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Photocatalytic degradation has emerged as a promising strategy for eliminating hazardous
contaminants from aquatic environments. Chromium (VI) remains a critical pollutant of concern due
to its high toxicity and carcinogenic properties, posing significant risks to human health and
ecological systems. Advancements in visible-light-responsive photocatalysts offer new avenues for
efficient remediation.

Objectives:

This study investigates the synthesis, characterization, and photocatalytic performance of a bismuth
vanadate-cobalt phthalocyanine-nitrogen-doped reduced graphene oxide (BiVO4~CoPc-nRGO)
nanocomposite for the degradation of C (VI) in water.

Methods:

The nanocomposite was synthesized through a rapid and cost-effective hydrothermal approach.
Structural and morphological assessments were conducted using X-ray diffraction (XRD), scanning
electron microscopy (SEM), and complementary analytical techniques to confirm phase composition
and surface architecture. Photocatalytic activity was evaluated under visible light irradiation, and
reduction efficiency toward Cr (VI) was quantified. Recyclability and operational stability were
examined through multiple photocatalytic cycles.

Results:

Characterization confirmed the successful formation of a distinct BiVO,~CoPc-nRGO composite
with well-defined structural features conducive to enhanced charge separation and visible-light
activity. The material demonstrated high photocatalytic efficiency in reducing Cr (VI), attributable to
synergistic interactions among the composite components. Stability tests indicated minimal
performance loss across repeated cycles, affirming its robustness and reusability.

Conclusion:

The BiVO4~CoPc-nRGO nanocomposite exhibited strong photocatalytic activity, durability, and
operational stability under visible light, underscoring its potential for practical deployment in
chromium-contaminated water treatment. The findings provide a foundation for further
development of composite photocatalysts for sustainable environmental remediation.

Introduction

The considerable industrial expansion is contributing to an
increase in the contamination of dangerous metals. Because of
chromium's significant contribution to chemical emissions and
toxicity to microorganisms, plants, and animals, it is of
ecological significance. Numerous sectors, including the
dyeing and printing of textiles, chemical production, leather
tanneries, metal plating, and the processing of industrial
effluents that harmed live cells, release significant amounts of
chromiuminto the surrounding environment [1]. There are two
different types of chromium ions: Cr (VI) and Cr (IlI). In
contrast to Cr (VI), which is highly poisonous and carcinogenic,
mutagenic, and teratogenic to both humans and animals, Cr
(11I) is less harmful and readily deposited as Cr (OH)3. Cr (VI)is
only allowedin wastewater at a maximum level of 0.05 mg L-1.
The development of efficient wastewater treatment techniques
is crucial to eradicating refractory organic pollutants and
reducing Cr (VI) to Cr (Ill) [2] The efficiency, cost, and
secondary pollution produced by conventional chromium
removal treatment techniques such chemical precipitation, ion
exchange, and adsorption are all severelyrestricted. Therefore,

it is crucialto find effective and long-lasting methods
forremoving chromium. By converting Cr (VI) to Cr (III) and
degrading organic pollutants, heterogeneous photocatalysis
offers a potentialoption for detoxifying organiccontaminants
and Cr (VI) from wastewater [2] Due to its excellent
performance, moderate reaction conditions, and ecologically
friendly nature, photocatalytic degradation has become a viable
method for the remediation of many contaminants, including
heavy metals. To neutralize the target contaminants,
photocatalysis uses a photocatalyst that can absorb light energy
and produce electron-hole pairs. These electron-hole pairs
subsequently take part in redox reactions. Precipitation, ion
exchange, photocatalysis, reverseosmosis, and an adsorption
processare all components of the chromium removal technique.
Most ofthese techniques demandsubstantial upfront and
ongoing costs, making them unsuitable for small companies. In
comparison to the other techniques listed, photocatalysis is the
most efficient and affordable. One possible method for either
oxidizing or reducing dangerous contaminants is photocatalysis
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Figure 1. Simplified mechanism for the photocatalysisofsemiconductor
catalysts.

