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Abstract

The widespread use of tetracycline (TC) in medicine and agriculture has caused severe pollution problems in the environment.
In this work, a nanocomposite comprising of CoFe-layered double hydroxides grown on graphitic carbon nitride nanosheets
(CoFe-LDH/g-C;N,) with a notable two-dimensional/two-dimensional (2D/2D) heterostructure was synthesized through a
facile co-precipitation method. The CoFe-LDH/g-C;N, nanocomposite displayed significantly improved visible-light-driven
photocatalytic activity towards TC degradation, compared to pristine g-C;N, and CoFe-LDH alone. The enhanced activa-
tion efficiency was a result of intimate interfacial contact, enlarged the surface area, broadened visible-light absorbance,
and enhanced photogenerated electron transfer. The scavenging experiments showed that holes (h*) and superoxide radical
anions (-O,") played a crucial role in TC degradation. Factors including the type of TCs, initial concentration of TC, pres-
ence of ions, and the type of water matrix were investigated to evaluate the practical feasibility of the nanocomposites for TC
removal from antibiotics-contaminated water. The repeated tests showed that the nanocomposites possessed good stability
and recyclability. This study demonstrated the feasibility of achieving photocatalytic activity enhancement of g-C;N, through
the formation of a 2D-2D heterostructure between LDHs and g-C;N,.

Keywords Layered double hydroxides - Graphitic carbon nitride - Nanocomposites - Visible-light photocatalysis -
Tetracycline

Introduction

Tetracycline (TC) is an antibiotic widely used against
bacterial infections in humans, veterinary medicines and
agriculture (Xu et al. 2021). It has been reported that the
majority of unmetabolized TC is released into natural water.
TC contaminants, which are frequently detected in aquatic
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environments, resulted in the formation of TC-resistant bac-
teria and/or genes, posing adverse impacts on public health
and aquatic organisms (Wang et al. 2019; Wright 2010).
Accordingly, there is an urgent need to seek an effective
remediation technique to remove TC from water. Tradi-
tional antibiotic removal methods (biological treatments
(Yang et al. 2011), adsorption (Jia et al. 2022), membrane
filtration (Ye et al. 2021)) have limited degradation ability.
Semiconductor-based photocatalysis is considered a promis-
ing technique for TC removal because it can degrade con-
taminants into small molecules, carbon dioxide (CO,), and
water (H,O), with the aid of solar energy (He et al. 2020; Li
et al. 2022; Lin et al. 2018).

Graphite carbon nitride (g-C;N,), as a layered two-
dimensional (2D) semiconductor, has aroused great interest
in the area of photocatalysis due to its appropriate band-
gap (~2.7 eV), low manufacturing cost, physicochemi-
cal stability, and non-toxicity (i.e. metal free) (Pattanayak
et al. 2022; Qin et al. 2022). However, pristine g-C;N, is
still constrained by unsatisfactory photocatalytic activity
due to its small active surface areas, restricted visible-light
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utilization, and the rapid recombination of the photoexcited
carriers. The 2D-layered structure of g-C;N, provides versa-
tile possibilities of either modification or combination with
other components. Recently, studies have demonstrated that
the construction of 2D/2D heterojunctions (NiAl-LDH/g-
C;N, (Yang et al. 2022), MXene/g-C;N, (Yu et al. 2021a),
WO,/g-C;N, (Fu et al. 2019), black phosphorous/g-C;N,
(Zhang et al. 2019)) via integration of g-C;N, nanosheets
with other 2D semiconductors is a promising approach for
g-C;N, modification. This is because a 2D/2D heterojunc-
tion has a larger contact interface than zero-dimensional/
two-dimensional (0D/2D) and one-dimensional/two-dimen-
sional (1D/2D) heterojunctions, which promotes the for-
mation of large quantities of charge transfer channels, and
maximizes the transmission of photogenerated carriers. Fur-
thermore, the interfacial bonds in a 2D/2D heterojunction
can also optimize surface areas and visible-light absorbance
of g-C;N, (Chen et al. 2022; Xu et al. 2022).

