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ABSTRACT

Perovskite oxides have been recognized as highly potent catalysts for photocatalytic water decontamination due
to their potential to capture solar energy and drive catalytic reactions. In this report, Ni doped strontium
zirconate perovskite photocatalyst nanoparticles was synthesized using simple method with low production cost
was applied in visible light irradiation for the photocatalytic degradation of a model organic pollutant in aqueous
medium. The photocatalyst was synthesized successfully using sol-gel Pechini method and annealed at 800 °C
for 2 h. The sample was characterized using XRD, FESEM, EDX FTIR and UV-visible spectrophotometric
techniques. The crystallite size ranged between 23.74 and 33.18 nm according to Scherrer equation and
Williamson-Hall methods with a dislocation density, lattice strain, and microstrain of 1.77, 1.4 and 3.4 (x 107)
respectively. The sample exhibited smooth surface with no agglomeration. The composition of the perovskite
indicated the presence of Sr, Zr, Ni and oxygen in their atomic weight. Metal-oxygen vibration was located at
648.55 cm* with traces of adsorbed atmospheric CO; and H,O on the catalyst surface. The catalyst exhibited
optical band gap energy of 5.15 eV. The photocatalytic activity was evaluated by the degradation of Methylene
blue (MB) under simulated light at 420 nm. Photodegradation was highest in light irradiated reaction compared
to dark conditions. The effects of the amount of catalyst, initial concentration of MB dye irradiation time and
solution pH on the degradation and removal efficiency of the pollutant was investigated. Adsorption capacity
was found to increase with increase in initial adsorbate concentration and irradiation time in acidic pH. In order
to investigate the efficiency of MB dye adsorption on strontium nickel zirconate (SNZ) photocatalyst, pseudo-
first order (PFO), pseudo-second order (PSO), Elovich and Intra-particle diffusion (IPD) kinetic models were
evaluated. The adsorption kinetic was found to follow pseudo-second order model. The graphical correlation of
equilibrium data were analyzed by Langmuir, Freundlich, Dubinin-Radushkevich (D-R), Temkin, Flory-
Huggins and Redlich-Peterson models by using linear regression technique. The data were best represented by
the Langmuir isotherm yielding maximum monolayer adsorption at 30 °C with a favorable condition (R. < 1).
The adsorption process was found to be exothermic and spontaneous. Therefore, Sr(Nio.10Zr0.90)O3 hanoparticles
can be used as photocatalyst for remediation of wastewater containing organic pollutants.
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INTRODUCTION Nakada et al. (2016) reported the quality of surface

In recent times, environmental waters in lowland rivers of densely populated
contamination and energy shortages have been developed countries to be largely dependent on the
considered as two primary challenges for humans. efficiency of wastewater treatment and disposal
Achieving clean and safe water is a basic asset for a models. Several modeling approaches have been
flourishing society as well as a thriving economy developed to assist in water quality management.
(Jain et al., 2021). In view of this, access to clean Wei et al. (2021) reported solar energy as one of
water has been a militating issue for all forms of the alternative sources of energy which is
life particularly for developing and populated particularly clean, easily available, and accessible
communities (Askari et al., 2024). Achieving for wastewater treatment. The solar spectrum is the
environmental sustainability is an ultimate global range of electromagnetic radiation emitted by the
challenge, and therefore requires more scientific sun, extending from the ultraviolet to the infrared
focus towards this direction. The release of region. It is composed of photons with various
effluents from industries and human activities are wavelengths, which define the spectrum’s shape
turning surface water worse day by day because of and intensity. The use of solar energy to catalyze
the direct disposal of organic and human waste. the  photo-driven  processes has attracted
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tremendous  attention from the scientific
community because of its great potential in
addressing energy and environmental issues. In this
regard, several attempts have been made in the
scientific world to design and develop different
nanomaterials for solar energy harvesting with
good photon absorption for wastewater remediation
and environmental cleaning.

In solar energy harvesting, photothermal,
photovoltaic, and photocatalysis are the three
different approaches, which are involved in power
generation and environmental remediation (Zhang
et al., 2017; Habisreutinger et al., 2013). Among
these, photocatalytic degradation is an emerging
field which has a huge potential for the
transformation of organic pollutant in wastewater
(Wu et al., 2017). Photocatalysts have been widely
reviewed for various energy and environmental
applications including H. production, degradation
of organic pollutants, bacteria disinfection, and
CO; reduction (Bae et al., 2014). The photcatalytic
remediation of contaminated water has been
extensively investigated to demonstrate its viability
as a useful cleaning process. Semiconductor
materials such as perovskites have been reported as

promising  photocatalyst  nanomaterials  for
wastewater treatment (Zeng, et al., 2018; Kong et
al., 2019).

The photocatalytic ~ degradation  of

pollutants in wastewater is one of the attractive
strategies for combating water pollution problem
(Luo et al., 2019). This process is more reliable in
comparison to the conventional adsorbents like
active charcoal, metal organic frameworks, silica
gel, and so on, because the recycling process of
these adsorbents is expensive (Kumar et al., 2017).
Also, the chemicals and solvents used in the
recycling process are generally non-green, costly,
and generate secondary pollution. However, the
photocatalytic degradation technique is different
because it utilizes the advanced oxidation process
for the degradation, in which the highly reactive
species generated during photocatalysis attacks the
organic pollutant molecules and oxidize them in a
shorter time (Singh et al., 2020). Generally, the
photocatalytic degradation of organic pollutants
ends up in complete mineralization or low-
molecular-weight products. Also, the recyclability
of the catalyst is easy because of their
heterogeneous nature and self-cleaning surfaces, as
all reactions happen at the surface of the catalyst
followed by the desorption of products. Therefore,
this process can be considered as an eco-friendly
and green alternative to resolve the water pollution
crises. Jiang et al. (2019) reviewed sunlight-driven
photocatalysis on semiconductor nanomaterials as a
sustainable and promising technology to directly
eliminate various pollutants from environmental
wastewater. Fabrication of the nanomaterials,
which are capable of driving desired reactions by
harvesting visible solar radiation including
remediation of pollutants from the environment, is
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one of the thrust areas of research (Subramanian et
al., 2020). MB has been reported in the textile
industry, medicine, as an indicator, oxygen and
ozone sensor (Trocha et al., 2021) and has become
an important organic contaminant in surface water,
which poses a huge threat to human health and
ecosystem, hence, there is keen attention towards
its photocatalytic degradation from wastewater
(Jiang et al., 2018; Wang et al., 2017).

