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Abstract: Graphitic carbon nitride (g-C3N,) has attracted
extensive research interest in pollutants remediation. However,
the photocatalytic activity of g-C;N, was significantly limited by
its small specific surface area. In this work, a green, high-
energy ball milling method was used to fabricate g-C3N,
nanosheets. The structure, morphology, and optical proper-
ties of the prepared g-CsN, nanosheets were characterized.
The effect of ball milling parameters on the photocatalytic
performance evaluated by Rhodamine B (RhB) and tetracy-
cline (TC) was investigated systemically. Among the tested
samples, the g-C3N, sample milled with a 4 mL isopropanol
solution at a rotation speed of 420 rpm, ball-to-powder
weight ratio of 10:1, and milling time of 24 h exhibited the
highest RhB degradation efficiency of 91.4% and TC degra-
dation efficiency of 70.2%. The enhanced photocatalytic
activity after ball milling was ascribed to the increase in
specific surface area and efficient separation of electron—
hole pairs. The trapping experiment indicated that holes and
superoxide radicals were the main active species in the
degradation reaction. Moreover, the photocatalytic degrada-
tion mechanism of organic pollutants on g-C3N, nanosheets
was also discussed in detail.
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1 Introduction

Owing to technological advancements and rapid industria-
lization, environmental pollution problems, especially water
pollution, have increased dramatically in many countries.
Organic pollutants, in particular, are harmful to human health
and ecosystems due to their stable, carcinogenic, soluble, and
nondegradable properties [1]. Semiconductor photocatalysis is
a promising and popular technology for decomposing and
mineralizing organic pollutants using renewable solar energy.
In recent decades, graphitic carbon nitride (g-CsN4) has been
extensively studied in the field of photocatalysis due to its
moderate bandgap energy, high thermal stability, low cost,
and good redox properties [2-4]. However, the application
of g-C3N, obtained from the traditional thermal polymeriza-
tion method is greatly restricted by the insufficient active sites,
small specific surface area, low quantum efficiency, and high
recombination rate of the photogenerated electron—hole pairs
[5]. To date, various modification strategies have been
reported to enhance the catalytic properties of g-C3N,
through morphology control, surface area increase, ele-
mental doping, and heterostructure construction [6-9].
Therefore, the structure of a photocatalyst is an impor-
tant factor affecting its catalytic activity.

It is widely known that g-CsN, nanosheets exhibit a
high specific surface area, wide bandgap, and prolonged
lifetime of photogenerated carriers and thus show great
promise for wastewater purification [10-12]. Currently,
thermal, chemical, and mechanical exfoliation are regarded
as effective strategies to obtain g-C3N, nanosheets. For
example, Li et al. [13] reported that g-C3N, nanosheets pre-
pared by thermal oxidation could accelerate the separation
of the photogenerated electron-hole pairs. Wu et al [14]
prepared g-C3N, nanosheets with a large specific surface
area by calcining bulk g-C3N, at 600°C repeatedly seven
times, and the obtained g-CsN, nanosheets showed nitric
oxide removal efficiency of 35.8%. Zhang et al. [15] success-
fully synthesized ultrathin g-C3N, nanosheets via ultrasonic
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exfoliation in different liquids. Although several methods
have been developed to fabricate g-C3N, nanosheets, the
low yield and complicated processing limit their applica-
tions. Ball milling with high speed can produce shear and
compressive normal force, which has a broad application
prospect in semiconductor modification. Ma et al. [16] pre-
pared g-CsN, nanosheets via a facile ball milling method at
various ball milling speeds, which demonstrated that ball
milling can provide more active sites and improve photo-
catalytic degradation. Zhu et al [17] synthesized g-C3N,/SnO,
heterojunction using ball milling and revealed that ball milling
could change the surface morphology and structure of the
catalysts, thus facilitating charge transfer and prolonging the
carrier lifetimes. Thereby, ball milling technology has been
considered a simple and effective method to enhance the
photocatalytic performance of g-CsN,. Up to now, there have
been few reports on the systematic study of ball milling para-
meters for g-CsN,.

