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INTRODUCTION

The global trend of a growing global popu-
lation (9 billion people by 2050), combined with 
increased urbanisation, industrialisation, and ag-
riculture, means that the global demand for water 
is becoming increasingly pressing (Blum 2013; 
Fouilleux, Bricas, and Alpha 2017; Bhattacha-
ryya, Das, and Omar 2019). However, domestic, 
industrial and agricultural discharges are leading 
to increased levels of air and water pollution as 
well as the emergence of new forms of pollution, 

such as radioactive pollution, which are toxic to 
humans and ecosystems (González-Pleiter et al. 
2013; Bhattacharyya et al. 2021). In accordance 
with European regulations (Water Framework 
Directive and Directive 2008/50/EC), wastewater 
treatment and purification systems fail to provide 
effective and cost-effective treatment solutions 
that meet the needs of sustainable development. 
These systems are based, for example in the case 
of water purification, on physical (filtration, ad-
sorption on activated carbon), chemical or micro-
biological (use of bacteria) methods which must 
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and hydroxyl radicals (•OH).
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sometimes be combined to obtain an acceptable 
degree of purification (Shannon et al. 2008). This 
requires time and several processing steps, which 
also involves additional costs. Furthermore, heter-
ogeneous photocatalysis is one of the main modern 
technologies used in water purification, (Di Paola 
et al. 2012), the degradation of colorants (Huo et 
al. 2013) and the production of hydrogen (Fan et 
al. 2021). Indeed, it is a promising technique for 
the degradation of various pollutants. Economi-
cally, it is the most appropriate way of protecting 
the environment from the problems caused by in-
dustrial development. It permits the total degra-
dation, by mineralisation at room temperature, of 
pollutants into CO2 and H2O without any thermal 
energy input (Herrmann 1999). Furthermore, hy-
drothermal synthesis has a number of advantages 
over both conventional and non - conventional 
ceramic synthesis processes (Mohammed Mesrar, 
Elbasset, and Abdi 2023), together with energy 
efficiency, cost savings, clarity,higher dispersion, 
better nucleation, better shape control, higher rate 
of reaction, and lower functioning temperature 
(Trelcat et al. 2011; M. Mesrar 2022). Currently, 
several photocatalysts were tested for their photo-
catalytic efficiency towards harmful pollutants in 
water and air. Newly, a Na/Bi based-oxide photo-
catalysts have caught the much attention among 
researchers due to their band gap of less than 
3eV. As examples, Bi2O3 (Ammuri et al. 2014), 
BiFeO3 (Lahmar et al. 2011) and Bi12TiO20(He et 
al. 2014; M. Mesrar et al. 2023), active in the UV 
and visible range, can be mentioned. Concerns 
have been raised about increasing energy conver-
sion effectiveness, or about dye degradation that 
is generally linked to the generation, the bandgap 
of semiconductor powders, transfer of photoex-
cited electrons as well as holes, separation and the 
redox reaction that takes place at the surface with-
in a photocatalyst. NBT seems very promising as 
a photocatalyst due to their interesting opto-elec-
tric and nonlinear optical properties, yet their 
yield is insufficient on account of the material’s 
large band gap (~3.1eV) (Zhengwen Yang et al. 
2009; Chen et al. 2017; M. Mesrar et al. 2022a). 
The objectives of the present work were: (1) to 
examine the effect of temperature on the forma-
tion mechanism of NBT, using a new approach 
based on oxides (Bi2O3, TiO2) and carbonates 
(Na2CO3) as a reactive source, on the structural, 
microstructural and dielectric properties of NBT 
ceramics processed by hydrothermal reaction.(2)
Photocatalytic properties of the synthesized NBT 

nanostructures were evaluated by decomposing 
(MB) under visible light irradiation. The obtained 
results show that the photocatalytic degradation 
efficiency of methylene blue (MB) reaches 100% 
after 420 minutes of irradiation. The functional 
mechanism of photocatalysis has been carefully 
investigated and correlated.

