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Abstract

This work studies the kinetic model for the solar-driven fabrication of CoWO4+/NCW heterostructure photocatalysts and
investigates their enhanced photocatalytic degradation activity. The synthesis of CoWO4/NCW, its characterization,
and the kinetic aspects of photocatalytic degradation under solar light. New nanocomposite prepared from Nano
cellulose (NCW) by hydrolysis cotton waste (CW) by nitric acid and cobalt tungstate (CoWOQO4) prepared from sodium
tungstate and cobalt chloride by wet chemical method and characterized through XRD, FTIR, EDX, and FE-SEM
analyses. The composite's performance in organic oxidation from refinery wastewater (RWW) was evaluated under
solar light. The high removal ratio was 97.4% for organic pollutants (OP) in refinery wastewater. The results indicate
that the heterostructure exhibits improved photocatalytic performance compared to individual components, which
kinetics model was the best to represent the photocatalytic degradation of organic pollutants from oily wastewater over
the heterostructure CoWO4/NCW catalyst. Add future applications of this finding in the relevant industries.
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1. Introduction

shortage problem [8]. An ecologically sociable
approach must be designed to perform squalor

Over the last decade, as industrialization has
accelerated, people have become progressively

concerned about the pollution of water [1]. In our
country, several treatment wastewater methods,
for instance photo-oxidation degradation [2],
electro-catalytic degradation [3], adsorption [4-5],
and biodegradation [6], are used to solve the
difficulties. = Photocatalytic = materials are
particularly popular since they can directly apply
solar energy and have the assistance of no
secondary contamination and easy reprocessing
[7]. In recent years, it has developed the primary
paper topic. Aside from removing contaminants,
photo-oxidation can be used to resolve the energy
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reactions more exactly and professionally to
eliminate these poisonous chemicals from
wastewater [9].

Previously used conservative approaches
were not proven to be appropriate due to their
difficulty, low competence, time-consuming
mechanisms, disposal subjects, and inefficient
nature [10-11]. Solar energy is widely observed as
a well-organized, readily obtainable, and suitable
energy source on the abundantly available. Visible
light provides 43% of the solar spectrum's energy,
while the UV region contributes only 4% [12]. In
this respect, the growth of active photo-catalysts,
particularly visible light-responsive schemes, is
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critical for the efficient use of sunlight-based
energy in photocatalysis [13].

These charged species play a significant role
in photocatalysis by providing a surface for species
adsorption and generating superoxide and free
radicals, which further participate in oxidation-
reduction degradation reactions [14]. Tungsten
trioxide (WOQs3), chosen as the semiconductor for
etching into a photocatalyst, is an n-type
semiconductor due to its advantageous physical
and chemical properties [15]. Its distinguishing
feature is a relatively small bandgap (ranging
from 2.4 to 2.8 eV), as opposed to photocatalysts
such as TiOz and ZnO were larger bandgap (3.2 to
3.37 eV) [16]. To gain a deeper comprehension of
CoWOy4's photocatalytic activity, we have
examined the impact of diverse light irradiations,
including solar, visible, and ultraviolet light. TiOz
that is sold commercially was used to compare the
photocatalytic activity. As far as we are aware,
this is the first proof that CoWO4 can effectively
act by way of a photocatalyst in the degradation of
organic contaminants when exposed to UV,
visible, and solar light [17].

As a result, improving WO3's photocatalytic
activity requires addressing the aforementioned
defects. In recent decades, many reviewers have
been devoted to the examination and growth of
some effective organizations to solve such glitches,
counting  morphology engineering, metal-
nonmetal doping, defect construction, and
heterojunction construction [18]. In this work,
CoWO4/NCW nanocomposites were created using
a wet chemical method. The materials' structure
and properties were described and analyzed. The
solar catalytic degradation model performance of
nanocomposites against organic pollutants was
investigated to determine their activity, stability,
and applicability.

