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V-Doped Starch/Graphitic-Carbon Nitride Composite
for Enhanced Pollution Degradation
through Response Surface Methodology:

The Study of Photocatalytic and Adsorption Process

Chegeni, Mahdieh™; Soleymani, Mousa; Eftekhari, Noushin
Department of Chemistry, Ayatollah Boroujerdi University, Boroujerd, I.R. IRAN

ABSTRACT: The V-doped starch/graphitic carbon nitride was synthesized for the degradation of
organic pollutants. This novel photocatalyst was characterized by various techniques including
Fourier Transform InfraRed (FT-IR) spectroscopy, Field Emission Scanning Electron Microscopy (FESEM),
X-ray Diffractometer (XRD), Photoluminescence (PL) spectroscopy, Energy Dispersive X-ray (EDX),
Transmission Electron Microscopy (TEM), and Brunauer-Emmett-Teller (BET) analysis. Based on
the Central Composite Designs-Response Surface Methodology (CCD-RSM) design, 50 full experiments
were done including pH (7.8-9.8), adsorbent dose (0.01-0.1 g), MB concentration (2-12 ppm), time (30-240 min),
and temperature (15-45 °C) for the methylene blue removal by V-doped starch/graphitic carbon nitride,
and the best removal yield (90.8 %) was obtained at pH=8.33, 0.08 g adsorbent dose, 12 ppm of MB
concentration, 215 min, and 15 °C. Further, the interaction of adsorption parameters was considered,
and the Freundlich and pseudo-second-order were shown as the best adsorption models. After
the adsorption process, the photocatalytic degradation of MB was conducted under UV irradiation
with high yield (92 %), and the trapping experiments confirmed the photocatalytic degradation.
As a result, the V-doped starch/graphitic carbon nitride can be employed for the adsorption and
photocatalytic activities for the removal of organic pollutants from aqueous solution.
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INTRODUCTION

Today, environmental issues are considered an effective
and important subject in human life. The exploitation of new
technology has attracted scientists to obtain helpful strategies
for solving environmental problems [1,2]. One of these
clean methods is the photocatalysis strategy, which is applied
in many fields such as water treatment [3],
and photocatalytic disinfection [4]. A large number of

semiconductors have been used as photocatalyst such as
TiO, [5, 6], bio-magnetically recoverable palladium [3], CeO; [7],
SnO; [8], pure ZnO and MgO doped ZnO nanocatalysts [9],
polypyrrole/halloysite nanotubes/Fe;04/Ag/Co
nanocomposite [10], and Nd-doped ZnO nanoparticles [11].
Further, the low response forward visible light and self-oxidation
can limit photocatalytic performance. Meanwhile,
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the construction of novel photocatalysts is a valuable
subject, so scientists try to design new structures.

Polymeric graphitic carbon nitride (g-CsN,) is considered
as a new generation of photocatalyst, because of its
properties including chemical and thermal stability, band
gap, eco-friendly, and resistance toward chemical
compounds [12]. g-C3sN4 can be obtained by using cheap
precursors including carbon and nitrogen such as
cyanamide [13], melamine [14], thiourea [15], and urea [16].
In view of g-C3sN, application, it can be employed for fuel
cells [17], catalysis [18], water splitting [19], antibacterial
activity [20], adsorption [21], electrochemical sensor [22],
and batteries utilization [23]. Notably, pure g-CsNs4
can suffer some disadvantages including limitations
in the recombination rate of photon-generated carriers
and electrical conductivity. For the improvement
of g-CsN, properties, several strategies were served
such as atom doping [24], morphology modification [25],
and the formation of composite [26]. A large number
of studies have reported the improvement of g-CsN.
properties including metal/graphitic carbon nitride
composites [27], clay minerals supported graphitic carbon
nitride [28,29], porous carbon/graphitic carbon nitride
composites [30]. Further, a surge of interest
has been attracted to the use of natural compounds, due to
their green and eco-friendly properties. According to
reported articles, perovskite [31], RM and bauxite [29],
chitosan [32], and perlite [33] were applied to the modification
of g-C3N4.

