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In order to efficiently remove tetracycline in wastewater through the synergistic effect of adsorption and
photocatalytic degradation, a series of novel composite materials (Cu doped g-C3N4) were synthesized by
two-pot hydrothermal method. It was found that the composite materials with optimized ratio (Cu/CN-
1) displayed outstanding adsorption and photocatalytic performance as compared with pure g-CsN4
photocatalyst. The removal efficiency of tetracycline (TC, 50 mg/L) reached almost 99% within 30 min by
Cu/CN-1 through the synergy of adsorption and photocatalysis under visible-light irradiation, which was

Ié?r' I‘;\:) Or:d;i" tride the highest removal efficiency ever reported. The adsorption kinetics and isotherms of TC on the Cu/CN-1
Tetracycline were well fitted with the pseudo-second-order kinetic model and Langmuir model, respectively.
Adsorption Moreover, it was confirmed that the main effective reactive groups were O,"~ and h* in photocatalytic

process. The Cu/CN-1 exhibited high stability and excellent reusability after five cycle experiments.
Finally, the mechanism of synergy between Cu and g-C3N4 was proposed: on the one hand, the decoration
of Cu particles significantly increased the adsorption sites of Cu/CN-1 to tetracycline, on the other hand,
the modification of Cu particles effectively inhibits charge recombination and broadens the visible light
absorption range of the photocatalyst.This study provided a promising photocatalyst to be used for TC
removal in the actual wastewater.

© 2020 Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of Medical Sciences.
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Significant concerns have been raised over the residues of
pharmaceutical antibiotics in water matrix. Among all of the
antibiotics, tetracycline (TC) as one of the most commonly used
antibiotics is proverbially applied in disease therapy and livestock
feed due to its excellent ability to conquer many different kinds of
pathogenic bacteria [1-4]. However, only a small section of TC can be
assimilated by the human or animals and the remaining is indirectly
discharged into environmental matrix through metabolism, and
these residues can be enriched and concentrated through food chain
arousing potential threats on ecosystems and human health [5,6].
Therefore, it is imperative to remove tetracycline from the water
matrix for the ecological environment and human health [7,8].

The conventional treatment technology including physical
adsorption and biological degradation have been employed to deal
with tetracycline from aqueous solution. However, physical adsorp-
tion suffers low purification efficiency, regeneration difficulties and

* Corresponding author.
E-mail address: hitsunyboy@126.com (J. Zhang).

https://doi.org/10.1016/j.cclet.2020.07.043

non-degradable properties, and biological degradation could not
long-term effectively remove tetracycline in wastewater due to its
bacterial resistance. Therefore, developing more efficient, economi-
cal and environmentally friendly processes for the removal of
tetracycline in water matrix still remains a challenge. As promising
methods, the advanced oxidation processes (AOPs) have exhibited
the predominance in removing the recalcitrant and unbiodegradable
tetracycline, and it works mainly by the generation of highly
oxidizing hydroxyl radicals to efficiently oxidize series of organic
compounds. So far, different kinds of advanced oxidation processes
have been employed to degrade tetracycline including Fenton
reagent oxidation [9], ozonation [10], electrochemical oxidation [11]
and photocatalytic oxidation [12] processes. Among them, the
photocatalytic technique is considered more desirable for the
degradation of tetracyclines owing to its economical, efficient, and
environmentally friendly advantages compared with other ad-
vanced oxidation processes.

Semiconductor catalysts design is widely explored as the main
part of photocatalytic oxidation technology. In recent years, the
graphitic carbon nitride (g-C3Ny4) has attracted much attention of
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researchers because of its high stability, non-toxicity, good
accessibility and adjustable band gap energy [13-16]. Currently,
the g-C3N,4 has already played an important part in many fields
such as environmental restoration, waste water purification and
synthetic organic chemistry [17-20]. However, it also exists some
inadequacies, for example, the removal efficiency is not completely
satisfactory for the refractory antibiotics in water matrix,
specifically tetracycline [21,22]. The photocatalyst achieves
degradation of tetracycline into small molecular by generating
active oxygen species with strong oxidative properties, but the
active oxygen species are easy to quench when migrating from
photocatalyst surface into solution, which property of active
oxygen species limits the active site of the redox reaction to the
catalyst surface. To compensate for these shortcomings, various
strategies have been used, such as constructing various topo-
graphical structures [23,24], doping metal elements [25], and
coupling with other materials to form heterojunctions [26-28].