2. Materials and Methods
2.1 Wastewater and Analytical Test

Refinery wastewater was conserved at (6 °C)
to be treated through the treatment technologies
obtained from oilfields refinery and listed in Table
1. All chemicals used in this work were of
analytical grade and pure state. Cotton waste was
composed from couture workshops and exposed to
cutting and shredding procedures and washing

Table 1. Properties of refinery wastewater

Limits Values Limits Values
Organic 165.3 Conductivity 432531
concentration (mg/L) ps/cm
Turbidity 21.12 NTU TDS 276819.84
(mg/L)
pH 6.85 Viscosity 1.02 m Pa/S

with cold and hot water for purification. Sulfuric
and Nitric acids (99% purity), NaCl, CCL4, H202
(45 %wt. German), NaOH (Thomas barker),
Sodium tungstate (99%), and Cobalt chloride hexa
hydrate (98% purity) used for wet chemical
methods. The absorbance was measured with a
UV-1800 spectrophotometer, and the organic
concentration in ppm was calculated using the
standard curve [19]. The organic elimination
efficacy was assessed:

C=C % 100% 1)

Co
where, C, and C: are the initial and final
concentration in RWW, respectively.

Yoc =

2.2 The Preparation of Nano Cellulose

The cotton waste was washed with cold and
hot water for purification from wastes
impregnated in a 5 % NaOH solution and stirred
incessantly [20]. The CW was dried at 70 °C in an
oven for 1 day to comprehensive the procedure of
washing. Subsequently, the CW was in a solution
containing 2/7 % acetic acid and hydrogen
peroxide [21]. The prepared Nano cellulose from
added cotton waste to mixed 15/20 mL solution of
concentrated HNO3 and distilled water, heated at
40 °C with constant stirring for 3 hours to ensure
thorough mixing. The subsequent mixture was
washed numerous times with water until a
neutral pH was reached as exposed in Figure 1.

2.3 Synthesis of CoWO4+ NCW Nanocomposite

The composite prepared by the wet-chemical
method, CoWO4 nanoparticles are supported on
NCW, with some adjustments to the preparation
temperature, following methods reported in the
literature [22]. One-half grams of NCW was ultra-
sonicated in 100 mL of distilled water for 25
minutes, the suspension was stirred for an
additional 30 minutes to ensure thorough mixing
0.225 grams of cobalt chloride were added to the
NCW suspension. Twenty-five milliliters of the
sodium tungstate solution was slowly added to the
Nano cellulose suspension containing cobalt
chloride under stirring.

cw Washing by hot water 59 NaOH NaOH/CW

NCW powder

NCW Solution 50% HNO; solution H20,/NaOH/CW

Figure 1. The preparation of NCW
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This step ensures thorough mixing and
promotes the formation of the nanocomposite. The
reaction mixture, now containing NCW-supported
cobalt tungstate composite, was refluxed at 95 °C
for 3 h. The nanocomposite was washed numerous
times with alcohol and distilled water to eliminate
any residual reactants or by-products. Lastly, the
purified nanocomposite was dried overnight at 60
°C to remove any remaining solvent and obtain
the final product used in work solar degradation.

2.4 Characterizations

New composites were characterized using
analytical methods to determine their structural,
morphological, structural, and thermal
properties. FTIR analysis (FTTIR-2000, Bruker)
was performed in the 4000 to 400 cm™! range using
the Attenuated Total Reflectance method .FE-
SEM (SUPRA55VP) was used to examine the
surface morphology of the composite adsorbent.
XRD analysis (Model MDK 2 TESLA) confirmed
the NCW preparation and their presence in
CoWO4/NCW composites.

2.5 Batch Adsorbent / Solar Degradation

The solar degradation experiments were
carried out in a batch oxidation reactor, which is
a vessel designed with 250 ml containing 150 mL
of refinery wastewater for conducting
experiments in a controlled atmosphere. A
magnetic stirrer was used to ensure that the
RWW was evenly mixed within the nanocomposite
in the reactor. Before adding the composite, the
RWW's pH was adjusted with dilute basic or acid
solutions. pH adjustment is critical because it
affects the adsorption capacity and effectiveness
of the treatment process. Figure 2 depicts the
refinery wastewater treatment setup using
sunlight as the wvisible light source. It could
include the adsorbent composite used for OP
removal as well as the solar light, which is where
the solar degradation process occurs.