SrZrOs has been utilized extensively in the
field of photosplitting of water (Rojas-Cervantes
and Castillejos, 2019; Hu, et al., 2020). However,
there is no work on the photocatalytic activity of
Sr(Nip1Zro9)O0s on the degradation of organic
pollutants in aqueous medium. In this work, MB
has been chosen as a model organic pollutant to
investigate it’s photodegradation by
Sr(Nio.1Zr0.90)O3 photocatalyst in presence of H,O-
under visible light irradiation.

MATERIALS AND METHODS
Reagents

All the chemicals used were of analytical
grade. Sr(NO),; 99% (BDH Chemicals Ltd, Poole,
England), Zirconium (iv) propoxide (Zr(OCsHz)a),
98 % purity; Methylene blue, CH;COOH 99%,
ethylene diamine tertra acetic acid (EDTA) 99.5 %,
ethane-1, 2- diol (HOCH2CH20H), 99 %, and citric
acid (HsCe¢HsO7) 99 % and Ni(NOs3), were
purchased from Sigma Aldrich Co. 3050 Spruce
Street, St. Louis MO, 63103, USA. C;HsOH (99.5
%; S.G = 0.7951 g/mL), H2SO4 (98 %, S.G =1.84
g/mL), H20, (30%), and acetone (99 %; S.G =
0.789- 0.792 g/mL were purchased from Bristol
Scientific, Lagos.

Synthesis of Sr(Nio.10Zro.00)O3 nanoparticles

The Sol-gel Pechini method was used to
prepare Sr(Nio.10Zr090)Os (Andrades et al., 2018;
Lucena et al., 2017). Firstly, 5 mL zirconium iso-
propoxide (Zr-n-p) was reacted with 0.5M (40 mL)
citric acid and stirred for 2 h at 37 °C followed by
the addition of 5 mL (0.5 M) Ni(NOs3), solution
with continues stirring. Thereafter, the temperature
was increased to 80 °C to aid dissolution.
Secondly, in another beaker, 20 mL (0.1M) of
Sr(NQOs), was dissolved in 22 mL of 0.2 M EDTA
solution. The Sr-EDTA solution was stirred for 2 h
at 60 °C then it was added to the Zr** + Ni%*
solution with continuous stirring and heated to 100
“C for 2 h. Next, was the addition of 23 mL ethane-
1, 2-diol to EDTA - citric acid complex, then, the
temperature of the solution was raised to 120 °C
The gel was dried at 400 °C for 4 h and further
annealed at 800 °C for 2 h. The synthesized flake
was milled into a fine powder for characterization.

Characterization
Structural Analysis

The crystal phase was investigated by
high-resolution X-ray diffractometer (HR-XRD,
PAnalytical X Pert Pro) operating at 40 kV and 40
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mA with Cu Ka radiation (1.54060 4) from 10 to
90° (26 angle) using a step size of 0.05° and a
counting time of 0.5 s per step at 25 °C at Nano-
optoelectronic Research Laboratory, School of
Physics, Universiti Sains Malaysia, 11800, Pinang,
Malaysia. The crystallite size was determined as
reported in Equations 1 and 2 (Katyayan and
Agrawal, 2017; Huang et al., 2009):

Kk
Bcos6

1)

where D is the Scherer’s size or average crystallite
size, 1 = 0.1541 nm is wavelength of the x-ray
source for Cu k,, § = FWHM (in radians), @ is the
Bragg’s angle, k is a shape factor numerically equal
t0 0.9.

_( K .
B cos0 = (m) + 4&y,_y Sinb (2)
kA
Dw_n = - (3)
intercept

where Dy, _y is the W-H size or crystallite size, and
ew—y IS the  Williamson-Hall  microstrain
determined from W-H plot. The dislocation

density, lattice strain and microstrain were
determined according to Equations (4- 6):
1
o) :E (4)
_ Bcosb
== (5)
S= 57 (6)

Morphological Characterization

The surface morphology was determined
using field-emission scanning electron microscope
(FE-SEM, FEI Nova NanoSEM 450) at a voltage
of 20 kV while elemental composition was
obtained using energy  dispersive  X-ray
spectrometer (EDX) attached to the FE-SEM at
Nano-optoelectronic Research Laboratory, School
of Physics, Universiti Sains Malaysia, 11800,
Pinang, Malaysia (Jubu et al., 2020).

Functional Characterization

The FT-IR spectrum was probed between
4000-400 cm* using Agilent Technologies (Carry
630 FTIR) with the processing soft Omic 7.3 to
access bond formation at Ahmadu Bello
University, Zaria, Multi User Science Research
Laboratory.

Optical Characterization

UV-visible spectroscopy was performed
using Jenway 7415 in the wavelength range of 200-
800 nm to obtain the absorption spectrum of the
synthesized perovskite. The band gap was
determined according to Tauc’s plot by
extrapolating the linear segment of the curve to the
hv axis in a plot of (ahv)? versus hv, Equation 7.
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ahv = C(hv — Ej)" (7)
where Egis the optical bandgap energy, hv is the
photon energy, a is the absorption coefficient, C is
a constant, and m is a factor that depends on the
type of allowed electronic transition and is

- 1 -
numerically equal to > for a direct allowed

electronic transition. Other optical parameters such
as steepness parameter, electron-phonon
interaction, conduction and valence band potential
edges as well as refractive index was determined
(Vettumperumal et al., 2016; Singh et al., 2019;
Bhardwaj et al., 2017).

Bulk density was determined by tapping
using Pioneer Ohaus Analytical weighing balance
(Eneji et al., 2016). Optical and bulk density was
determined at Instrumental Laboratory, Department
of Chemistry, College of Physical Sciences, Joseph
Sarwuan Tarka University, Makurdi, Nigeria.

Photocatalytic Test

The photocatalytic activity of the catalyst
was tested for the degradation of a model pollutant
(MB dye) under visible and dark irradiations in a
photoreactor made of wooden box with dimensions
of 50 x 30 x 60 (L x W x H) (Bae et al., 2024).
Artificial irradiation was provided by a 500 W
Halogen arc lamp. In dark photocatalytic test, 200
mg of SrZrO3z was added to 50 mL of 5 mg/L MB.
The suspension was cycled under darkness for 1 h
at 250 rpm, and 2 mL H,0; was added. Then 5 mL
of the suspension was withdrawn for every 30 min
and centrifuged at 16000 rpm for 10 min to
determine residual MB (mg/L). In a similar way,
200 mg of Ni-SrZrO; was added to 50 mL of 5
mg/L MB in a 250 mL photoreactor mounted on a
cyclic vibrator. The suspension was cycled under
dark for 1 h, then 2 mL of 2 mM H,0, was added
and irradiated with 500 W Halogen arc lamp
(Beijing Au Light Technology Co.) with a cutoff
filter (A > 420 nm) with constant cycling from 0
t0150 min. During the irradiation time, 5 mL of the
suspension was withdrawn for every 30 min
interval and centrifuged at 16000 rpm for 10 min to
monitor the rate of photodegradation. The residual
concentration of MB dye in the suspension was
monitored using UV-Visible spectrophotometer at
664 nm (Kumar et al., 2017; Yazdanbakhsh et al.,
2011). The parameters understudy includes,
catalyst dosage, MB concentration, reaction time
and solution pH at constant temperature (30 °C).
Triplicate analysis was performed for each
scenario. The equilibrium concentration (Ce¢) was
evaluated from the slope of the calibration curve.
The adsorption capacity (g:) was calculated using
Eq. 8.