To achieve sustainable development, the use of
biodegradable polymers is a suitable strategy [34-36].
Several biopolymers were used in different applications
such as chitosan-modified Pd(I1)-d-penicillamine [37],
cross-linked chitosan aerogel modified with
Pd(Il)/phthalocyanine [38], cellulose-modified with Fe(ll)-
and Ni(ll)-phthalocyanines [39]. With the development of
polysaccharide subject, starch is recognized as an eco-
friendly and low-cost polymer with the ability of mix with
other compounds and more applications in various
industries. In addition, the composite formation by using
starch is difficult, and the use of fillers was proposed as an
important strategy to overcome starch limitations.

Further, V,0s was used as an n-type semiconductor,
photo, and chemical stability, which addresses the
shortcomings of g-C3sN4. Numerous studies investigated
its photocatalyst activity such as the formation of
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V,0s5/Al,03 [40], V20s/BiVOs composite [41], and
Zn0-V,05-WOj3; composites [42].

One of the synthetic pigments is Methylene Blue (MB),
which applied in many industries such as silk, paper, wool,
and so on. The release of untreated MB dye-loaded
wastewater can be resulted in tissue necrosis, cyanosis
vomiting growth inhibition, and protein content of
microalgae, due to its teratogenic and embryotoxic
properties. Various methods are available for the removal
of MB such as reverse osmosis, electrolysis, coagulation-
flocculation, irradiation, and adsorption. Some of these
strategies have some disadvantages including expensive
procedures, and the increase of by-products, that can limit
their application [43, 44].

The blend of starch/g-C3sN4 and V.05 can improve their
properties, which enhances more application as a
photocatalyst. To improve the environmental concerns,
this study focused on the formation of a novel composite
by using g-C3sN, and starch as a polysaccharide, and atom-
doping was applied as an interesting protocol to solve
the limitation of g-CsN, [45], then the ability of as-
synthesized composite for removing MB was studied by
adsorption and photocatalytic methods.

To evaluate the effective parameters (pH, MB
concentration, composite dose, time, and temperature)
for the adsorption process, the optimization step is
necessary for finding the best yield. Notably, the Response
Surface Methodology (RSM) is used to optimize the
experiments by using mathematical techniques such as
linear, and quadratic, and it can determine the interaction
of parameters, and the costs can be decreased by designing
an experiment. Further, Central Composite Designs (CCD)
is employed as an attractive model to demonstrate the
experimental runs and conditions [46]. Numerous studies
explained the removal of pollutants by using RSM method
such as pb (lI) adsorption onto chitosan-coated Fe;Oq4
particles [47], Eriochrome black-T dye adsorption using
modified clay [48], crystal violet with Centaurea stem [49],
and dye removal by amine-modified zeolitic imidazolate
framework-8 [50].

To achieve the aims of green chemistry, the use of
natural materials and the design of sufficient composite
can be mentioned for reducing organic pollutants. The high
recombination rate of electron-hole pairs can decrease
the photocatalytic activity of g-C3Na. In order to improve
the removal of dye, the modification of g-C3N, was done
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by vanadium as a semiconductor and starch for increasing
separation of ion-holes pair and photocatalytic performance.
Few researchers have addressed the use of natural
compounds for the improvement of g-CsN4-based composite,
and this research reports the combination of starch as
a polysaccharide and g-C3N4 to overcome the limitation
of starting materials, then the study reports the synthesis
of starch/graphitic carbon nitride (starch/g-CsN.), and as follows
doping by vanadium was performed to obtain V-doped
starch/g-CsN4 as a novel composite. This study differs
from other reports in some reasons such as the study
of adsorption and photocatalytic methods for the removal
of MB and the use of CCD-RSM strategy for considering
the impact and interactions of important factors.

