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Abstract – In this work, optical and magnetic properties of PPY/BaFe(12−x)TixO19 hybrid nanocomposite which was prepared in two 

phases are presented. In the first phase, BaFe(12−x)TixO19 (Ti-doped barium ferrite) nanomaterial was  synthesized using sol-gel 

route[3] and in the second phase,  BaFe(12−x)TixO19  which was synthesised in the first phase,  is combined with PPY(polypyrrole) 

using impregnation technique[1] to prepare a hybrid nanocomposite. Final products obtained are sample1 (PPY/BaFe11.65Ti0.35O19 

at 850oC), sample2 (PPY/BaFe11.65Ti0.35O19 at 900oC), and sample3 (PPY/BaFe11.65Ti 0.35O 19 at 950oC) respectively. The Saturation 

Magnetisation and crystallite size increased for all samples except for sample2 (PPY/BaFe11.65Ti0.35O19 at 900oC).  For all prepared 

samples, lower squareness ratio indicate formatiom of multi-domain structure. In case of sample 2, the average crystallite size which 

is a function of temperature and dopant concentration has reduced. Spectroscopic investigations exhibited that the band gap value 

for sample 2 is increased and the wavelength is shifted. Again for sample3, band gap value is reduced. 

Keywords - Barium Ferrite, Polypyrrole, Titanium Butoxide, Magnetic Properties, Optical Properties. 

 

1.0 INTRODUCTION 

An easiest tool in the hands of an interceptor is electromagnetic radiation, which is used to deprave the working of an electronic 

devices in flight vehicles. Many attempts are done in order to make use of the ideal attributes of Nano materials by combining them 

with many different combinations for electromagnetic interference shielding. In order to protect the working of the device from 

being tampered by microwave [1-3], a suitable coating material must be used. 

   Recently, semiconductor-compound Nano crystals of the types of   

 Doped Perovskites [15, 16] or 

 Doped ferrites [4-14],  

 Nanocomposites with one or both of (1) and (2) are assuming importance for this purpose [17,18].    

The interactive prospect and chemical stability with the microwave radiation can be obtained by combining the corresponding 

properties of doped nanoferrites as fillers with matrix of intrinsic conducting polymers like polymethylmethaacrylate , polyaniline, 

polypyrrole and polyisobutylene [33-38]. This paper presents a new aspect to the above mentioned task by synthesizing PPY/BaFe12-

xTixO19 [19] nanocomposite material and carrying out various characterization techniques on as prepared samples. 

Author [19] reported the data of FTIR, SEM and XRD of these materials and   EDS, TEM, HISTOGRAM and SAED in [20]. This 

work is recognized to be the first in the literature by the Sci – finder software. Results showed that the Ti- doped barium ferrite 

(BaFe11.65Ti0.35O19) nano powders has been successfully incorporated into polypyrrole nanocomposite.  

 

2.0 EXPERIMENTAL METHOD 

2.1 Preparation of samples are done in two phases  

Phase 1: Ferrite preparation 

Here three different solutions were prepared based on the composition of BaFe12− xTi(x)O19 (x = 0.35)[19] . In order to obtain a clear 

solution (1), metal ferrite is dissolved into deionized water along with an appropriate amount of citric acid and stirred for 30 minutes. 

In order to prepare solution (2), dissolve specific amounts of Ti(OC4H9)4 and citric acid in absolute ethyl alcohol by stirring for 30 

minutes until it becomes clear. During three hours, the mixture was continuously stirred as the solution (2) was added very slowly 

to solution (1). This resulted in a clear Solution (3). The pH value of Solution (3) was then lowered by adding ammonia drop by 

drop, until it reached 7.0. In order for the gel to form and for combustion to begin, acidity will be necessary in order to maintain a 

clear solution and to prevent precipitation of either one or both of the reactants. Standard pH meters were used to measure pH. 

Nanomaterials are characterized by their properties influenced by the pH. A study found that weight losses were small with an 

increasing pH, as well as particle size increased [39, 40]. Also, with an increasing pH, particle size was also reported to increase 
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[39, 40]. To form viscous sol precursors, the obtained solution has been evaporated at 800 °C and dried for 24 to 48 hours under an 

oven at 120 °C. The viscous sol was then heated for three hours at various temperatures, 850oC, 900oC, and 950oC. The flow chart 

of the same has already been published [21]. 

