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ABSTRACT

In this study, graphitic carbon nitride (g-C,N,) and its modified form with Pb wastewater were
prepared with a thermal polymerization method at 520°C for 2 h with a 10°C/min heating rate.
The prepared composites were used as active catalysts in visible light to remove cefixime from aque-
ous solutions. Various factors such as the initial concentration of the contaminant, catalyst loading,
process time, and initial pH on cefixime removal were efficiently studied in this research. The results
indicate that the modified catalyst has a better performance in cefixime removal than g-C,N,. Design-
Expert software was performed to design experiments and find optimum conditions to achieve
maximum cefixime removal efficiency by Pb doped g-C,N,. The maximum removal percentage was
observed is 84%, which achieved at optimum conditions obtained by the design of experiments soft-
ware (cefixime’s initial concentration of 47 mg/L, 1.7 g/L catalyst loading, 113 min process time, and
initial pH of 6.2). Moreover, the removal process was done in continuous cycles at the optimum con-
ditions to investigate the economic aspect and the results showed removal efficiency decreases from
84% to 37% in five cycles. One of the most notable novelties of this work is using lead as a water pol-
lutant material, to make a new photocatalyst for cefixime removal.
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1. Introduction

The lack of healthy water sources due to population
growth, industry development, and increasing demands
is a universal concern [1]. The mentioned reasons increase
the use of medicine, which predicted a 24% incre-
ment in using pharmaceuticals from 2015 until 2020 [2].
Pharmaceuticals have an important role in the human and
animal healthcare, which have been used for a long time.
Observing some medicines such as painkillers for the first
time in the USA’s water in the seventies, propose pharma-
ceuticals as an environment pollutant [3,4]. Although the
amount of these pharmaceuticals in the environment is
low, their presence in water is still a threat for the livings,

* Corresponding author.

since they are designed to be highly effective in low con-
centrations. Antibiotics are a type of pharmaceutical mate-
rials designed to treat bacterial infections. According to the
World Health Organization (WHO), antibiotic resistance
is one of the biggest threats to global health in 20th cen-
tury. Besides, cefixime is a widely used antibiotic which its
existence in water is evident [5-8].

Conventional methods for wastewater treatment that
use for removing suspended particles and organic com-
pounds cannot be employed for pharmaceutical prod-
ucts due to their complex chemical structures [9]. In real-
ity, refineries are known as pollutant sources themselves
for these kinds of pollution, and its critical to use a suit-
able method for pharmaceutical pollution removal [10].
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Nowadays, the use of antibiotics in the medical field
increases, and also the probability of their presence in water
increases too. Hence, it is important to find an efficient way
to prevent antibiotic entrance into water sources [11-21].

In 2009, g-C,N, was introduced as a new photocatalyst
that the researcher focused on due to its high physical and
chemical stability, reachability, ease of synthesis, and activity
in the invisible zone [22].

Leong et al. [23], study the effect of a new ternary pho-
tocatalyst on amoxicillin removal by reconstructing TiO,
with g-C )N, and Ag. Their results showed the obtained
ternary composite plays a significant role as an effective
high visible light responsive photocatalysts for efficient
removal of amoxicillin.

In 2017, Uresti et al. [24] investigated the ciproflox-
acin reduction in aqueous solution by synthesizing the
PbMoO,/g-C,N, hybrid nanocomposites loadings 0, 20,
50, 80, and 100 wt.% of PbMoO, by sonochemical method.
The synthesized nanocomposites were characterized by
UV-Vis diffuse reflectance spectroscopy (DRS), X-ray dif-
fraction (XRD), scanning electron microscopy (SEM),
photoluminescence (PL), and the Brunauer-Emmett—
Teller (BET) method. The photoactivity of the PbMoO /g-
CN, (50/50 wt.%) hybrid composite increased 11 times
more than of the pure g-C,N, due to its remarkable spe-
cific surface area and crystalline structure of PbMoO,/
g-C,N, nanoparticles.

