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Abstract 
 

The current pursuit poses an approach for fabricating BCZT/PVP multilayer 

films are prepared under controlled hydrolysis method and spin coating 

method on Polymide for Microwave absorption applications. BCZT Particles 
of an average dimension of 50.36 ± 12.97 nm and crystal size of 29 nm and a 

tetragonal crystalline phase were synthesized by adding ethanol/acetic acid 

aqueous solution with acetates combination, which were suspended with 

magnetic stirring for 12 hrs at room temperature and 5 hrs at 70⁰C. A 
Polymide, of which surface was modified with polyvinylpyrrolidone, was 

immersed into BCZT solute, which resulted in the deposition of the BCZT 

gel, on the on polyimide substrate at 600 rpm rotating speed with 5% PVP 
volume fraction for multilayer’s. Microwave reflection losses (RL) in 5.51 

and 13.50 GHz of – 29.4 dB and – 21 dB reflection loss was revealed by 

BCZT / PVP multi-layered composite films. The activation of dual strips is 

imputed in such composite systems because of its dipolar relaxation at 5.51 
GHz and secondary resonance at 13.50 GHz. These combinations of BCZT / 

PVP systems display dual-band microwave resonance, which extends the 

microwave modification feature opening.  
 

Keywords: BCZT/PVP multilayer films, Dual-Band Resonance,Polyimide 

substrate, Microwave Absorption, Substrate. 
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1 Introduction 
 
Microwave (MW) absorbing materials are not only critical for essential 

applications such as the reduction of airborne objects by radar cross-section 

(RCS), but also in the civil sector such as prevention of contact interference 
between electronic devices, antenna background clutters, etc [1]. 

In these goods, the MW absorption is based on the dynamic permeability 

and permeability values1[2]. Various substrate frames, including dielectric or 
magnetic materials, such as polymers, 2 main shell materials, 3.4 graphite 

flakes, carbonyl iron, 5 ferrites, 6.7etc [3]. Usable technologies for 

applications of microwave absorption are being studied. Ferro-electric 

materials such as titanate of barium (BaTiO3), bio bate (BaNb2O6), titanate 
of plumbing (PbTiO3)8, etc. have recently gained interest because of their 

tuned dielectric properties over a broad spectrum of frequencies [4].  

For this kind of material, permeability in the frequency spectrum stays 
stable and dielectric polarization is the key mechanism for microwave 

absorption. BaTiO3 is one of the systems for its track; piezoelectric and 

dielectric properties most investigated and contribute to actuator applications 

[5]. Among different ceramics with excellent dielectric properties, barium 
titanate (BT) is representative. Few issues are met with titanate ceramics like 

BT. It is that titanates must be crystallized at high temperature by annealing 

to make the dielectric. An effort has been made to reduce its crystallization 
temperature using nanocrystalline seeding techniques.  

Titanate-polymer composite films are intended to have a structure of 

polymer films which; to make their composite films have durable dielectric 
properties, is distributed and evenly filled with titanate particles. Different 

methods have been reported for processing titanate-polymer films or polymer 

films with embedded titanate particles.  

Extensive tests were carried out on EM wave absorbing materials to 
address the issues. Many materials have microwave absorption 

characteristics, of which BaTiO3 is usually classified because of its excellent 

ferroelectric properties, high dielectric constancy, and excellent piezoelectric 
properties [6].   

However, certain intrinsic shortcomings such as the limited absorption 

(RL loss above 10dB) and the unsatisfactory reflection loss peak value 
preclude pure BaTiO3 from acting as an EM wave absorbing substance are 

observed [7].   

Some papers use dielectric polymer solution and titanate particles to 

blend the plastic films and evaporate the solvent in the polymer solution. As 
particle aggregation in the fluid phase is normally carried out, during the 

solvent evaporation, the composite film will be aggregated and provides 

uniformity. Consequently, in this manufacturing process, the titanate material 
in a film should be reduced [8-12]. 
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PVP has strong tensile strength and can completely separate filling 
particles. It is observed that the characteristics of EM dispersion of the 

composites depend on the percentage and distribution of loading in the host 

matrices [13]. Furthermore, filler-matrix interactions also play a significant 
role in the assessment of the activity of microwave absorption [14-18].  