Bismuth vanadate (BiVO,) has attracted a lot of attention
among the diverse group of semiconductor photocatalysts
as visible-light-driven photocatalyst. BiVO, has good
bandgap energy (2.4 eV) that makes it possible to absorb
visible light and utilize solar radiation effectively.
Additionally, BiVO, has strong photocatalytic activity,
limited toxicity, and great chemical stability. BiVO, broad
bandgap, however, reduces the photocatalytic productivity
of the material since it can only absorb a tiny portion of the
solar spectrum. BiVO, has been used in a variety of ways to
improve photocatalytic activity, including the addition of
sensitizers, co-catalysts, and conductive supports. One
method that shows promise combines metal-organic
compounds like phthalocyanines synergistically with BiVO,
[3]. Numerous studies have been conducted on cobalt
phthalocyanine (CoPc), a metal-organic complex with
significant visible light absorption, good stability, and
effective transfer capabilities. In addition to CoPc, carbon-
based materials have attracted a lot of attention when used
as co- catalysts or supports in photocatalysis. Reduced
graphene oxide (RGO), one of graphene's derivatives, has
gained recognition for its high stability, huge specific
surface area, and outstanding electron transport
capabilities. Due to its higher photocatalytic activity and
charge separation efficiency, nitrogen-doped reduced
graphene oxide (nRGO) has received special interest [4]. In
the current study, we suggest using a new nanocomposite
made of BiVO4, CoPc, and nRGO to photocatalyze the
chromium's decomposition. By combining BiVO,, inoPc, and
nRGO into a single nanocomposite, researchers hope to
make use of their complementary properties and overcome
the drawbacks of the separate components. The main
photocatalyst, BiVO4, oversees generating charges and
absorbing light. When CoPc is used as a co- catalyst,
photogenerated pairs of electrons and holes may be
separated more effectively, accelerating redox processes.
The conductive base nRGO, on the other hand, boosts
electron transport and offers a large surface area for the
adsorption of chromium compounds.

Materials and Methods

In the present study, bismuth vanadate (BiVO,), cobalt
phthalocyanine (CoPc), and reduced graphene oxide (rGO)
were synthesized as precursor materials for the preparation
of the final composite photocatalyst. BiVO, was synthesized
via the hydrothermal method, wherein bismuth and
vanadium precursors were reacted in an aqueous medium
under elevated temperature and pressure, leading to the

nucleation and crystallization of BiVO, [5]. CoPc was prepared
using the solvothermal technique, employing pyromellitic
dianhydride, urea, and DBU (1,8-diazabicyclo[5.4.0Jundec-7-
ene) in a three-neck flask under high-pressure and high-
temperature conditions to facilitate condensation and
cyclization for the formation of the cobalt phthalocyanine
structure. For the synthesis of rGO, 0.2 g of graphene oxide
was dispersed in 100 mL of deionized water and ultrasonicated
until a clear, uniform solution was obtained. Subsequently, 0.25
mL of hydrazine hydrate and 0.36 g of urea were added, and
the reaction mixture was maintained at 100°C for 8 hours in an
oil bath under reflux with continuous N, sparging [6]. The
resulting black solid was filtered using a G3 funnel, washed
thoroughly with deionized water and methanol, and dried at
65°C for 24 hours to obtain the reduced graphene oxide. These
synthesized materials were further utilized for the preparation
of the target composite material.

The BiVO,~CoPc-NrGO nanocomposite was synthesized
through a hydrothermal process involving sequential
preparation and combination of precursor solutions. Initially,
the precursor solutions were prepared by dissolving 1.97 g of
bismuth nitrate pentahydrate (Bi(NOs);'5H,0) in a mixture of
ethanol and 50 mL of deionized (DI) water to obtain the Bi
precursor, while 0.786 g of vanadium chloride (VCls) was
dissolved in 50 mL of DI water to form the V precursor solution
[7]. Separately, 0.3 g of cobalt phthalocyanine (CoPc) was
dissolved in ethanol to obtain the CoPc precursor solution, and
0.5 g of nitrogen-doped reduced graphene oxide (NrGO) was
dispersed in DI water by ultrasonication to achieve a
homogeneous NrGO suspension. These prepared precursor
solutions were then combined in a suitable container and
stirred magnetically for a defined duration to ensure uniform
mixing and interaction among all components [8].

The resulting homogeneous mixture was transferred into a
Teflon-lined stainless-steel autoclave, which was sealed tightly
to prevent leakage. The autoclave was then placed in an oven
and maintained at the desired temperature and pressure for a
specific duration to facilitate the hydrothermal reaction. Upon
completion of the reaction, the autoclave was allowed to cool
naturally to room temperature, followed by careful
depressurization in accordance with standard safety
procedures. The obtained product was collected by decanting
the mixture into centrifuge tubes and centrifuging at an
appropriate speed to separate the solid nanocomposite from
the supernatant [9]. The precipitated BiVO4,~CoPc-NrGO
nanocomposite was repeatedly washed with DI water to
remove residual impurities, with centrifugation performed
after each washing step. Finally, the purified nanocomposite
was dried either in air or in an oven at a controlled
temperature until a constant weight was achieved, yielding the
final composite material [10].

