed [5].

Several literature have been reported on the fabrication and characterization of BaTiO3 nanofibers by the elec-
trospinning method [6–8]. Study of BaTiO3 nanofibers was reported after the calcination of as-prepared fiber mat at
different temperatures followed by drying at 80 ◦C under vacuum condition [9]. The investigation by electron scan-
ning microscopy (SEM) showed the fibers diameters from 160 – 300 nm. The X-ray diffraction (XRD) study endorsed
the presence of tetragonal perovskite structure while Fourier transform infrared spectroscopy (FTIR) confirmed the
various bonds corresponding to the BaTiO3 nanofibers. The O–H stretching peaks at 3430 and 1425 cm−1 was found
to be weak with respect to the increased calcination temperature while Ti–O peak at 570 cm−1 became strong. Re-
markably, BaTiO3 nanofibers calcined in nitrogen environment could convert the tetragonal phase to cubic perovskite
structure which has been attributed to the elimination of carbonate content. Electrospun fiber mats of PVDF/BaTiO3

nanocomposites were studied [10]. By SEM analysis the prepared fibers were noticed to be well grown in random
directions with diameter from 200 – 400 nm. The XRD study revealed the presence of both α and β phases in PVDF
whereas enhanced β phase was noticed in PVDF/BaTiO3 sample. Further, the thermal emissivity was studied for
both the samples and found to be reduced for the PVDF/BaTiO3 sample. An approach of controlled morphology
of barium titanate nanofibers has been reported [11]. The prepared nanofibers were investigated and observed to be
polycrystalline in nature. The morphology was found to be ribbon-like form with their diameter and grain size 200
and 30 nm respectively. BaTiO3 fibrils were obtained with the increased precursor with their diameter below 50 nm
while the morphology was the same as ribbon-like. Further, fibers calcined at temperature 700 ◦C were observed to be
in tetragonal phase as identified by XRD analysis. BaTiO3 nanofibers calcined at temperature at 750 ◦C showed the
fibers diameter from 80 – 190 nm [12]. This investigation was claimed to the stand-alone formation of ferroelectric
nanofibers.

Here, we present the fabrication and characterization of BaTiO3 nanofibers prepared at two distinct dc voltages (8
and 12 kV). In Section 2, the experimental approach is presented and the obtained results are discussed in Section 3.
Finally, the work is summarized in Section 4.
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2. Experimental approach

The chemicals, titanium-IV butoxide (TBOT), polyvinylpyrrolidone (PVP with m.wt. 1300000), barium acetate,
ethyl alcohol and glacial acetic acid were procured and used without additional purification. To prepare the barium
titanate (BaTiO3) solution, the following sol-gel process was carried out. For the preparation of solution ‘S1’, 2 g
barium acetate was added in 5 ml acetic acid and kept for stirring for few minutes. Later, 3 ml titanium (IV) butoxide
was drop-wise added to the above solution and stirred for 1 hr. In a similar way, 0.5 g polyvinylpyrrolidone was added
in 5 ml ethanol and stirred for 30 min to get the solution ‘S2’. Finally, both the solutions (S1 and S2) were mixed
under constant stirring for few hrs. After observing the homogeneous and viscous solution, the prepared solution was
loaded in syringe for the electrospinning process. The electrospinning process is summarized in Fig. 1. The drum
collector was used to collect the electrospun mat while the DC voltage was applied in between the drum collector and
the metal tip at room temperature while maintain humidity 40 %.

FIG. 1. Preparation of nanofibers by electrospinning method

For the preparation of nanofibers, two distinct dc voltages 8 and 12 kV were evaluated while the solution flow rate
and distance jet-collector drum were maintained to 1 ml/h and 10 cm respectively. After electrospinning process, the
collected samples were calcined at 600 ◦C for 1 hr.

The samples prepared at 8 and 12 kV voltages were named as BT1 and BT2 respectively and characterized to
examine the phase and crystallinity by X-ray Diffraction (XRD-Bruker AXS D8 Advance, Germany), the qualitative
and quantitative analysis by Fourier-transform infrared spectroscopy (FTIR-Shimadzu, Japan), thermal response by
thermogravimetric differential thermal analysis (TG-DTA, DTG-60H, Shimadzu), the surface morphology by scanning
electron microscope (SEM, JSM-6360, USA) and the elemental composition investigation by EDX attached to SEM.