Although the BaTiO3 has been widely studied on radio frequencies, it is 

also important to explore its properties at MW frequencies, particularly when 
it is dispersed under the regulated low viscosity hydrolysis technique in 

BCZT / Polyvinylpyrodilline (~1,300 000 avg MW) [19]. The present work 

proposes a process for the manufacture using a mixture of deposition and 

spin-coating methods, which will have excellent microwave absorption 
characteristics, of BCZT nanoparticles that have a high BCZT content in the 

film [20].  

We report here on the experiments in the BCZT solution's microwave 
absorption properties as a Polyvinylpyrodilline filler and explain how the 

BCZT / PVP composite absorption process emerged in the substratum [21]. 

In this paper we analyze. PVP can be used to stabilize surfaces, to adjust 

growth, to disperse and reduce nanoparticles. The PVP can also be robust 
from 150 ° C to +180 ° C with a large variety of temperatures [22].  

 

 

2 Experimental Work 
 
2.1 Preparation of Ceramic Precursor Gel 

 

Barium Acetate C4H6O4Ba (AR), Calcium Acetate Hydrate (CH3COO)2C
aH2O(AR), Zirconium Acetylacetylacetone (Zr(C5H7O2)4, Titanium (IV) buto

xide Ti(OCH2CH2CH2CH3)4 Initially the keys steps involved for the 

preparation of Ba0.90Ca0.1Zr0.1Ti0.90 solute using Acetic Acid as a precursor 

aided with controlled hydrolysis process. Titanium ( IV) 
butoxideTi(OCH2CH2CH3)4 (6.273 ml) has been dissolved softly in acetic 

acid by reacting with acetylacetone (4.182 ml) in a 1:2 ratio, barium acetate 

(5.6389gms), and calcium acetate (0.387 gms) Respectively, zirconium 
acetylacetone (1.198gms) has been combined with the mixture TIP + 

acetylacetone. The solution was vigorously stirred under 700 C for 5 hours by 

controlled hydrolysis sol-gel process, after which the PVP Mw (1,300,000) 
was slowly lowered with 5 percent in solution, after stirring for a few 

minutes the low viscous gel was used to produce thin films for spin coating. 

The gel was cast on a glass plate and dried for 15 minutes at 700C and is 

defined by XRD analysis.  
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2.2 Fabrication of Flexible Thin films 
 

The Low Viscous Precursor BCZT Gel was used to fabricate thin film by 

Spin coater under 600 rpm, for 2 mins, with multi-layers (3 Layers to 6 

Layers). Initially, the Polymide substrate was gently cleaned with acetone 

and DI water and dried for a few minutes. The precursor gel was filed in a 
2.5ml syringe and drop by drop the gel was instantiated on the Polymide 

substrate slowly for 2 mins. The same gel was précised for Electrospinning 

for 2 hrs under 15 KV. After spinning both the materials the films are 
subjected to VNA Analysis. 

 

 

3 Characterization 
 

BCZT's morphological characteristics and energy-dispersive 

spectrometer (EDS) were characterized by a Scanning Electron Microscope 

(JEOL – JSM7100) field emission application. The crystal structure of BCZT 
films was calculated with x-ray diffracts meters and UV Spectroscopy 

(Shimadzu) transmissions;  

 

3.1 XRD Analysis of BCZT Films 
 

Figure1 represents an XRD FWHM at 45⁰C. Figure 2 represents XRD 
diffraction mapping using match-3. Figure 3 displays the BCZT powder 

sample X-ray diffraction distribution, which means that the sampling 

annealed to the fine lining is in BaTiO3 mixed stages. However, the samples 

show phase-pure BaTiO3, and the existence of (002) and (200) crystal planes 
near shows 2θ~45° suggest the onset of tetragonality in BCZT, consistent 

with the literature.  

 
Figure1. An XRD FWHM at 45⁰C 
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Figure 2. XRD diffraction mapping using match-3 

 
Figure 3. XRD Peak with hkl planes 

 

 The XRD of the composite film is given in Figure 3. For XRD result, 

was observed a wide diffraction peak of PVP at 2θ=22.0⁰. The main 
diffraction peaks of BCZT films are situated at 2θ= 22.02⁰, 30.08⁰, 38.5⁰, 