Layered double hydroxides (LDHs) are an emerging
class of 2D-layered semiconductors with unique proper-
ties, such as high specific surface areas, high thermal sta-
bility, and adjustable composition (Evans and Duan 2006,
Li et al. 2020a). The formula of LDHs is usually expressed
as [M",_ M"™ (OH),]**(A’"),,-zH,0, where divalent M"
and trivalent M™ are metal cations (Ni2*, Co?*, Zn>*, Fe*,
AI’") and A" is the interlayer anion. Studies have shown
that LDHs and their derivatives have been extensively
studied in the field of adsorbents, photocatalysts, and elec-
trocatalysts (Goh et al. 2008; Tian et al. 2022). Thus, the
combination of LDHs and g-C;N, to form LDHs/g-C;N,
2D/2D heterostructures is considered a promising strategy
to enhance the photocatalytic activity of g-C;N,. Different
types of LDHs/g-C;N, composites (calcined CoFe-LDH/g-
C;N, (Ou et al. 2020), NiFe-LDH/g-C;N, (Yan et al. 2021),
CuTi-LDH/g-C;N, (Guru et al. 2021), ZnAl-LDH/g-C;N,
(Li et al. 2020b), calcined MgZnAl-LDH/g-C;N, (Yu
et al. 2021b), CoZnAl-LDH/g-C;N, (Yang et al. 2019b))
were explored as efficient photocatalysts for the removal of
organic pollutants (antibiotics, dyes, and phenols), hexa-
valent chromium (VI) reduction, CO, reduction, hydrogen
evolution, and water splitting. To our knowledge, many
strategies (a hydrothermal method, a hydrothermal method/
calcination, co-precipitation/calcination, self-assembly of
LDHs and g-C;N,) involving high energy consumption and
multiple steps have been used to construct the 2D/2D LDHs/
g-C;N, composites (Song et al. 2019). However, research
on facile synthesis of LDHs/g-C;N, photocatalysts is lim-
ited. Co and Fe are effective transition metals which can
contribute towards structural stability of the composites and
enhance the photocatalytic performance of g-C;N, (Ou et al.
2020). Hence, it is of great interest to construct a CoFe-
LDH/g-C;N, composite via a facile synthesis method for
TC removal. Additionally, study of potential applications of
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the composite in TC removal and elucidation of the possible
photocatalysis mechanism is needed.

This work aims to explore the preparation of a CoFe-
LDH/g-C3N, composite with CoFe-LDH growing on
g-C;N, nanosheets through a facile co-precipitation method.
The extent of TC removal will be used to investigate the
extent of enhancement of photocatalysis under visible light.
Furthermore, degradation of different types of TC, and the
effects of several factors (the initial TC concentration, the
presence of co-existing ions, and different water sources) on
TC degradation were investigated. Regeneration of the com-
posite was also conducted to assess the practical feasibility.
The photocatalytic mechanism for TC degradation was also
proposed. This work provides a facile strategy to modify
2D g-C;N, with 2D LDHs and facilitates the application of
LDHs/g-C;N, photocatalysts for remediation of antibiotics-
contaminated water.

Materials and methods
Chemicals

Tetracycline (TC), cobaltous nitrate hexahy-
drate (Co(NO;),6H,0), iron nitrate nonahydrate
(Fe(NO3)5-9H,0), sodium hydroxide (NaOH), and salicylic
acid were purchased from Shanghai Sinopharm Chemical
Reagent Co., Ltd., China. Urea was acquired from Shanghai
Macklin Biochemical Co., Ltd., China. All the chemicals
were used directly with no further purification. Ultrapure
water was used in all tests.

Synthesis of g-C;N,

g-C;N, was fabricated using a similar method as reported
previously (Scheme 1) (Zhou et al. 2019). Typically, urea
and salicylic acid (98:2 wt%) were mixed into 33% ethanol
solution (V/V) for 2 h and then dried. Subsequently, the
dried mixture was heated at 550°C (5 °C/min) for 2 h in a
muffle furnace. After cooling down to room temperature,
g-C;N, was obtained and ground for further use.