EXPERIMENTAL 

Sample preparation

All ceramics from the hydrothermal technique 
have been acquired by blending carbonate (Na2 
CO3) of high purity and oxide (Bi2O3 and TiO2) 
(Sigma-Aldrich 99.96%). Sodium hydroxide 
(NaOH) was utilized to act as a source of sodium 
cations while still maintaining a strongly basic 
environment. The pH was subsequently regulated 
to 10 by adding drops of 10M (NaOH) aqueous 
solution at a time. Stoichiometric quantities of the 
precursors were weighed and mixed with acetone 
according to the general chemical equation. The 
resulting mixture was then dried and deagglom-
erated by means of an agate mortar to achieve the 
appropriate NBT composition.The powder was 
subsequently placed in a Teflon autoclave inside 
a steel vessel (50 ml capacity) and heated to 200 
°C for 24 hours. Finally, the powder was gath-
ered, centrifuged, and washed several times ef-
fectively over with distilled water until the pH of 
the starting solution attained pH~7, after which it 
was dried at 80 °C for 12 hours. Figure 1 presents 
briefly the different steps adopted for the elabora-
tion of the studied ceramics. Temperature is very 
important in the synthesis. It directly influences 
the solubility of the different precursors used as 
well as the kinetics of the chemical reaction.  

The chemical reaction of this synthesis is rep-
resented by the following equation:

 Na2CO3 + Bi2O3 + 4TiO2 → 
→ 4�Na0,5Bi0,5�TiO3 + CO2 ↑ 

MB Removal % = 

=
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(1)

In order to know precisely the temperature of 
the hydrothermal reaction for the establishment 
the pure phase of NBT, different temperatures 
were tested (140 °C, 160 °C, 180 °C and 200 °C) 
for a duration of 24 h, respectively in a strongly 
basic medium (pH=10). A compromise between 
sodium hydroxide concentration (pH=10) and 
synthesis temperature seems inevitable. Indeed, 
for a time of 24 hours, only a high concentration 
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of sodium hydroxide (pH=10) yields a nicely 
defined X-ray diffractogram to be obtained. The 
powder formed was deagglomerated by means of 
an agate mortar in the presence of a few drops of 
polyvinyl alcohol (3% PVA) (binder and plasti-
ciser). The powders of the studied sample have 
been pressed by means of uniaxial force so as to 
yield pellets having a diameter of 12 mm and a 
thickness of about 1 mm, under a pressure of 8 
tons/cm2 for 5 min, then these pellets have been 
sintered for 4 hours at a temperature of 1000 °C. 

Characterization of NBT

The ceramic samples were phase determined 
using X-ray diffraction analysis (XRD) based on 
an X-ray diffractometer device (XPERT-PRO) 
equipped with a CuK radiation source. The Riet-
veld fitting of the diffraction data yielded weight 
fractions, crystallite sizes, crystalline fractions, 
and lattice constants. The grain morphology and 
microstructure of the studied samples have been 
examined by means of a scanning electron micro-
scope (SEM). Raman spectroscopy has beensuc-
cessfully employed as an excellent technique to 
investigate the structural evolution of ceramics; 
measurements were carried out by the Labram 

O10 (Jobin-Yvon) with one He-Ne (633 nm) la-
ser source with a nominal power of 15 mW. The 
dielectric properties as a function of temperature 
were studied by means of a LCR-Meter (Agilent 
4284A) analyser for a wide range of frequencies 
up to 1MHZ with a temperature increase of about 
3 °C min-1.

Set-up of the photocatalytic 
experiment for MB degradation

To better assess the photocatalytic activity 
of the studied hydrothermally produced NBT-
material for the degradation of MB, experimen-
tal tests have been performed in a photoreactor 
endowed with three UV-A lamps described in 
detail in previous work (El Mrabet et al. 2018). 
Hence, a stock solution of MB of mass concen-
tration 10 mg/L was prepared. The mass of NBT 
was variedby 0.25, 0.5, and 1 mg/L to determine 
the optimal catalyst amount at which the photo-
catalytic efficiency should be highest. The effect 
of MB solution pH (3.5, 8, and 12) on MB photo-
degradation efficiency was also investigated. Not-
ing that the initial pH of MB solution without any 
adjustment is 8, then it was adjusted to pH=3.5 
and pH=12 using H2SO4 (2M) and NaOH (2M), 