Analysis method

A chromium stock solution was prepared by dissolving 141.4
mg of potassium dichromate (K,Cr,0O5) in 100 mL of distilled
water to obtain a 500-ppm solution. A 100-ppm solution
was then prepared by dilution, followed by 25, 50, 75, and
100 ppm standard solutions prepared by further diluting to
25 mL each. Figure 2 shows stock and standard solutions
[11].

The diphenyl carbazide (DPC) reagent was prepared by
dissolving 25 mg of DPC in 5 mL of acetone and storing it in
a brown bottle. In an acidic medium, DPC reacts with Cr® to
produce a pink-colored complex, whose intensity indicates
chromium concentration [Figure 3] [12].
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About 5 mL of orthophosphoric acid was taken in a 10 mL
beaker to acidify the chromium solution, enabling proper DPC
reaction and color formation. A 1 N NaOH solution was
prepared by dissolving 2 g of NaOH pellets in 50 mL of
deionized water for pH adjustment during analysis [13].
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Figure 3. Colour of reduced Chromium solution at time variation.
Results and Discussions

The results section presents the quantitative analysis of
chromium reduction efficiency at a concentration of 25ppm
and a reaction time of 120 minutes. The reduction efficiency is
calculated by comparing the initial chromium concentration
with the residual chromium concentration after the reaction
[Table 1 and Figure 4].

Table 1: Standard concentrations (mg/L) of chromium with corresponding
absorbance values at 540 nm.

Std(mg/L) Abs(540nm)
0.2 0171
0.3 0.262
0.4 0.403
0.5 0.363
0.6 0.531
0.7 0.512
0.8 0.535
Standard Curve
0.55
0.50
£ 0.45
3
W 0,40
®
4 0.35
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£030
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Figure 4. Standard curve between concentration and absorbance at 540

nm.

This result concluded that at 120 min of reaction with the
nanocomposite under direct sunlight it yielded the maximum
degradation for the 25mg/L sample concentration [Table 2]
[14].

Table 2. Chromium degradation data at 90 and 120 minutes.

Conc Abs Degradation %  Conc Abs Degradation %
(mg/L)  (540nm) (mg/L)  (540nm)
90 Mins 120 Mins
Control  0.51 36.4 Control  0.578 25
25 0.88 0 25 0.37 61.5
50 0.451 46.2 50 0.543 31
75 0.5 38.5 75 0.682 6.65

Then pH variation was done by taking a constant conc of
25mg/L at acidic and neutral pH of 2, 4, 6 and 7, because in
basic medium there will no H+ ions for carrying out any
reduction reactions [Table 3] [15].

Table 3. Chromium degradation at different pH levels at different periods.

pH Dark 30min 60min 90min 120min
Control a-0.958 a-0.526 a-0.504 a-0.551 a-0.772
% d-0 %d-272 %d-30.56 %d-2337 %d-0
2 a-0.894 a-0.292 a-0.321 a-0.268 a-0.262
% d-0 %d-62.84 %d-5844 %d-66.49 %d-67.5
4 a-0.861 a-0.401 a-0.386 a-0.441 a-0.349
% d-0 % d-46.24 %d-48.52 %d-40.13  %d-54.16
6 a-0.805 a-0.352 a-0.392 a-0.402 a-0.813
% d- 0 %d-53.72 %d-47.60 %d-46.08 %d-0
7 a-0.617 a-0.361 a-0.417 a-0.464 a-0.590
%d-13.32 %d-52.36 %d-43.79 %d-36.64 %d-17.43

Kinetics of chromium reduction

The Langmuir-Hinshelwood kineticmodel can be simplified to
an apparentfirst-order kinetics model as follows:

Co
gt = KoKe = Kopyt

where Kapp stands for the apparent first-order rate
constant (min™) of chromium reduction. From equation (3)
the apparentrate constant, Kapp can be calculated from the
slope of the plot between In (C,/C,) versus time [16].

Thid equation depicts the relationship between 1/Kapp
and the starting concentration of chromium (C,). It is noted
that the experimental data fits the Langmuir-Hinshelwood
kinetic model well with a higher R2 (0.99) value for the
correlation coefficient [17].

1 1
Regy BNy R

As reducing agent concentration decreases, the kineticsof

chromium reduction decreases.