The as-synthesized composite was analyzed by
several techniques, and the removal of MB as organic
pigments was considered through RSM method, then the
effective parameters were relieved including pH (7.8-9.8),
MB concentration (2-12 ppm), composite dose (0.01-0.1 g),
time (30-240 min), and temperature (15-45 °C), and the
isotherm model and kinetic order were studied. After the
study of the adsorption procedure, the degradation of MB
was investigated under the optimum conditions and
Ultraviolet (UV) irradiation. Meanwhile, this work is focused
on the application of natural and semiconductor compounds
in the photocatalytic subject for the degradation of pollutants.

EXPERIMENTAL SECTION
Materials and instruments

Melamine, methylene blue, sodium hydroxide
(NaOH), hydrochloric acid (HCI), starch, and ammonium
metavanadate (NH4,VO3) were purchased from Merck
Co. The morphologies were obtained by Field Emission
Scanning Electron Microscopy (FESEM) (TescanMira3-
Lmu) and Transmission Electron Microscopy (TEM)
(CM120, Poland). The functional groups were
characterized by Unicam-Galaxy 5000 FT-IR with KBr
pellets, and the Panalytical Xpertpro diffractometer Cu
Ko radiation (A=1.54178 A) was employed to obtain
crystal phase. The Ultraviolet-Visible (UV) spectroscopy
(Dynamica—HALO- DB-20, Germany) was used to
determine MB amount at Amax=651 nm. The BET isotherm
of the V-doped starch/g-CsN4 composite was obtained by
Belsorp-Mini Il and Bel Prep VAC Il (BEL, Japan).
PerkinElmer LS-55 fluorescence Spectrometer was used
to determine PL properties (A max=435).
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Synthesis of V-doped starch/g-CsNa

For the synthesis of starch/g-C3Ns, g-C3N4 was prepared
according to Ref [51]. Briefly, 5 g melamine was put into
acrucible, and heated until 550 °C for 90 min, then the ratio
(1:2) of starch/g-CsN. was mixed and heated in a crucible
at 150° C for 1 h. Second, starch/g-CsN. and NH,VO; (2:1)
were placed in an alumina crucible at 500° C for 1h. Finally,
the V-doped starch/g-CsNs was obtained (58 % vyield),
and applied for MB degradation in an aqueous solution.

Experimental design

RSM is used as a common factorial design for the
evaluation MB removal, and the removal efficiency (%)
was determined by CCD design and Design-Expert 7.0
with 50 runs (Tables 1,2S). The influence of parameters
was demonstrated including concentration of MB, dose of
photocatalyst, pH, time, and temperature. From the view
of pH, the pHpzc (point of zero charge) was determined
7.8. When the pH is higher than 7.8, the yield of removal
was increased, because the MB as a cationic due was
adsorbed at the negative value of the adsorbent surface.
Based on the CCD design, a certain amount of MB and
adsorbent were mixed together under determined pH and
time, then the mixture was centrifuged and filtered.
The MB amount was calculated by the data of absorption
at Amax=651 nm. The MB concentration adsorbed at the
equilibrium removal percentage (%) was calculated
by using Equations 1S-2S, respectively.

Adsorption isotherms and kinetics studies

The Freundlich and Langmuir isotherms were
considered to find the adsorption performance by using
Equations (35,4S) and explain the multilayer and
monolayer adsorptions [52]. Also, the pseudo-first-order
and the pseudo-second-order kinetic models were used to
determine  adsorption  performance,  respectively.
According to Equations (5S, 6S), the kinetic process of the
dye removal is relieved.

Radical species trapping tests

After the adsorption process, the photocatalytic
experiment was studied under optimum parameters and
dark, 5 W LED lamps (450 nm), and UV (300 W Xe lamp,
345 nm cut-off filter) conditions. The main reactive species
involve superoxide (‘Oy), hydroxyl (‘OH), holes (h*)
in the photocatalytic degradation. To find degradation
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Fig. 1: FT-IR spectra of g-CsaNs, starch, starch/g-C3Ns, and
V-doped starch/g-CsNa.

mechanism, trapping experiments were done by
scavengers such as IPA, hydrazine, and AO to determine
h*, “*O, and ‘OH radicals [18].