Synthesis of CoFe-LDH/g-C;N,

CoFe-LDH/g-C;N, was synthesized by a facile co-precip-
itation method (Scheme 1). The 1 mmol Co(NO5),-6H,0,
0.5 mmol Fe(NO;);-9H,0, and 0.2 g g-C;N, were mixed
in 25 mL ultrapure water, and the slurry was ultrasound
treated for 0.5 h. Subsequently, the above slurry was added
into 25 mL NaOH solution (3 mmol) and aged at 80°C for
18 h. The product was then centrifuged, washed twice with
ultrapure water, and freeze-dried. CoFe-LDH was synthe-
sized under the same conditions without using g-C;Nj.
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Scheme 1 Schematic diagram of the CoFe-LDH/g-C;N, nanocomposites syntheses

Characterization methods

Characterization of X-ray diffraction (XRD) patterns was
carried out at 20=10-70° with Cu Ka as the radiation
source (Rigaku, Ultimate IV, Japan). The Fourier trans-
form infrared (FT-IR) spectrophotometer was recorded on
Thermo Fisher Scientific Nicolet iS5 FT-IR spectrometer
from 400 to 4000 cm™'. The morphology and lattice struc-
tural information of materials was observed using scanning
electron microscopy (SEM) (Zeiss, Sigma 300, Germany),
transmission electron microscopy (TEM), and high-resolu-
tion TEM (HRTEM) (FEI, Tecnai TF20, USA). The surface
area characterization was carried out by the BET measure-
ments using the ASAP2460 instrument. X-ray photoelectron
spectroscopy (XPS) measurements were collected using an
XPS instrument (Thermo Fisher Scientific, K-alpha, USA).
UV-Vis diffuse reflectance spectra (DRS) were obtained
in the range of 200-800 nm (UV-3600, Japan). The pho-
tocurrent was conducted on a CHI-760E workstation with
a three-electrode system. The degree of TC mineralization
was investigated via total organic carbon (TOC) removal
by a TOC-LCPH instrument (Shimadzu, Japan). The active
radicals were measured by electron spin resonance (ESR)
(Bruker E500) under visible-light irradiation.

Photocatalytic experiments

Photocatalytic tests for TC (40 mg/L) degradation were per-
formed using CoFe-LDH, g-C;N,, and CoFe-LDH/g-C;N,
under 5 W LED light (4 >420 nm). Twenty milligrams of
CoFe-LDH/g-C;N, were added to 40 mL of TC solution.
Then, the mixture was magnetically stirred for 0.5 h in dark
to attain the adsorption/desorption equilibrium. Afterward,
the solution was exposed to visible-light illumination for
3 h. One millilter of suspension was extracted at varied time
intervals and filtered with a 0.22-pm filter membrane. The
removal of TC was determined based on the absorption at
357 nm using a Thermo Fisher Scientific microplate reader

(Varioskan LUX, USA) (Tang et al. 2022). All the tests were
done in duplicate.

Results and discussion
Characterization

The XRD patterns of g-C;N,, CoFe-LDH and CoFe-LDH/g-
C;N, were shown in Fig. 1a. For pure g-C;N,, two typical
reflections at 13.1° and 27.4° corresponding to (100) and
(002) crystalline planes were obtained. The (002) and (100)
diffraction peaks were due to the stacking peak of aromatic
system and the in-plane structure of tri-s-triazine motifs
respectively (Dong et al. 2018). CoFe-LDH displayed char-
acteristic peaks at the 26 values of 11.5°, 24.0°, 30.8°, 36.2°,
44.2°, 58.8°, and 64.4°, which were indexed as (003), (006),
(012), (015), (018), (110), and (113) planes of CoFe-LDH
(Ma et al. 2020; Yang et al. 2019a). The characteristic dif-
fraction peaks of g-C;N, and CoFe-LDH were observed in
the diffraction patterns of CoFe-LDH/g-C;N,, indicating
that the crystal phases of g-C;N, and CoFe-LDH exist in
the nanocomposite.

