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ABSTRACT

In this work, abundant natural and industrial materials were used in concert to create a new
nanocomposite made of Nano cellulose (NCW) hydrolyzed by nitric acid and cobalt tungstate (CoWOa)
prepared by precipitation methods from sodium tungstate and cobalt chloride . The result was a cost-
effective nanocomposite used as an adsorbent and photo-degradation with exceptional organic pollutants
(OP) in refinery wastewater (RWW). This composite exhibited outstanding mechanical stability and
eliminated organic pollutants (OP) by oxidation and adsorbent. All materials were comprehensively
characterized through XRD, FTIR, DRS, TGA, BET, EDX, XRD, and FE-SEM analyses. A comparison
was made between the nanocomposite's UV and solar light performance, considering factors like
temperature, pH, time, dose, and so on. The best conditions were identified: pH levels of 8-9, time of
120 minutes, temperature of 70 °C, and dose of 1.0 g. Upon applying these optimized conditions to
RWW samples, the high removal ratios were achieved: 97.4, 90.3, 64.2, and 49 % for CoOWO4/NCW,
NCW, NaOH/CW, and CW respectively. These findings underscore the composite's potential as an

economical and efficient biosorbent for OP elimination, alongside its effectiveness in solar-assisted
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degradation processes.
Keywords: water treatment, textile, cellulose, tungstate, composite, characterization, optimization.

1. Introduction

Huge amounts of wastewater are discharged annually into the environment from different domestic and
industrial activities around the world [1]. Domestic wastewater contains several types of biodegradable
contaminants that differ in their types and concentrations depending on humans' demands [2] , and contains
biodegradable and non-biodegradable pollutants such as oil pollutants, COD, BOD, TOC, high salinity, and
toxic metals, wastewaters discharged from oil-refining activities vary from one phase to another owing to the
difference in the kind of crude oil treated [3]. Therefore, wastewater should be treated before being discharged
into the soil or the aquatic systems by using practical treatment methods [4]. Nanocellulose has garnered
significant interest due to its biodegradability, distinctive chemical and physical traits, diverse origins, and
broad utility [5]. It can be synthesized from cellulose obtained from natural cellulose fibers, which can exist in
either fibrous or crystalline forms [6].Previous studies have indicated that nanocellulose possesses a surface
abundant in reactive hydroxyl groups. This feature enables facile modification of nanocellulose, thereby
enhancing its applicability and value across various domains [7]. Cotton, a linear cellulose polymer, comprises
repeating units of cellobiose, each composed of two glucose units. Thanks to advancements in
nanotechnology, nanocellulose extracted from cotton waste has emerged as a notable development [8], Due to
its affordability, biocompatibility, renewability, exceptional reactivity, and desirable physical attributes [9].
Nanocellulose offers distinct advantages over cellulose microcrystalline, including higher crystallinity,
improved tensile strength, increased hydrophilicity, and a supramolecular structure[10].These attributes render
nanocellulose preferable for assembling and advancing polymer composites. Researchers have merged
nanocellulose with conventional metal oxide semiconductors, creating a hybrid composite [11]. These hybrid

composites provide additional active sites due to their increased surface area and expanded wavelength