After photocatalytic procedure, Total Organic Carbon
(TOC) was measured as important factor for analyzing the
amount of total organic carbon organic carbon, which
carried out by TOC analyzer (CR3200, WTW, Germany),
that potassium phthalate solution was used as the calibration
standard. The removal percentage was calculated by
Equation (1), whereas [TOC], and [TOC]; are the initial and
final concentrations of organic compounds.

Mineralization (%) = Z2Clo-110Cl: 1)
[ToClo

RESULTS AND DISCUSSION

The V-doped starch/g-CsNs was synthesized by
a simple method and its formation was characterized
by various techniques. The various methods such as
ultrasonication and thermal methods were applied and
analyzed, then the thermal strategy was chosen for the synthesis
of V-doped starch/g-CsNas. The functional group of
compounds were confirmed by FT-IR spectroscopy, which
provides as shown in Fig. 1. Starch FT-IR spectrum
is assigned by the peaks at 3100-3500 cm, which
correspond to stretching vibration of -O-H bond. The peaks
at 1751 and 1375 cm are ascribed by stretching vibration
of -C=0 and C-CHjs bonds. The stretching vibration of C-O
bond is determined between 900-1250 cm™. In the FT-IR
spectrum of g-C3Ng, the absorption bands at 3100-3500 cmt
are attributed to the stretching vibrations of -NH, or =NH
groups. The peaks at 1250 ~1400 cm? are corresponded
to the stretching modes of
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Fig. 2: XRD patterns of g-C3Ns, starch/g-C3N4, and V-doped on
starch/g-C3aNa.

aromatic C-N bonds and the carbon nitride heterocycle is
determined by the peak at 808 cm™. The starch/g-CsN4 FT-IR
spectrum is shown in Fig. 1, and indicates by the broad
peaks at 2800-3500 cm, which corresponds to the
hydrogenic bond between starch and g-C3N4. The
absorption bands at 1569-1637 cm™ are determined to the
stretching mode of (C=N), and the peaks at 1242, 1325,
and 1411 cm™ are assigned by aromatic (C-N) bonds,
which the C-N heterocycle bond is related to the peak at
808 cm'*. For the V-doped starch/g-CsNa, the peaks at 479,
634, and 1015 cm! have belonged to the stretching modes
of (V=0) bonds, and the bands at 3000-3428 cm
are relieved hydrogen bonds among components of
composite, which the peak at 808 cm™ is confirmed
the presence of carbon nitride heterocycle.

The X-Ray powder Diffraction (XRD) was carried out
to determine the crystal structure of g-C3Na, starch/g-CsNy,
and V-doped starch/g-C3sNa4. Fig. 2 shows the diffraction
peaks of g-CsN4 at 26 =13.3° and 28.2° (JCPDS Card No.
87-1526), that the peaks have corresponded to the
heterocycle ring and aromatic plane, which ascribed by
(1 00) and (0 0 2) crystal faces. As shown in XRD pattern
of starch/g-C3Na, the peaks at 26 15.2°, 18.4°, 20.2°, and
23.3° are determined A-type crystallite of starch [53],
which the presence of g-C3N4 peaks can be illustrated the
formation of the as-prepared composite. For the XRD
pattern of VV-doped starch/g-CsNa, the peak at 26 27.9° is
assigned by graphitic carbon nitride, and the 26 17°,
21.9°, 23.4°, 32.8°, 34°, and 36° are evidenced the
presence of starch and V.05 (orthorhombic structure),
which the decrease of intensity represents the thin layer
thick with 26 nm particle size.
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Fig. 3: FESEM images of (a) starch/g-CsNs, (b,c) V-doped starch/g-CsNa.
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Fig. 5: EDX spectrum of starch/g-C3Na

Field Emission Scanning Electronic Microscopy
(FESEM) was applied to obtain the morphology of
g-C3Ng4, starch/g-CsNa4, and V-doped starch/g-CsNs.
Further, the starch/g-C3Ny structure is shown in the layer
of g-C3N4 and starch beads, as shown in Fig. 3a. Further,
the interaction of starch/g-C3sN4 and vanadium particles
is shown by the distribution of particles on starch/g-CsN4
surface, in Fig. 3(b,c).