A modified Nb,O,/g-C.N, photocatalyst was employed
by Hong et al. [25] via a simple one-step heating strategy
for the first time to decrease such antibiotics from water.
They observed the novel photocatalyst showed significant
enhancement in photocatalytic activity for the reduction
of tetracycline hydrochloride both under visible and simu-
lated solar light irradiation in comparison with pure ones;
and also, the 3 wt.% Nb,O,/g-C,N, heterojunction exhibited
noticeable improvement of photocatalytic activity for the
reduction of ciprofloxacin and levofloxacin. This increment
in photoactivity can be due to the formation of a hetero-
junction between g-C.N, and Nb,O,, which can suppress
the photogenerated electron-hole pair’s recombination.

In similar research, Wang et al. [26] studied the tet-
racycline removal from aqueous solutions by synthe-
sizing TiO,/g-C)N, core-shell quantum heterojunction.
They reported photoactivity through Tetracycline removal
was improved. Moreover, 100 mg of TiO,/g-C,N, photo-
catalyst demonstrated the highest tetracycline reduction
rate of 2.2 mg/min, which is 2.3 times higher than pure
g-C)N,, 36% higher compared to TiO,/g-C,N, random
mixture, and 2 times higher than pure TiO,. They also
proposed h* and O; as the main oxidants for the efficient
photocatalytic reaction.

Li et al. [27] focused on Tetracycline hydrochloride
degradation from water using the novel Z-scheme mes-
Sn,0,/g-C,N, heterostructure and observed higher degrada-
tion than pure g-C\N, These consequences can be because
of a larger specific surface area which is affected by the
presence of Sn,O, on g-C.N, nanosheets.

Sheydaei et al. synthesized nano n-TiO,/graphene
oxide/titan grid sheets by immobilizing graphene oxide
and nitrogen doped TiO, on titan grid sheets by an electro-
phoretic deposition method. They characterized prepared

nanocomposite by SEM, Fourier-transform infrared spec-
troscopy (FT-IR), DRS, and N, adsorption-desorption anal-
yses and used this to investigate of the cefixime removal
from water through visible light photocatalytic ozonation
process. They observed cefixime degradation increased by
increasing light intensity, the dosage of catalyst and ozone
concentration, contact time, pH, also, by decreasing inor-
ganic and organic scavenger and initial concentration of
cefixime. Moreover, the novel catalyst showed higher perfor-
mance compared to the pure one [28].

In 2017, Zavareh and Eghbalazar [29] studied on effi-
cient and selective removal of cefixime from aqueous
solution by a modified Cu—chitosan/Al,O, nanocomposite
by adsorption isotherms and kinetic studies at room tem-
perature. Their results indicated much higher removal
efficiency and selectivity for modified nanocomposite
compared to neat chitosan. Moreover, the nanocomposite
showed good recyclability through several adsorption-
desorption cycles.

Cefixime removal from aqueous solution was inves-
tigated by Rasoulifard et al. [30]. They used a modified
hardened paste of Portland cement by perlite with various
factors such as adsorbent dosage, adsorbate concentration,
contact time, type of adsorbent, and pH in their study.

In this research, Pb-doped g-C,N, was used to remove
cefixime from wastewater. g-C,N, is a cost-effective poly-
meric photocatalyst with a facile synthesis procedure
which makes this catalyst more valuable. To synthesis
modified photocatalyst, Pb wastewater was used with
g-C,N,, that is one of the remarkable innovations of this
study which wastewater (Pb contaminated water) used to
reduce an antibiotic (cefixime) from wastewater.

In this study, two aims were pursued simultaneously.
First, removing cefixime from aqueous solution by a pho-
tocatalytic process. Second, using of a Pb-containing waste-
water for removing cefixime.

2. Experimental procedure
2.1. Materials

Melamine (2,4,6-Triamino-1,3,5-triazine, Merck, 99%),
hydrochloric acid (HCl, 37%), sodium hydroxide (NaOH,
97%) were purchased from Merck Co. Lead(Il) nitrate
(Pb(NO,),, 99%), cefixime 100 oral suspension powder,
and double distilled water (DDW) were purchased from
Acros, Loghman Pharmaceutical & Hygienic, and Zolal,
companies respectively. All of the chemical reagents used
in this paper were of analytical grade and were used
without further purification.