3. Results and Discussion
3.1 The Characteristics of CoOWO4/NCW
The oxidation reaction has a notable impact
on the structure of CW, NCW, and CoWO4+NCW,
i =

= Sunlight <

S S
. T

AN

| 21- Beaker |

j CoWO/NCW with RWW
Stirrer |
 —

I 1
[ Magnetic plate |

Figure 2. The solar degradation for RWW

as evidenced by FT-IR spectroscopy. In the FT-IR
spectroscopy analysis presented in Figure 3, the
range from 3000 cm-! to 3600 cm! resembles—OH
stretching feelings, which are primarily owing to
the abundance of hydroxyl groups in cotton waste
and other composites [23]. The little change in the
absorption band ranges from 900-1500 cm™
because of NCW absorption indicated at some
shifted bands. The band of 710 ¢cm! refers to C—-O
in-plane winding and C—H aromatics, 1012.11
cm! states to C—H bending and C-O stretching,
and 1447.33 cm'! is assigned to C=C stretching
and is associated with native cellulose. The bands
that appeared in the area 2465.44-1723.55 cm'!
are responsible for the symmetric extending
vibrations strength Following oxidation, the
relative intensities in this range reduction, are
representative of an important reduction in the
content of hydroxyl groups [24]. Regarding XRD
analysis in Figure 4, the characteristic peaks of
the NCW sample are consistent with standard
peaks of nano cellulose [25]. The absence of
substantial changes to the XRD planes suggests
that the particles are effectively synthesized and
well-formed, demonstrating high crystallinity,

%T

4000 3500 3000 2500 2000 1500 1000 500
Wave number (cm™)
Figure 3. FTIR analysis of (a) CW, (b)

NaOH/CW, (c) H:O/NaOH/CW, (d) NCW, and
(e) CoOWO4/NCW

Intensity (a.u.)
2
o

2 Theta (Degree)

Figure 4. XRD patterns of NCW and new
composite
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Sharp peaks are observed at 20 = 22.59, indicating
the typical pattern of type I cellulose for NCW. For
CoWOy4, an amorphous structure is observed, with
characteristic diffraction peaks similar to those of
a CoWO4 sample prepared by Shekofteh et al. [26].
The particles exhibit a nanocrystal line structure
with a polyhedral shape, nearly hexagonal or
spherical-like, and homogeneous [27]. The
morphological structures and surface
characteristics of cotton waste and composite
materials are frequently studied using FE-SEM.
As seen in Figure 5, it also displays the porosity
and surface texture of the new composite from
cobalt tungstate and nano cellulose. CoWO.

SEM MAG: 35.0 kx MIRAS TESCAN SEM MAG: 5.00 kx
Dot: 56

Date(mvary): 031524

WO: 5.54 mm L_~ |

SEMMHV: 15.0%V  1pm Det: 38
Date(m/ay): 03/1524

SUT - FESEM

MIRAD TESCAN  SEM MAG: 5.00 kx
Det: SE

SUT . FESEM Oate(mdly): 015724

WO: 5.95 mm
SEM HV: 150 KV

wo: 6ot mm |
SEMMV: 150KV 10

| SRR |

10 pm

appears by way of a rod because of the refluxing
procedure, contrasting with 1its amorphous
entrance in some studies [28]. EDX analysis was
conducted to assess the purity of NCW and
CoWO4/NCW presented in Figure 6 for NCW and
nanocomposite. The analysis revealed the
presence of Co, W, C, and O elements in the
samples [22], as listed in Table 2.

3.2 Optimization and Main Effect of Organic
Removal

The effect of cobalt tungstate on the Nano
cellulose and nanocomposite prepared for organic

WO: 5.04 mm
SEM MV 150

MIRAI TESCAN SEM MAG! 70.0 kx
Det: 58
Date(miaty): 031524

KV 500 nm
SUT - FESEM

| MIRA3I TESCAN  SEM MAG: 135 kx
Dot: 58
Date(midy): 031324

wo:eotmm [l MIRAS TESCAN|
SEMMV: 150KV 200 nm

SUT - FESEM SUT - FESEM

Figure 5. (a) NCW at 1 pm, (b) NCW at 10 pm, (¢) NCW at 200 nm, (d) CoWO«NCW at 1 pm, (e)