In this study, a green ball milling strategy was used to
fabricate g-C3N, nanosheets in different solvents. The effects
of the rotation speed, ball-to-powder weight ratio, milling
time, and solvent content on the photocatalytic performance
were systematically investigated. The photocatalytic activity
was evaluated by the degradation of Rhodamine B (RhB) and
tetracycline (TC) under simulated solar illumination. In addi-
tion, the possible photocatalytic degradation mechanism was
explored by determining the active species. This study provides
opportunities for the design and application of g-CsN4 photo-
catalysts in the field of environmental remediation.

2 Experimental

2.1 Preparation of g-C3N, nanosheets

Bulk g-C3N, (denoted as CN) was synthesized by thermal
polymerization. Typically, 5¢g of melamine was placed in
an alumina crucible and heated at 550°C for 4 h in a muffle
furnace at a rate of 5°C'min™". After calcination, the pre-
pared yellow powder was washed with deionized water
and dried.

As shown in Scheme 1, the g-C3N, nanosheets were
prepared by ball milling CN powder with different solvents
in a planetary ball mill (QM-3SP04). The CN powder (1.0 g)
was loaded into the ball mill tank with agate balls of dif-
ferent mass and a specified amount of solvent (2, 4, and 6 mL)
and milled for the specified time. Ball milling was performed
at different ball-to-powder weight ratios (5:1, 10:1, 15:1, and
20:1), rotation speeds (240, 300, 360, and 420 rpm), and milling
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times (12, 24, 36, and 48h). The obtained suspension was
collected by centrifugation, washed successively with deio-
nized water and ethanol, and dried at 70°C for 2 h. The sam-
ples milled with isopropanol (IPA), ethanol, and deionized
water are denoted as ICN, ECN, and DCN, respectively. For
comparison, the sample milled without the addition of sol-
vent is denoted as MCN. When determining the effects of
milling factors (except for milling time) on photocatalytic
performance, samples milled for 24 h were used.

2.2 Characterization

The crystal phases of the samples were determined using
X-ray diffraction (XRD) on a DX-2700B diffractometer at
40kV and 30.0 mA using Cu Ka radiation. Scanning elec-
tron microscopy (SEM; ZEISS Gemini-300) was used to
characterize the morphology of the catalysts. The micro-
structures of the samples were examined using field-emis-
sion transmission electron microscopy (TEM; Talos-F200S).
The surface chemical states and valence band (VB) of catalysts
were determined by X-ray photoelectron spectroscopy using
an ESCALAB Xi+ spectrometer (Thermo Fisher). The surface
area was determined using the Brunauer-Emmett-Teller
(BET) method on an adsorption apparatus (V-Sorb 2800P).
UV-Vis diffuse reflection spectroscopy was performed using
a Persee TU-1901 spectrophotometer with BaSO, as the refer-
ence. Photoluminescence (PL) spectra were measured using
an Edinburgh Instruments FLS1000 fluorescence spectro-
meter with an excitation wavelength of 350 nm. Electron
spin resonance (ESR) spectroscopy was performed on Bruker
EMXplus using 5,5-dimethyl-1-pyrroline N-oxide (DMPO) as a
radical capture reagent.

2.3 Photoelectrochemical measurements

The photocurrent measurements were carried out via an
electrochemical workstation (VersaSTAT3) in a standard
three-electrode system. A 0.5M Na,SO, aqueous solution
was used as the electrolyte. A Pt net and saturated calomel
electrode (SCE) were used as the counter electrode and
reference electrode, respectively. The working electrode
was prepared as follows: 40 mg of catalyst was mixed in
1mL of ethylene glycol and 20 pL of Nafion 117, then ultra-
sonically dispersed for 30 min to obtain slurry. A 40 uL of
the slurry was uniformly coated on fluorine-dope tin oxide
(FTO) glasses with a fixed area of 1cm x 1cm and dried
under 70°C. The transient photocurrent response was per-
formed under a 500 W Xe lamp (AM 1.5, 100 mW cm™?)
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Scheme 1: Schematic of the preparation of g-C3N, nanosheets.

irradiation with 30 s on—off cycle at a voltage of 0.4V (vs
SCE). The electrochemical impedance spectroscopy (EIS) mea-
surements were carried out at the frequency range of 10 kHz
to 0.01 Hz. Mott-Schottky curves were measured at a fre-
quency of 1,000 Hz.