_ (Co=Ce)V
t™ 1000m

®)
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where g: (mg/g) is the amount adsorbed at time t, V
(cm™) is the volume of the solution, and m (g) is
the mass of photocatalyst. The photo-degradation
efficiency (D%) was obtained using Eq.9.

D (%) = =t x 100

- ©)
where D (%) represents the percentage degradation
efficiency, C, and C; are the initial and final
concentration, respectively at a given time (mg/L).
The concentration of MB dye was evaluated using
a five-point calibration curve ranging from 0 to 25
mg/L.

Adsorption Kinetics Models

Adsorption kinetics is a fundamental
aspect of analyzing the adsorption mechanism. The
kinetics of adsorption of MB dye on
Sr(Nio.10Zr0.90)O3 nanoparticles was studied using
the PFO, PSO and Elovic model, as well as
intraparticle diffusion model. The experimental
data were fitted into the models to investigate the
mechanism of adsorption, photodegradation and
rate limiting step (Abebe et al., 2018).

First-order Kinetic Model

The experimental data were fitted with the
linear form of PFO rate equation (Eqn. 10) (Eneji
et al, 2016) while the half-life (ty2) was
determined according to Eqgn. (11):

k
log (qe — q¢) = (logqe) — ;- ¢ (10)
In2
tyz = (11)

where ¢e and g: (mg/g) are amounts of MB dye
adsorbed at equilibrium at any time t, (min),
respectively and k; (min™?) is the adsorption rate
constant.

Pseudo Second Order
Experimental data were also tested by
PSO kinetic model which is given (Egn 12) as:

[1=7+ 0

at (12)

From the equation, the linear plot of qi versus t
t

gave 1/qe as the slope and 1/kqqe as the intercept.
The second-order rate constant was used to
evaluate the initial sorption rate and half-life as
shown in Egns. 13 & 14:

(13)

h = ky(q.2)
. (14)

ti2 =

k2[A]o

where kz (9/mg min) is the rate constant of second-
order adsorption.
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Elovic Kinetic Model

To understand whether a system is chemisorptive
or not, Elovich model (developed by Zeldowitsch)
was applied. This model helps to predict the mass
and surface diffusion, activation and deactivation
energy of a system. Although the model was
initially applied in gaseous systems, its
applicability in wastewater processes has been
redeemed meaningful. The model assumes that the
rate of adsorption of solute decreases exponentially
as the amount of adsorbed solute increase
(Kajjumba et al., 2018). The linearized form (Edet
and Ifelebuegu, 2020) is expressed in Eqn (15):

q. = %ln(aﬁ) + % In (¢) (15)

where o and B are constants obtained from the
slope and intercept of the linear plot of g: against In
t.

Intra Particle Diffusion (IPD) Model

The IPD model (Patil et al., 2012) is expressed in
Eqn. (16):
R=K;t® (16)
where t is the time of contact (h), R is the
percentage of MB adsorbed and a is the linear plot
gradient and depict the mechanism(s) of
adsorption.

K, is the intra-particle diffusion rate constant (h%)
and could be taken as rate factor (% removed per
unit time). The Linear form is depicted in Equation
an:

qr = Kigt0.5+p a7
values of K;, can be obtain from slope of the plot
of q, against t°°.

where K;; and B are the intraparticle diffusion rate
constant and mechanism of sorption respectively.

Adsorption Isotherms

In this study, Langmuir, Freundlich, D-R,
Temkin, Flory-Huggins and Redlich-Peterson (R-
P) models were used to evaluate the equilibrium
data for adsorption and degradation of MB dye on
the photocatalyst in aqueous solution (Hameed et
al., 2008).

Langmuir Model

The linear form of the Langmuir isotherm
assuming a monolayer adsorption on a
homogeneous adsorbent surface, is expressed as:
& 1 C,

= —+-£
de bqm  qm (18)

where gm (mg/g) is the surface concentration at
monolayer coverage which illustrates the maximum
value of ge and it can be attained as C. is
maximum. The b parameter is a coefficient related
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to the energy of adsorption and increases with
increasing strength of the adsorption bond.

Freundlich Model

Freundlich model is an empirical equation
based on sorption on a heterogeneous surfaces or
surfaces supporting sites of varied affinities. The
equation is expressed linearly as:
log q. = log Ky + % logC, (19)
where Kg and n are constants of the Freundlich

related to sorption capacity and sorption intensity
of the catalyst for a unit equilibrium concentration.

Dubinin Radushkevich (D-R)

The Dubinin—Radushkevich isotherm is
more general than the Langmuir isotherm because
it does not assume a homogeneous surface or
constant adsorption potential. It is applied to
distinguish between the physical and chemical
adsorptions. This model makes approximations for
porosity, free energy, and adsorbent properties. It
helps identify the type of adsorption that took place
and the apparent energy of adsorption. It’s linear
and free energy is expressed in Equations 20 & 21
(Edet and Ifelebuegu, 2020).

Ing, = Inq,, — Bp[RTIn (1 + Cl)]2

-1
E"m

(20)
(21)

where the maximum adsorption capacity is denoted
by gm (mol/g) and the D-R constants Bp (mol?/kJ?)
i.e the free energy of sorption per mole of the
adsorbate as it approaches the adsorbent surface are
obtained from the slope and intercept of the linear
plot of Equation 20.

Temkin Model

The Temkin isotherm assumes that the
heat of adsorption of all the molecules in the layer
would decreases linearly with increasing coverage
of the adsorbate on the surface of adsorbent,
incorporating a factor that accounts for the indirect
interaction between adsorbate molecules due to the
adsorbent's surface heterogeneity (Obaid, 2020).
The model is expressed linearly:

qe = R?T InK, + Rb—T InC,

(22)
where T is the absolute temperature, R is the ideal
gas constant, and K; (dm®/g) is the equilibrium
binding energy, or the optimum binding energy. A
constant called by (J/mol) is connected to the heat
of adsorption.