2.2. Synthesis of the photocatalysts

The photocatalyst synthesis was consist of two steps,
the first step involved melamine annealing for pure g-C,N,
preparation (based on a thermal polymerization), and the
second step involved the synthesis of Pb-doped g-C.N,
composites by Pb contaminated water with expected con-
centration [31]. Initially, 1 g of melamine was calcined in
the furnace at 520°C for 2 h with a ramping speed of 10°C/
min to prepare pure g-C,N,. Eventually, after calcination,
yellow g-C N, was synthesized [32]. In the following,
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to synthesize Pb-doped g-C,N,, 1 g of melamine was added
to 2 ml of Pb-contaminated water at specified concentra-
tions (800; 1,600; 2,400 and 3,200 mg/L), and obtain solu-
tion was stirred for 2 h. The obtaining suspension was
dried in an oven at 100°C for 12 h, and then the product
was grounded to a fine powder. The powder was cal-
cined for 2 h at 520°C with a ramping speed of 10°C/min.
After cooling to room temperature, the obtained products
were collected and milled into powder in an agate mortar
for further use. To make clarity, the Pb-doped g-C,N, com-
posites with various concentration of 800; 1,600; 2,400 and
3,200 mg/L, were mentioned as Pb/CN-1, Pb/CN-2, Pb/
CN-3, Pb/CN-4, respectively, in the manuscript.

2.3. Characterization

The powder X-ray diffraction patterns were recorded
by wusing the PANalytical X'Pert Pro-MPD Powder
Diffractometer operating with Cu-Ka source to investigate
the crystal structure of the samples. The measurement was
performed at 40 kV and 30 mA (14 1.5418 A). The morphol-
ogies of resulting samples were characterized by a field
emission-scanning electron microscopy (FE-SEM, MIRA3
TESCAN-XMU) at 30 kV. The functional group spectrums
were analyzed using Fourier-transform infrared spec-
trometer recorded in 400—4,000 cm™ range (FT-IR, Bruker,
TENSOR 1I, USA). Moreover, the specific surface area of
samples was characterized by the nitrogen absorption—
desorption data and BET measurement at 77 K (ASAP2020,
Micromeritics, USA). Before the analysis, the sample was
outgassed for 3 h at 150°C under vacuum conditions.

2.4. Cefixime solution preparation

A cefixime 100 oral suspension powder was grounded
in an agate mortar. A 100 mg/L cefixime solution was pre-
pared by dissolving 150 mg of the powder in 100 mL water
and stirring for 60 min. Afterward, the solution was filtered
and kept in a non-transparent container and was used for
preparing various concentrations of solution (10, 25, 40, 55,
and 70 mg/L) daily by diluting.

2.5. Photocatalytic experiments

The photocatalytic activities were evaluated through
decomposing cefixime under visible light irradiation by
using a 500 W linear tungsten-halogen lamp with high-
pass UV filter (FSQ-GG400, Newport Corp). In a typical
procedure, a homogeneous suspension was prepared by
dispersing a certain amount of photocatalyst in the aque-
ous solution of cefixime. Before irradiation, the mixture
was magnetically stirred for 70 min in the dark to establish
an adsorption-desorption equilibrium. After a certain irra-
diation time, the suspension was centrifuged to remove
the photocatalyst particles, and the collected solution was
analyzed by a UV-Vis spectrophotometer (V-730, JASCO
Corporation, Japan) at A__ = 288.5 nm. While the cefixime
removal percentage was expressed as the following;:

Removal (%) = %x 100 €Y

t

where C; and C, are the concentrations (mg/L) of cefixime
at t =0 and at a given time interval, respectively.

3. Results and discussion

In this section, modified g-C,N, nanosheets with Pb
wastewater characterization, the effect of nanosheets
modification and Pb concentration on the composite’s
performance, and cefixime efficient removal will be

discussed.