2.4 Photocatalytic activity

The photocatalytic activity of the obtained catalysts was
evaluated using RhB and TC decomposition under simulated
sunlight irradiation (AM 1.5). A 500 W Xe lamp (CEL-S500)
with a light intensity of 100 mW cm™* was used as the light
source. For the test, 0.1 g of catalyst was dispersed in 100 mL
of RhB (10mg-L™) aqueous solution. For TC degradation,
0.04g of catalyst was added to the 100 mL TC solution
(20 mg'L ™. Prior to illumination, the mixed suspension
was magnetically stirred in the dark for 30 min to achieve
an adsorption—desorption equilibrium. During irradiation,
5mL of the suspension was collected and centrifuged at
intervals of 10 min for subsequent photocatalytic activity
analysis using a UV-Vis spectrophotometer.

2.5 Active species trapping test

For the purpose of exploring the main active species during
the photocatalytic reaction, the trapping experiment was car-
ried out using various scavengers. Triethanolamine (TEOA)
15 mM, tert-butyl alcohol (TBA, 10 mM), and 1,4-benzoquinone
(BQ, 1 mM) were used to capture holes (h*), hydroxyl radicals
(OH), and superoxide radicals (O, ) during the photocatalytic
process, respectively.
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3 Results and discussion

3.1 Structure and chemical composition
analysis

Figure 1 shows the XRD patterns of CN and ICN milled with
4mL IPA for 12 and 24 h. CN and ICN show similar XRD
peaks at 13.4° and 27.4°, corresponding to the in-plane
repeated units of tri-s-triazine (100) and the interplanar
stacking peak of aromatic systems (002) (JCPDS 87-1526),
respectively [18]. It is worth noting that the peak intensity
of ICN is lower and the peaks are broader than those of CN,
indicating that the interlayer structure of g-C3N, was par-
tially destroyed during ball milling. During the ball milling
process, the impact force produced between grinding balls
can break the weak interplanar van der Waals bonds
through combined shearing and stretching [19]. With the
increase in ball milling time, the crystallization of g-C3N, in
the (002) plane can be destroyed so that the sample can be
effectively exfoliated [20].

The chemical states of bulk CN and ICN were further ana-
lyzed by X-ray photoelectron spectroscopy (XPS). The survey
scans the XPS spectra (Figure 2a) of the two samples to prove
the existence of C and N elements. For the C 1s spectrum of the
CN sample in Figure 2b, the peaks at 284.8, 286.0, and 2884 eV
are assigned to the carbon atom in the C-C bonds, sp>bonded
carbon (C-N), and sp2 N-C=N bonds, respectively [21]. In
Figure 2c, the N 1s spectrum of CN can be deconvoluted into
three peaks located at 398.6, 400.1, and 401.1 eV, which can be
attributed to the sp* hybridized nitrogen (C-N=C group), the
bridge nitrogen (N—(C); group), and the N-H bond, respectively
[22,23]. Compared with CN, no obvious variation in the binding
energy of C 1s and N 1s can be observed after the ball milling
process, which is consistent with the previous research [24].
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Figure 1: XRD patterns of CN and ICN with different milling times.

3.2 Morphology

The morphology of the prepared CN, ICN, and MCN sam-
ples is shown in Figure 3. Clearly, CN (Figure 3a) exhibits an
irregular layered structure with a tight stack, which is the
typical structure of g-C3N, synthesized using the polymer-
ization method. After ball milling in 4 mL IPA with 420 rpm
for 24 h, ICN (Figure 3b) displays a laminar structure with a
small particle size, which demonstrates that the g-C3N,
nanosheets are successfully exfoliated from the CN. How-
ever, as shown in Figure 3(c), when the ball milling of CN
was treated without solvent, the particle size of the MCN
sample became larger because of severe agglomeration
instead of the layer structure. Thus, dispersion of g-C3N,
powder in the liquid environment during ball milling
could prevent the agglomeration of particles [16].