ACCEPTEDIMANUSCRIP

response range in visible light. This enhancement facilitates improved metal ion adsorption onto the catalyst's
surface, thereby enhancing the efficiency of photocatalytic degradation [12]. Photocatalytic and film
composites offer an advantage by circumventing the challenges associated with recovering and removing
metal oxide suspensions in water post-photocatalytic organic degradation [13] . Transition metal tungstate,
especially those with the wolframite structure, have shown promising properties for various applications due
to their unique electronic and structural characteristics [14]. Using them for photocatalytic degradation of
organic substances is a clever utilization of their potential. Transition metals similar to manganese (Mn),
cobalt (Co), iron (Fe), copper (Cu), nickel (Ni), lead (Pb), zinc (Zn), and infrequent earth elements have
distinct electronic shapes and activities of catalytic, which could offer diverse options for enhancing the
photocatalytic methods. Cobalt tungstate (CoWOs), a renowned p-type semiconductor, finds numerous
requests, counting its use as pigment additives [15].The preparation of CoWOs materials has garnered
increasing attention because of their significant requests [16].This method uses solar energy to degrade
damaging organic and inorganic materials present in oily wastewater. Particularly, its non-toxic nature,
ambient temperature process, and low cost have elevated its significance [17]. While TiO2 is widely utilized
as a photocatalytic material, its limited activation under visible light hampers its efficiency [18] Titanium
dioxide has emerged as a visible light photocatalyst, but its effectiveness is hindered by the rapid
recombination of photogenerated electron/hole pairs. To address this issue, coupling with other semiconductor
materials is essential to form heterogeneous structures like CoWO4/NCW. This enhances the photocatalytic
effectiveness through restricting electron/hole recombination [19]. In the work prepared new composite
CoWO4/NCW from Combining CoWO4 nanoparticles with NCW prepared from CW through nitric acid
hydrolysis could with unique properties and applications. The prepared CoWO4/NCW, was employed for the
adsorption and solar catalytic degradation of OP in RWW under solar irradiation. Composite dose, pH,

oxidation time and temperature were examined to enhance the adsorption /solar oxidation processes.
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2. Experimental

2.1. Materials and Analysis test

The wastewater contaminated with organic contaminants was gotten from oilfields refinery. Refinery
wastewater was conserved at (6 °C) to be treated through the treatment. The wastewater properties is listed in
Table 1. All materials used in this work were of analytical grade and purification. Cotton waste was composed
from couture workshops and exposed to cutting and shredding procedures. H.SO4, NaCl, CCls, H20,, NaOH,
Na,W04.2H,0), and CoCl,.6H20 used for wet chemical methods. All experiments were test, 0.15 g of NaCl
is added to 35 mL of RWW in a separating funnel. Sodium chloride is used to disrupt the emulsion of organic
pollutants, helping to separate the organic phase more effectively. After adding sodium chloride, 4 mL of
carbon tetrachloride is added to the separating funnel. RWW in the separating funnel is vigorously shaken for
2 minutes. This agitation helps to ensure thorough mixing of the phases and facilitates the extraction of
organic content into the carbon tetrachloride phase. After that, the solution is allowed to stand for 20 minutes.
The UV-1800 spectrophotometer is used to measure the absorbance and from the standard curve find the

concentration of organic in ppm.

Table 1. Properties of Refinery wastewater

Limits Values Limits Values
Organic concentratiof 164 ppm lution oxygen con  0.035 (mg/L)
Turbidity 25.2NTU TSS 21.3 ppm
pH 6.89 Viscosity 1.023 m Pa St
Conductivity 452631ps/cm Density 977.3 Kg/m?®

The organic elimination efficacy (Eq. 1) was assessed:

Yoo = x 100% )

Where C, and C; are the initial and final concentration in RWW respectively.



2.2. Nano cellulose preparation

The CW was cleaned via cold and hot water correspondingly until a constant coloring was visually
experiential in the water. Next to the washing steps, cotton waste was impregnated in a 5% sodium hydroxide
and stirred incessantly with the same of [20]. In an oven set for one day, the CW was dried at 70 °C to finish
the washing procedure. After that, the impregnated in a solution with hydrogen peroxide and acetic acid
(2/7%). 15/20 mL of concentrated nitric acid and distilled water were combined in a vessel used for NCW
synthesis. The mixture was heated to 40 °C while being continuously stirred for three hours to guarantee
complete mixing. As shown in Figure 1, the ensuing liquid was repeatedly rinsed with water until a pH of

neutral was reached.