3.1. Characterization of synthesized photocatalyst

To characterize the prepared g-C,N, and modified
g-CN,, XRD, FT-IR, FE-SEM, energy-dispersive X-ray
spectroscopy (EDX), and BET analyses were obtained.
The results are shown as follows:

3.1.1. XRD analysis

The XRD analysis of both g-C,N, and modified g-C,N,
was carried to investigate their crystalline structure (Fig. 1).
Regarding the XRD patterns, two distinct peaks at about 13°
and 27.66° were observed for both samples, which related
to (100) and (002) diffraction planes of the g-C,N,, respec-
tively [33,34]. It must be noted that the results are close to
the results of the other reported researches [35,36].

After the Pb coordination to the g-C\N,, the diffrac-
tion peaks were shifted to the higher angle (from 27.66°
to 27.8°), implying the interaction between the Pb and the
g-C,N, nanosheets [37]. The XRD pattern of Pb-doped
g-C,N, nanosheets shows the existence of Pb in the com-
posite. Consequently, the intensity of the diffraction peaks
of g-CN, was decreased. It demonstrated the existence of
host-guest interactions between Pb and g-C,N,, as reported
[38]. Also, the intensity of the (002) peak reduced in the
presence of Pb, indicating excessive Pb was not effective
in the exfoliation of g-C,N, [39]. However, the main peak
at 27.8° was observed in the Pb-doped g-C,N, nanosheets,
indicated that Pb was chemically coordinated to the g-C,N,
host as reported [40]. But, the (100) peak disappeared after
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Fig. 1. XRD spectra of Pb-doped g-C,N, and g-C,N,.
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the doping of Pb, which showed that the Pb was embedded
into in-planes [41], which was quite similar to other metal-
doping g-C,N, materials [40—43].

3.1.2. FT-IR analysis

FT-IR spectra of the same amounts of both g-C,N, and
modified g-C,N, are shown in Fig. 2. The broad absorption
band at 3,152 cm™ can be originated from the N-H and
O-H stretching vibrations of the adsorbed water molecules.
While the absorption peak at 890 cm™ may be attributed to
deformation of the mode of N-H, the peaks at 804.44 cm™
are related to tirs-tirazine/heptazine structures. The peaks
over 1,231.2-1,628.17 cm™ indicated the tensile vibrations
of CN heterocycles [31,44-46]. The intensity of the multi-
ple peaks is generally decreased after Pb-treatment due
to the connection between Pb and CN aromatic rings by
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Fig. 2. FT-IR absorption spectrum of g-C,N, and Pb-doped
g-C,N, nanosheets.
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Fig. 3. FE-SEM analysis of both (a) g-C,N, and (b) modified g-C,N,.
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a coordination bond [39]. It must be noted that the FT-IR
spectra of the samples are nearly the same, and no obvious
difference can be seen between them, indicating that the
carbon nitride chemical structure not changed during the
Pb-treatment.

3.1.3. SEM images

The morphology and microstructure of both g-CN,
(Fig. 3a) and modified g-C|N, (Fig. 3b) were checked by
FE-SEM. As shown in this figure, both g-C N, and modi-
fied g-C,N, exhibited two-dimensional layered structures
(sheets) with wrinkles. The brighter spots in Fig. 3b indicate
the presence of Pb that formed like this due to the aggrega-
tion of Pb on the sheets.

3.1.4. EDX and EDX mapping analysis

The purely composed of Pb-doped g-CN, and
g-C,N, nanosheets were further studied by EDX analy-
sis (Fig. 4). The Pb-doped g-C,N, were consisted of C, N,
and Pb elements, indicated that Pb/g-C,N, had been only
composed of Pb and g-C,N,. This increment would cause
the enhancement of photocatalytic activity. The N/C molar
ratio in Pb-doped g-C\N, is 1.61, which is lower than the
value of g-C,N, (1.85). The difference in N/C value could
be related to the inhibition of polymeric condensation
by Pb (10.36 wt.%) [41]. Moreover, The EDX elemen-
tal mapping was performed for Pb-doped g-C)N, and is
presented in Fig. 5.