Flory-Huggin
This isotherm describes the degree of
surface coverage characteristics of the adsorbate on
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the adsorbent. The linear form is expressed in
Equation (23) (Nechifor et al., 2015):

InZ = In Keu+ n In (1- 6) (23)

where 0 is the degree of surface coverage, n is
number of adsorbates occupying adsorption site,
and Ken is Flory-Huggins equilibrium constant (L
mol?). This isotherm model can express the
feasibility and spontaneity of an adsorption
process. The equilibrium constant Key was used to
calculate spontaneity Gibbs free energy as shown
in Equation (24):
AG=RT In (Krn) (24)
where AGP is standard free energy change, R is
8.314 Jmol* K, and T is absolute temperature

Redlich-Peterson Model

The Redlich-Peterson equation is used as a
compromise between Langmuir and Freundlich
systems. The model has three parameters and
incorporates the advantageous significance of both
Langmuir and Freundlich models. According to
Musah et al. (2018), the model provides a more
accurate prediction of adsorption system that
functions across a variety of concentrations.
Equation (25) illustrates the linear expression:

|nqi: = ginC, — InKp (25)

where g represents exponent between 0 and 1. A
plot of In % vs In C, is used to obtain g and InKr.

RESULTS AND DISCUSSION
Phase analysis

Fig. 1 depicts the XRD pattern of the
Sr(Nio.10Zr0.90)O3s nanoparticles treated at 800 °C
for 2 h. The peaks were sharp, indicating high
crystallinity. Peak profile analysis was carried out
using Debye Scherrer and Williamson-Hall (W-H)
method (Fig. 1b). The diffraction peaks at 26
angles appeared 27.82°, 29.18° 29.93°, 31.04°,
32.45°, 33.71°, 36.68° 37.99°, 40.25° 41.46°,
44.18° and 46.23° can be assign to scattering from
the (121), (202), (202), (202), (212), (103), (131),
(222), (123), (123), (400) and (141) planes of the
perovskite crystal lattice, respectively. The peaks of
XRD confirms clearly that the phases belong to
Sr(Nio.10Zr0.90)O3 and match well with the phase
reported in the powder diffraction data. It is found
that  Sr(Nio10Zrog0)Os  crystallized in  the
orthorhombic structure with a = 8.2532, b= 8.2662
and ¢ = 82709 A and a space group Bmmb

according to Mantwa et al. (2018). Alfonso-
Herrera et al. (2018) reported lower average
crystallite size for SrZrOs annealed in air at 800
°C for 8 h. The result of the structural parameters of
Sr(Nio.10Zr0.90)O3 nanoparticles is shown in Table 1.
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Table 1: Structural and Optical Parameters of Sr(Nio.10Zr0.00)Os Nanoparticles

Structural Structural Optical Parameter Optical
Parameter Magnitude Magnitude (eV)
20 32.399 Eq 5.15

FWHM 0.3447 n 0.6910
d-spacing (nm) 0.2760 o (10%) 1.2268
Crystallite Size (S) (nm) 23.74 Ee_p (1029 5.4342
Crystallite size (W-H) (nm) 33.18 Eco -5.4681
Microstrain () (1073) 3.4 Evb -0.3381

Lattice strain (1]) (107%) 1.4

Dislocation density (/m) (107%) 1.77

Bulk density (g/mL) 0.2130

Cell vol. A3 (x10° pm®) 68.57

where: S = Scherer’s, W-H = Williamson-Hall , Eq= Energy band gap, n= refractive index, § = steepness
parameter, E.., = electron phonon interaction energy, E«= conduction band energy, Ew, = valence band energy
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Fig.1. (a) XRD pattern, (b) Williamson-Hall plot of the Sr(Nio.10Zro.90)Os photocatalyst

Surface Morphology

The surface morphology of the sample
was recorded at 25,000, 50,000 and 100,000
magnifications (Fig. 2). The surface is smooth with
irregular shape and is in agreement with the result
of the bulk density (Table 1). Lower particle size
enhances more  reactivity and  prevents
recombination reactions (Tarrida et al., 2009; Jubu
etal., 2020).

Fourier Transform Infrared Spectroscopy

Fig. 3(a & b) displays the full and zoom
FTIR spectrum Sr(Nio10Zro90)O3 nanoparticles
recorded between 4000-400cm™. The vibration
bands were located at 648.58, 1204.83, 1561.60,
2963.41, 3211.58, 3253.88 and 3785.33 cm™. The
band located at 648.58 (Fig. 3b) could be related to
the molecular vibration of metal — oxygen band

Fig. 2. FESEM images of Sr(NixZrix)Os at (a) 25,000, (b) 50,000 and (c) 100,000 Magnifications.
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associated to strontium-oxygen (Sr-O) bonds. The
absorption peak with high intensity centered at
1204.83 cm™ could be due to the existence of
vibration mode of Zr-O. This absorption peak
could be connected to the stretching vibration
involving the internal motion of changes in the
bond length of Zr-O band; and this relationship
verifies the occurrence of ZrOg octahedral
deformation in the compound. Utami et al. (2019)
reported absorption bands of 400-600 cm™ as
asymmetric stretching and bending vibrations of
the metal-oxygen bond in perovskite structures.
The band at approximately 1561.60 cm™ could be
due to surface adsorbed CO». The band range from
2963.41 — 3785.33 cm? could be due to surface
adsorbed moisture. Triyono et al. (2020) reported
spectral bands above 2000 cm*(O-H bond) to
stretching  vibrations of absorbing ambient
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moisture. Katyayan and Agrawal (2017) reported
FTIR band range of 3633-3905 cm™ to be minute
traces of moisture (O-H). Ouni et al. (2012)
reported shift in vibration frequencies, band
positions and absorption peaks to be influenced by
material composition, synthesis method and
protocol, lattice size, microstrain and shape of the
material.
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Elemental Composition

The chemical composition of the
investigated catalyst is shown in Fig. 3c. The
spectrograph showed the presence of Sr, Zr, Ni and
O elements in the synthesized compound.
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Fig. 3 (a) Full and (b) Zoom FTIR spectrum of SrZrOsz Nanoparticle (¢) EDX (d) Tauc’s Plot

Optical Properties

Fig.3d depicts the Tauc plot for the optical
band gap energy of Sr(Nio.1Zro.90)O3 photocatalyst.
The band gap according to Tauc formula was 5.15
eV and agrees with the report of Cabello et al.
(2014). Aside other physical and chemical
properties of catalyst, changes in the optical band
gap energy could occur due to doping, synthesis
technology, strain, particle morphology, annealing
temperature, concentration of precursors, solution
pH and reactions conditions (Perumal, et al., 2012).
Other optical properties of the catalyst are
illustrated (Table 1).