CoWO4/NCW at 10 um, (f) CoWO4/NCW at 200 nm

Figure 6. (a) EDX for waste cotton, (b) EDX for CoWO4+/NCW
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elimination in RWW with different variables of 7b demonstrates that the greatest efficiencies for
time, pH, dose, and temperature is presented in CoWO4/NCW, and NCW were 88.4, and 77.2%,
Figure 7. Extended solar times improved the solar respectively at pH of 9.

degradation of organic pollutants in RWW. The As a result, a higher dose increases the
relationship between organic elimination and removal of organic pollutants from the RWW, and
reaction time along adsorption/solar degradation cumulative the dose of the composite can result in
is presented in Figure 7a. The results were more efficient utilization of the irradiation source
reliable with previous research, by way of of solar. Figure 7c indicates that organic sorption
established through prepared nanocomposite with increases rapidly as the dose increases due to the
a lower band gap. At levels of high pH, the obtainability of more functional groups and thus
prepared nanocomposite surface may become more exchangeable surface sites accessible to form
protonated, following in a positive charge of the complexes with organic contaminants [26]. Figure
surface leading to augmented adsorption onto the 7d the data illustrates the removal competence of
surface of the Nano cellulose and compared with organic pollutants in RWW for experiments
nanocomposite [18]. The influence of pH on Nano conducted at different temperatures,
cellulose adsorption organic with cobalt tungstate demonstrating the positive influence of
to enhance the oxidation was investigated temperature. Specifically, the increase in
throughout a pH range of 3 to 9 with a time of 120 temperature from 25 °C to 70 °C resulted in
minutes with all experiments performed. Figure enhanced removal efficiency, the removal

efficiency rises from 70.5, 81.1 to 76.2, and 87.2 %
at low and high temperatures for nano cellulose

Table 2. EDX for CW and CoWO4/NCW and composites, respectively [28].
The ideal experimental conditions for the
CW CoWO/NCW CoWO4/NCW system to achieve the best results
Element for working parameters such as composite dose,

wt% Atomic % wt% Atomic %

pH, solar time, and temperature. Figure 8

C 55.97 62.87 32.11 50.37 . . . .

0 44.03 4181 38.80 45.69 111u.str.ate§ the measurerpent 1mphcatclons of D-

Co 449 141 optimization. The maximum organic removal
. . .. o .

W 94.66 9 53 efficiency was 97.4 % at 120 min, pH of 9, dose of

1.5, and 70 °C for CoWO4+NCW. Figure 9 shows

Total 100.00 100.00 100.00 100.00 the main effects plots of the best combination of

Scatterplot of Organic Removal vs Time (min)

100 Variable
= Qrganic Removal by NCW
= == Organic Removal by CoOW04/NCW|

Scatterplot of Organic Removal vs pH

100 Variatle
= Organic Removal by NCW
== == Organic Removal by CoW04/NCW

920 00
-
————— - -
T - -
- ] ———

80 8 8 -=7
70 70
60 60

20 40 60 80 100 120 3 4 5 6 7 8 9

Time (min) pH

Scatterplot of Organic Removal vs Dose (gm) Scatterplot of Organic Removal vs Temperature

100 Variable
== Organic Removal by NCW
== == Organic Removal by CoWO04/NCW

s Organic Removal by NCW
= == Organic Removal by CoW04/NCW

90

- - 90
- -
- L e e R ==
- e
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Figure 7. The effect of independent on organic removal (a) time, (b) pH, (c) dose and temperature of (d)
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critical limits aimed at attaining the desired
adsorption/oxidation performance for the new
composite. Each plot demonstrates the best
combination of working for an exact presentation
of combined treatment. Previous studies have
consistently shown that OP increases with
increased levels of all independent variables in the
research [29].

3.3 Mathematical Model of Batch Reactor for
Organic Oxidation

The mathematical model usually describes
the dynamic behavior of the system through a set
of equations, such as ordinary differential
equations, that relate process parameters.
Mathematical models are used not only to explain
the system but also to study the effects of various
components on the system and to find solutions for
most problems [30]. By combining oxidation and
adsorption were degrade a wider range of organic
pollutants in RWW more efficiently. Oxidation
can degrade micro molecules into simpler forms,
which are then more effortlessly adsorbed onto
NCW surfaces. Nanocellulose involves the
attachment of organic pollutants from RWW onto
a solid surface (nanocellulose). Utilizing both
methods together can provide a more complete
elimination of OP from RWW or air by leveraging
the strengths of each process [31].