Our previous study found that copper particles have excellent
adsorption properties for tetracycline. Considering introducing
copper particles into carbon nitride, the issue of poor adsorption
performance of carbon nitride for tetracycline may be resolved.
The increased adsorption sites on the surface of carbon nitride may
enhance the photocatalytic effect of carbon nitride on tetracycline.
In this work, novel Cu particles doped graphitic carbon nitride
composite materials were synthesized by a facile hydrothermal
method. The adsorption and visible-light-driven photocatalytic
properties of the as-synthesized composite materials towards TC
were systematically investigated. The feasible mechanism of Cu on
the adsorption and photocatalytic performance of g-C3N4 was
discussed based on the related characterizations and experiment
analysis.

To analyze the crystal structure of the as-synthesized samples,
the X-ray diffraction (XRD) diffraction pattern of bare Cu, pure g-
C5N4 and modified Cu/CN-X were shown in Fig. 1a. The XRD peaks
at 20=27.2° and 12.7° were indexed as the (002) plane and the
(110) plane, respectively, corresponding to the diffraction peaks
caused by the s-triazine ring and conjugated aromatic systems in
g-C3N,4 with graphitic structure (JCPDS No. 87-1526). In Fig. 1a,
according to the JCPDS card No. 45-0937, the peak at 36.2°
corresponds to the (111) plane of CuO. As shown diffraction peaks
in pristine Cu and Cu/CN-X samples, the peaks located at 26 = 43.3°,
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Fig.1. (a) XRD patterns of Cu, g-C3N, and different composites of Cu/CN-0.5, Cu/CN-
1, Cu/CN-2. (b) and (c) The XPS spectra of Cu/CN-1. (d) Nitrogen adsorption-
desorption isotherms and the corresponding pore size distributions curve (inset) of
Cu, g-C3N4 and Cu/CN-1.

50.43° and 73.13° corresponded to (111), (200), (220) diffraction
crystal planes of Cu according to JCPDS card No. 04-0836,
respectively. Compared with the pristine g-CsN4 and Cu samples,
the composite samples Cu/CN-0.5 and Cu/CN-1 included all
diffraction peaks of both g-C3N4 and Cu but with a broader and
lower peak intensity than them, which may be owing to more
defects in the structure of the composite samples, as compared
with the pure samples. The 27.2° peaks of composite samples
shifted gradually towards the higher angle with increasing Cu
particles content. This indicated that the decrease in the gallery
distance between the interplanar g-CsNy4 layers was attributed to
the distortion in the in-plane aromatic stacking by Cu particles
dopant, proving that the Cu/CN-X composite samples were
synthesized successfully [29,30].

The X-ray photoelectron spectroscopy (XPS) was employed to
characterize the valence and bonding of elements in Cu/CN-1 and
the result was displayed in Figs. 1b and c. It was shown that all the
four elements of C, N, O and Cu existed in the Cu/CN-1. The
deconvolution peaks of Cu 2p was displayed in the Fig. 1c, the two
predominant peaks focused on 932.27eV and 952.08 eV were
ascribed to the spin-orbit of Cu element in samples, and another
two peaks located at 933.86 eV and 954.37 eV can be attributed to
Cu?* species attaching to the surface of Cu, causing by the oxidation
of Cu element during hydrothermal reaction. The two satellite
peaks situated at 944.5 eV and 963.2 eV can be attributed to the
2ps); and 2p; , ionization of outer electrons in Cu®* [31]. Regularly,
the Cu® and Cu possess nearly the same peak location both in 2ps),
and 2p 2, causing the difficulty in distinguishing the existence of
Cu” or Cu. However, according to previous reports [32], the 2ps»
binding energy discrepancy of CuO and Cu,0 was about 1.3 eV, and
that of CuO and Cu was about 2.1 eV. The latter were obviously well
matched our studies with 2.03 eV, confirming the presence of CuO.
It was reported that a little amount of Cu?" was beneficial to the
stability of nanocomposite [33]. The high resolution spectrum of C
1s,0 1sand N 1s were showed in Fig. S1 (Supporting information),
and the C 1s exhibits three peaks at 284.4 eV, 285.9 eV and 287.4 eV
corresponding to the sp? of graphite carbon atom C-C, C-0, and N-
C=N in the sp?-hybridized carbon of the aromatic ring of g-C5Ny,
respectively. The O 1s were divided into two peaks corresponding
to the lattice oxygen in CuO and oxygen species adsorbed on the
surface of the samples, and the N 1s spectra showed three main
peaks at around 398.2, 399.9 and 405 eV corresponding to the C-
N=C in the triazine rings, the tertiary nitrogen groups, and the
uncondensed amino functions of g-C3Ny4, respectively.