TEM technique was applied to further investigate the
fine structure of CN and ICN. As observed in Figure 4, ICN
displays an ultrathin 2D sheet-like structure. Compared
with bulk CN, the thickness of ICN is much smaller, which
confirms that CN can be exfoliated into g-CsN, nanosheets
via the ball milling method.
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3.3 Effect of ball milling parameters on
photocatalytic performance

3.3.1 Effect of ball milling time

The effect of ball milling time on the photocatalytic degra-
dation of RhB is shown in Figure 5. For the ICN photocata-
lyst (Figure 5a), the absorbance of RhB decreases with the
increase in irradiation time, indicating the gradual degra-
dation of the organic pollutant. Figure 5b compares the
degradation efficiency of various g-C3N, samples under the
same prepared conditions except for the ball milling time.
Without ball milling treatment, the degradation only reaches
30.9%. With the extension of ball milling time to 24 h, the
degradation efficiency of ICN significantly increases to 91.4%
after 40 min of illumination. However, with a further increase
in ball milling time to 36 h, a slight decrease in removal effi-
ciency is observed. Furthermore, the reaction rate constant for
photocatalytic degradation can be calculated using the fol-
lowing equation [25]:

In(C,/C) = kt, @)

where C, is the initial concentration of the pollutant, C is
the residual concentration of the pollutant degraded by the
photocatalyst, and k is the kinetic constant. As shown in
Figure 5c, the RhB degradation reaction of all samples follows
pseudo-first-order kinetics model. The reaction rate constant
of ICN-24 h reaches a maximum value of 0.05405 min ", which
is 5.0 times higher than that of CN (0.00901 min ™).

The photocatalytic performance of the prepared sam-
ples was also evaluated by degradation of TC under light
irradiation. As expected in Figure 6a, ICN samples exhibit
higher photocatalytic activity than CN, and the highest
degradation efficiency of 70.2% is achieved when the ball
milling time is 24 h. Similarly, the degradation rate of TC
over all photocatalysts also follows the first-order kinetics
(Figure 6b), and ICN-24 h shows the highest degradation
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Figure 2: XPS spectra of CN and ICN samples: (a) survey spectrum; (b) C 1s and (c) N 1s.
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Figure 4: TEM images of (a) CN and (b) ICN.

rate constant of 0.01987 min?, which is 2.4 times higher
than that of CN (0.00585min™"). This result is consistent
with the degradation of RhB, which can be explained by
the specific surface area of catalysts. As shown in Figure 6c,
the specific surface areas of the samples milled for 0, 12, 24,
and 36 h are 12.9, 27.4, 35.1, and 34.5 m*g ", respectively. As
is well known, a higher specific surface area can generate
more photoinduced electrons and provide more contact

areas for organic pollutants, thus improving the photo-
catalytic activity. Ball milling is an effective way to decrease
the particle size and increase the specific surface area of
samples. However, when the ball milling time exceeds
24h, small ICN particles tend to agglomerate due to the
high surface energy, leading to a decrease in the specific
surface area [26]. To improve milling efficiency and save
energy, 24 h is selected as the optimal ball milling time.
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Figure 5: (a) UV-Vis absorption spectra of RhB over ICN milled for 24 h; (b) comparison of photocatalytic activity; and (c) first-order kinetics curves.
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Figure 6: (a) Photocatalytic degradation of TC, (b) first-order kinetics curves, and (c) specific surface area of samples milled for 0, 12, 24, and 36 h.