Washing by hot water 5% NaOH NaOH/CW

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

Figure 1: Preparation of nano cellulose

2.3. Preparation of CowWwQO4/ NCW
The wet-chemically made composite, containing CoWO4 nanoparticles, is supported on nanocellulose .The
temperature of solution was adjusted by [19] with some modification. To achieve complete mixing, 0.5 g of

Nano cellulose are ultrasonically sonicated for 25 minutes in 100 milliliters of deionized (DI) water. The
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solution is then stirred for an additional 30 minutes. Cobalt chloride (0.225 g) is added to the Nano particles
suspension. Cobalt chloride synthesis as a precursor for the new composite cobalt component. By dissolving
0.18 grams of Na,WOs in DI water, a sodium tungstate solution is created. Stirring continuously, 25 milliliters
of the sodium tungstate solution is gradually added to the cobalt chloride-containing NCW suspension.
Furthermore, 25 minutes after the injection of the sodium tungstate solution, ultra-sonication is accomplished
once more. This stage facilitates the creation of the nanocomposite and guarantees complete mixing for 3 h.
The hybrid nanocomposite is separated from the liquid solution as presented in Figure 2. Lastly, the purified
nanocomposite is dried overnight at 60 °C to remove any remaining solvent and obtain the final product used

in work as adsorbent and solar degradation.
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Figure 2: COWO4/NCW preparation.

2.4. Characterization

Analytical methods were used to measure the structural, morphological, thermal, and other properties of the
new composites. FTIR analysis was performed with the attenuated total reflectance technique, yielding results
in the 4000-400 cm® range. The composite adsorbent's surface morphology was examined using a FE-SEM.
The Nano cellulose preparation and their existence in the CoWO4/NCW composites were demonstrated to be

confirmed by XRD analysis. TGA was carried out using a Q-500 from TA instruments. The thermal stability
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and decomposition performance of the samples were assessed by heating them at a rate of 10 °C/min in an
inert atmosphere. To work the elemental configuration of the composite materials, FE-SEM was combined
with EDX, a chemical microanalysis tool. Using UV-visible diffuse reflectance spectroscopy, the novel
semiconductor composite's energy band gap was being measured. Using a Thermo Analyzer/USA, the

Brunauer, Emmett, and Teller approach was used to measure the surface area and pore volume.

2.5. Batch procedure

The solar /adsorption degradation studies were conducted in a batch reactor, which is a kind of vessel
designed to carry out work in a regulated situation. A magnetic stirrer was employed to ensure uniform
mixing of the RWW within the nanocomposite in the reactor. Before the addition of the composite, the pH of
the RWW was adjusted using dilute basic or acid solutions.pH adjustment is vital as it can affect the
adsorption capacity and competence of the treatment process. Figure 3 illustrates the setup used for the
refinery wastewater treatment under a sun source. It may include the adsorbent composite used for OP

removal and the solar light where the solar degradation process takes place.

h {
. ot CoWO/NCW

Sun light y RWW |

Batch Reactor

Magnetic Piat

Figure 3: Solar degradation for RWW.
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2.6. Experimental design

This work recognized the use of the CoWO4/NCW composite to optimize inexperienced conditions for RWW
mineralization and contaminants. This purpose was being pursued by the Box-Bingham design (BBD) method
in conjunction with Response Surface Methodology. The software Minitab-17 was utilized for statistical
analysis, graphical depiction, and experimental design of oxidation time (Xi1) ,pH (X2), dosage (X3), and

Temperature (X4), were the independent factors taken into consideration.

3. Results and Discussion

3.1. Characteristics of CoWO4/NCW

FT-IR spectroscopy shows that the oxidation reaction significantly affects the structure of CW, NCW, and
CoWO4/NCW. The region from 3000 to 3600 cm™ in the FT-IR spectroscopy analysis shown in Figure 4
corresponds to —OH stretching vibrations, which are mostly associated to the amount of hydroxyl groups in
CW and other composites. The relative intensities in this range drop subsequent treatment of oxidation,
signifying a notable decrease in the amount of hydroxyl groups current. The mechanical qualities of treated
cotton waste are lost as a consequence of this decrease in the partial breakage of hydrogen bond structures in
CW. The experiential upsurge in the intensity of the band at around 1716 cm™, consistent with C=0 stretching
vibrations, the changes in the chemical composition of the CW with increasing oxidation levels. Exactly, this
change is accredited to the creation or introduction of aldehyde and carboxylate groups throughout the
oxidation Nano cellulose process [21]. The XRD analysis as presented in Figure 5, the characteristic peaks of
the NCW sample specify a sodality structure, consistent with standard peaks of NCW. The absence of
substantial changes to the XRD planes proposes that the particles are efficiently prepared and well-formed,
representative high crystallinity, Sharp peaks are experiential at 20 = 22.59, representative the typical pattern

of type | cellulose for NCW. For CoWOs, an amorphous structure is experiential, with typical diffraction