44.8⁰, 50.24⁰, 55.86⁰, 65.36⁰, 70.04⁰, 75.54⁰, 78.64⁰ and 83.08⁰ corresponding 

to the Bragg reflection from (101), (111), (002), (112), (202), and (013) The 
Scherrer equation was determined to be 28.1 nm from extending to 31.4◦ the 

height (10 1) of the tetragonal structure of BCZT crystal. This is based on the 

Scherrer equation of the Perovskite structure. The BCZT particles were 

polycrystalline since the particle size was greater than the crystal dimension. 
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 Microwave absorption (3L to 6L) microwave absorber Fig. 4 to Fig. 9 

reveals the usual correlation between reflection loss (RL) and the frequency 
of the samples (1–4), for the composition of BCZT / PVP the double 

absorption peaks of the R1 and R2 appear as seen in Fig.9. The figure shows 

that the dual-band resonance at 5 GHz at various multilayer levels was found 

to be stable. It is proposed that the origin of the second R2 absorption peak 
was due to the second resonance because the first R1 absorption peak is 

almost independent of the difference in thickness, while because of dipolar 

relaxation, EM correlations with current BCZT device dipoles are occurring. 
Despite individual DR, the degree of reflexive loss is dependent upon 

thickness. Thus the ideal PVP BCZT loads will provide effective multi-

layered microwave absorption in the 2-18 GHz frequency range required.  

 A diagram in the image shows a potential process for the BCZT 
microwave interaction of impregnated PVP composites. 3.2. 3.2. The BCZT 

particles are well scattered during processing due to the viscous nature of the 

PVP series, which contributes to a high scattering in the composite media. As 
a result, incident microwaves travel through several dispersions of the 

material, which enhances the spreading direction of the absorber. The 

dielectric polarization of BCZT grains embedded in the PVP matrix is 
present with MW radiation incidence. During the dipolar (inherent as well as 

interfacial) relaxation process, the interacted MW radiation is diminished.  

Moreover, multiple dispersal processes in the composite ultimately 

induce higher electromagnetic energy losses as a result of the broader 
association with microwaves on the BCZT material and electric dipoles. The 

concentrations of BCZT gel in the PVP matrix often depend on the different 

dispersions. In this analysis, therefore, the maximum R.L values of 8–18 
GHz are given in optimum charge of BCZT gel with PVP matrix. The 

bandwidth is greater than 2 GHz with the loss of return at -10 dB at its 

double Cu band resonance. 

 
Figure 4. An RL of tri-layer BCZT/PVP 0-20 GHz 

 
3.2 Spin Coated BCZT/Polymide Substrate for VNA Analysis 
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Figure 5. VNA images of tri Layered film 0-20 GHz 

 

 
Figure 6. RL of tetra layer BCZT/PVP 0-20 GHz 

 
Figure 7. VNA images of tetra layered film 0- 20 GHz 
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Figure 8.  RL of penta layer BCZT/PVP 0-20 GHz

 
Figure 9. RL of hexa layer BCZT/PVP 0-20 GHz 

 

If the composite thickness is four layers of film. The microwave 

absorption values for the absorber made of BCZT / PVP alone vary from 2–

18 GHz. The Penta-layered nanocomposites BCZT / PVP with 5%PVP have 
been shown to achieve high absorption efficiency (i.e. RL 29.4 dB with 5.51 

GHz and -21.9db at 13.5 GHz). The quality of the BCZT particles in the 

Composite and Composite layers affect the material absorption peak values 
and bandwidth for the absorbing properties of the BCZT filled with PVP 

composites.  The below results thus suggest that we can improve microwave 

absorption across the wide frequency spectrum by adjusting the BCZT / PVP 
composition of the layers to satisfy different demands. The following results  

We also tested several combinations of multiple frequencies for 

determining the microwave absorption properties of double-layer absorbers. 

Frequency dependency of the reflection loss of multi-layer samples 1–4. Fig. 
4 to 9. 

The frequency dependence of the reflection loss of sample 3 with 

multilayered coating for Penta layer shows a fine dual-band response, with 
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maximum RL of -29 dB and -21.9 dB at 5.51GHz and 13.8GHz, the response 
of tri-layer was established at 4.82 GHz with RL of -20.2db and a dual 

respond at 13.8 and 14.2 GHz with -28.8db and -20.6db. Therefore the dual-

band responds due to its tetragonality in the BCZT films, where the response 
of all the multilayered samples performed a low loss of Reflections. When 

compared with more thickness of the samples obtained the same dual-band 

response in BaTiO3. The multilayered thick films developed a dual response 
with few nanometre thicknesses of high roughness of 10nm developed by 

spin coating in polyimide.  

Most of the currently recorded microwave absorbers are based on 

samples in millimeters of thickness. From the application point of view, the 
current observations suggest that films from BCZT embedded PVP films 

usually several hundred nanometers thick and display comparable microwave 

absorption by the atomic force microscope and loading multilayer. The 
absorption spans the whole spectrum of frequencies we have researched. 