3.3.2 Effect of rotation speed

Figure 7 shows the photocatalytic activity of the samples
obtained at different rotation speeds. As shown in Figure
7a, the ICN sample milled at 420 rpm exhibits the highest
RhB degradation efficiency of 91.4% within 40 min. More-
over, it can also be found that the prepared samples exhibit
lower photocatalytic activity in TC degradation (Figure 7b). After
60 min of irradiation, only 70.2% of TC can be degraded.
Notably, both of the removal efficiencies of RhB and TC increase
with increasing rotation speed from 240 to 420 rpm. Similarly,
the specific surface area of the samples also increases with the
ball milling speed (Figure 7c). As a result of higher rotation
speed, the kinetic energy of grinding balls increases [27], and
the specific surface area becomes larger, which is beneficial to
the degradation of pollutants.

3.3.3 Effect of various solvents
The effect of solvent during the ball milling process on the

photocatalytic activity is shown in Figure 8. The RhB degra-
dation efficiency of CN, DCN, ECN, and ICN is 30.9, 40.6,

74.6, and 91.4%, respectively. The same degradation trend
occurs in the decomposition of TC (Figure 8b). It can be
clearly seen that the introduction of a solvent during ball
milling plays an important role in the photocatalytic reac-
tion. The specific surface areas of DCN, ECN, and ICN
(Figure 8c) are 24.1, 33.2, and 35.1m*g ™", respectively, and
are all higher than CN. It has been found that the polarity
of the solvents and surface tension are strongly correlated
with the exfoliation performance [28]. Among all the sol-
vents with different polarities and surface tension, IPA
seems to be a more promising grinding aid.

3.3.4 Effect of IPA volume

Figure 9a shows the degradation performance of the ball-
milled samples with different amounts of IPA. For MCN
sample, only 5.7% of RhB is decomposed within 40 min,
while the degradation efficiency of ICN milled in 4 mL
IPA reaches 91.4%. However, with a further increase in
the IPA volume, the photocatalytic activity of the sample
slightly decreases. A similar trend of TC degradation is
found in Figure 9b. Under light irradiation for 60 min,
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Figure 7: Photocatalytic degradation efficiency of (a) RhB and (b) TC; (c) specific surface area of samples obtained at different rotation speeds with

4 mL IPA for 24 h.
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Figure 9: Photocatalytic performance of (a) RhB and (b) TC; (c) specific surface area of the samples milled with different volumes of IPA.

when the volume of IPA increases from 0 to 6 mL, the
removal efficiency increases first and then decreases, which
is attributed to the difference in the specific surface area of
catalysts (Figure 9c¢). Hence, an appropriate amount of sol-
vent is conducive to restraining particle agglomeration and
promoting crack propagation in large particles [29]. How-
ever, an excess of solvent in ball milling could prevent CN
powder from adsorbing onto the surface of agate balls [30],
resulting in a reduction in reaction activity.

3.3.5 Effect of ball-to-powder weight ratio

The ball-to-powder weight ratio is an important variable in
ball milling. At the weight ratio of 5:1, the RhB degradation
efficiency of ICN is 66.2% (Figure 10a). At the ball-to-powder
weight ratio of 10:1, the sample exhibits the highest degra-
dation capacity, with an RhB removal efficiency of 91.4%.
As the ball-to-powder weight ratio increases from 15:1 to
20:1, the degradation efficiency decreases from 74.5 to
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Figure 10: Comparison of the degradation efficiency of (a) RhB and (b) TC; (c) specific surface area of ICN milled at different ball-to-powder weight

ratios (24 h, 420 rpm, and 4 mL IPA).
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68.7%. For TC degradation, degradation curves (Figure 10b)
show the same trend. The specific surface areas of the
samples are measured and shown in Figure 10c. The spe-
cific surface areas of the catalysts obtained at the ball-to-
powder weight ratios of 5:1, 10:1, 15:1, and 20:1 are 24.4, 35.1,
31.7, and 26.4 m*g ™", respectively. The higher the ball-to-
powder weight ratio, the more the contact chance between
the powder and the grinding balls, thus increasing the
number of powder collisions per unit time [31]. As the
ball-to-powder weight ratio exceeds the optimum value,
the high filling rate restricts the movement of the agate
balls and milled material, causing a decline in the specific
surface area [30].