10
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peaks alike to those of a CoWOs sample organized by [22]. The lack of important changes in the XRD
patterns specifies that the particles prepared, counting the CoWO; catalyst, maintain their crystalline structure
finished the oxidation of NCW. The synthesized material's crystalline nature is further confirmed by the
identification of distinctive diffraction peaks [23]. Next the production of binary and/or triple nanocomposites,
some of the individual component diffraction peaks vanish, which is symptomatic of the formation of
crystalline structure. The prominent peaks of each component are still discernible or just slightly shift from
their initial locations, but the nanocomposites still have some of the key components' properties [24]. The
particles display a uniform, polyhedral, almost hexagonal or spherical nanocrystal line structure. The grains
are arranged in sizes ranging from 27 to 63 nm, with an average size of 50 nm from the FE-SEM picture in
Figure 6. The average particle size of NCW nanoparticles is 40 nm, and they range in size from 15 to 65 nm.
Figure 7 shows a 90 nm-size of prepared new composite, which is the result of partial dispersion of CoWO4
on NCW and shows a homogenous distribution of nanoparticles. The morphology of cellulose is in line with
earlier reports published by Simayee et al., offering confirmation and consistency to the characterization
procedure [25]. The Cobalt tungstate is successfully encapsulated within NCW to form composite, as shown
in Figures 6J, 6K, and 6L. This encapsulation causes the size of the nanoparticle to grow to around 90 nm.
Here's a summary of the characterization results. EDX analysis was conducted to assess the purity of NCW
and CoWO4/NCW presented in Figure 8 for NCW and nanocomposite. The analysis revealed the presence of
Co, W, C, and O elements in the samples, as listed in Table 2. No impurity peaks were experiential,
representative high sample purity and confirming the attendance of the intended elements analysis was
utilized to determine the optical characteristics of the prepared catalyst and assess its ability to produce
electron-hole pairs during the solar degradation process [26]. The thermogravimetric curves of the
nanomaterial produced by hydrolyzing nitric acid from CW are shown in Figure 9. The main cause of the

early weight loss noticed up to 105 °C is the evaporation of water from the CW. NCW and CoWOQO; are

11
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reported to have beginning degradation temperatures of 287 °C and 316 °C, respectively. The formation of
new composite through steam explosion and mild acid conduct enhances the thermal stability of NCW,
perhaps because of partial destruction of the crystalline area. This a change in the molecular structure, by way
of observed in the TGA curves, which is related to thermal decomposition [27]. Moreover, the thermal
transitions in this temperature range are related with the onset of thermal degradation of cellulose, including
rearrangement of molecular chains, cleavage of glycosidic bonds, and intermolecular cross-linking. Using a
BET device, the prepared NCW sample's surface area and pore volume were analyzed. It is found that the
surface area derived from the current investigation is 16.4 m?/g. It's important to note that this measurement of
BET surface area is greater than that which Pandi et al. reported, suggesting that there may have been changes
in sample preparation, untried setup, or logical approaches between works. The BET surface area
measurements were 11.423 and 0.5642m?/g for 5% and 30% of cobalt tungstate on Nano cellulose [28]. In the
manner shown in Figure 10. The homogeneous distribution of the nanoparticles on the cellulose surface and
their larger surface area could enhanced the competence of photo absorption. The loading of CoWO4 NPs on
the prepared Nano cellulose may cause Clogging of a portion of pores which result in a reduction of surface
area and pore volume. Among them, CoWO4/NCW shows BET surface area and relatively high nitrogen

sorption. The pores in the higher surface area usually are very small as shown in Figure 11.