The N, adsorption-desorption isotherms were executed in
order to investigate the specific surface area and porosity of the
prepared samples. As shown in Fig. 1d, both g-CsN4 and Cu/CN-1
exhibited analogous type IV N, adsorption -desorption isotherms
with an H3 types of hysteresis loops, which manifested the
mesoporous characteristics of the samples, specifically, explaining
that the interconnected pore structure may be existed inside the
samples. In particular, the specific surface area values of g-CsN,4
and composite samples (Table S1 in Supporting information) were
calculated indicating the composite samples was twice as much as
g-C5N, corresponding to 35.304 cm?/g and 18.244 cm?/g, respec-
tively. Fig. 1d (the inset) showed the pore size distribution of the
samples by employing the Barrett-Joyner-Halenda (BJH) method. It
showed that g-C3N; and composite samples have similar
mesoporosity with 3.807 for g-CsN4 and 3.817 for composite
samples. Other than that, it was also seen that g-CsN, aperture
curve existed a slight bulge at 23 nm and composite samples
aperture curve possessed a continuously dropping distribution
intensity from 3.827 nm to 32 nm, proving the existence of both
micropores and mesopores in two samples, which was consistent
with the curve jump at low specific pressure (about P/Py = 0.45) in
Fig.1d. However, the Cu almost had no hysteresis loop and the pore
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size distribution curve was turned into a line, indicating the small
surface area (0.402 cm?/g) and disappearance of pores.

According to the scanning electron microscope (SEM) images of
Cu and Cu/CN-1 in Figs. S2a and b (Supporting information),
clearly, the size of Cu particle was about 0.8—1 pm with a
polyhedron morphology of surface defects. Fig. S2b showed that
Cu/CN-1 holds obvious layered morphology over the entire surface
consisting of nanosheets with mass wrinkles. Furthermore, it was
apparently found that Cu particles distribute in both the surface
and the gully gap of g-C3N4. This appearance was excellent in
consistent with TEM images of Cu/CN-1 in Fig. S2c¢ (Supporting
information). The SEM image of (a) Cu/CN-0.5 and (b) Cu/CN-2
were shown in Fig. S3 (Supporting information). Combined with
the SEM image of Cu/CN-1 in Fig. S2b, it can be seen that as the
mass ratio of Cu increases, the Cu load on the sample surface
increases significantly. In Cu/CN-2, the g-C3N4 surface is almost
entirely covered with Cu, which leads to a decrease in the
photocatalytic activity of g-CsN,4 because it can not be exposed to
visible light. However, when the mass ratio of Cu is low, the Cu/CN-
0.5 also does not have the best degradation ability due to the lack of
adsorption-photocatalysis synergistic active sites.The HRTEM
(Fig. S2d in Supporting information) was used to exhibit the
morphological characteristics of Cu/CN-1. The characteristic
fringes with an interplanar spacing of 0.223 nm, 0.258 nm and
0.312 nm were observed, which could be indexed as the (111) plane
of Cu, (111) plane of CuO and (002) plane of g-C3Ny4, respectively.
This was consistent with the XPS results as described above. As
presented in the elemental mapping analysis of Cu/CN-1 (Fig. S2e
in Supporting information), all atoms in the composite showed
excellent dispersity, illustrating the Cu particles were evenly
dispersed on the g-C3Ny.