Figure 1b depicted the FT-IR spectra of as-prepared
g-C;N,, CoFe-LDH and CoFe-LDH/g-C;N,. For g-C;N,,
the band at 814 cm™! belonged to the characteristic breathing
mode of triazine ring and the bands at 1200-1700 cm™" rep-
resented the distinctive stretch modes of C-N and C=N het-
erocycles (Zhao et al. 2021). The bands at 3000-3500 cm™!
of g-C;N, corresponded to N—H vibration. As for the CoFe-
LDH curve, the bands which appeared at 3425 cm™! and
1630 cm™! were due to the stretching vibrations generated
by —OH and H-O-H groups, respectively (Liu et al. 2018).
The peak at 1382 cm™! was assigned to the stretching mode
of NO;™. In addition, the bands <750 cm™' were due to
metal oxygen (Co—O/Fe—O) vibration modes. It could be
noted that the characteristic bands of CoFe-LDH and g-C;N,
coexisted in the FT-IR spectra of CoFe-LDH/g-C;N,,

@ Springer



4712

Environmental Science and Pollution Research (2023) 30:4709-4720

(015)

CoFe-LDH/g-C;N,
(110) (113)

CoFe-LDH

Intensity (a.u.)

g-C;N,

10 20 30 40 50 60 70

100 nm 100 nm

—_
=)
~

CoFe-LDH/g-C,N,
12001700
C-N/C=N

3000-3500
N-H

S
o
3]
c
]
£ g-C:N, :
3 | sial |
I
5 ______ :Triazirie |
': I
CoFe-LDH 16301382 !
3425 H-O-HNO3’ '
OH <1000
Co-O/Fe-O

4000 3500 3000 2500 2000 1500 1000 500

Saln 0ok
" CoF€LDH -
2@

100 nm 100:nfn 100 nm
—————y

Fig. 1 a XRD patterns and b FT-IR spectra of as-prepared g-C;N,, CoFe-LDH and CoFe-LDH/g-C;N,; ¢ TEM, d HRTEM, and e TEM-EDS

mapping images of CoFe-LDH/g-C;N,

demonstrating successful synthesis of the CoFe-LDH/g-
C;N, nanocomposite.

The morphologies of g-C;N, and CoFe-LDH/g-C;N,
were characterized by SEM. The SEM image for original
g-C;N, yielded a smooth sheet like morphology with a
porous surface (Fig. S1a). After CoFe-LDH loading, CoFe-
LDH/g-C;N, was made up of stacked layers with rough sur-
faces and a jumble of nanoparticles, formed by loading of
CoFe-LDH particles onto the surfaces of g-C;N, during the
synthesis process (Fig. S1b). TEM and HRTEM were also
performed to understand the morphology and crystal lat-
tices of CoFe-LDH/g-C;N,. As demonstrated in Fig. 1c, it
was found that CoFe-LDH nanosheets were attached to the
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surface and edge of g-C;N, nanosheets. The HRTEM image
of the CoFe-LDH/g-C;N, further proved that the interplanar
spacings of 0.29 and 0.25 nm matched the (012) and (015)
lattice planes of CoFe-LDH, indicating successful loading
of CoFe-LDH on the g-C;N, nanosheets (Fig. 1d). The EDS
element mapping images of CoFe-LDH/g-C;N, showed
the uniform distribution of C, N, O, Co and Fe elements
(Fig. 1e), confirming successful fabrication of CoFe-LDH/g-
C;N, heterojunctions.

BET was measured to quantify the specific surface areas,
pore volumes, and pore sizes of the fabricated photocatalysts
(Table 1). The specific surface areas of g-C;N,, CoFe-LDH,
and CoFe-LDH/g-C;N, were 49.34, 176.4, and 88.24 m2/g
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Table 1 The specific surface areas, pore volumes, and pore sizes of
fabricated g-C;N,, CoFe-LDH and CoFe-LDH/g-C;N,

Sample Specific sur-  Pore volume Pore size
face area (cm3/g) (nm)
(m*/g)

g-C;N, 49.34 0.19 17.8

CoFe-LDH 176.4 0.17 392

CoFe-LDH/g-C;N, 88.24 0.24 11.04

respectively. This phenomenon indicated that the modifi-
cation of CoFe-LDH could optimize the surface area of
g-C;N,. Similarly, the pore volume of CoFe-LDH/g-C;N,
also increased correspondingly. In addition, the pore sizes
of fabricated photocatalysts ranged from 3.92 to 17.8 nm,
indicating the mesoporous property of the nanocomposites.