12
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Figure 4: FTIR of a) Cotton waste, b) NaOH/CW, ¢) OCW, d) NCW and €) CoWO./NCW.
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Figure 5: XRD of a) nano cellulose and b) prepared composite of CoOWO4/NCW
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Figure 6: A) CW at 10 um, B) CW at 25 um, C) CoWQ, at 500 nm particles, D) Nano cellulose at 1 um, E)
CoWO4/NCW at 1 um, F) Nano cellulose at 10 um, G) CoWO4/NCW at 10 pum,(H) Nano cellulose at 200 nm, (1)
CoWO;, at 200 nm, J) COWO4/NCW at 1 um, K) CoWO4/NCW at 200 nm and L)CoWO4/NCW at 500 nm.
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Figure 8: EDX of a) Nano cellulose and b) Prepared composite.
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Table 2: EDX for NCW and CoWQO4/NCW

Element Nano cellulose CoWO4/NCW
Wt. % Atomic % Wt. % Atomic %
C 55.97 62.87 32.11 50.37
44.03 41.81 38.80 45.69
Co - - 4.42 1.41
W - - 24.66 2.53
Total: 100.00 100.00 100.00 100.00
100 - — NCW
e COWO ,/NCW
80 4
gg 60 +
=
=2
é’ 40

20

-

Ll
0 100

T T T
200 300 400

Temperature (°C)

T

Ll
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Figure 9: TGA for Nano cellulose and CoWO4/NCW
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3.2. Main effect plot for organic removal

The effect of main on the organic pollutants in RWW as shown in Figure 12, the best set of crucial parameters
to combine in order to achieve the desired oxidation performance for CoWOs /NCW. Every graphic shows
which set of limitations works best for a given set of performance indicators. Prior studies have consistently
demonstrated an increase in organic elimination at higher adsorbent dosage, pH, temperature, and time levels

[29].

Main Effects Plot for Organic Removal by CoOW04/NCW
Fitted Means
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Figure 12: Main effects of organic removal in RWW
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The results of independent variables in work shown in Figure 13 show that for all initial organic pollutants
values for the new composite, the efficiency of elimination OP rises with time, pH, dose and temperature
during adsorption and solar oxidation. Due to insufficient surface area on the oxidation material in these
situations, there is a propensity for a fall at a certain point, making it more difficult to obtain a relatively high

elimination ratio [30].

Interaction Plot for Organic Removal by CowW04/NCW
Fitted Means
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Figure 13: Plot effect of variables of organic removal in RWW

3.3. Adsorption/ solar degradation treatment

The effect of time on organic elimination from wastewater using nanocomposites involves the kinetics
of adsorption and solar degradation processes, optimizing treatment duration. The time required for important
degradation of OP depends on factors such as the intensity or duration of solar irradiation, the concentration

and type of organic pollutants, and the efficiency of the nanocomposite material in generating reactive species
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under sunlight [31]. Figure 14a illustrates the link between solar time and organic elimination efficiency along
the action process. To determine the optimal time for oxidation effectiveness in the removal of organic
materials from wastewater, experiments were conducted. An increase in solar time results in an improvement
in elimination efficiency. The results were in line with earlier studies’ findings, which presented that
lengthening the oxidation period enhanced treatment efficiency, as shown by [32]. By using novel
nanocomposites comprised of NCW and cobalt tungstate for adsorption and solar degradation, pH
significantly influences the removal of organic materials from RWW. Understanding the pH-dependent
mechanisms complicated in both processes is vital for optimizing treatment competence and ensuring the
long-term stability and effectiveness of the treatment system. The influence of pH on the adsorption of organic
contaminants by adsorbent was investigated across a pH range of 3 to 9, with a contact time of 120 minutes
for all experiments.