3.4 Optical properties

UV-Vis diffuse reflectance spectra were obtained to
examine the optical absorption properties of the CN
and ICN catalysts. In Figure 11a, the maximum absorp-
tion edge of CN is observed at 463 nm, while the optical
absorption edge of ICN shows a distinct blue shift to
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445 nm. The bandgap energy of the samples can be cal-
culated using the following formula:

ahv = A(hv - Eg)?, )

where a, h, v, A, and E, are the absorption coefficient,
Planck’s constant, light frequency, proportionality con-
stant, and bandgap energy, respectively [32]. The bandgap
values of CN and ICN are 2.57 and 2.78 eV (Figure 11b),
respectively. The increased bandgap energy and blue shift
can be attributed to the well-known quantum confinement
effect caused by ball milling [33].

To further determine the band structure of the cata-
lyst, XPS VB was used to measure the VB positions of ICN.
As shown in Figure 11c, the VB value of the sample can be
estimated using the following formula [34]:

Expe = ¢ + Evp, — 444, 3)

where Eyyg, Evr, and ¢ are the potential of the normal
hydrogen electrode (NHE), the potential of the vacuum
level, and the electron work function of the instrument
(4.6 eV), respectively. The measured VB and conduction
band (CB) potentials of ICN are +2.43 and -0.35eV,
respectively.
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Figure 11: (a) UV-Vis reflectance spectra; (b) bandgap of CN and ICN; (c) XPS VB of ICN; (d) PL spectra of CN and ICN.
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PL spectra can be used to evaluate the separation and
recombination of photogenerated charges. Generally, a
lower PL intensity indicates a more inhibited recombina-
tion of photogenerated electrons and holes, which is ben-
eficial for photocatalytic activity. However, as shown in
Figure 11d, the emission intensity of ICN is higher than
that of CN, which is in agreement with the previous reports
[35,36] explained by the reduction of particle size and the
quantum confinement effect.

3.5 Photoelectrochemical properties

To further clarify the separation efficiency of photoexcited
carriers, photocurrent response, EIS, and Mott-Schottky
plots of CN and ICN were carried out. As demonstrated
in Figure 12a, both CN and ICN display positive photocur-
rents by several on—off cycles. Noticeably, the photocur-
rent intensity of ICN is much stronger than that of CN,
indicating a higher separation capacity of charge carriers,
which is ascribed to the higher specific surface area. Figure 12b

g-CsN4 nanosheets for degradation of organic pollutants == 9

shows the EIS Nyquist plots of CN and ICN. Generally, the
smaller radius means a lower electron transfer resistance. It
is clear that the radius of the ICN sample is smaller than that
of CN both under light illumination and in the dark, which
confirms that the ball milling process can enhance the
charge transfer efficiency. In addition, the Mott—Schottky
tests were also carried out. As shown in Figure 12¢, a positive
slope of CN and ICN can be observed, which confirms that
the samples are n-type semiconductors. Besides, the charge
carrier density (Np) can be estimated using the following
formula [37]:

2 @ _ 2 1
 qegy d(1/CY)  qeey slope’

D @
where ¢, &, and &, are the electron charge (1.6 x 107 C), the
dielectric constant (5.25 for g-C3N,), and vacuum permit-
tivity (8.85 x 10 F-cm™), respectively. Hence, the charge
carrier density of CN and ICN can be calculated as 3.85 x
10%° and 5.34 x 10%° cm 3, respectively. It is obvious that the
carrier density of ICN is larger than that of pristine CN,
inferring the higher electron concentration produced by
ball milling.
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Figure 12: (a) Transient photocurrent response, (b) electrochemical impedance spectra, and (c) Mott-Schottky plots of CN and ICN.

(a) 100 (b)100
S RhB |2 TC
> 80 . 80}
(3] Q
c c
2 9
S 60 S 60}
@ @
c =
S 40 2 40}
[} ©
e T
s s
o 20 o 20
[ Q
3 8 I
0 B | = = 0 I_I_I_
No scavenger TBA BQ TEOA No scavenger TBA BQ TEOA

Figure 13: Effect of different quenchers on the degradation of (a) RhB and (b) TC over the ICN sample.
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Figure 14: ESR spectra of (a) DMPO-0; and (b) DMPO-'OH for ICN under dark and light irradiation; (c) schematic of the photocatalytic reaction

mechanism of organic pollutants.