The elemental composition and states of the CoFe-LDH/
g-C;N, nanocomposite were elucidated via XPS analysis.
As shown in Fig. 2a, the existence of C, N, O, Co, and Fe
elements could be clearly seen in the survey spectra, reveal-
ing the presence of CoFe-LDH and g-C;N, in the nanocom-
posite. The C 1 s spectrum exhibited three peaks at 284.5,
286.1, and 288.1 eV, belonging to C—C bond, C-O bond, and
sp>-bonded carbon (N-C =N) respectively (Fig. 2b). The
three main peaks at 398.5, 400.3, and 401.2 eV shown in

the N 1 s high-resolution spectra (Fig. 2¢) could be assigned
to sp>-hybridized nitrogen (C=N-C), N-(C);, and C-N-H
groups respectively. The O 1 s peaks located at 529.8 and
531.8 eV (Fig. 2d) arose from the metal oxygen (Co—O
and Fe-0), and OH groups respectively (Gandamalla et al.
2021). As for Co 2p (Fig. 2e), the spectra was divided into
Co 2p;, (780.4 €V) and Co 2p,;, (795.5 eV) accompanied
by two satellite peaks at 785.6 and 803.2 eV, representative
of a high-spin Co®* (Ou et al. 2020). As for Fe 2p (Fig. 2f),
the peaks of 711.2 and 724.5 eV corresponded to Fe 2p;,
and Fe 2p,),, and the satellite peak at 716.5 eV was due to
Fe* species (Sakita et al. 2018).

The optical absorption characteristics of the samples
were studied by UV—Vis DRS (Fig. 3a). The light absorp-
tion edges appeared at 462 and 554 nm for g-C;N, and
CoFe-LDH/g-C;N, respectively. Compared with g-C;N,,
the absorption edge of CoFe-LDH/g-C;N, was redshifted,
corresponding to the narrowed bandgap (Liu et al. 2021b). It
confirmed that integration of CoFe-LDH and g-C;N, appar-
ently broadened the response range of visible light which is
beneficial for enhancement of the visible-light-driven pho-
tocatalytic application (Tayyab et al. 2022; Xia et al. 2019).
Additionally, the bandgap energy (E,) of g-C;N, and CoFe-
LDH/g-C;N, were calculated based on the UV—Vis DRS and
the calculation equation (ahv=A(hv-Eg)"?). As shown in
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Fig. 3b, the estimated Eg for g-C;N, and CoFe-LDH/g-C;N,
were 2.67 and 2.45 eV respectively.

Photocurrent tests were performed to study the separation
properties of photoinduced electrons and holes in the nano-
composite. Figure 3c displayed the transient photocurrent
measurements of g-C;N,, CoFe-LDH, and CoFe-LDH/g-
C;N, for several light on and light off cycles under visible-
light irradiation. The photocurrent response of CoFe-LDH/
g-C;N, was the highest among the three nanocomposites,
indicating the lowest recombination of electrons and holes
(Ou et al. 2020).

Photocatalytic degradation performance

The photocatalytic activity of the synthesized CoFe-LDH,
g-C;N, and CoFe-LDH/g-C;N, for degradation of TC was
evaluated under visible LED light irradiation. The adsorp-
tion/desorption equilibrium was initially investigated prior
to photocatalysis (Fig. 4a). After adsorption for 0.5 h in
dark, g-C;N,, CoFe-LDH, and CoFe-LDH/g-C;N, exhibited
TC removal efficiencies of about 5.1%, 40.8%, and 37.1%
respectively. The enhanced adsorption capacity of CoFe-
LDH/g-C;N, could be due to the larger specific surface area
and pore volume (Table 1).