The organic removal in refinery wastewater is
a multifaceted procedure connecting numerous
separate problems to distinguish reactions. So,
estimated kinetics aimed at the organic removal
of wastewater solution can be presumed. The
oxidation mechanism of organic pollutants over
the new composite solar catalyst consists of
several steps, each of which is enabled by a
specific constituent of the heterostructure. When
exposed to solar light with energy identical to or
better than its band gap energy in the reactor, the
solar catalyst is photo-excited, resulting in
electron-hole pairs (ecs. and hvs+). The process is
described by Equation (2).

O ptim al Time (mi pH Adsorben Tem perat
. High 1200 9.0 1.0 700
(30L ) Cur [98.1818] [9.0] [1.0] [62.7273]

Predict Low 30.0 30 0.250 250

Com posite
D esirability
D: 09776

Maximu m
y = 97.2481
d = 0.99420
Organic - ’ ’
Maximum
y = 89.7559
d = 0.98071
Organic - ) ’ - h
Maximum

y = 63.2514

d = 0.96434
Organ ic -

Maximum

y = 481859

d = 0.97133

Figure 8. Finest employed variables on refinery
wastewater

Mean of Removal by CoWO4/NWC

CoWO4/NCW + (solar light) —
CoWO4/NCW (e~ + h*) (2)

The relation between CoWOs and NCW is
critical to solar degradation. They generate an
electric field and a difference in band energy
potentials, permitting solar-generated electrons
to migrate from CoWO4 to nano cellulose and
holes from NCW to CoWO.. Photo-generated
electrons react with oxygen molecules (O2) to
yield oxygen radicals (Oz2'-), by way illustrated in
Equation (4), whereas holes react with adsorbed
water and hydroxide ions (OH-) to produce

hydroxyl radicals (‘OH), as 1illustrated in
Equations (3)—(5).

H,0 + hitp > eOH + H* 3)
0, +ecp = 07 (4)
0y +H,0 - +«0H+ OH™ +0,+ HO; (5)

Because of their high reactivity and brief half-life,
free radicals are produced when organic materials
undergo heterogeneous oxidation processes. The
following reaction illustrates how hydroxyl
radicals react with organic pollutants [32].

OH* +R-H - H,0 + R (6)

The dose, pH of the solution, the starting
contaminant concentration, and the presence of
additional ions are the primary factors influencing
the oxidation process [33]. Meanwhile, radicals
recombine, as exposed in Equation (7):

2°0H - H,0, (7

In most real-world situations, such a
complicated procedure is not necessary. Because
oxidation products are readily degraded, their
toxicity is not an issue [34]. To simplify the
description of the system, the following
assumptions were taken into account for oxidation
processes in the batch reactor. The reactor is
perfectly mixed to obtain a uniform distribution of
the concentration and temperature throughout
the reactor, the reaction is isothermal and occurs
at atmospheric pressure, the density and heat
capacity of all components are constant, and the

Main Effects Plot for Removal by CoWO4/NWC

Fitted Means
Time {min) pH
]
@ & L] 0 m as 60 15 %0
Adsorbent Dose {gm) Temperature
]
@ //—\
00 0s ] 15 20 k1l € L @ o

Figure 9. Main effects plot for oil elimination
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particle is a sphere Assume the porosity = 0.5. The
conservation of mass, continuity, and energy laws
was the basis for developing the mathematical
model of a batch reactor [35].

[Rate of accumulation within the system] = [Rate
of flow into the system] — [Rate of flow out the
system] — [Rate of Consumption by chemical
reaction within the system] 8)
Total continuity equation for the reaction mass in
the batch operation:

The inflow and outflow = 0

Rate of accumulation = %Y

Substituting all these terms in Equation (8), the
continuity equation of the batch reactor will be:

av) _ o _
TR 0-0 9

Since p of the mixture is constant, according to
Equation (8) dVidt = 0, so the liquid volume in the
batch reactor is unchanged (constant).