Figure 1. Graphical depiction of all the steps in the synthesis of NBT samples
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respectively. For each test, the catalyst mass and 
MB solution were introduced in a pyrex reactor 
and stirred for 60 min under dark conditions to 
reach the adsorption equilibrium, then, the three 
lamps were turned on to start the photocatalysis 
reaction. Consequently, the removal efficiency 
was assessed every 60 minutes by sampling a vol-
ume of 4 mL that was centrifuged at 4000 rpm for 
10 minutes and analysed using the spectropho-
tometry method at 663 nm. The MB degradation 
efficiency has been determined by means of UV-
visible absorption measurements were carried out 
on the basis of the spectrophotometer. The pho-
todegradation removal efficiency was also per-
formed based on thethe following equation: 

MB Removal % =
(𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 − 𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓)

𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖
∗ 100 

 

(2)

where: Ci and Cf are the BM concentrations at t = 0 
and t ≠ 0 of the contact time, respectively.

RESULTS AND DISCUSSION

X-ray diffraction (XRD) analysis

Figure 2 displays the XRD plots of the dif-
ferent powders hydrothermally treated at various 
temperatures140, 160, 180 and 200 °C for a dura-
tion of 24 hours with NaOH concentration of 10 M.  
In addition, characteristic peaks that are consist-
ent with NBT (JCPDS No. 36-0340) (Pookmanee 
et al. 2004; Mohammed Mesrar et al. 2022) have 
started to develop at a temperature of 140 °C,  

although the intensity of the peak remains low. 
Thus, the impurity phase Bi4Ti3O12(marked as 
black round circle) was detected as well as a 
Bi rich phase. This suggests that the crystallin-
ity of this sample was very low.In the conduct-
ed experiment, the Bi-rich phase, as well as the 
pyrochlore phase Bi4Ti3O12 (BTO), are thermo-
dynamically stable up to 160 °C, according to 
Lencka (Lencka, Oledzka, and Riman 2000).  
A pure NBT phase could be produced in the tem-
perature interval of 120-200 °C, as demonstrated 
by Sui et al (Sui et al. 2013). Furthermore, in-
creasing the synthesis time aided in the stabili-
zation of the required phase; however, increasing 
the synthesis temperature to 200 °C resulted in 
an additional reflection in the X-ray diffraction 
pattern of the obtained reaction product that has 
been assigned to the perovskite phase in Bi4Ti3O12 
(BTO). With increasing temperature (above 160 
°C), the height of the diffraction peaks of the 
studied samples increased whereas the total width 
at half maximum decreased.

Through increasing the temperature to 200 °C, 
the diffraction diagram displays distinct diffrac-
tion peaks, indicating a successful crystallization. 
The findings suggest that an appropriate concen-
tration of NaOH (10M) promotes the crystalliza-
tion of NBT. This could be attributed to the fact 
that the NaOH served as a the A-site metal sup-
plier to the perovskite lattice and also as a pH 
adjuster during the NBT formation reactions (X. 
P. Jiang et al. 2010).Structural refinement of the 
NBT ceramic was conducted using the Rietveld 
refinement technique, as demonstrated in Figure 3  

Figure 2. X-ray diffraction diagram of NBT powder produced using the hydrothermal 
method, treated at different temperatures (140, 160, 180 and 200 °C)
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(Rietveld 1967; M. Mesrar et al. 2022a). The NBT 
fitted profiles were determined using the FullProf 
software. The peak profiles were defined using 
the pseudo-Voigt function.It is worth noting that 
the various symmetry groups have been careful-
ly investigated. The experimentally observed and 
theoretically calculated XRD pattern profiles ex-
hibit a small difference, as indicated by a blue line  
(YObserved–YCalculated).The adjustment parameter (χ2) 
indicates a satisfactory refinement result. Upon con-
tinued refinement, the χ2 values of the sample are 
less than 1.65. The unit cell parameters of the crude 
NBT substrate are a = b = 5.4871 Å, c = 13.4721 Å 
and α = β = 90º, γ = 120º, which is similar to previ-
ously reported data (M. Mesrar et al. 2019; Moon et 
al. 2011; Bhattacharyya and Omar 2018).