In the absence of photocatalysts, the percentage of the
TC solution under visible-light illumination did not change
with time (Fig. 4b). For pure g-C;N,, the photodegradation
efficiency was 55.0% within 3 h, whereas for pure CoFe-
LDH it was 58.4%. Modification with CoFe-LDH markedly
enhanced the photoactivity of g-C;N,. CoFe-LDH/g-C;N,
exhibited the highest degradation efficiency of 83.8%, which
was associated with an enhanced TC adsorption capacity,
extended visible-light response, and efficient charge separa-
tion. The pseudo first-order kinetic model (In (Cy/C)=kt)
was utilized to further analyze the photodegradation of TC
(Fig. 4c¢). It could be seen that the degradation rate (k) value
of CoFe-LDH/g-C;N, (0.43 h™') was 1.87 and 2.26 times
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that of the original g-C;N, and CoFe-LDH respectively.
Lastly, it was worth noting that the photocatalytic perfor-
mance of CoFe-LDH/g-C;N, was efficient (measured as
antibiotic degradation per unit mass of photocatalysts), as
compared to other reported LDHs/g-C;N, (Table 2).

The degree of TC mineralization was determined by the
TOC removal. From Fig. 4d, it was observed that the TOC
removal efficiency of CoFe-LDH/g-C;N, increased with
the duration of visible-light irradiation, suggesting that TC
mineralization increased with longer visible-light irradia-
tion duration. The TOC removal efficiency reached 77.7%
after 3 h of treatment, which was lower than the degradation
efficiency of TC owing to the formation of various interme-
diates and by-products.

Practicability of CoFe-LDH/g-C;N,

To testify the universal degradation effectiveness of the
CoFe-LDH/g-C;N, nanocomposite on various TC anti-
biotics, the removal of TC-based antibiotics was carried
out based on the optimum dosage of 0.5 g/L (Text S1 and
Fig. S2a). TC (tetracycline), OTC (oxytetracycline), CTC
(chlortetracycline), and DTC (doxycycline) were selected
as the TC-based antibiotics for testing. CoFe-LDH/g-C3;N,
could adsorb TC (37.1%), OTC (49.4%), CTC (71.8%), and
DTC (61.7%) at an initial concentration of 40 mg/L (Fig. 5a).
Of TC, OTC, CTC, and DTC, 83.8%, 77.5%, 91.3%, and
89.1% respectively were subsequently degraded within 3 h,
through CoFe-LDH/g-C;N, photocatalysis, indicating excel-
lent degradation of TCs over CoFe-LDH/g-C;N,,.
Considering that concentrations of TC in natural water
vary under different circumstances (pharmaceutical institu-
tions effluents, medical factories, and untreated domestic
sewage) (Chen et al. 2018; Kummerer 2002), the effects of
various initial TC concentrations on TC removal efficiency
over CoFe-LDH/g-C;N, were investigated. The degradation
efficiencies of TC exceeded 83.8% at lower TC concentration
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(20 and 40 mg/L) (Fig. 5b), proving that application of
CoFe-LDH/g-C;N, to natural water containing low TC
concentrations was feasible. CoFe-LDH/g-C;N, retained a
TC degradation efficiency of 49.7% (Fig. 5b) at the high TC
concentration (100 mg/L), indicating potential applications
for treatment of water contaminated with high concentra-
tions of TC.

Because of the presence of large number of inorganic
ions and organic substances in natural water, it is nec-
essary to discuss their effects on photocatalysis. Vari-
ous anions (C1~, SO,2~, H,PO,~, and CO,>") at the con-
centration of 10 mg/L were employed to investigate
the influences of ion interference. The anions caused
inhibition effects on TC degradation efficiencies in the
order: CI~<CO,>~ <S0,*” <H,PO,~ (Fig. 5¢). Cl~ and
CO5;*" exhibited minimal effects on TC degradation. A
slight enhancement of the reaction rate (k) was found in the
presence of C1~, which may be attributed to the scavenging

activity of the photogenerated holes and C1~, resulting in
more effective separation of electrons and holes (Xu et al.
2018). It is known that adding H,PO,~ can lower solution
pH (Abdelhaleem and Chu 2017), which can affect the stabil-
ity of the nanocomposite leading to an inhibitory effect (Li
et al. 2022). Moreover, inhibitory effects in the presence of
H,PO,™ and SO,*~ might also be attributed to competition
with TC for active sites and quenching effects on the radicals.
Humic acid (HA) was used as an organic matter. As shown
in Fig. S2b, the TC removal efficiency slightly decreased
when HA concentration increased to 15 mg/L. This result
was mainly ascribed to the fact that HA could act a role in
shading and competing with TC for free radicals at higher
concentrations (Wang et al. 2020).