The TC adsorption capacity of as-synthesized samples were
shown in Fig. S4a (Supporting information). It can be seen that the
Cu/CN-1 composite sample exhibits more excellent adsorption
ability accompanied with about 90% of TC (50 mg/L) removal
within 120 min compared with only 80% of TC removal by Cu-CN-
0.5 and about 76% by Cu/CN-2 during the same period. The
adsorption efficiency of copper particle for TC was 55% at the same
time, while g-C5N4 was only about 2%. The weak adsorption of g-
C3N4 may be derived from the voids or flaws on the surface of the
tri-s-triazine units [34]. The enhanced adsorption capacity of
composite material may be attributed to both the increased
specific surface area (Table S1) and excellent dispersion of Cu on
the g-C3Ny4 (Fig. S2e).

The adsorption capacity of the Cu/CN-1 composite at different
initial concentrations of TC solution was also studied shown in
Fig. S4b (Supporting information). Further, to make a thorough
inquiry in the rate-controlling step in the adsorption process, the
pseudo-first-order, pseudo-second-order, and intraparticle diffu-
sion models were exploited to fit the kinetics data in our studies,
and the three kinds of kinetics models fitting curve were shown in
Figs. S4c-e (Supporting information). The fitted kinetic parameters
and the calculated correlation coefficients were given in Table S2
(Supporting information). The R? values of pseudo-second-order
model (0.9931 < R? < 0.9995) at any concentrations researched
were higher than that of pseudo-first-order model (0.9019 < R? <
0.9521), which indicated that the pseudo-second-order model was
more precise for explicating the adsorption characteristics of TC
onto Cu/CN-1. As reported, the pseudo-second-order Kkinetics
model assumed mainly that the sorption rate is controlled by
chemical sorption and the sorption capacity was proportional to
the number of active sites on the adsorbent [35-37], which implied
that the adsorption behaviour of TC by Cu/CN-1 mainly relied on
chemical interactions. In order to further elucidate the diffusion
mechanism and identify the steps involved in the adsorption
process, the intra-particle diffusion model was employed. It clearly

observed that the intra-particle diffusion was divided into three
steps with different slopes, which indicated that multiple speed
control factors arise during the adsorption process. The above
three-part region with a gradually slower slope was attributed to
the external surface diffusion adsorption, intraparticle diffusion
adsorption, equilibrium intraparticle diffusion adsorption [38,39],
respectively, which was the rate- controlled factors at each stage.
Other than that, all extend lines without passing through the origin
illustrated that the intraparticle diffusion was not sole rate-
controlling step [40].

The Langmuir, Freundlich and Temkin isotherm were employed
to evaluate the adsorption capacity of Cu/CN-1, as shown in Fig. S5
(Supporting information), and the isotherm fitting data were
presented in Table S3 (Supporting information). In comparison
with Freundlich isotherm, the Langmuir equation was more
suitable for adsorption behaviour of TC on Cu/CN-1 (R?=0.9986)
compared with the Freundlich (R*=0.7608) and Temkin
(R?>=0.9452), which demonstrated a monolayer adsorption model
of TC on Cu/CN-1. The Langmuir model was based on the
assumption that adsorption was localized on a monolayer and
all adsorption sites at the adsorbent were homogeneous [41,42].

The photocatalytic degraded capabilities of Cu/CN-0.5, Cu/CN-1,
Cu/CN-2, Cu and g-C3N4 for TC solution under visible-light
illumination were investigated and shown in Fig. 2, the blank
experiment without any catalyst was used to evaluate the effect of
illumination on the TC solution. It can be found that the TC solution
without any catalyst hardly be photodegraded, while the Cu/CN-1
possessed the best photocatalytic performance among these
samples with 99% of TC degradation rate within 30 min. The Cu/
CN-0.5 and Cu/CN-2 had similar photocatalytic degradation effects
showing 80% and 90% TC degradation within 60 min, respectively.
It can be noticed that the removal rates of four samples for TC were
all enhanced under visible-light illumination. Under the presence
of free radicals, the possible degradation path of tetracycline was
proposed. TC loses methyl group, —CONH, group loss, hydroxyl-
ation addition reaction, ring opening reaction in turn. Finally, TC
can be completely mineralized into carbon dioxide and water
[43,44].

The active free radical capturing experiments were conducted
to reveal the main effective reactive groups in the process of
photocatalytic degradation. Specifically, the radical scavengers of
IPA, BQ, EDTA-2Na and AgNO3 were engaged to capture ‘OH, O,
h* and e, respectively. From Fig. S6a (Supporting information), the
photocatalytic activity of the Cu/CN-1 was more remarkably
suppressed in the presence of AgNOs, EDTA-2Na and BQ compared
those of IPA, which indicated that O, and h* played mainly part
during photocatalytic degradation process.

