
 

 

Hayet Menasra et al.,       J.Chem.Soc.Pak., Vol. 46, No. 03, 2024  253  
 

Synthesis and Photocatalytic Activity of Zinc and Tungsten Co-Doped Barium 

Titanate Perovskite for Methylene Blue Degradation under Solar Irradiation 

 
1Hayet Menasra*, 2Fatima Adjal, 3Chaima Benbrika, 4Lakhdar Smaili, 5Karima Bounab 

6Zelikha Necira and 7Amara Elfetni 

1, 4, 7 University of Biskra, BP 145 RP, Biskra 07000, Departement of of Industrial Chemistry, 

Laboratory of Applied Chemistry )Algeria(. 
3University of Biskra, BP 145 RP, Biskra 07000, Departement of of Industrial Chemistry, )Algeria(. 

2, 5, 6 University of Biskra, BP 145 RP, Biskra 07000, Departement of Science of Matter, Laboratory of 

Applied Chemistry )Algeria(. 
h.menasra@univ-biskra.dz* 

 

(Received on 11th September 2023, accepted in revised form 11th December 2023) 

 
Summary: This research delves into the properties of x% ZW-BT compounds (x=3% and 7%), 

synthesized using a solid-state reaction approach. Utilizing X-ray diffraction, the crystal structure of 

the x% ZW-BT compositions is confirmed, showcasing a distinct tetragonal symmetry devoid of any 

parasitic phases. With increasing dopant concentrations, slight reductions in lattice parameters are 

observed, signifying the even diffusion of dopant (Zn2+ and W6+) ions. Moreover, the validation of 

metal-oxygen bonding vibrations is achieved through Fourier-transform infrared spectroscopy (FTIR) 

analysis. Scanning electron microscopy (SEM) coupled with energy-dispersive X-ray spectroscopy 

(EDX) reveals consistent granular arrangements and clear elemental signatures in both compositions. 

Notably, photocatalytic experiments highlight remarkable degradation rates; within 100 minutes, 3% 

and 7% ZW-BT achieve degradation levels of 78.04% and 88.9% respectively. These findings 

underscore the significant potential of these compounds for environmentally friendly photocatalytic 

applications. 

 

Keywords: Perovskite; Doped BaTiO3; Metal-O vibration; Catalyst; Methylene bleu dye. 

 

Introduction 

 

In recent years, perovskite-based materials 
have garnered significant attention due to their 

exceptional properties and potential applications 

across various scientific and technological fields[1]. 

Among these perovskites, BaTiO3, known as barium 

titanate, stands out for its remarkable ferroelectric [2], 

piezoelectric [3], and optical [4] properties. These 

attributes make it a prime candidate for a diverse range 

of applications, spanning from electro-optic devices to 

photocatalytic catalysts [5,6]. 

 

However, ongoing research seeks methods to 

enhance the performance and functionalities of 
perovskites, and chemical doping has emerged as a 

promising strategy to achieve this aim. Controlled 

incorporation of dopant elements into the crystal 

structure of BaTiO3 perovskites (of the ABO3 type), 

either at the A-site [7] or B-site [8], guided by the ionic 

radii of these elements and their impact on structural 

stability, can lead to significant modifications in 

electrical [9] and catalytic [5,10] properties. The 

nature of the dopant influences the crystal structure of 

BT perovskite, adopting a tetragonal structure at low 

concentrations (< 2%) [11]and a cubic structure at 
higher concentrations[12], or coexisting with an 

orthorhombic phase in the case of random doping 
involving transition metals and rare earths [13,14]. 

 

Furthermore, the dopant's nature affects BT 

grain structure's density and growth, as observed with 

Zn2+ and W+6 ions, which are employed in 

ferroelectric[15], photocatalytic [16] and radiation 

shielding [17] applications. A specific dopant 

combination, (Zn1/2, W1/2), in BT perovskite, has 

attracted significant attention in the field of 

ferroelectric materials, as shown by the research 

conducted by Cailan Tian et al. [13]. They varied the 

dopant concentration from 40 to 100% to examine its 
impact on microwave dielectric properties.  

 

Moreover, employing BaTiO3 perovskite 

doped with the (Zn1/2, W1/2) combination offers novel 

pathways for photocatalytic applications, representing 

an innovative, environmentally conscious method for 

degrading organic pollutants. In this context, our study 

focuses on methylene blue degradation under solar 

irradiation, employing Ba (Zn1/2, W1/2)xTi(1-x)O3 

perovskite (with x= 3% and 7%). These materials are 

synthesized using the solid –solid method and 
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characterized through XRD, FTIR, SEM/ EDX, and 

UV-visible spectroscopy. 
 