BCZT Gel's effect is significant as compared to PvP.  

The BCZT polymer matrix and the interfaces between the two all seem 

to play a significant part in the total absorption of the microwave. This and 
related materials can be further explored with considerable gain from the 

polymer structure, thin-film structures, and viability of wide-area couches.  

 
3.3 UV Analysis 
 

As a result, the BCZT / PVP deposited with the spin-coating on 
polyimide became apparent. In Fig. 10 & 11, a red curve indicates a UV – 

VIS spectrum of the polyimide composite BCZT / PVP film. Its 

transmittance at a wavelength range of 400nm-1200 nm was almost 97 

percent. The analysis of this strong transmission indicates that the BCZT / 
PVP film has been reasonably standardized, meaning that the bulk of the 

voids have been filled with a PVP, polyimide layer, and BCZT / polyimide 

films have high transmission. Figure 10 represents UV Transmittance of 
BCZT/Polyimide. Figure 11 represents UV Transmittance of Polyimide. 

 
Figure 10. UV Transmittance of BCZT/Polyimide 
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Figure 11. UV Transmittance of Polyimide 

 

 
3.4 FESEM & AFM Images 
 

The atomic force microscopies display the program of the films, 

displaying a roughness between 8 nm and 10 nm in the square region of 1000 

X 1000 nm Fig.12 to 15 and in the non-contact mode Park Structures. The 
calculation of surface roughness of multilayered films is an important 

criterion for microwave absorption applications, as has the topography in the 

specific region of an island. The roughness parameters are determined by the 
topography on the sample surface.  

 

 
Figure 12. 3D image of the films 

 
Figure 13. 3D image of the films 
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Figure 14. AFM image of 1000X1000 nm area 

 

 
Figure 15. Optical image of the Film at 100X magnification 

 

The optical microscopy revealed the optical micrograph of the composite 

films in which the volume fraction and the crystal size of the BCZT particles 
were 95 vol percent and 29 nm, respectively. Many aggregates have been 

found on the surface of the BCZT – PVP composite film. The root means 

square roughness of the BCZT-PVP composite film was 200 nm. The BCZT 
– PVP composite film, on the other hand, had a smooth base, suggesting that 

the particles were homogeneously distributed. The RMS roughness of the 

BCZT – PVP composite film was less than 15 nm, which was much smaller 

than that of the BCZT – PVP composite film and standard composite film.   
 

 
Figure 16. FESEM image of BCZT dry gel 
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Figure 17. EDS of BCZT composite 

 
Figure 17 represents the EDS of BCZT composite. Figure 16 represents 

the FESEM image of BCZT dry gelThe morphological studies a BCZT gel 

was done on a surface of glass plate dried on a hot metal plate, to reveal the 

combination of atomic weight % using Energy-dispersive spectrum, the 
FESEM, was performed with a JEOL JSM-7100 Microscope operating under 

10 KV with 6mm working distance using 13,000X  magnification reveals an 

amorphous phase at 1µm surface area. 

 

4 Conclusion 
 
These studies indicate BCZT material is a good alternative for PVP 

filling for applications of microwave absorption. R.L. Simulation 

Theoretical. The values of these composites are consistent with laboratory 
testing and have two prominent absorption peaks within the frequency ranges 

2 to 18 GHz. The best R.L. has been seen by BCZT / PVP composites with 

multilayer Penta charging. For multi-layered films, the value of -29 dB at 
5.51GHz and -21.9 dB at 13.5GHz describe dual-band resonance found for 

such composites.  In conclusion, tetragonal thin-films of phase-pure BCZT 

have been synthesized with the simple and economical solid-state method. 

XRD has been investigated for the formation of the pure tetragonal BCZT 
process. The composite films of the BCZT nanoparticles / PVP were made 

from a mixture of the deposition process and the spin-coating technique. BT 

particles were deposited in the polyimide substrate modified with PVP by 
immersing PVP into the BCZT solution, with an overall size of 50.36 ± 12.97 

nm and a crystal-size of 29 nm. At a spinning speed of 500 rev/min, the 

BCZT / PVP solution was spin-coated on the polyimide suspension for 2 

minutes. PVP volume fractions in the film were 5.0%, 10 nm, and 97% 
respectively, and their roughness and propagation in the visible light field. 
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