In order to access photodegradation effect, total
organic carbon (TOC) was measured using Winkle-
Black method. The TOC ranged between 0.1551 -
0.0600 from 0 -150 min irradiation time.

Calibration Curve

A five-point linear fit for MB was
obtained to study the photodegradation at 664 nm.
The fit was obtained using absorbance of 0-25
mg/L MB (Fig. 4a). A linear regression equation
was used to estimate the equilibrium concentration
of degraded MB pollutant under irradiation.
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Degradation Studies
Absorbance and degradation studies in the dark
and light illumination

Fig. 4(b & d) illustrates the absorbance in
the dark and light illumination reactions for MB
dye degradation using SrNig10Zro90)O3 assisted
H20.. The initial absorbance (0.189) of MB in the
dark (Fig. 4d) did not change as compared to the
light illuminated reaction (Fig. 4b). In light
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irradiation, absorbance decreases from 0.189 to
0.080 between the time intervals of 0-150 min
indicating degradation (Fig. 4c & e€). The
degradation efficiency in the dark and in the
presence of light irradiation was 35.23 % and 80.44
%, respectively. This observation implied
photocatalytic degradation increase with increased
in radiation time in the presence of H,O; (Saha et
al., 2018). This scenario is similar to the report of
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Alammar et al. (2015) using SrTiOs, CaTiO3z and
BaTiOs perovskites photocatalysts. Bellam et al.
(2015) reported 60% degradation efficiency of 3.2
mg/L MB within 150 min using N2 doped NiTiOs
catalyst in visible light.

Adsorption Kinetics

The efficiency was investigated using a
batch equilibrium technique with different amounts
of catalyst in 250 mL conical flask containing 50
mL of MB. The kinetic studies were studied for
different pH values, irradiation time, catalyst
dosage and MB dye concentration (Itodo et al.,
2018).

Effect of Catalyst Dosage

Fig. 5a showed the effect of catalyst
dosage. The degradation efficiency was highest at
200 compared to 250 mg. At higher dosage (250
mg), the degradation was found to decrease. This
might be due to the turbidity of the solution, which
increased with the amount of catalyst loading and
blocked the photons reaching the medium. This
phenomenon may result to a smaller number of
active photoactive species present and may
consequently reduce degradation. Several studies
report the photocatalytic rate to first rise along with
catalyst loading and then deflate at high dosage due
to unavailable active surface sites for exposure and
light scattering effects (Rani et al., 2020).

Effect of Irradiation Time

The effect of contact time on degradation
efficiency was examined using 50 mL of 5 mg/L
MB and 200 mg catalyst from 0-150 min. Fig. 5b
examines the increase in degradation due to
increase in contact time until an equilibrium time is
reached that led to a decrease in residual MB
concentration. The highest removal efficiency was
observed at above 120 min. There is no previous
work on the use of Sr(Nio.10Zr0.90)O3 coupled H20-
for which we can compare the present report.
Nevertheless, the effect of contact time on
degradation of MB in various catalysts could be
found in the literatures. Soltanabadi et al. (2018)
reported the removal of rhodamine B (30 mg/L)
within 90 min using visible light irradiation with
assisted H;O, for LaFeOs; supported CuO. The
performance of H,O, for LaFeOswas higher
compared to the pure LaFeQOs, thus, supporting the
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goodness performance of synthesize catalyst.
Chang and Hu (2020) reported over 70%
degradation efficiency for MB, methyl orange,
Rhodamine, bisphenol A and phenol using SrTiO3
supported 20 wt% Ga,O; within 3 h irradiation.

Effect of Initial MB Concentration

The initial dye concentration is another
important variable that affect adsorption process
during photocatalysis. This effect was investigated
by varying the initial MB concentration (0 - 25
mg/L), using a catalyst dose of 200 mg. Results
showed decreased degradation efficiency of MB
with increasing initial MB concentration (Fig. 5c).
This scenario could be attributed to oversaturation
of the available catalyst active sites (Anas et al.,
2023). Higher adsorption of pollutant with a high
initial concentration of pollutant facilitates more
pollutant molecules to get excited on light
irradiation, which enhances the photodegradation
efficiency. However, at higher concentration
reduction in photodegradation is observed due to
reduction in the number of photons reaching the
catalyst surface and consequent reduction in the
number of OH" radicals and positive hole
generation (Boruah et al., 2016).

Effect of Solution pH

One of the most important factors
affecting the capacity of adsorbent in wastewater
remediation is solution pH. The efficiency of
adsorption of organic pollutant is dependent on the
solution pH, since variation in pH leads to the
variation in the degree of ionisation of the
adsorptive molecule and the surface properties of
adsorbent The effect of initial solution pH on
degradation and removal efficiency was evaluated
at pH 3-10, while the initial MB concentration and
catalyst dosage were fixed at 5 mg/L and 200 mg,
respectively (Fig 5d). The degradation efficiency
was found to be 80.44% in acidic pH 3 and
decreased with increasing pH value. This
phenomenon could be due to surface electrostatic
charge, oxidative potential and sorption capacity
between the dye molecule and the catalyst surface
(Nguyen et al., 2016). Yazdanbakhsk et al. (2011)
reported pH 2 as the optimum pH value for the
removal of Reactive blue dye from aqueous
solution containing Ca doped lanthanum nickel
trioxide catalyst.
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Kinetic Models
Pseudo-first-order

The plot of log(qe—qt) versus time for
various catalyst dosages and MB concentrations is
shown in Fig. 6(a & b) to evaluate the PFO
kinetics. The constants of PFO model such as k;
and ge were determined from the slope and
intercept of the fitted lines, respectively. The
correlation coefficient (R?) for the plot decreased
from 0.9878 - 0.8750 and 0.9824 - 0.9266 for the
effects of catalyst dosage and MB concentrations.
The calculated ge values from first-order Kinetic

were lower than the experimental ¢. value
determined using the relation: q.= LozClV - i
1000m

demonstrates that the pseudo-first-order model was

inadequate to estimate the adsorption kinetics of
MB on Sr(Nig10Zr0.90)O3; nanoparticles. This
scenario agrees with the review of Rashad et al.
(2022) on adsorption study of Congo red dye from
synthetic wastewater at different concentrations
using ZnS Nanoparticles. The value of k; and
correlation coefficient for the effects of catalyst
dosage and initial MB concentration is shown in
Table 2. The experimental ge values did not agree
with the calculated values obtained from the linear
plots. Furthermore, validation by normalized
standard deviation (Table 2) showed that the
adsorption of MB dye on Sr(Nig.10Zr0.90)O3 catalyst
is not a first-order reaction kinetics.