3.1.5. UV-Vis analysis

Fig. 6a shows the UV-Vis absorption spectra of the
g-C,N, and Pb-doped g-C,N,. The results were analyzed by
a Tauc plot of the Kubelka-Munk function to estimate the
bandgap energies of the same amounts of both g-C,N, and
Pb-doped g-C,\N, (Fig. 6b) samples. The Pb-doped g-C,N,
showed a noticeable increment of light absorption in the

SEMHV:15.0kV |  WD: 9.87 mm
SEM MAG: 135 kx Det: BSE
View field: 1.54 ym Date(m/d/y): 08/22/19

[lnannflnnnn MIRA3 TESCAN

200 nm
RMRC FESEM
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Fig. 5. EDX mapping analysis of Pb-doped g-C,N, (a) C, (b) N, (c) Pb, (d) C, N, and Pb.

visible region compared to the g-C,N,. Moreover, a strong
absorption at 320 nm was observed for g-C,N,, showing the
ability g-C,N, to absorb sunlight with an extensive wave-
length [47]. The band gap was estimated from Fig. 6b using
the Tauc formula as follows:

ohv = B(hv - Eg )r (2

where hv is the incident photon energy, B is the Tauc
parameter, and r equals 0.5, 0.66, 2, or 3 for the different
electronic transition modes. The band gap of g-C|N, was
estimated to be 2.8 eV, close to the previously reported
[48-50]. While it was estimated at 2.6 for Pb-doped g-C,N,.
The Pb dopant incorporated in the g-C,N, lattice acts as
an intermediate band between the VB and CB of g-CN,,
leading to a slight reduction in band gap energy (increase

in the visible light absorption of the Pb-doped g-C.N,). Also,
the intensity of the visible peaks of the Pb-doped g-C,N, is
higher than that of the g-C_N, due to the much lower band-
gap of the Pb-doped g-C,N, (2.6 eV) than the g-C,N, (2.8 eV).
The presence of lattice defects and the difference of crystal
lattice parameters may be responsible for the decreased
band gap [50].

3.1.6. BET analysis

Investigating the porosity, volume, and size distribu-
tion of particles, and the specific surface was performed
based on N, adsorption and desorption at a constant tem-
perature of liquid N, (77 K) via Micrometrics/ASAP2020
[561,52]. The nitrogen adsorption-desorption isotherms of
g-C,N, and Pb/g-C,N, are represented in Fig. 7. Both sam-
ples present adsorption—desorption isotherms ascribed
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Fig. 6. (a) UV-Vis diffuse reflectance spectra and (b) Tauc plots of g-C,N, and Pb-doped g-C,N,.

to type II with the mesoporous structure according to the
TUPAC classification. The BET specific surface area of the
Pb-doped g-C,N, was estimated at 5.95 m*/g, which is lower
than that of the g-C,N, (23.31 m?*/g) due to occupying pores
by Pb. A similar trend was observed by Wang et al. [53].
They reported g-C,N, has a greater surface area (19 m’/g)
than K-CN-10 (11 m?/g) due to the enhanced interaction
and degree of polymerization between the CN sheets after
the incorporation of K to reduce the specific surface area
[53]. In another study, Vignesh and Kang [54] observed
lower surface areas for various concentrations (5%—40%) of
Ag, WO, doped on g-C,N, than g-C N, [54].

3.2. Comparison of various synthesized composites

To compare the different synthesized composites
(in regard to their Pb concentration), experiments were
done under conditions that are pH = 5.5, time = 75 min,
catalyst loading = 1.1 g/L, and cefixime initial concentra-
tion = 50 mg/L. As shown in Fig. 8, Pb/CN-2 sample shows

the best performance compared to the others regard to
photocatalytic degradational (after 60 min irradiation)
and dark adsorption (after 75 min) values, which are 44%
and 27%, respectively.