Mole balance for organic component (O):

The inflow and outflow =0

Rate of disappearance of component (O) = (-ro)V
Rate of accumulation of component (O) =dN/dt
dNIdt = -(-ro) V

dNIVdt =ro

dCldt =ro (10)

When a hydrogen atom is removed from an
organic pollutant, Equation (6) predicts the
formation of water, R (alkyl radical) , volume of
solution (V) in mL, number of moles (N) in gmol,
the rate of oxidation (ro) and organic
concentration (C) in ppm. The measurement of the
above equation's reaction constant rate is difficult
because the concentration of the free radical
cannot be stated. A pseudo-first or second-order
approximation is an alternative solution to this
problem. Because only one of the reactants in the
reaction is specified, the reaction rate coefficient
(K) 1s referred to as the apparent constant rate
(kapp) in min-! (Equation 11).

ro = kl* OH][RH] = kapy[RH] = kgppC = =55 (11)

Using linear regression analysis, the kinetic
models for the breakdown of organic pollutants at
different processes were computed. This study
used pseudo-first and second-order reaction
kinetics to examine the kinetics of organic
degradation with hydroxyl radical. Subsequently,
the outcomes were juxtaposed and the kinetic
model exhibiting the best fit was identified. The
OH* that attacks and initiates the oxidation of
molecule organic contaminants (R) through
numerous mechanisms of degradation by way of
seen below (Egs. (12)—(15)) [36].

The first-order (Ki) model in min! and
second-order model (K2) in (mL/mol.min),
respectively [37]:

~ =K C (12)
ln% = Kt (13)
—% = K,C? (14)

ﬁ—[cﬁ = Kt (15)

A plot of In(Co/C) and (1/C-1/C,) versus time (¢) for
each test leads toward a straight line whose slope
is K1 and Ks, respectively. Because of its simplicity
and strong agreement for a specific initial organic
content, the first-order kinetic has been widely
used in both heterogeneous and homogeneous
oxidation processes (Equation (13)). As a result, it
is critical to comprehend the impact of effective
operational parameters, such as the initial
concentration of pollutants, on the removal rate.
The constant of the reaction rate is influenced by
the reaction temperature and can be determined
by the Arrhenius equation, which is expressed by
Equation (16) [35].

kl = koe_E/RT (16)

Substitute Equation (16) in Equation (11), we get:

—% = K e E/RTC 17)
where, K1 and K, the first order constants in
min! for variable and 25 °C, respectively. The
activation energy (E) in J/mol, temperature (T) in
Kelvin, and R is the gas constant in J/mol. K.

Holes can directly oxidize organic pollutants
in RWW. The produced species of reactive oxygen,
which comprise oxygen radicals and free radicals,
in addition to direct oxidation by holes, aid in the
degradation of OP in the oxidation system. Figure
10 visually depicts these steps, counting the
migration of electrons and holes, the production of
reactive oxygen species, and the subsequent
degradation of organic pollutants over the solar
catalyst under visible light irradiation [38].

The kinetics of the organic sorption process
CoWO4/NCW were investigated using pseudo-
first-order and pseudo-second-order Kkinetic
models. The pseudo-first-order kinetics equation
was found to provide a better fit compared to the
pseudo-second-order equation. Linear plots were
obtained with the pseudo-first-order kinetics
equation [39]. Figures 11 and 12 illustrate the
linearized form of the pseudo-order model by
using Equations (13) and (15) with changes in pH,
highlighting the important effects of these
parameters on photodegradation to remove
organic pollutants from RWW. The adsorbent was
investigated under specific conditions: 60 min
reaction time. The results indicated that the
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degradation rate increased with higher pH and
CoWO4/NCW at means the degradation rate
increased with low pH, leading to the generation
of more hydroxyl radicals, facilitating the
oxidation of organic pollutants, and promoting the
reaction. However, the increase in organic
degradation was relatively modest, with the
removal efficiency rising from 75.4% to 86% when
the pH and CoWO4+NCW dose were increased
from 3 and 0.25 g to 9 and 1 g, respectively, as
presented in Figures 13 and 14 [40].

Organic removal in wastewater involves
complex reactions, making it challenging to
differentiate individual reactions. Therefore,
estimated kinetics for the degradation of organic
solutions can be assumed, with many researchers

0, |
.0, -

Visible Light

1

Energy (eV)

OH"

Figure 10. The potential mechanism of solar

catalytic degradation
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Figure 12. Pseudo second order model of
CoWO4/NCW vs. time
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Figure 14. Pseudo second order model of
CoWO4/NCW vs. time

reporting that most organic elimination curves
adhere to first-order or second-order kinetics [41].