Furthermore, the EDX analysis is shown in
Figs. 4 and 5, in which the content of starch/g-CsN4 composite
includes C, N, and O elements. The formation of V-doped
starch/g-CsN, is confirmed by Figs. (6-7), which illustrate
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Fig. 4: EDX maps of starch/g-CsN4

the presence of C, N, O, and V atoms, which the as-synthesized
composite was synthesized uniformly.

As shown in Fig. 8(a-c), TEM images were done
to present the morphology of the as-synthesized composite.
The g-C3N, displays wrinkled surfaces and lamellar structure.
The images of V-doped starch/g-CsNs provide
a rough surface by comminating g-CsN4 with starch and
vanadium. Also, the morphology can be shown amounts
of carbon, which was obtained in the thermal process.

In addition, PL spectroscopy was carried out to
confirm the photocatalytic activity of the as-prepared
composite [3]. As shown in Fig. 9, the peak intensity
in V-doped starch/g-CsN, is weaker than that of g-C3Na.
The low PL peak is indicated by the lower charge
recombination, so the V-doped starch/g-CsNs shows
appropriate electrical conductivity and good photogenerated
hole-electron of the VV-doped starch/g-CsN4 composite.

BET analysis was carried out to determine the textural
properties of V-doped starch/g-CsNs. The nitrogen
adsorption-desorption isotherm curve is shown in Fig. 10,
which corresponds to type IV isotherms with H3 hysteresis
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Fig .7: EDX spectrum of V-doped starch/g-CaNa.

loops. According to the data, the BET surface, total pore
volume, mean pore diameter of V-doped starch/g-C3Ng4
were determined 5.86 m?/g, 0.016 cm®/g, and 11.53 nm,
respectively. The low BET surface of as-prepared
composite was obtained compared to starch/g-CsNg4, due
to the immobilization and aggregation of particles.

Adsorption and photocatalytic studies

To achieve the best results for the removal of MB
as a cationic dye, the important factors of the adsorption
process were studied and determined, then the photocatalytic
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3

Fig. 6: EDX maps of V-doped starch/g-CsNa.

performance was tested under the optimum condition
and UV irradiation. Based on the RSM-CCD design,
the influence of parameters was evaluated including pH (A),
V-doped starch/g-CsN4 dose (B), MB concentration (C),
temperature (E), and time (D) (Table 2S). According to
the Table 2S, several experiments were done and
calculated by Design expert software, and Equation 2 was
suggested by software. The removal of MB was achieved
to the best result at pH=8.33, 0.08 g adsorbent dose,
12 ppm of MB concentration, 215 min, and 15 °C.

Removal =+ 89.34 - 2.27* A+ 4.29*B + 11.81
*C+049*D-3.95*E+147*A*B+240~*
A*C+199*A*D-068*A*E+151*B*
C-016*B*D+118*B*E+184*C*D+
326*C*E-273*D*E-0.66*A2-3.84*
B2-5.54*C2-1.96 * D? - 0.069 * E2

Based on the data, the quadratic model was selected as
a sufficient model, due to the value of p was less than 0.05.
Further, the predicted R? (0.9855) has corresponded to the
adjusted R? (0.4907), and the Adeq Precision was obtained
8.048 as a suitable design model. Furthermore, the high

@)
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Fig. 8: TEM images of V-doped starch/g-C3Ns
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Fig. 9: PL spectra of g-CaN4 and V-doped starch/g-CsNa.
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effect on the performance of MB removal was shown
as follows V-doped starch/g-CsN, dose>pH>temperature>MB
concentration>time. The quadratic method was shown
the suitable model by corresponding between the experimental
and predicted values (residual) without clustering,
as shown in Fig. 11(a-c). In Fig. 12(a,b), the interaction
between pH and V-doped starch/g-CsN4 amount is shown
at midpoints of 27 *C and 200 min, and MB was adsorbed
on the negative surface at high pH. By increasing the
surface of V-doped on starch/g-C3sNa, the amount of MB

Research Article

adsorbed was increased (Fig. 12¢). The Fig. 12d provides
the relation of MB concentration and temperature, which
represents the positive influence of these factors at pH=8,
0.08 g of adsorbent, and 197 min (Fig. 12d).