3.3. Study the effect of modified composite performance

In this study, the effect of four independent factors
including the initial concentration of cefixime, initial pH,
catalyst loading, and contact time on the removal effi-
ciency was investigated using Design-Expert software (ver-
sion 10.0.0) and i-Optimal method, which is a form of the
response surface methodology (RSM) to attain the optimum
conditions. Finally, 21 experiments were proposed by the
Design-Expert.

To reach the maximum cefixime removal efficiency by
obtaining the optimum conditions, the variables were per-
formed as listed in Table 1.

Through various obtained optimum conditions, the
conditions are shown in Fig. 9 with the desirability of 1.000
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Table 1

Experimental conditions set in Design-Expert
Variable Range
Cefixime initial concentration, mg/L 10-70
Catalyst loading, g/L 0.5-2.1
Process time, min 60-160
pH 3-9

Cefixime removal efficiency, % As much as possible

was chosen because of lower catalyst loading, pH neutral
condition, and easier examination.

To investigate the effect of using modified g-C,N, with
Pb, its performance at the optimum conditions (pH = 6,
catalyst loading = 1.7 g/L, and cefixime initial concen-
tration = 46 mg/L) was compared, and as can be seen in
Fig. 10, the results indicated that Pb-doped g-C,N, has
higher removal efficiency and photolytic activity than

337

g-C.N,. The same results were reported by Gao et al. [39]
due to adding Fe to g-C,N, nanosheets.

3.4. Investigation the effect of various factors on cefixime removal

The following sections present the results for Pb-doped
g-C,N, under the effect of different factors.

3.4.1. Effect of the initial concentration of pollutant

Fig. 11 shows the cefixime removal vs. the initial
concentration of cefixime in wastewater. At first, the
cefixime removal efficiency increased by increasing the
initial concentration of cefixime up to 30 mg/L due to
the existence of many reaction active sites at low con-
centration, and there is not enough cefixime to make
a noticeable collision between cefixime molecules and
nanosheets. However, for concentrations above 30 mg/L,
the amount of cefixime removal decreased significantly.
This reduction in removal percentage can be related
to the decreasing ratio of the active reaction sites on
the catalyst’s surface to the amount of cefixime mole-
cules dissolved in water. Accordingly, the possibility of
collision between cefixime molecules and nanosheets
and removal percentage reduce [22,55].

3.4.2. Effect of catalyst loading

Pointed to the results from Design-Expert, the amount
of catalyst loading has a significant effect on removal effi-
ciency. By increasing the catalyst loading, photocatalyst’s
surface area with light and reaction active sites increased,
and as shown in Fig. 12, cefixime removal efficiency
increases [28,55].

3.4.3. Effect of irradiation time

Fig. 13 shows the effect of irradiation time on the
removal percentage. In the first 120 min of irradiation,
the removal efficiency increased continuously due to an
increment in collision possibility between cefixime mole-
cules and catalysts. After about 120 min of irradiation, the
cefixime molecules which adsorb by nanoparticles but do
not participate in the reaction, desorbed, and decrease the
removal efficiency.

3.4.4. Effect of pH

The effect of solution pH on removal efficiency shown
in Fig. 14. According to zeta potential results, nanosheets
in pH range 3-9 have a negative charge and at pH = 3 cat-
alyst’s surface charge near to zero. At the strong acidic
media, nanosheets have a lower negative charge, and
therefore, cefixime molecules in cidic media are shaped to
proton form. So, at low pH, attractive electrostatic forces
of catalyst and protonated cefixime molecules are lower
than high pH. As can be seen from Fig. 14, removal effi-
ciency increases by increasing pH from 3 to 6.6. On the
other hand, by increasing pH at the basic range, repulsive
forces between nanosheets and electron pairs of amino and
hydroxyl groups of cefixime molecules result in distance
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cefixime molecules from the catalysts surface, and then
removal efficiency reduces [56].

3.4.5. Performing experiments in continuous cycles

This section proposes an economic justification to
remove cefixime from aqueous solutions by performing
continuous cycles (Fig. 15). The experiments were per-
formed at the optimum conditions mentioned before.
After cefixime photodegradation in an aqueous solution
under visible-light irradiation, the photocatalysts were
centrifuged, washed three times with distilled water, and
dried at 100°C for 4 h. Results showed removal efficiency
decreases in more cycles which may be due to the pres-
ence of cefixime molecules or even intermediate substances
on the photocatalyst’s surface, which will compete for the
active sites of the photocatalyst.