Considering the potential application of the CoFe-
LDH/g-C;N, nanocomposite for treatment of antibiotic-
contaminated natural water, removal of TC from different
water sources was tested (Fig. 5d). The main properties
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Fig. 5 Effects of a different TC types, b initial TC concentration, ¢ inorganic ions, d various water sources on TC degradation by CoFe-LDH/g-
C;N, under visible light; e cycling runs for TC degradation using CoFe-LDH/g-C;N,; f XRD patterns of the fresh and used CoFe-LDH/g-C5N,

The E, values of g-C3N, and CoFe-LDH were 2.67 eV
and 1.63 eV, respectively (Fig. 3b and Fig. S3). Fig. S4
showed the valance band X-ray photoelectron spectros-
copy (VB-XPS) spectra of the samples. The conduction
band (CB) and VB values of g-C;N, were calculated to
be —0.67 and 2.0 eV, while that of CoFe-LDH were —0.93
and 0.70 eV. The possible degradation mechanism of CoFe-
LDH/g-C;N, was proposed in Scheme 2 based on the above

observations. Under dark condition, CoFe-LDH/g-C;N, with
a high surface area (88.24 m?/g) provided enough surface
sites (Table 1) and pore structures to adsorb TC, thus caus-
ing TC enrichment on the nanocomposite. CoFe-LDH/g-
C;N, could harvest more visible light after the introduc-
tion of LDH. Under visible-light irradiation, g-C;N, and
CoFe-LDH were excited to produce electrons (e7) in the
CB, resulting the generation of h' in the VB. The 2D/2D
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Fig. 6 a Photocatalytic activity of CoFe-LDH/g-C;N, for TC degradation with different radical scavengers; ESR spectra of b DMPO-O,™ and ¢
DMPO-OH for CoFe-LDH/g-C3N, in the dark and under visible-light irradiation
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Scheme 2 Schematic dia-

gram illustrating the possible
photocatalytic mechanism for
TC degradation over CoFe-
LDH/g-C;N, under visible-light
irradiation

nanosheet architecture could shorten the diffusion path, and
give rise to efficient separation and transportation of e~ and
h*. The excited e~ in the CB of CoFe-LDH may transfer
to the CB of g-C;N,, while the produced h* in the VB of
g-C;N, may transfer to the VB of CoFe-LDH, resulting in
the low recombination of the photoinduced electron—hole
pairs. The accumulated e™ on g-C;N, reacted with dissolved
O, in water to produce-O,~, which was responsible for the
degradation of TC. Meanwhile,-O,™ reacted with H,O and
e~ to form-OH, which served as an active specie for TC
degradation. The h* accumulated in the VB of CoFe-LDH
could react directly with the TC to form H,0, CO,, and other
small molecules.

Conclusion

In this article, a 2D/2D CoFe-LDH/g-C;N, nanocomposite
was prepared by introducing 2D CoFe-LDH on 2D g-C;N,
nanosheets through a simple co-precipitation method. The
synthesized nanocomposite was used to remove TC from
aqueous solutions under visible-light irradiation. CoFe-
LDH/g-C;N, showed efficient photocatalytic performance
(achieving 83.8% of degradation within 3 h) as compared
to pure g-C;N, and CoFe-LDH, and even the reported
LDHs/g-C;N, composites. The accelerated photocatalytic
activity was due to the face-to-face interfacial contact of
2D/2D heterojunction which optimized the surface area,
widened visible-light absorbance, and promoted separation/
migration of photogenerated carriers. Degradation of differ-
ent TCs, the effects of various environmental factors (ini-
tial TC concentration, co-existing ions, and water sources)
on TC degradation were studied, demonstrating the pros-
pect of CoFe-LDH/g-C;N, for practical applications. The
good reusability and stability of CoFe-LDH/g-C;N, were

@ Springer

evaluated by conducting three cycle tests. h* and-O,” were
the main oxidative radicals in the degradation of TC. This
study offers a facile method to enhance the visible-light
photocatalytic performance of g-C;N, via construction of
2D/2D LDHs/g-C3N, composites and facilitates photocata-
lytic application of LDHs/g-C;N, composites.
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