Table 2: Adsorption Kinetic parameters for the effect of catalyst dosage and initial MB for PFO at 30.05°C

PFO model Parameters
kq Ce cal Qe(exp) R? tue Age (%)

Catalyst dosage (mg/L) 50 0.00161 1.6396 1.7512 0.9878 430.50 451
100 0.00793 1.4304 1.1429 0.9320 87.40 17.79
150 0.00834 1.8742 1.1820 0.9396 83.11 41.41
200 0.00824 1.9056 0.8908 0.9009 84.22 80.55
250 0.00789 2.8415 0.7283 0.8750 87.85 205.17

Methylene blue (mg/L) 5 0.00853 0.6099 1.0966 0.9824 81.25 31.38
10 0.01132 0.4304 1.4491 0.9589 61.23 49.71
15 0.00694 0.5331 1.3386 0.9553 99.87 42.55
20 0.00526 1.9056 2.8130 0.9462 131.77 22.81
25 0.00601 2.8415 4.2348 0.9266 115.32 23.26

Pseudo-second-order

The result of the linear plots of t/g: vs t
(Fig. 6¢, d & e) showed a good agreement between
experimental and the calculated g. values for the
effects of dosage, MB concentration and solution
pH as well as sorption rate and half-life (Table 3).
Besides, the correlation coefficient values for the
second-order kinetic model were almost equal to
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unity for all the MB dye concentrations, indicating
the applicability of the model to describing the
adsorption of MB on the photocatalyst surface for
photodegradation. The result of the comparison of
the PFO and PSO adsorption rate constants and
calculated experimental q. values for different
initial dye concentrations (Table 4) depict that the
reaction followed pseudo-second order rate.



CSJ 15(1): June, 2024 ISSN: 2276 — 707X, elSSN: 2384 — 6208 Tsaviv et al.

0 16 250
T =
12 :§=-.£"§',Tw )
00 =2 1% ) 200
. o] [T 0T
(-’:41_4- L= 1! . 150
- -
Emz ‘% 20 \ 4
s <4
o O 94 s v e
124 a8 $ =0
12
16 ety 5 o
0 20 40 60 ¢ W0 120 W0 w0 A6\—
il PRI R e e gy g nznwmmﬁ1nn1z:un1m
t {min) o t{mm)
150
: m
1214 | »
o0
53
=
04
0
o -]
i 2‘” 4-0 ﬂll ﬁ.] Illl 1é|] 1-‘.] %0 0 20 40 &0 807 100 120 140 160 ] 5 10 15 20 25 30
t {min) t{min) Cy (mgf )

Fig. 6: PFO (a & b) dosage and MB concentration, PSO (c, d & €) Kinetics for the Effects of dosage,
concentration, Solution pH and (f) Initial sorption rate verses initial Concentration for the Degradation of
MB Dye

Table 3: Adsorption kinetic parameters for the effects of catalyst dosage, initial MB concentration and
solution pH for PSO at 30.05°C

PSO Parameters

ko e cal. e exp. R? h ty2 (Min) Ade (%)
mg 50 0.0403 1.7962 1.7512 0.9731 0.1301 4.96 1.82
100 0.0636 1.2061 1.1429 0.9997 0.0926 3.14 3.91
150 0.0135 1.4973 1.1820 0.9910 0.0302 14.86 18.86
200 0.0100 1.2762 0.8961 0.9490 0.0163 20.04 29.99
250 0.0216 0.9113 0.7283 0.9704 0.0179 9.26 17.77
mg/L 5 0.0411 1.0966 1.2244 0.9978 0.0494 4.87 7.38
10 0.0180 1.5491 1.7502 0.9955 0.0378 5.55 8.12
15 0.0433 1.3386 1.4520 0.9927 0.0775 3.54 5.52
20 0.0059 3.1712 3.5008 0.9427 0.0363 8.48 6.66
25 0.0076 4.2348 4.5280 0.9857 0.1368 5.24 4.58
pH 3 0.6837 1.1140 1.1061 1.0000 0.8485 0.29 0.51
4 0.0839 1.1050 1.0918 0.9769 0.1024 2.39 0.85
5 0.2705 0.9058 0.9056 0.9952 0.2219 0.74 0.02
9 0.1996 0.8823 0.8531 0.9991 0.1554 1.00 2.42
10 0.0383 1.1203 0.9820 0.9858 0.0481 5.22 9.96

Table 4: Comparison of the Pseudo-first- and second-order adsorption rate constants and calculated
experimental ge values for different initial dye concentrations

Initial First order kinetic model Second order kinetic model

concentration Qe exp. ki Qe cal. R? AQe k2 Qe cal. R? AQe (%)

(mgL™) (mgg™) (%)

5 1.0966 0.00853 0.6099 0.9824 31.38 0.0411 1.0966 0.9978 7.38

10 1.4491 0.01132 0.4304 0.9589 49.71  0.0180 1.5491 0.9955 8.12

15 1.3386 0.00694 0.5331 0.9553 4255 0.0433 1.3386 0.9927 5.52

20 2.8130 0.00526 19056 0.9462 2281 0.0059 3.1712 0.9427 6.66

25 4.2348 0.00601 2.8415 0.9266 23.26  0.0076 4.2348 0.9857 4.58

Elovic Kinetic Model 0.99662 for MB initial concentration of 0 — 25
Fig. 7 depicts the result of Elovic kinetic mg/L (Table 5). The ge calculated values do not

model for the photocatalysis of MB dye. The R? agreed quite well with the experimental values

values obtained was in the range of 0.87894 -
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Table 5: Adsorption kinetic parameters for the effect of catalyst dosage, initial MB concentration and

solution pH for Elovich model at 30 °C

Elovic Parameters

R? 1/[_)) B a e exp.
mg 50 0.59687 0.16447 6.0801 2.2286 1.7512
100 0.94151 0.15254 6.5557 1.4247 1.1429
150 0.98172 0.35081 2.8505 1.8627 1.1820
200 0.94496 0.29811 3.3545 1.9332 0.8961
250 0.94282 0.20718 4.8267 1.4261 0.7283
mg/L 5 0.99662 0.19645 5.0904 1.1093 1.0966
10 0.98554 0.3538 2.8265 0.7281 1.4491
15 0.92807 0.18534 5.3955 1.4664 1.3386
20 0.87894 0.70954 1.4094 0.3886 2.8130
25 0.92964 0.8288 1.2066 0.7009 4.2348
pH 3 0.85871 0.02168 46.1255 2.7134 1.1061
4 0.28838 0.05967 16.7588 2.0349 1.0918
5 0.0745 0.01216 82.2368 2.2450 0.9056
9 0.91005 0.05082 19.6773 1.8136 0.8531
10 0.91172 0.17928 5.5779 1.0723 0.9820