3.6 Photocatalytic mechanism

To identify the main active species during the photocata-
Iytic reaction, the trapping experiment was performed
using various scavengers. TEOA (15mM), TBA (10 mM),
and BQ (1 mM) were used to capture holes (h*), hydroxyl
radicals (OH), and superoxide radicals (O, ), respectively.
Figure 13a shows that the degradation efficiency of RhB
dramatically decreases to 68.2, 3.9, and 1.9% in the pre-
sence of TBA, BQ, and TEOA, respectively. Similarly, after
the addition of TBA, BQ, and TEOA, the photodegradation
efficiency of TC drops to 58.1, 18.1, and 16.2% (Figure 13b),
respectively. It can be concluded that h* and ‘O, are the
main active species, whereas ‘OH has a minor effect on the
degradation reaction.

The generation of free radicals in the photocatalytic
reactions can be detected by ESR using DMPO as the trap-
ping agent. As demonstrated in Figure 14a, there is no
characteristic peak of ‘O; in the dark. After light irradia-
tion, four characteristic peaks of ‘0O, with an intensity of

1:1:1:1 can apparently be observed. Similarly, four peaks
with relative intensity of 1:2:2:1 corresponding to ‘OH could
be clearly seen in Figure 14b after 5 min of light irradiation,
whereas no ESR signals appear in the dark. The ESR results
further verify the presence of ‘O, and ‘OH free radicals pro-
duced by ICN nanosheets, which is in accordance with the
trapping experiment results.

Based on the above considerations, a possible photo-
catalysis mechanism for the ICN sample is proposed in
Figure 14c. Under irradiation, the photogenerated elec-
trons excited from ICN are transferred to the CB, leaving
holes in the VB. The CB potential is more negative than the
standard reduction potential of 0,/0; (-0.33 V vs NHE), so
the photogenerated electrons on the CB can react with O,
to produce ‘03, which has a strong oxidizing capacity and
can directly participate in the oxidation of organic pollu-
tants [38]. Meanwhile, the VB potential of ICN is more posi-
tive than the standard oxidation potential of ‘OH/OH”
(+2.4 eV vs NHE), which means H,0 could be oxidized to
‘OH by holes. Moreover, the photogenerated holes in the VB
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of ICN can also directly oxidize pollutants. For RhB and TC
degradation, the main active species (0; and h*) and assis-
tant species (OH) produced on the surface of ICN could
effectively degrade RhB and TC to CO,, H,0, and other
small molecules [39]. In summary, the enhanced photoca-
talytic activity of g-CsN, nanosheets is mainly attributed to
the following factors: (1) the larger BET surface area, which
can produce more electron-hole pairs and provide more
active sites; (2) the faster charge carrier transfer rate,
which improves the quantum efficiency.

4 Conclusion

g-C3N, nanosheets with excellent photocatalytic activity
were synthesized using the simple ball milling method.
The influence of ball-milling parameters on the structure,
morphology, optical properties, photoelectrochemical prop-
erties, and photocatalytic activity of g-C3N, nanosheets was
systematically analyzed. The obtained ICN sample showed
higher degradation efficiency of RhB (91.4%) and TC (70.2%)
than the CN sample, which was owing to its nanosheet struc-
ture that could shorten charge transfer distance to the sur-
face and increase specific surface area, exposing more
active sites. A set of optimum ball milling parameters was
obtained as follows: ball-to-powder weight ratio of 10:1,
milling speed of 420 rpm, milling time of 24 h, and the addi-
tion of 4 mL IPA. This study provides an alternative to tradi-
tional chemical exfoliation methods used for the preparation
of thin nanosheets and yields insights into the development
of advanced photocatalysts for the degradation of organic
pollutants.
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