3. Results and discussion

X-ray diffraction (XRD) patterns of samples BT1 and BT2 were recorded in the range 2θ = 20 – 80◦, which is
plotted in Fig. 2. As the calcination temperature was maintained at 600 ◦C for 1 h therefore, the diffraction peaks
at 2θ = 24.1◦, 27◦, 42◦, 47◦ and 56◦ reveal the presence of orthorhombic phase of BaCO3 in both the samples and
matched with the JCPDS#45-1471) [9, 11]. In addition, peaks at 2θ = 31◦ and 45◦ are found to be associated with the
tetragonal phase which are assigned to the planes (101) and (002) according to JCPDS#05-0626.

To know the chemical bonds, FTIR measurements were carried out for both the samples and results are plotted
in Fig. 3. The peaks at wavenumbers 3434 and 2933 cm−1 are assigned to the O–H and C–H stretching vibrations
respectively [11].

A vibration peak corresponding to C–H stretching can be observed from 2923 – 2853 cm−1 [13]. Other vibration
peaks related to C=O and C–C can also be observed at 1634 and 1387 cm−1 respectively. For the BT1 sample, a small
peak nearly at 570 cm−1 is associated with the stretching vibration of Ti–O, however, the peak position was shifted to
a slightly higher value for the case of sample BT2 prepared at increased dc voltage [13].

To investigate the morphology of BaTiO3, both samples BT1 and BT2 were characterized using scanning electron
microscopy (SEM). Both the images shown in Fig. 4(a and b) depicts the uniform and homogeneous growth of BaTiO3
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FIG. 2. XRD patterns of electrospun BaTiO3 nanofibers

FIG. 3. FTIR spectra of electrospun BaTiO3 nanofibers

nanofibers. As compared to BT1 sample prepared at 8 kV, BT2 endorses the smooth and well aligned growth of the
nanofibers. The average diameters of the BT1 and BT2 were found to be 515 and 472 nm respectively. The decreased
diameter of the BT2 sample is attributed to the increased applied voltage which could enhance the rapid evaporation
of the solvent [14].

The thermal behavior of as-prepared PVP-BaTiO3 mat was studied by thermogravimetric & differential thermal
analysis (TG/DTA) measurements which is plotted in Fig. 5. Referring to TG curve, the trend of the curve below
200 ◦C indicates the elimination of the water and solvent contents. Another trend of weight loss between 250 ◦C and
400 ◦C can be observed which is regarded the decomposition of the used polymer and acetate molecules [13]. Further,
the weight loss in between 600 – 700 ◦C is noticed which is associated with the decomposition of organic groups. At
temperature 725 ◦C, the weight loss was ended with maximum of 49 % of the total weight. In a similar way, DTA
analysis reveals an endothermic peak at 300 ◦C related to the evaporation of the unwanted contents like water/solvent.

The exothermic peaks at 359 ◦C and 468 ◦C is attributed to the decomposition of barium acetate while peak
corresponding to the decomposition of the main chain of PVP is also observed at 624 ◦C. Furthermore, at 725 ◦C the
presence of the organic groups was eliminated.
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(a) (b)

FIG. 4. SEM image of BT1 and BT2 samples prepared at 8 and 12 kV dc voltages respectively

FIG. 5. TG/ DTA curves of electrospun BaTiO3 nanofibers

4. Conclusion

We have presented the preparation and characterization of electrospun BaTiO3 nanofibers at two distinct voltages,
8 and 12 kV. The XRD pattern endorses the formation of the tetragonal phase in both the samples BT1 and BT2. FTIR
investigation showed the various vibration peaks including Ti–O bond in between 570 – 600 cm−1. SEM measurement
evidenced the decreased diameter of the BaTiO3 nanofibers with the increased dc voltage. The TG/DTA investigation
revealed the various temperature regions associated with the decomposition of BaTiO3-PVP mat and finally, the weight
loss was vanished with 49 % loss of the total weight at temperature 725 ◦C.

Acknowledgements

Authors are thankful to Prof. M. A. More (University of Pune) for the provided accessibility of the characterization
facilities.



354 M. V. Someswararao, R. S. Dubey

References
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