Intra Particle Diffusion (IPD) Model

The result of IPD model for the adsorption
and degradation of the MB dye by SNZ catalyst at
30 °C is reprsented in Fig. 8(a, b & ¢). The values
of kig were calculated from the slope of such plots
and the R? values led to the conclusion that the IPD
is a rate limiting step. Higher kiq values illustrate an

enhancement in the rate of adsorption. Such high
kia values illustrate a better mechanism, which is
related to an improved bounding between the MB
dye and the catalyst (Table 6) (Bello et al., 2010).
Table 7 depicts the result of the comparison of
Elovic and IPD kinetic model values for different
initial MB concentrations
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Table 6: Adsorption kinetic parameters for the effect of catalyst dosage, initial MB concentration and

solution pH for IPD model at 30.05°C

Model

IPD Parameters

R? Kid B (e exp.
mg 50 0.6818 0.0419 1.1334 1.7512
100 0.9391 0.0363 0.6853 1.1429
150 0.9668 0.0830 0.1449 1.1820
200 0.9600 0.0716 0.0176 0.8961
250 0.9534 0.0497 0.0929 0.7283
Mg/L 5 0.9949 0.0468 0.5303 1.0966
10 0.9837 0.0843 0.7509 1.4491
15 0.9664 0.0451 0.7766 1.3386
20 0.9441 0.1753 0.9876 2.8130
25 0.9588 0.2007 1.5145 4.2348
pH 3 0.8069 0.0050 1.0467 1.1061
4 0.3914 0.0166 0.8184 1.0918
5 0.1443 0.0040 0.8246 0.9056
9 0.9512 0.0124 0.7031 0.8531
10 0.9506 0.0437 0.4504 0.9820

Table 7: Comparison of Elovic and IPD kinetic model values for different initial MB concentrations

Initial Elovic kinetic model IPD Kinetic model

concentration B o R2 Kid a R?
(mgL™)

5 5.0904 1.1093 0.99662 0.0843 0.7509 0.9949
10 2.8265 0.7281 0.98554 0.0451 0.7766 0.9837
15 5.3955 1.4664 0.92807 0.1753 0.9876 0.9664
20 1.4094 0.3886 0.87894 0.2007 1.5145 0.9441
25 1.2066 0.7009 0.92964 0.0843 0.7509 0.9588

Validity Test of Kinetic Models

Beside the value of R?, the applicability of
kinetic models for the adsorption and
photocatalytic degradation process was validated
using normalized standard deviation, Aqe (%)
expressed as (Bello et al., 2009):

2
Aqe (%) — 100\/[(‘16 exp — qe Cal) /qe exp] (26)

N-1

Where N is the number of data points, ge exp and
ge,cal (mg/g) are the experimental and calculated
equilibrium adsorption capacity values,
respectively.

The Aqe (%) obtained for PFO model
ranged between 22.80 - 49.71 %, which is
relatively high as compared to the Age (%) values
of 4.58 — 7.27 % obtained for PSO kinetic model.
In a similar way, the Aqe (%) obtained for Elovic
model was 52.87 — 60.92 %. Based on the highest

R? values that approached unity with lowest Aqe
(%) value, the PSO model was most suitable for
describing the adsorption Kinetics. similar study is
reported (Jeyakumar, and Chandrasekaran, 2014).

Adsorption Isotherms
Langmuir Model

Fig. 9 (@ & b) display the results of
Langmuir model used to determine the values of
gm, b and R? from the linear regression plot. The
separation factor or equilibrium parameter, Ry,
defined by Weber and Chakkravorti (Hameed et
al., 2008) expressed in equation (19) was
determined and interpreted according to the type of
isotherm as R.> 1, unfavorable; R, = 1, linear and
0<R <1, favorable; R. = 0, Irreversible. The result
of equilibrium parameter, R for the isotherm is

shown in Table 8.
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Fig. 9: Langmuir Isotherm for the Effect of (a) MB concentration (b) Ni-SrZrOsz Dosage and (c) Effect of
MB Initial concentration on separation factor (RL)
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Fig. 9c represents the graph of R. values verses
initial MB concentration. All the R. values were
between 0 and 1, indicating a favorable condition.
However, as the initial concentration increased
from 5 to 25 mg/L, the R. values increased from
0.0116 to 0.2204. This indicated that adsorption
was favorable at higher concentrations.
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Freundlich Model

The result of the linear plot of Freundlich
model (Fig. 10) for K¢, n and R? values is shown in
Table 8. The values for 1/n for Freundlich model
are below 1, indicating a normal Langmuir
isotherm. Comparing the values of correlation
coefficient for Langmuir and Freundlich (Table 8),
the result best described that the adsorption of MB
on the catalyst is homogeneous. In addition,
Freundlich constant n, was negative indicating that
the catalyst surface is homogeneous.
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Fig. 10: Freundlich Isotherm for Effect of MB concentration and Ni-SNZ Dosage on the adsorption of MB
at 30°C

Table 8: Comparison of Langmuir and Freundlich Adsorption Isotherm Parameters for the Adsorption
of MB dye for the effect of initial MB concentration and catalyst dosage

Langmuir Freundlich

MB (mg/L) R? Qm b RL Qe EXP. R? 1/n ke Qeexp

5 0.9890 0.8287 17.4704 0.0113  1.0966 0.7742  -0.0857 0.9537  1.0966
10 0.9714 0.3950 2.1528 0.0444  1.4491 0.9200 -0.1421 1.2408 1.4491
15 0.9593 0.5614 0.2358 0.2204  1.3386 0.9172  -0.0542 1.0991 1.3386
20 0.9421 0.3531 0.7434 0.0630  2.8130 0.9747  -0.1202 1.7924  2.8130
25 0.9470 0.4867 0.8702 0.0439  4.2348 0.9746  -0.1085 2.8439  4.2348
mg

50 0.5943 3.8775 0.0880 -2.2729 1.7512 0.4789 -0.1676  1.3089  1.7512
100 0.9037 1.4883 0.5308  0.2737 1.1429 0.8263  -0.2903 1.3041 1.1429
150 0.8343 0.4697 0.8474  0.3089 1.1820 0.7807  -0.7510 1.7136  1.1820
200 0.9294 0.2806 0.8448 0.3102  0.8961 0.9226  -0.9052 1.3204 0.8961
250 0.8826 0.2971 0.8696  0.2987  0.7283 0.8207  -0.7525 1.0423  0.7283