It should be noted that the reflections from this 
phase lack the characteristic splitting of a rhombo-
hedral distortion of the perovskite cells, which can 
be explained by the fact that the synthesised prod-
uct is consists of nanoparticles with a mean size of 
161 nm, as determined by the Debye-Scherrer for-
mula (Baerlocher and McCusker 1994; M. Mes-
rar et al. 2023; M. Mesrar et al. 2018). The cell 
parameters are grouped in Table.1.

Raman scattering powder analysis

A vibrational study by Raman spectroscopy of 
the crystal lattice atoms of pure perovskite NBT is 
carried out to determine the active vibrational modes 
(Fig.4). (Na0.5Bi0.5)TiO3 has four distinct bands of 
the rhombohedral phase of R3c space group. Fur-
thermore, the obtained spectrum is consistent with 
that obtained in previous work (Jan Suchanicz, 
Jankowska-Sumara, and Kruzina 2011; M. Mes-
rar 2022; Mohammed Mesrar, Elbasset, and Abdi 
2023). The irreducible representations of the optical 
modes of NBT are obtained using group theory:

 Na2CO3 + Bi2O3 + 4TiO2 → 
→ 4�Na0,5Bi0,5�TiO3 + CO2 ↑ 

MB Removal % = 

=
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(3)

The modes A1 and E are polarized phonons, 
which means they are active in both Raman and 
IR at the same time. The tight lines of the two 
longitudinal and transversal phonon modes A1 
(TO), A1(LO) are observed at 136 cm-1 and 280 
cm-1, respectively. This corresponds to the ob-
tained findings. The Raman bands of the studied 
NBT product are rather wide, as is typical for 
base relaxors-perovskite ferroelectriques. The 
expansion is mainly caused by a cationic prob-
lem at the 12-fold coordinated site (Quittet et al. 

Figure 3. Rietveld refinement for compounds NBT treated at 200 °C

Table 1. Structural parameters Refined of NBTprepared by using the hydrothermal method

Lattice 
parameters

Space 
group

Cryst. 
Size 
(nm)

Density 
(g/cm3)

Reliability 
parameters

χ2
NBT

a(Å) = 5.487 R3c 161 5.95 1.65 Atom Site x y z B(Å) Occupancy

b(Å) = 5.487 - - - - Na+/Bi3+ 6a 0 0 0.252 0.79 0.5/0.5

c(Å) = 13.472 - - - - Ti 6a 0 0 0.007 0.47 1

V(Å3) = 365.12 - - - - O 18b 0.127 0.251 0.071 1.91 1
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1976). Kreisel et al (Kreisel et al. 2001) assigned 
the following modes of vibration to materials 
containing an oxygenated octahedral: an external 
mode of vibration for external octahedral liaisons 
represented by bands at low frequencies, and an 
internal mode of vibration for all internal octahe-
dral vibrations appearing at high frequencies.In-
deed, the low-frequency bands correspond to the 
vibration of the Na-O bond, which is situated near 
136 cm-1.The 280 cm-1 modes and the bands lie at 
higher frequencies (530 and 830 cm-1) that are as-
sociated with the vibration of the Ti-O bond in the 
TiO6 octahedral (M. Mesrar et al. 2022b). Owing 
to the high mass of the bismuth atom, however, a 
Bi-O bond would be located at extremely low fre-
quencies and it was not actually identified here.

Microstructural study

Analysis via scanning electron microscopy 
(SEM) of the sample is illustrated in Figure 5. The 
NBT sample is composed of hexagonal shaped 
grains with a mean size of about 6.54 µm. The 
grain size is about 6.54 µm.The sample has a low 
porosity, which shows a high degree of cohesion 
and homogeneity between the grains. In the hydro-
thermal process, the alkaline medium, as a varia-
ble, is strongly related to the particle size, which 
leads to an improvement in particle size. As a re-
sult, it can be seen in this study that with a rela-
tively high concentration of NaOH (10M), the rate 
of grain growth increases, and thus large particles 
of similar size are formed, depending on the hy-
drothermal temperature chosen. This finding is in 
good agreement with that of Zeroual et al (Zeroual 
et al. 2019; Sidi et al. 2019), obtained for NBTsyn-
thesized by the hydrothermal route at 24 hrs.