Adsorption isotherm and kinetic studies

For the description of the adsorption mechanism,
the Langmuir and Freundlich models were used to explain
the performance of MB removal. According to Langmuir
and Freundlich model (Fig. 13), the curve of isotherm models
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Table 1: Langmuir and Freundlich adsorption isotherm parameters for MB removal by V-doped on starch/g-CsNa.
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Fig. 12: Response level diagram of the MB removal by V-doped starch/g-CsNa.
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was plotted by Ln ge versus LnCe and Ce/ge versus Ce.
Based on Table 1, the Freundlich model was corresponded
to the MB removal, due to the high value of regression
coefficient (R?=0.93), and the pseudo-second-order kinetic
model corresponded for the MB adsorption by V-doped
starch/g-CsN4 (Fig. 14).

Photocatalytic study

After the adsorption process, the photocatalytic
degradation was investigated at the optimum condition
under dark, UV, and LED (Light-emitting Diode)
irradiations. Fig. 15a shows the efficient MB removal
under UV light compared to that of other conditions,
because of the intensity of UV irradiation. Further, the
components of composite were tested under UV conditions
to illustrate the benefit of as-prepared composite. Fig. 15b
shows the benefit of V-doped starch/g-CsN4 compared
to starch and g-C3N4, the low separation efficiency of bare
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g-CsN4 resulted in the decrease of photocatalytic activity.
Vanadium doping as a semiconductor can extend light
absorption, and the separation of electron-hole pairs
was increased, so the photocatalytic activity of as-prepared
composite was improved.

The mechanism of MB removal by V-doped starch/
g-CsNs was studied in an aqueous solution. First,
the adsorption process was performed by electrostatic and
n-n interactions (Scheme 1a), then the mechanism of
photocatalytic activity was explained by Scheme 1b under
UV irradiation. The advantage of V-doped starch/g-CsN.
is the removal of MB with a high yield and eco-friendly
procedure, but the decrease of BET surface can be
considered as a disadvantage of the as-prepared composite,
which can be studied in future research.

The adsorption cost is an important subject in efficient
dye removal, thus the regeneration tests of
V-doped starch/g-C3N, as an adsorbent and photocatalyst
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Scheme 1: Mechanism proposed by (a) adsorption and (b) photocatalytic degradation mechanism of MB by V-doped starch/g-CaNa4

under UV irradiation.

activities were carried out. According to data, the percentage
adsorption of as-prepared composite was determined four
cycles of regeneration (96%, 84%, 71%, and 55%). When
V-doped starch/g-CsN4 was applied as a photocatalyst, one
cycle reusability was obtained. The reusability of
photocatalyst activity was decreased, due to the production
of carbon, inorganic nitrogen compounds and
precipitation, and disability of the adsorbent active site.
Based on the trapping experiment results, when
the scavengers were added, the yield of MB degradation
was decreased, because the photocatalytic reaction was done
for the MB removal. In addition, the degradation of MB
was reduced from 92 % (without scavengers) to 25 %, 24.5,
and 24.5 % for IPA, hydrazine, and AO, so the results showed
the same role of h*, ‘0%, and *OH in photocatalytic degradation.
When the photocatalytic procedure was completed,
the TOC analysis was done, and the amount of organic carbon
was determined 33 ppm. The TOC removal percentage
was increased to 62% after the optimum time, and it was
determined that MB can be mineralized into residual organic
molecules by using VV-doped starch/graphitic carbon nitride.
The performance of V-doped starch/g-CsN, is compared
to other reported literature for determining the efficiency
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of as-synthesized composite. Some adsorbents reported
the adsorption of MB such as carbon nanotubes [53],
Luffa cylindrica fibers [54], graphene oxide [55], single
and binary systems on wheat straw [56], and
polyacrylamide/sodium alginate microsphere  [57].
In these articles, the MB was transferred from the solution
to another media, and the pollutant remained in the
environment, because these compounds were adsorbent,
and they had no ability to act as photocatalysts. The MB
degradation was reported by hierarchical porous
monoliths of MoQO; nanoplates [58], polystyrene
CuO/Cu,0 [59], Co-doped Ag-Au-ZnO [60], Gr/PPy
modified membrane cathode [61], FesO4/TiO/CuO [62],
and CdS@TiOy/Ni,P [63]. However, the reported
photocatalyst can be applied to degrade MB, but the
starting material is considered as synthetic compound, and
the adsorption process and interactions of parameters
weren’t studied. The use of natural compounds, simple
strategy, and using RSM method can be evidenced by
the advantages of this work compared to other compounds.
Table 2 shows the efficiency of V-doped starch/g-C3Ny4
compared to other reported literature, which the benefit
of as-synthesized composite can be seen with high yield,
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Table 2: Comparison of V-doped starch/g-CsN4 under UV irradiation and other photocatalyst for MB removal.