Experimental 
 

The solid-solid process was selected for 

synthesizing Ba(Zn1/2, W1/2)xTi(1-x)O3 perovskite, 

denoted as x% ZW-BT, with varying compositions of 

x = 3 and 7 %. High-purity precursors, including 

BaCO3 (95 %, BIOCHEM), WO3 (99.9%, Alfa Aesar), 

ZnO (99.99 %, Alfa Aesar), and TiO2 (99 %, 

BIOCHEM), were manually ground for 4 hours. The 

resulting mixture was then subjected to calcination at 

950 °C for 4 hours, with a heating rate of 2 °C/min. 

Following this, an additional grinding step for 4 hours 
was performed, followed by a second calcination at the 

same temperature of 950 °C, aimed at preventing the 

formation of any parasitic phases [18]. Subsequently, 

the resulting material underwent comprehensive 

characterization. Structural analysis was conducted 

using X-ray diffraction (Malvern Panalytical 

Empyrean, with CuKα radiation in the range of 10° ≤ 

2θ ≤ 80°) to determine the crystalline phases and 

crystallographic properties. The morphological 

characteristics of the pellets formed using a hydraulic 

press under a pressure of 2000 kg/m³ were evaluated 
using scanning electron microscopy (Thermo Fisher 

Scientific Quattro ESEM). Fourier-transform infrared 

spectroscopy (PerkinElmer Spectrum Two 

instrument) was employed for spectroscopic analysis, 

enabling the identification of molecular vibrations and 

functional groups present in the synthesized 

perovskite. Lastly, the degradation kinetics of MB 

under sunlight irradiation were investigated using UV-

visible spectroscopy (PerkinElmer Lambda 35 UV/Vis 

Spectrometer), offering insights into the 

photocatalytic performance of the synthesized 

materials. Fig. 1 illustrates the stepwise synthesis and 
characterization of a x% ZW-BT photocatalyst under 

the solar irradiation.  

 

 

 
 

Fig. 1: The Steps of Conventional Synthesis and Characterization of x% ZW-BT Nanoparticles. 
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Fig. 2: X-ray diffraction patterns of 3% ZW-BT 

after first calcination at 950°C. 
 

 
 

Fig. 3: X-ray Diffraction Patterns of indexed 3% and 

7% ZW-BT after recalcination at 950°C. 

 

Result and Discussion 
 

Structural Analysis 
 

The crystal purity of the x% ZW-BT 

composition, subjected to double calcination at 950°C, 

was assessed through X-ray diffraction (XRD) 

analysis. The resulting diffractograms were processed 

using the High Score Plus software. The purpose of the 

double calcination was to prevent the formation of the 

parasitic BaWO4 phase and the excess of BaCO3, as 

shown in Fig. 2. Examination of the diffractogram in 

Fig. 3 reveals that both the 3% and 7% BZWT 

compositions exhibit tetragonal symmetry without any 

presence of parasitic phases. The majority of 

diffraction peaks for these compositions can be 
indexed to the parameters of a tetragonal cell, akin to 

that of BaTiO3 (ICSD N° 98-002-7968), as illustrated 

by their respective (hkl) planes in Fig. 3. 
 

The calculated lattice parameters (a)=(b) and 

(c) for both compositions exhibit a slight reduction 

with increasing dopant concentration. This reduction 
is accompanied by a distortion along the (c)-axis of the 

lattice, confirming the homogeneous diffusion of Zn2+ 

(0.47 Å) and W6+ (0.6 Å) ions. These ions partially 

replace Ti4+ at site B within the perovskite structure, 

due to their ionic radii closely resembling that of Ti4+ 

(0.605 Å)[19]. The lattice parameters, degree of 

tetragonality, and volume for the two compositions are 

summarized in Table 1. These values are calculated 

based on the interplanar distances (dhkl) provided 

directly by the High Score Plus software. 
 

Furthermore, we employed X-ray diffraction 

data to determine the average [20], as demonstrated in 

equation (1): 
 

𝐷𝑆𝑐ℎ𝑒𝑟𝑟𝑒𝑟 =
𝑘×𝜆

𝐹𝑊𝐻𝑀×cos 𝜃
   (1) 

 

where: DScherrer represents the crystallite size attributed 

to the analyzed peak; k is the instrumental broadening 

correction factor (approximately 0.9); λ signifies the 

wavelength of the X-ray radiation used; FWHM is the 

full-width at half-maximum of the diffraction peak at 

angle θ. 
 