 

Phase 2: Preparation of composite 

Nano powders containing BaFe(12-x)TixO19 (x = 0.35) and polypyrrole were synthesized and mixed with various weight percents of 

methanol (BFTO powder = 97% and polypyrrole = 3%) to synthesize BFTO/PPY nanocomposite. The mixture was stirred for 2 

hours and evaporated for 30 minutes. The mixture is then dried overnight.PPY/BaFe11.65Ti0.35O19 at 850oC and sample 2 

(PPY/BaFe11.65Ti0.35O19 at 900oC) are obtained. sample3 PPY/BaFe11.65Ti0.35O19 at 950oC) is obtained from PPY/BaFe11.65Ti0.35O19. 

There is already a detailed flowchart of the same [20]. 

 

3.0 RESULTS AND DISCUSSION 

Studies of prepared samples using vibration sample magnetometry (VSM) were conducted at the Indian Institute of Technology, 

Chennai, with a Lakeshore VSM 7410 SET UP. An optical absorption spectrometer (UV-Vis) was used to record the optical 

absorption spectra of the three samples at CNST, JNTU, Hyderabad in the wavelength range 400- 800 nm at room temperature. 

 

Fig. 1. SAMPLE 1 PPY/ BaFe11.65Ti 0.35O19  at 850℃ 

 

 

Fig. 2. SAMPLE2 PPY/ BaFe11.65 Ti0.35 O19 at 900℃  
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Fig. 3. SAMPLE 3 PPY/ BaFe11.65Ti 0.35O19@950℃ 

 

3.1 Vibration Sample Magnetometry 

An embodiment of vibration sample magnetometry at room temperature is shown in fig a, b, and c for a comparison of field-

dependent magnetic properties. Magnetic parameters such as coercivity (Hc), saturation magnetisation (Ms), remanent 

magnetisation (MR), anisotropy constant (K), magnetic moment (Nb), and crystallite size, while MS
0 marks the points where 

magnetization holds constant value, are listed in table1. 

Because none of the samples reached saturation magnetisation, they all show discrete absence of paramagnetic nature. (MS
0) 

indicates the point at which magnetization starts to assume constant value during forward and reverse cycling. The magnetization 

also increases with increasing field strength (instead of reaching saturation value). Hysteresis loops of all samples exhibit  this 

behavior. 

Due to the relatively larger surface area of fine magnetic particles [22], surface chemistry plays a greater role in the magnetic 

properties of these particles. PPY/BaFe11.65Ti0.35O19 at 900°C showed the lowest saturation magnetisation of all samples. When 

PPY/BaFe 11.65Ti0.35O19 are heated to 900oC, the number of aligned magnons is less. Sample1 has a high saturation magnetization 

while sample2 has a reduced saturation magnetization, and sample3 again has a high saturation magnetization. The reason behind 

this is that sample2 is transitioning at this temperature, which we can call the transition temperature.  Therefore, M decreases as 

well as Saturation Magnetization. For sample 1 and sample 3, saturation magnetization increases due to more magnon aligning in 

the external field's direction. The result is an increase in magnetic moment. 

Maximum saturation magnetization occurs when the temperature is 950oC. The coating material must meet this condition to shield 

microwave radiation. The size of the crystallites, which is related to dopant concentrations and temperatures, determines the number 

of particles present in the domain. Ferromagnetism is a result of this, which can be observed in VSM studies. This was already 

discussed in the earlier XRD study [19] regarding crystallite size and lattice constant. If the size of the domains increases, it indicates 

that there are more magnons in the domains whereas if the size decreases, it indicates that there are more magnons in sub-lattices 

that cause ferromagnetism. As the retentivity and coercivity values vary, the magnetic properties of sub- lattices show a variation in 

ferrites with different doping concentrations and temperatures. The analysis of the measurements of parameters associated with 

hysteresis loops indicates that all prepared samples form wasp waists. A high level of wasp waistlines is evident for sample3 and 

the hysteresis loop indicates that wasp waist lines are newly formed. Wasp waist lines appear to be more prevalent in other 

samples. Multi-domain formation is indicated by lower squareness ratios. No sample reaches saturation in magnetization. 
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Table-1 : Hysteresis parameters of PPY/ BaFe12-xTi xO19 for sample1,sample2 and sample3 

Sample Hc (oe) MR emu/

gm 

M
S
 emu 

/gm 

M
R 

/ 

M
S
 

K X10
4 

Ergs/cm3

 

Nb 

X10
2

 

M
s

o

 Avg.crystallite 

size 

PPY/ BaFe11.65Ti 

0.35O19 at 850oC 

3075.7 0.070721 0.3209 0.2203 

 

493.38 

 

0.0675 

 

12923*0.285 

 

15.09 

 

PPY/ BaFe11.65Ti 

0.35O19 at 900oC 

2376.3 

 

0.066159 

 

0.2979 

 

0.2221 

 

353.9 

 

0.0627 

 

12519* 0.256 

 

13.303 

 

PPY/ BaFe11.65Ti 

0.35O19 at 950oC 

1720.5 

 

0.074166 

 

0.3326 

  

0.223 

  

286.03 

  

0.0699 

 

11223* 0.2606 

  

18.26 

 

 

3.2 UV-Visible Spectrophotometer  

A Shimadzu spectrometer (model UV-3100), operated at room temperature, was used to measure optical absorption spectra for the 

samples at CNST, JNTU, Hyderabad. 