Dielectric measurements

Figure 6 shows the thermal evolution of the 
relative permittivity (Ɛr) and dielectric losses (tanδ) 
of the NBTcomposition at different frequencies. 
The curves obtained reveal two dielectric anom-
alies: A shoulder anomaly, observed around 220 
°C and slightly dependent on frequency (see the Td 
region)(Mohammed Mesrar et al. 2019). The sec-
ond anomaly reflected by an extended maximum 
in permittivity is observed at around 320 °C (see 
the Tm region) (Hiruma, Nagata, and Takenaka 
2006). Thus, the temperature associated with the 
maximum in the relative permittivity (Ɛr) is called 
the maximum temperature (Tm) and corresponds to 
the anti-ferroelectric-paraelectric transition (Eric 
Cross 1987). Furthermore, the ferroelectric-par-
aelectric phase transition temperature changes with 
increasing frequency and shows a diffuse behaviour 

Figure 4. (a) Raman spectra of NBT ceramics and (b) the deconvoluted Raman spectra

Figure 5. Scanning electron microscope(SEM) picture 
of the NBT sample sintered at 1000 °C for 4 hours
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(J. Suchanicz and Kwapuliski 1995). At low tem-
peratures (T<300 °C) and at a given frequency the 
dielectric losses are constant and almost negligible, 
then they increase rapidly along with temperature 
until they reach a maximum value. These findings 
are in good agreement with previously published 
results (Barick et al. 2011; Hiruma, Nagata, and 
Takenaka 2006; Swain, Kumar Kar, and Kumar 
2015). The value of the dielectric constant (Ɛrmax) 
at Tm is about 3800 at 1KHz so this value is higher 
than that found in the literature (Shih, Aguadero, 
and Skinner 2018). This improvement is probably 
influenced by the increase in the average grain size 
(~6 µm) observed in the studied samples (Neusel 
and Schneider 2014; Zetian Yang et al. 2019). 

The permittivity curves obtained show a dis-
persion according to of frequency (2nd anomaly), 
at temperatures between 340-360 °C. This diffuse 
phase transition has also been observed by many 
authors, including Sundarakannan et al (Sundara-
kannan, Kakimoto, and Ohsato 2003) and Birol et 
al (Birol, Damjanovic, and Setter 2005) in com-
plex perovskite ferroelectrics (KN bO3). This be-
haviour can be linked to the coexistence of com-
plex cations (Na+ and Bi3+), which have very near-
ly the same radii but also have significantly varied 
charges and electrotechnical configurations in an 
equivalent crystallographic site A. The variation 
of the dielectric losses (tanδ) with temperature is 
shown in the figure above. It can be seen that the 
losses are relatively small up to Tm and then in-
crease sharply with temperature. This increase can 
be attributed to electrical conductivity (Roukos et 
al. 2019). These findings are in good accord with 
current literature (Li, Feng, and Yao 2004).

Transition diffuseness

For clarifyingthe behaviour of the material 
and to highlight the diffuse character of the tran-
sition, a modification of Uchino’s law has been 
proposed by N.S. Echatoui et al (Echatoui, news, 
and 2005, n.d.) to describe the diffuse transition 
by the following relation:

 Na2CO3 + Bi2O3 + 4TiO2 → 
→ 4�Na0,5Bi0,5�TiO3 + CO2 ↑ 
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(4)

The curve of (εrmax/εr) versus (T-Tm)ɣ of the 
NBT sample at 5 kHz is shown in Figure 7. For 
the sample of NBT, a linear relationship is estab-
lished. The value of γ is established from equa-
tion, using the Matlab software (Elhorst 2014). 
The star symbol in the figure above corresponds to 

Figure 6. Dielectric constant values of NBT sample processed hydrothermally and sintered 
at 1000 °C during 4hours as a function of temperature at different frequencies

Figure 7. Fitting results of the dielectric permittivity 
(Ɛr) data of the NBT sample to the modified Uchino 
law at 5 kHz
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the experimental data, while the brown line repre-
sents the fit corresponding to the modified Uchino 
law. The value of γ is of the order of 1.5 and that 
of δ is 95, this obviously means that this ceramic 
has a very diffuse character. This observed behav-
iour could be assigned to the cationic disorder at 
the A(Na+/Bi3+) site. Therefore, X-ray diffraction 
analysis allowed us to highlight this local disor-
dering between the Na+ and Bi3+ cations.