Dubinin Radushkevich (D-R)

This model makes approximations for
porosity, free energy, and adsorbent properties. Fig.
11 showed the result of the linear plot of D-R
isotherm. The mean free energy E, of adsorption

(kJ/mol) is exothermic (Table 9) for the effects of
initial MB concentrations, catalyst dosage and
solution pH at 30 °C indicating a physisorptive
process (Siyasukh et al., 2018).
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Fig. 11: Fitted D-R Isotherm Plots for Effect of MB concentration and Ni-SNZ dosages on the adsorption
of MB on Ni doped SrZrOs at 30 °C
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Temkin Model
Fig.12 depicts Fitted Temkin isotherm
plots for effects of initial MB concentration,
catalyst dosage and solution pH. The heat of
adsorption of all the molecules in the layer was
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negative and decrease linearly indicating an
exothermic process (Table 9). The energy of
reaction for D-R (kJ/mol) and Temkin (kJ/mol) for
the adsorption/photocatalysis process was negative
indicating an exothermic process (Table 9).
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Fig.12: Fitted Temkin Isotherm Plots for Effect of MB concentration, catalyst dosage and solution pH on
Degradation of MB by Ni doped SrZrOs at 30 °C.

Flory- Huggins
Figure 13a depicts the linear fit for the
model used for the calculation Flory- Huggins

constants. The free energy change for the
adsorption was negative, indicating a spontaneous
process (Table 10).
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Fig. 13: Linear Fit of (a) Flory-Huggins (b) Redlich-Peterson
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Table 9: Comparison of D-R and Temkin Adsorption Isotherm Parameters for the effect of initial MB concentration, catalyst dosage and solution pH
MB (mg/L) D-R parameters Temkin parameters

R? Om B E (kJ/moI) (eExp A Qe R? br Ky CeExp.

(%) (kJmol™?) (Lmg?)

5 0.51966 0.96823 -3.25584E-9 -12.3923 1.09657 8.28 0.8082 -28.1374 2.13E-05 1.0966
10 0.71003 1.25738 -5.78821E-9 -9.29422 1.44911 9.36 0.9445 -11.6665 0.00298 1.4491
15 0.73156 1.103426 -2.24203E-9 -14.9336 1.3386 12.43 0.9309 -39.3002 3.47E-08 1.3386
20 0.83919 1.797685 -5.17154E-9 -9.83275 2.81296 25.52 0.9875 -9.67561 0.000997 2.8130
25 0.82452 2.854938 -4.62588E-9 -10.3965 4.23482 23.04 0.9900 -6.91369 0.000396 4.2348
mg
50 0.33312 1.633541 -8.5874E-8 -2.41298 1.75119 4.75 0.4694 -9.50799 0.007735 1.7512
100 0.65885 0.880522 -1.5923E-7 -1.77202 1.14292 16.23 0.8407 -8.61599 0.012892 1.1429
150 0.60373 0.623616 -4.0571E-7 -1.11014 1.18204 3341 0.8326 -3.85868 0.102384 1.1820
200 0.78673 0.38212 -5.1354E-7 -0.98673 0.89608 40.56 0.9788 -4.49197 0.137444 0.8961
250 0.65837 0.376059 -4.1406E-7 -1.09889 0.72832 34.20 0.8486 -6.19502 0.106099 0.7283
pH
4 0.97041 0.844509 -4.42344E-8 -3.3621 1.0918 16.02 0.9941 -11.0373 0.013582 1.0918
5 0.83316 0.810641 -1.90008E-8 -5.1298 0.90562 7.42 0.8789 -29.1939 4.47E-05 0.9056
9 0.38282 0.776375 -1.64204E-8 -5.5182 0.85311 6.36 0.4015 -36.0238 8E-06 0.8531
10 0.37407 0.712518 -5.52665E-8 -3.0078 0.98200 19.40 0.4060 -10.2255 0.030015 0.9820
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Redlich-Peterson
Fig. 13b depicts the linear fit for Redlich-
Peterson used in computing its constants. Table 10
depicts the calculated values of f component of R-
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P and showed that it lies between the range of 1
and 0.2151 for initial MB concentration indicating
the Langmuir model.

Table 11: Flory-Huggin and Redlich-Peterson models Parameters for the Adsorption of MB dye for the

effect of initial MB concentration

MB Flory-Huggins parameters Redlich- Peterson parameters
(mg/L) R? n Krn AG° OeExp. R? B Krp OeExp.
(LmolY  (kJ/mol (Lmg?)

5 0.77423 -0.08572 0.133125 -5.07977 1.0966  0.99819 1.0857 0.9537 1.096572
10 0.92005 -0.14212 0.039602 -8.13398 1.4491  0.95402 0.3913 0.2539 1.449112
15 0.91716 -0.05415 0.017980 -10.1231 1.3386 0.92376 0.0794 0.1039 1.338600
20 0.97473 -0.10848 0.014793 -10.6146 2.8130 0.98508 0.2151 0.1402 2.812965
25 0.97456 -0.10848 0.015308 -10.5284 4.2348 0.99116 0.2406 0.2100 4.234820
CONCLUSION Villannueva, J. M. and Ramirez-Herrera,

In this study Nickel doped SrzZrOs
perovskite prepared by sol-gel Pechini method was
characterized using XRD, FE-SEM, FTIR, EDX
and UV-visible spectrophotometer. Photocatalytic
investigation showed that the catalyst can be
effectively used for the degradation of MB. The
batch study parameters were pH of solution,
irradiation time, initial MB concentration and
catalyst dosage were found to be effective on the
adsorption and degradation efficiency of MB dye.
The optimized time for the degradation studies was
150 min. The degradation efficiency was greater
than 80% under visible light and lower than 40% in
the dark. The PFO, PSO, Elovic, intraparticle
diffusion kinetic models were used for the
mathematical description of the adsorption kinetics.
The result showed that PSO kinetic model is
predominant. The Langmuir Freundlich, D-R,
Temkin, Flory-Huggins and Redlich-Peterson
isotherm models were used for describing the type
of isotherms. The system exhibited monolayer
adsorption. The mean free energy of the reaction
for D-R (kJ/mol) and Temkin (kJ/mol) for the
adsorption/photocatalysis process was negative
indicating an  exothermic  process and
physisorptive. The system was said to
spontaneous. The study revealed that Nickel doped
strontium zirconate perovskite photocatalyst has
much potential as a catalyst for the degradation of
MB dye in aqueous solution.
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