4. Conclusion

Graphitic carbon nitride and its modified form with
Pb were synthesized with thermal polymerization method
at 520°C for 2 h with 10°C/min heating rate. The prepared
composites were used as active catalysts in visible light to
remove cefixime from aqueous solutions. Pb-doped g-C.N,
modified the carbon nitride graphite using Pb* contained
wastewater, which is an environmental pollutant, and was
able to improve its performance to remove cefixime as a
pharmaceutical pollutant. Various factors such as the ini-
tial concentration of the contaminant, catalyst loading,
process time, and initial pH on cefixime removal were effi-
ciently studied in this research, and Design-Expert software
was used to design experiment conditions. The optimum
conditions for removal efficiency with respect to the eco-
nomic aspect and experiment’s design are cefixime’s initial
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Fig. 11. Cefixime removal efficiency vs. initial concentration of
cefixime for Pb-doped g-C,N, (contact time = 125 min, catalyst
loading = 0.9 g/L, and pH=7).

100 —
#3785
=
g <
w T
E ET5 — J/
E
i
i
5125 =
35

T T T T T
0.5 0a 1.3 1.7 21

Cat. Load (g/L)

Fig. 12. Cefixime removal efficiency vs. catalyst loading for
Pb-doped g-C,N, (cefixime initial concentration = 50 mg/L, con-
tact time = 125 min, and pH =7).

concentration of 47 mg/L, 1.7 g/L catalyst loading, 113 min
process time, and initial pH of 6.2. And also, the removal
percentage at the mentioned conditions was 83.47%. The
catalyst’s performance in continuous cycles was inves-
tigated, and the results showed after 5 cycles, removal
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Fig. 13. Cefixime removal efficiency vs. contact time for Pb-doped
g-C,N, (cefixime initial concentration = 50 mg/L, catalyst load-
ing=0.9 g/L, and pH=7).
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Fig. 14. Cefixime removal efficiency vs. initial pH for Pb-doped
g-C,N, (cefixime initial concentration = 50 mg/L, contact
time = 125 min, and catalyst loading = 0.9 g/L).

efficiency decreased to 37.06% from 83.47%. Moreover,
the comparison between g-C,N, and Pb-doped g-C,N,
showed better performance of novel catalyst than g-C,N,.
The results of comparing the performance of Pb-doped
g-C,N, with previous work are given in Table 2.
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Fig. 15. Removal efficiency in continuous cycles (pH = 6, catalyst loading = 1.7 g/L, and cefixime initial concentration = 46 mg/L).

Table 2

Comparison of Pb-doped g-C,N, performance with previous works

Initial concentration Adsorbentload Time Removal
Adsorbent/Photocatalyst (mg/L) (g/L) (min) pH (%) Reference Remarks
Nano-ZnO particles 40 - 50 6 81 [57] Photocat.
NiO/nano-clinoptilolite 8 0.2 340 43 60 [56] Photocat.
Cement 50 15¢g 540 7 60 [30] Ads.
TiO, 5 0.001 60 - 90 [58] Photocat.
n-TiO,/graphene oxide/ 5 6 cat. sheets 120 10 35 [28] Photocatalytic ozonation
titan grid sheets
g-CN, 50 1.7 115 6.2 67 This work Photocat.
Pb-modified g-C,N, 50 17 115 62 84 This work Photocat.

5. Perspective to future works

Specific research topics are recommended here to help

future works:

Investigate removing cefixime from real effluent using
this composite;

Use real Pb-containing effluent for modifying g-C,N,;
Magnetizing the nanosheets for easier separation;
Immobilizing the composite and use it in a fixed bed reactor;
Investigation of the effect of temperature on the cefixime
removal efficiency;

Use this photocatalyst as a cost-effective efficient photo-
catalyst in industrial scale.
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