The kinetics study for CoWO4/NCW with
change the temperature, as illustrated in Figures
15 and 16 for first and second order respectively,
revealed a fitting correlation between reaction
time and the natural logarithm of the ratio Ci/C,,
indicative of a pseudo-first-order kinetic model.
The organic removal kinetic report the
degradation rate related to the uptake irradiation
time. Once a target contaminant compound
remains criticized through free radicals, three
main mechanisms may remain complicated in the
squalor of organics [42]. The rate constants for
the first and second order for solar oxidation

2.5
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o
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Figure 11. Plot of —In (C/C,) of CoWO4/NCW vs.
time
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vs. time
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(CoWO4/NCW) were displayed in Tables 3, 4, and

5 for pH, dose, and temperature, respectively.
The  pseudo-first-order

second-order equation, as shown by Tables 2 to 4,

where Rs for Ki is greater than K», indicating that
the rate of squalor was linear to the concentration

of contaminant in refinery wastewater. These

findings correspond to those made by [9]. and
compared with similar works in Table 6. Table 6
presents a comparative analysis between the

current work and other similar reported works,
focusing on experimental parameters such as
pollutant type, type and duration of irradiation,
and the corresponding degradation percentages.

It i1s noteworthy that the newly prepared
composite photocatalyst exhibits promising
performance compared to previously report
conventional photocatalysts. This comparison

highlights the effectiveness and potential of the

synthesized composite photocatalyst in degrading

pollutants under various experimental conditions,
showcasing 1its superiority over

clean water after treatment with CoWO4/NCW is

5.4 ppm organic pollutants, pH of 8, 5.21 NTU ,
1.04 mPa/S, 223411 ps/cm, and 142983.04 ppm

Table 3. Rate coefficients of pH experimentations

equation  can
appropriate the data more than the pseudo-

existing
conventional photocatalysts.The properties of

CoWO4/NCW
pH First order Second order
K R2 K R2
3 0.0139 0.9203 0.0002 0.9547
5 0.016 0.9264 0.0002 0.963
7 0.0248 0.9721 0.0006 0.9855
9 0.0275 0.9552 0.0008 0.9865

Table 4. Rate coefficients of  dose

and compare with Table 1 for the refinery
wastewater.

4. Conclusion

In conclusion, the use of a novel composite
material derived from cotton waste via acid
hydrolysis with nitric acid, combined with cobalt
tungstate, represents a promising approach for
removing OP from RWW. The synergistic effects
of CoW0O4 and NCW lead to improved charge
separation and photocatalytic activity under solar
irradiation. The study demonstrates that the
solar-assisted fabrication method for the
CoWO4/NCW heterostructure is both efficient and
scalable. The kinetics of the fabrication process
show that solar energy can efficiently drive the
synthesis reactions, resulting in a high-quality
heterostructure with desirable properties.
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Figure 16. Pseudo second order model of
CoWO4/NCW vs. time

Table 5. Rate coefficients of temperature
experimentations

experimentations
CoWO4/NCW
D(Oie First order Second order
i K R K R2
0.25 0.017 0.9308 0.0003 0.9674
0.5 0.021 0.9339 0.0004 0.9778
0.75 0.0301 0.9601 0.001 0.9866
1 0.0469 0.9853 0.0029 0.9434

CoWO4/NCW
T(eog)p First order Second order
K R2 K R2
25 0.0165 0.9276 0.0003 0.9645
35 0.0185 0.9332 0.0003 0.9711
50 0.0229 0.9445 0.0005 0.9815
70 0.0291 0.9568 0.0009 0.9872

Table 6. Comparison of the current study with other described studies

Photocatalyst Organic Pollutants Irradiation Type ;Pnllrlrrlf; D}%%éiiicé;n Ref.
TiOgz/Cellulose Methyl Orange Solar 30 92% [17]
Ti02/ Cellulose Antibacterial uv 24 91.3% [43]
ZnO/Cellulose dyes uv 20 75% [44]

Acetate
CoWO4/NCW oP Solar 120 97.4% This
work
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