By specifically applying this method to the 
(110) peak and following the approach outlined by El 

Ghandouri et al. [21], we determined calculated 

average crystallite sizes of 47.34 nm and 56.31 nm for 

the 3% and 7% ZW-BT compound, respectively. 

These calculated sizes show a significant correlation 

with the experimental pellet density, which was 

determined using the Archimedes’ method and 

presented in Table 1. Notably, the composition 

containing 7% ZW-BT, characterized by larger 

crystallites, demonstrates a density of 3.43 g/cm³. 

Conversely, the 3% ZW-BT composition exhibits a 

slightly lower density of 3.32 g/cm³, which coincides 
with the reduction in average crystallite size.

 

Table-1: Lattice Parameters and Density of x% ZW-BT Compositions. 
x% ZW-BT a= b c c/a V(Å3) Position (2Ɵ) 

(110) 

DScherrer 

(nm) 

Théoriques 

density (g/cm³) 

experimental 

density (g/cm³) 

0 % ZW-BT 

(98-002-7968) 

3.986 4.014 1.0070 63.77 31.721 - 6.00 - 

3 % ZW-BT 3.9850 4.0046 1.0049 63.59 31.6807 47.34 7.378 3.32 

7 % ZW-BT 3.9720 4.0032 1.0061 63.15 31.7158 56.31 7.497 3.43 
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The FTIR spectrum of the tetragonal x% ZW-

BT, as shown in Fig. 4, reveals distinctive bands at 

853, 993, 1007, 1073, and 1111 cm⁻¹, corresponding 

to the Metal-O vibration mode at site B of the 
Perovskite structure[22]. Additionally, a peak at 1400 

and 1590 cm⁻¹ corresponds to crystalline barium 

titanate. These FTIR results affirm the formation of 

x% co-doped BaTiO3 nanoparticles, aligning well with 

values reported in the literature [22,23]. 

 

Morphology and Elemental Composition 

 

The analysis of morphology and elemental 

composition was extended to the synthesized x% ZW-

BT nanoparticles (where x = 3% and 7%) using 
scanning electron microscopy (SEM) and energy-

dispersive X-ray spectroscopy (EDX). The SEM 

images obtained, as shown in Fig. 5(a, b), highlight the 

surface characteristics of the nanoparticles in both the 

3% and 7% ZW-BT compositions. These images 

clearly reveal a uniform granular stacking with an 

average size of 0.87 µm and 1.16 µm, respectively, 

calculated using Fuji software for the two 

compositions. This is accompanied by porosity that 
justifies the experimental density values for each 

respective composition. 

 

The EDX spectrum displayed in Figure 5(c, 

d) for the x% ZW-BT nanomaterials demonstrates the 

presence of oxygen, barium, zinc, tantalum, and 

titanium as the exclusive constituents within the 

compound matrices across various compositions. The 

absence of EDX peaks corresponding to 

supplementary elements corroborates the exceptional 

crystallinity and purity of the doped barium titanate 

phase. 

 

 
 

 

Fig. 4: FTIR Spectrum of x% ZW-BT nanoparticules 
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Fig. 5: (a- b) SEM images and, (c, d) EDX spectra and atomic % obtained on the x%ZW- BT sample 

recalcined at 950 °C. 

 

Photocatalytic Evaluation 

 

In the context of examining photocatalytic 

activity, catalysts x%ZW-BT (x=3% and 7%) were 
utilized, each weighing 100 mg. These catalysts were 

introduced into a solution containing methylene blue 

dye (MB) with a volume of 100 ml and a concentration 

of 10 mg.l−1. The experimentation took place under the 

influence of solar radiation in March, within the Biskra 

region of Algeria. To establish a balanced state of 

adsorption and desorption, the mixture was stirred in 

darkness for a duration of 30 minutes. The 

experimental setup included the extraction of 4 mL 

samples from the reaction solution at 20-minute 

intervals during solar exposure. These samples were 

then subjected to centrifugation at a rate of 3000 rpm, 
followed by filtration. Subsequent to these steps, the 

filtrates underwent analysis using UV-visible 

spectroscopy, with readings taken at a wavelength of 

664 nm. The degradation efficiency was evaluated 

using the following formula (Equation 2): 

 

RMB(%) =
(C0−Ct)

C0
× 100 %                     (2) 

 

where; C0 (mg/l) represents the initial concentration of 

MB, and Ct (mg/l) is the concentration of the collected 

quantities after centrifugation. Figure 6(a, b) displays 

the degradation curves of x% ZW-BT during 

photocatalysis under sunlight irradiation. Over a span 

of 100 minutes, 3% and 7% ZW-BT exhibited notable 

degradation rates of 78.04% and 88.9%, respectively. 
This remarkable degradation occurred within the 

specified 100 min timeframe. The rate constants for 

these samples were computed using the equation -ln 

[Ct/C0] = kt [32], which indicates adherence to 

pseudo-first-order kinetics[23,24]. The calculated rate 

constant values were 0.00998 min-1 for 3% ZW-BT 

and 0.0187min-1 for 7% ZW-BT (Figure 6(c,d)). 