Figure 14b illustrates that the highest adsorption and photo degradation competences for CW,
NaOH/CW, NCW, and CoWO4/NCW were 27.2%, 44.2%, 70.3%, and 81.3%, respectively, at a pH of 9.
These findings align with those reported by Hernandez et al. [33]. The experimental observation regarding the
use of a basic solution that significant enhancement in OP removal was attained, with the highest elimination
experiential at a pH of 9. The dose of nanocomposite material significantly influences organic removal from
wastewater through adsorption and solar degradation processes. Optimizing the dose involves balancing
removal efficiency, cost considerations, and environmental impact to attain effective and sustainable
wastewater treatment [34]. The degradation rate of the OP in RWW under sun irradiation has been used to
assess the produced nanocomposite's photocatalytic capability [35]. As the dose increases, Figure 14c shows
that organic sorption increases quickly because there are more functional groups available, which opens up
more exchangeable surface sites for the formation of complexes with organic content. The exclusion

efficiency has increased for CW, NaOH/CW, NCW, and CoWO4/NCW as the total amount of sorbent that

20
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needs to be achieved is increased. (37.2, 45.6, 71.2, and 82.4 percent, in that order). Increased surface area
exposed to sunlight may result from higher doses of the prepared composite as solar-catalyst , which could
speed up solar breakdown rates. This is so that additional surfaces may be used for photon absorption and the
production of reactive species [36]. Generally, increasing temperature can improve adsorption Kinetics by
facilitating more rapid movement of molecules and increasing the mobility of both adsorbate molecules and
active sites on the adsorbent material. Higher temperatures can improve solar degradation processes by
increasing the rate of reactions involved [37]. However, excessively high temperatures might also cause
degradation of the Nanocomposite material itself, affecting its competence. The beneficial effect of
temperature is evident. Increasing the temperature from 25 to 70°C, the elimination of organic rises from 27.1,
45.2, 71.4, and 80.5 %at 25 to 34.3, 51.8, 76.3, and 87.4 % and at 70°C for CW, NaOH/CW, NCW, and

CoWO4 /NCW respectively as shown in Figure 14d.

Scatterplot of Organic Removal by CW NaOH/CW NCW and CoWO4/NCW vs Time (min)

100 Variable
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wes Organic Removal by NaOEF CW
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e Organic Removal by CoWO4NCW
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Scatterplot of Organic Removal by CW , NaOH/CW , NCW and CoWO4NCW vs pH
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Scatterplot of Organic Removal by CW , NaOH/CW NCW and CoWO4/NCW vs Temperature
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Figure 14: Effect of a) time, b) pH, c) dose, and d) temperature of CW, NaOH/CW, NCW, and CoWO4/NCW on organic elimination

3.4. Best of working limits

The best new circumstances for the cotton waste, NaOH/CW, Nano cellulose, and CoWO4+/NCW
scheme to obtain the best values for working limits for instance dose, pH, oxidation time, and temperature.
The measurement implications of the D-optimization are presented in Figure 15. The highest organic
elimination competences were 49%, 64.2 %, 90.3, and 97.4 % for CW, NaOH/CW, NCW, and CoWQO4 /NCW

correspondingly and compared with alike studies in Table 3.
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Figure 15: Best working variables on refinery wastewater.

Photo-oxidation Contaminantsty]  Light type Time (min) Degradation Ref.
TiO2/Cellulose | Methyl Orangg 30 92% [18]
TiOo/ Cellulose | Antibacterial 24 91.3% [13]
ZnO/Cellulose Aceta dyes 20 75% [38]
CoWO4/NCW OP 120 97.4% This work

With an emphasis on experimental factors including pollutant type, kind and duration of irradiation, and the
accompanying degradation percentages, Table 3 compares the current study with other similar reported works.
Notably, when compared to previously report conventional solar-catalysts, the newly synthesized composite
solar-catalyst shows excellent performance. This comparison demonstrates the superiority of the synthesized

composite photo catalyst over currently available conventional photo catalysts and displays its efficacy and

potential in degrading pollutants under diverse experimental circumstances.
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3.5. Oxidation kinetic
The impact of adding cobalt tungstate on organic pollutants solar degradation over NCW. The
prepared composite was studied in accordance with certain parameters: change of pH with constants the other
parameters with a 0.25 gm dose, and a 50 min oxidation. The findings established that as pH rose, more free
radicals were produced, which aided in the oxidation of OP and accelerated the reaction. As a result, the
degradation rate increased. Though, when the pH level was raised from 7 to 9, there was only a slight increase
in organic degradation; it went from 92.1% to 97.4%. It is difficult to distinguish between different reactions
in the complicated processes involved in organic removal from wastewater. Therefore, it is possible to assume
estimated kinetics for the organic solution's decomposition. Numerous studies have revealed that the majority

of organic elimination curves follow first-order [39]. The model of first order (Eg. 2) is expressed