Co

Chromium reduction reactions can beaccelerated by
catalysts, resultingin higher rates of reaction. Moreover, other
substances in the reactionmixture, such as organic
compounds or complexing agents, may affect the kinetics of
chromium reduction by stimulating or inhibiting it [18].

Reduction reactioncan also occur inan ordered
fashiondepending on the specific conditions and mechanisms
involved.

Reduction kinetic at different initial concentrations of
chromium

The graph clearlydepicts that in the dark conditions, there is
an insignificant decrease in the concentration of chromium,
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but under visible light irradiation chromium reduction Characterization data
; o I
percentage reached the highest value at 67.5 % [Figure 5] XRD characterization of BiVO,

[14,18,19].
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Figure 5. Standard graph showing the chromium concentration % in dark pattern displays distinctive peaks at 28 values of 11.95
and light conditions. °18.97, 25.8", 28.7, 30.5°, 46.67 ,53.24 °and 58.55°were
indexed to (001), (101), (101), (013), (004) and (200), (202),

Demonstration of chromiumreduction profiles (212) planes respectively [Figure 8].
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Figure 6. Kinetic plot for photocatalytic degradation of Cr®. Figure 9.X-ray diffraction of CoPc.
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As the valueof highest reduction was shown for 25 mg/L of respectively [Figure 9].
chromiumsolution, hence its 1/Kapp value will be at the o Shows orthorhombic structure.
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GO peak of GO at around 10.8° suggest that the graphite
oxidized successfully, especially that peaks at 24.5° originating
from removal of oxygen atoms inserting into graphite gallery
[Figure 10].

XRD characterization of NrGO

(101)
\ N-RGO
Hexagonal

(100)

T T 1

0 10 20 30

Figure 11.X-ray diffraction of NrGO.

e N-rGO peaks at 43° (100) due to the change of the
structure for graphene sheet. The order of relative
intensity of 100 peak is NrGO>rGO>GO [Figure 11].

o The peak is associated with sp3 bonding.

o The border peak is the larger interlayer distance. N-rGO
further increases the interlayer distance, bettering more
specific areas and active sites.

FE-SEM OF BIVO,
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Figure 12.FE-SEM image of BiVO,.

FE-SEMimaging of BiVO, exposes the topography and texture
of the surfaceof the substance. It demonstrate the presence
of distinctive characteristics as uniform plateau-like structure
that corresponds to uniform surface area for pollutant
adsorption [Figure 12] [21].
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Figure 13.FE-SEM image of CoPc.
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FE-SEMimaging of CoPc exposes the topography and
texture of the surface of the substance. It demonstrate the
presence of distinctive characteristics as uniform rod-like
structure that corresponds to better support and overall
photosensitization phenomena [Figure 13] [22].

FE-SEM OF NrGO

In addition to itsporous 3D structure, N-rGO had an
exfoliated and corrugated surface. Due to the stacking
characteristic of graphene, this corrugated structure is
thought to result from the reduction of graphene to rGO and
the removal of oxygen-containing groups from the surface.
This material is exfoliated and subsequently intercalated with
epoxy, carboxyl, and hydroxyl functional groups. It has a
highly wrinkled structure. The average size of GO was
estimated at 500-700 nm [Figure 14] [23].

Figure 14.FE-SEM image of NrGO.
FE-SEM OF BIVO,-CoPc-NrGO nanocomposite

The cracks and crevices are all occupied by the NrGO and the
small disc shaped structures on the surface are nothing but
the BiVO, and all the rod-like structures that are below the
disc shaped particles are all CoPc photosensitizer [Figure 15]
[24].
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Figure 15.FE-SEM image of BIVO,-CoPc-NrGO nanocomposite.
Conclusions

By using BiVO,-CoPc-NrGO nanocomposite the maximum
degradation of chromium of conc. 25 mg/L that we got
was67.5 % at pH 2 from120 minutes of start of reaction under
visible light. Sunlight is green energy and infinite energy
resource. Using sunlight by the photocatalyst BiVO, modified
with CoPc and NrGO the heavy metal Chromium was removed.
The photocatalyst was prepared by hydrothermal and
solvothermal methods. By introduction of CoPc, its visible light
harvestation efficiency increased. Hence its photocatalytic
activity increased.The metal is characterized by X-ray
Diffraction (XRD). Different concentrations of the Chromium
solution were analyzed. It is shown that the 25mg/L of the
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chromium shows maximum reduction. Different parameters
such as catalyst amount, pH of the solution, time of light
irradiation. At pH2 under 2 hours of sunlight irradiation the
maximumreduction occurs, that is 67.5%.
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