 

Furthermore, distinctive peaks associated to 

MB remained constant and did not shift during 

irradiation. This constancy in peak positions signifies 

complete degradation of the dye into H2O, CO2, and 
mineral salts[25,26].
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Fig. 6: (a, b) The UV–visible absorption, (c) Photocatalytic degradation of MB under Solar Irradiation: (Ct/C0) 

vs. Time (T) and (d) Linear plots for pseudo-first order kinetics in the Presence of X% ZW-BT as 

Photocatalyst,  
 

Thus, the degradation mechanism for x% 

ZW-BT catalysts during photocatalysis under solar 

irradiation can be elucidated through a series of 

reaction steps[25,27]. Initially, (x% ZW-BT) catalysts 

act as active surface sites. Under sunlight irradiation, 

electrons are excited into the conduction band, 

generating reactive electron species. In the first step, 
these reactive electron species reduce dissolved 

oxygen molecules (O2) to form superoxide radicals 

(•O2-). These superoxide radicals serve as potent 

oxidizing agents and initiate attacks on carbon-carbon 

and carbon-nitrogen bonds present in MB dye 

molecules. This attack leads to the fragmentation of 

dye molecules, generating highly reactive 

intermediate products. The intermediate products then 

undergo a sequence of degradation reactions, 

including hydroxylation, decarboxylation, and bond 

cleavage, facilitated by hydroxyl radicals (•OH) 

generated through water photolysis. These reactions 
result in the transformation of intermediate products 

into simpler compounds such as CO2, H2O, and 

mineral salts. 
 

Fig. 7(a) provides an illustration of the 

mechanism, shedding light on the process through the 

calculation of the conduction band (CB) and valence 

band (VB) potentials of x% ZW-BT. This calculation 

is guided by the following equations [28,29]:  
 

EVB = χ - Ee + Eg/2        (3) 

 

ECB = EVB - Eg                     (4) 

 

where χ is the absolute electronegativity of the 

semiconductor, Ee is the energy of free electrons on the 

hydrogen scale (approximately 4.5 eV) [28], and Eg is 

the experimental energy of the band gap for 3% ZW-

BT (2.98 eV) and 7% ZW-BT (3.19 eV). It is 

noteworthy that the band gap energy of x% ZW-BT 
compositions is calculated using the analytical model 

proposed by Wood and Tauc employing a direct 

transition method [29].The curve of (αhν)² against (hν) 
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in Fig. 7(b), when plotted, resulted in an estimated 

bandgap energy as previously mentioned (2.98 eV and 

3.19 eV). Importantly, these values closely align with 

the bandgap of undoped BaTiO3, recently reported as 

3.1 eV and 3.2 eV [24,30]. 
 

  
 

 
 

Fig. 7: (a) Schematic illustration of the 

photocatalytic mechanism in the x% ZW-BT 

photocatalyst under UV Sunlight irradiation, 

(b) Curve fitting of (αhν) 2 vs. (hν) using the 

Wood and Tauc model for x% ZW-BT 

nanomaterial. 
 

Conclusion 
 

This study investigates the characteristics of x% 

ZW-BT compounds (x=3% and 7%) through structural, 

morphological, and photocatalytic analyses synthesized 

via solid-state reaction. X-ray diffraction analysis 

confirms the crystal structure of the x% ZW-BT 

compositions, revealing a tetragonal symmetry devoid of 

parasitic phases. The lattice parameters exhibit a slight 

reduction with increased dopant concentrations, 

indicative of homogeneous dopant ion diffusion. 

Scanning electron microscopy (SEM) and energy-

dispersive X-ray spectroscopy (EDX) reveal uniform 

granular stacking and distinct elemental signatures in 

both compositions. The calculated crystallite sizes align 

well with experimental densities. Notably, photocatalytic 

tests showcase remarkable degradation rates, with 3% 

and 7% ZW-BT achieving degradation of 78.04% and 
88.9%, respectively, within 100 minutes. These findings 

underscore the significant potential of these compounds 

for environmental photocatalytic applications. 
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