fEntry Photocatalyst Yield (%) Condition (Irradiation type, Power, Time) Ref )

1 MFe,0, (M = Co, Ni, Cu, Zn) nanoparticles 89 UV irradiation, co-precipitation-oxidation method, 8 W, 75 s [64]

) Multifunctiohal hydrogel composite. based on 9 UV irradiation, UV-A > 30 mW/cm?), 16 h [65]

poly(vinyl alcohol-g-acrylamide)

3 Metalloporphyrin—Poly(vinylidene fluoride) 84 WLED, 81.7 mW cm? [66]

4 Metal-Free g-CaNs 92 Xe lamp (simulated ;w;g;tsllién;rﬁi; with a power of 100 [67]

5 Cobalt-doped BiVO, 85 Visible-light irradiation, 150-W Xe lamp, 5h [68]

6 Cu-doped TiO,/ZnO 73.2 Visible light irradiation, 2h [69]

7 TiO; nano-sized particles 90 UV-A light, 2h [70]
\_8 V-doped on starch/g-CsN,4 92 UV irradiation, 300-W Xe lamp, 2h this work /

by using ecofriendly compounds. Entries (1-2, 3-7) present
the use of metal atoms and polymer compounds, that had
shown a low yield compared to that of Entry 8. Entry 4
provides an efficient yield, but the effect and interaction of
parameters weren’t considered, and it was taken for 5h.

This composite can be applied to remove organic
pollutants by considering important factors and can be
used in real samples without effective by-products.

CONCLUSIONS

To sum up, the potential of VV-doped starch/g-C3N, as
a novel photocatalyst was investigated to MB degradation
from aqueous solution. The adsorption and photocatalytic
activities of VV-doped starch/g-CsN4 was considered for the
MB removal. The RSM method based on CCD design was
selected to study the main parameters including pH, MB,
V-doped starch/g-CsN4 amounts, temperature, and time,
then the interaction of parameters was obtained. The pH,
MB concentration, and temperature are more effective
than another parameter for the MB removal. Isotherms and
kinetic models were studied for the MB adsorption by V-
doped starch/g-C3sN,4 composite. The Freundlich (R?=0.93)
and pseudo-second-order (R?=0.99) were shown the best
agreement with the removal of MB process. The adsorbent
can be recovered four times with no significant change in
its performance, After the study of the adsorption process, the
photocatalytic activity of V-doped starch/g-CsNs  was
considered under optimum conditions (pH=8.33, 0.08 ¢
adsorbent dose, 12 ppm of MB, 215 min, and 15 °C). After
the study of photocatalytic conditions, the high percentage
of MB removal was determined under UV irradiation (92 %).
The findings show the application of natural compounds
for the preparation of V-doped starch/g-CsN4 as a novel
photocatalyst for MB degradation.

Research Article

Recommendations for future research:
v Study of V-doped starch/g-CsN, activity against
bacteria in aqueous solution.
v Using the V-doped starch/g-C3sN, composite as a pilot
in industrial wastewater.
v Evaluation of the as-synthesized composite for the removal
of other organic pollutants.
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