 

Fig 4. Sample 1 PPY/ BaFe11.65 Ti 0.35 O19 at 850℃ 

 

Fig. 5. Sample 2 PPY/ BaFe11.65 Ti 0.35 O19 at 900℃ 
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Fig. 6. Sample 3 PPY/ BaFe11.65 Ti 0.35 O19 at 950℃ 

Analyzing Tauc plots for nano composites to determine Band Gap values. Band gap values are reported in the literature for pure 

barium hexaferrite at 3.79ev [23] and pure polypyrrole at 1.37ev [43]. The graph illustrates the change in band gap as a function of 

the sintering temperature. Nano-regime quantum confinement is credited with the increase in band gap value [28]. Increased band 

gap is a consequence of quantum confinement at the nanoscale.PPY/ BaFe12-xTixO19 nanocomposite is analyzed to determine its 

band gap. LCMT (ligand to metal charge transfer) produces one peak around *250 nm, whereas PPY incorporation into nanoferrite 

at many different temperatures has another peak around *290 nm. At the three temperatures  that we tested, 850oC, 900oC, and 

950oC, we found two peaks that confirm the proper formation of PPY/BaFeTiO19 nanocomposites. 

Sample-2 showed an increased band gap value, whereas sample3 had a decreased band gap and its wavelength shifted. Agrain 

boundaries, crystalline defects, and dislocations further contribute to the absorption of light in the longer wavelength region [25]. 

Due to this, sample 3 does not exhibit an absorption peak around 250nm. In addition, sample 3 lacks an absorption peak around 

250nm because of its cation distribution [29] and decreased band gap due to increased crystallite size, along with increased 

temperature due to decreased band gap. Upon considering that the amplitude of atomic vibrations increases with the increase in 

thermal energy, this behavior becomes more understandable [30]. The effect of an increasing interatomic spacing is to reduce the 

electron's potential, thereby decreasing the energy band gap of the material [31]. Further, by increasing the temperature of the 

sintering to 950oC, remanent magnetization (MR) increased (see the results in Table 1). As shown by the variation in MR with 

calcination temperature, if oxygen vacancies were decreased, this would result in improved super exchange interactions between 

Fe3þ– O2– Fe3þ, originating from three parallel and two antiparallel sub-lattices (2a, 12k and 2b), thereby improving the 

nanomaterial's ferromagnetic properties [32]. 

 

Table-2 : Absorption peak and also the band gap values of PPY/ BAFE12-XTiXO19PPY/ BAFE12-XTiXO19 

Sample Absorption around 

~250nm 

Absorption around 

~270nm 

Absorption around 

~290nm 

Eg (ev) 

PPY/BaFe11.65Ti 0.35O 19  at 850oC 253.65 277.71 296.72 5.36 

PPY/BaFe11.65Ti 0.35O 19 at 900oC 257.01 272.82 298.75 5.39 

PPY/BaFe11.65Ti 0.35O 19   at 950oC - 280.40 298.91 5.20 

 

4.0 CONCLUSION 

All characterization techniques carried out on the prepared samples proved that the BaFe 12-xTixO19   has been successfully 

incorporated into the PPY polymer. Magnetic and optical studies on the prepared samples are carried out  by utilizing standard 

characterization methods. UV-VIS spectroscopy was used to measure band gap of prepared samples and hysteresis loop studies 

were conducted using VSM technique. Our magnetic properties topological model correlated with wasp-waist formation while 

studying VSM. Paleomagnetic studies have discussed this mechanism for a long time[6].  For this work, the Nobel Prize has been 

awarded in 2016. The field in the longitudinal direction of the wire is oscillatory and uniform in an anisotropic easy-plane magnetic 

wire, Aharonov developed an analysis of the soliton-anti-soliton interaction. Wasp waists observeable in hysteresis loops are 

sufficiently formed by this. A synthesised PPY/BaFeTiO nanocomposite can be used for absorbing microwave radiation as a coating 

on stealth fighters, so radars cannot detect the aircraft [41] and the synthesised material also has conductive properties with an 
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improved impedance matching, so the material provides higher absorption capacity [42,35]. Considering this, In light of this, we 

plan to conduct Mossbauer studies, ac and dc conductivity studies, dielectric studies, and Raman impact studies for the purposes of 

future demonstrations. 
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