Adsorptive and photocatalytic 
activities of NBT

In order to investigate the removal efficiency 
of MB under UV-A irradiation (Photolysis), NBT 
alone (Adsorption), and NBT+UV-A (Photocatal-
ysis), Fig. 8A presents the comparison of the MB 
removal using the three treatments. It is clearly 
shown that the photolysis has attained the lowest 
degradation efficiency that reached 1.44% after 
420 min and 19% after 1920 min. While the ad-
sorption process using NBT alone (without UV-A 
irradiations) removed 40% after 60 min that was 
fixed as t = 0 for the photocatalysis treatment, 
then it raised slowly to achieve 48% at 1920 min. 

On other hand, the MB degradation using 
photocatalysis treatment (NBT+UV-A) was 
significantly improved as a function of contact 
time where it achieved 66% after 300 min of 
UV-A illumination then the efficiency reached 
99% at 1920 min which confirms the photocat-
alytic nature of the reaction. Moreover, Fig. 8B 

illustrates the visible spectra of MB solution re-
lated to the initial concentration (t = 0; 10 mg/L), 
to the solution sampled after 1440 min of pho-
tocatalysis test, and to the solution at the end of 
the treatment. A remarkable reduction of absorb-
ance values is noticed according to the photode-
gradation time which corresponds to the visual 
discoloration of the samples (a) and (b) shown 
in the attached image.Therefore, due to the sig-
nificant efficiency of the photocatalysis process 
(NBT+UV-A) compared to the adsorption and 
photolysis, the effect of NBT mass and the initial 
pH of MB solution under the UV-A illumination 
were further investigated. Moreover, the remark-
able efficiency of methylene blue (MB) degrada-
tion in the presence of NBT particles and UV-A 
light might well be explained by the high oxidiz-
ing capacity of hydroxyl radicals (•OH) and su-
peroxide radicals (•O2−) produced during the pho-
tocatalysis reactions. Indeed, it is well known that 
the photocatalytic activity of the semiconductors 
is related to the absorption of photons energy the 
irradiation corresponding to the bandgap of these 
semiconductors. In this study, once the NBT is 
irradiated with UV-A light, the free electron-hole 
(e--h+) pairs are generated. The excited electrons 
in the conduction band (e−

CB) react withthe dis-
solved oxygen (O2) to produce superoxide radi-
cals (•O2

−). Moreover, the hydroxyl radicals(•OH) 
are produced by the reaction of O2

−• with water 
or by the interaction of the holes with hydroxyl 
ions or with water. Therefore, the produced O2

−• 

Figure 8. (A) Photodegradation kinetics of MB in the presence of UV, NBT, and NBT+UV (C0(BM)= 10 mg/L; 
NBT mass= 1g/L; initial pH=8) and (B) Visible spectra of MB solution before and after the photodegradation using 
NBT+UV-A
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and •OH as highly reactive and oxidizing species 
react with MB molecule and degrade it into sim-
ple and non-toxic products such as H2O and CO2 
(Goutham et al. 2021; Y. Jiang et al. 2021; Kurra 
et al. 2019).

The effect of catalyst mass

To assess the influence of the NBT mass on 
the MB photodegradation, Fig. 9 presents the 
photodegradation efficiency of MB using 0.25, 
0.50, and 1g/L of NBT during 1920 minutes of 
UV-A irradiation.The results indicate a notable 
effect of the catalyst mass on the MB removal un-
der UV-A.

Indeed, the highest efficiency was observed 
using 1g/L 66% and 99% at 300 min and 1920 
min, respectively, followed by 0.5g/L that re-
moved 60% and 90%, while 0.25g/L resulted in 
the lowest photodegradation of 57% and 74% at 
the same mentioned moments of contact time.