In [%J =Kt (2)

Co, Ct were in mg/L of the initial organic concentration (both before and after oxidation), time (min) was t
and First-order rate constant (min™) is denoted by Kj .

As shown in Figure 16, the kinetics investigation for the composite adsorbent developed in this work showed
a suitable correlation between reaction time and the ratio C/C natural logarithm, suggesting a pseudo-first-
order kinetic model. When the pH concentration was kept at 9, the prepared composite showed a first-order

squalor constant (k1) value of 0.0674 min™™.,
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Figure 16: First-order model for solar degradation.

There are various steps in the OP degradation mechanism over the CoWO4/NCW solar catalyst, and
certain components of the heterostructure improve. Photoexcitation of the solar-catalyst results in the
generation of electron-hole pairs (ece and hvs™) when it is subjected to visible light with energy equivalent to
or greater than its band gap energy in equation 3.

CoWO4/NCW + (solar light) — CoWO4/NCW (e + h*) 3)

In the degradation pathway, the interactions between nanoparticles of CoWwOs; and NCW are vital. By
generating an electric field and altering potentials of band energy, they enable solar produced electrons to
move from CoWOs to NCW and holes to move from NCW to CoWOs. Equation 5 demonstrations the
reaction of photo-generated electrons with oxygen molecules (O2") to make oxygen radicals (O2™), while
equations 4-6 exemplify the reaction of holes with adsorbed water and hydroxide ions (OH") to form free

radicals .

H,O0+hg; >*OH +H” @)

O, +eg = 05" )

O, +H,0-5"0OH +0OH" +0O,+HO, ©)
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Furthermore, OP molecules can be directly oxidized by holes. Squalor of the system'’s organic composition is
aided by the manufacture of reactive oxygen species, for example free and oxygen radicals, and direct
oxidation by holes. These treatment are graphically depicted in Figure 17, which too shows the migration of
electrons and holes, the manufacture of reactive oxygen species, and the resultant organic content degradation
across the solar catalyst under visible light irradiation [40]. Table 4 shows the rate constants for the first order

of solar-oxidation.

L Nl M

Visible Light ¢ owd- |

CoWOJNWC .— CO.+H,0
o1

Energy (eV)

Figure 17: Possible mechanism of solar catalytic degradation

Table 4: pH experimentations.

Sample CoWO4/NaOH/CW
pH K1
3 0.0134
5 0.0206
7 0.0469
9 0.0674

4. Conclusions
In conclusion, the utilization of a novel composite material derived from cotton waste through acid hydrolysis
with nitric acid, combined with cobalt tungstate, presents a promising approach for the removal of OP from

RWW. Through adsorption and solar degradation mechanisms, this composite exhibits considerable potential
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for efficient and sustainable treatment of complex industrial effluents. The cellulose-based composite provides
ample surface area and active sites for adsorption, while the incorporation of cobalt tungstate enhances
adsorption capacity and selectivity, particularly for specific organic compounds found in refinery wastewater.
Solar degradation, facilitated by photocatalytic reactions on the composite surface under sunlight exposure,
offers an additional mechanism for organic pollutant removal. The synergy between cellulose-derived
components and cobalt tungstate nanoparticles promotes the generation of reactive oxygen species, such as
hydroxyl radicals, which efficiently degrade organic contaminants into harmless byproducts. Furthermore, the
environmentally friendly nature of the cellulose-derived composite, derived from waste cotton, underscores its
potential for sustainable wastewater treatment practices. The utilization of waste materials not only mitigates
environmental burdens associated with waste disposal but also offers economic benefits through resource

utilization and waste reduction.
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