The effect of pH

The photocatalytic degradation process oc-
curs as a result of both from the nature of the sur-
face charges carried by the ferroelectric material 
NBT, the ionic state of the pigment molecules, the 
adsorption of the dye, and the concentration of 
the hydroxyl radicals formed. 

Figure 9. Degradation efficiency of MB using 0.25, 0.5 and 1 g/L of NBT(C0(BM)= 10 mg/L; initial pH=8)

Figure 10. Degradation efficiency of MB as a function of pH (3.5; 8; 
and 12) under NBT mass = 1 g/L and C0(BM) = 10 mg/L
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All these properties depend on the pH be-
cause of its influence on the electrical charge of 
the photocatalyst surface.To investigate the influ-
ence of pH on the photodegradation of methylene 
blue in the presence of NBT under UV-A, three 
different pH values of MB solutionwere studied: 
3.5, 8, and 12 using the catalyst massof 1g/L. Fig-
ure 10 shows that the rate of decolourisation is 
higher with increasing pH values. Thus, the pho-
tocatalytic degradation of MB by the photocata-
lyst NBTis maximal for the pH value equal to 12. 
As a result, the basic nature of the environment 
favours the degradation of MB related to the phe-
nomenon of adsorption of pollutants. Indeed, ac-
cording to previous works that studied MB pho-
todegradation (Tang, Zou, and Ye 2005; Azeez et 
al. 2018; Xiao et al. 2007) and similar cationic 
dye Blue Basic 41 (BB41) (Tanji et al. 2022), al-
kaline pH was found to be optimal. Those studies 
indicated that the degradation of MB and BB41 
is enhanced at alkaline pH (≥11). Tanji et al. and 
Xiao et al. reported that this result may be due 
to the fact that the hydroxyl ions OH- adsorbed 
on the catalyst surface may promote the produc-
tion of OH• which are the most oxidizing species 
(Tanji et al. 2022). Another explanation provided 
by Tang et al. and Azeez et al. is that the OH- 
could favor the electrostatic attraction enhancing 
consequently the adsorption of MB which is the 
key step for the degradation of organic molecules 
by the photocatalysis process (Tang, Zou, and Ye 
2005; Azeez et al. 2018). In this context, the pH 
effect has always been a challenging parameter in 
many studies where the results are often difficult 
to interpret and the point of zero charge of a cata-
lyst is not always a crucial indicator to choosing 
the optimal pH (Tanji et al. 2019). The study of 
the photodegradation of MB by NBT oxide al-
lows concluding that the best result (up to 100% 
during 420 min) is obtained using the catalyst 
mass of 1g/L and the pH value around 12.

CONCLUSIONS

Hydrothermal synthesis usenabled us to pre-
pare NBTceramics under the most optimal con-
ditions at 200 °C for 24 hours and a 10M NaOH 
concentration. This process allowed reducing the 
calcination temperature compared to the solid 
(~1000 °C) and sol-gel (~800 °C) route. Hence, 
the hydrothermal process could be adopted as an 
effective method and a favourable protocol for 

the successful synthesis of highly photoactive 
perovskite materials. Analysis of the X-ray dif-
fraction (XRD) peaks revealed that the studied 
specimens crystallize in the structure of rhom-
bohedral symmetry (R3c) and lattice parameters:  
a = 5.48Ǻ and c = 13.47Ǻ. The pH concentration 
was significant role in the particle size, impurity, 
crystalline degree and the band gaps of the NBT 
materials. The variation in ɣ values is caused by 
the increased diffusivity in the proximity of the 
phase transition, which confirms the enhanced 
relaxor nature of NBT ceramics synthesised by 
this route. The NBT sample sintered at 1000 °C 
presented the highest photocatalytic activity for 
MB degradation under UV light as a result of 
the restricted band gap, higher crystallinity and 
higher oxygen adsorption. The results showed 
also a substantial enhancement in photocatalytic 
efficiency in the presence of UV irradiation with 
increasing the photocatalyst mass (1g/L) and pH 
(12) of the medium so that a 100% removal rate 
during 420 minutes was achieved which offers 
promising perspectives for the wastewater treat-
ment by the photocatalysis technique. 
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