The five cycles recycling experiments of Cu/CN-1 were carried
out with the same operating condition to explore the reusable
performance. According to Fig. S6b (Supporting information), the
removal performance for TC has slight decrease during the second
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Fig. 2. Photocatalytic degradation of TC under the visible-light illumination by Cu/
CN-1.
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cycle experiment compared to the first experiment, but worthing
noting that there was still holds 96% of TC removal. The TC removal
efficiency remained around 92% even after four consecutive cycles,
indicating that as-prepared Cu/CN-1 is a stable visible-light-driven
photocatalyst.

The residual Cu concentration in the TC solution was detected
under different pH values to evaluate the stability and non-
polluting of the adsorbent. As shown in Table S4 (Supporting
information), H* may be responsible for Cu ions leaching of Cu
particles. It can be confirmed that the Cu/CN-1 composites were
not suitable for application under excessive low and high pH.
When pH ranged from 5.0-7.0, leaching concentration of Cu ion
was in a low level and completely matched the EPA-US, and WHO
Guidelines [45].

The adsorption is one of the effective physical processes for the
removal of TCs from the wastewater [38]. It has been reported that
the adsorption of TC on metal oxides is greatly affected by the pH of
the solution [46]. As observed in Fig. S7 (Supporting information),
The Cu/CN-1 adsorption capacity for TC at different pH values
under adsorption equilibrium was demonstrated, which revealed
under strong acid and alkaline conditions, the adsorption
behaviour of the composite was significantly inhibited accompa-
nied by low levels of adsorption capacity. However, the composite
samples had a remarkably superior adsorption capacity when the
solution was neutral and weakly acidic, and it was worth noting
that in the range of pH 5-7, the adsorption rate of TC was up to 99%
or more. According to foregoing reports, pH can affect the
adsorption behaviour by altering the surface electrical of solid
samples and the degree of ionization and form of ions of
tetracycline in solution [47]. For example, tetracycline existed
mostly as cation at strong acidic ambiance, as zwitterion at acidic
conditions, and as an anion at alkaline environment. Furthermore,
electrostatic repulsive force between composites with positive
charge and tetracycline with cation contributed to the weak
adsorption capacity at strong acidic conditions. It was also worth
considering that the slight loss of copper particles deposited on g-
C3Ny4 harried the composite structure in acidic conditions may be
another reason. The Cu/CN-1 showed best adsorption capacity at
pH from 5 to 7, and it was reasonable to exclude the lowest
electrostatic repulsion effect of tetracycline with zwitterion on the
adsorption process, which was consistent with the previous report
[48]. At last, the competitive adsorption between the hydroxyl
groups and tetracycline anion should be responsible for low
adsorption capacity of sample. However, some specific interaction,
such as surface complexation, could still be formed, probably
between Cu ions and the amino groups [49,50].

The FTIR spectra of Cu/CN-1 before and after TC adsorption
were shown in Fig. S8 (Supporting information). The band of
598 cm ! was attributed to the Cu-O bond in Cu/CN-1. After
adsorbing TC, the peak at 598 cm~! moves to 599 cm ™. The peak of
Cu/CN-1 at 807 cm™! can be assigned to the out-of-plane bending
vibration of the s-triazine ring [51,52]. The FTIR spectra of Cu
before and after TC adsorption were shown in Fig. S8 (Supporting
information). The band of Cu adsorbent at 3430cm~! and
2920 cm~! were attributed to the stretching vibration of O—H
bond and C-H bond, respectively [53]. After adsorption, the peak of
the hydrogen-oxygen bond shifted significantly located at
3410cm~ L. The characteristic peaks at 1700—1200cm~! were
mainly caused by the skeleton vibration of the benzene ring in the
tetracycline molecule [54]. The appearance of peaks at 1445 cm ™!
after adsorbing was assigned to the skeleton vibration of the
benzene ring in tetracycline, and the band of Cu-O bond at
597 cm™! shifted to 599 cm™! after tetracycline adsorption and the
characteristic peaks at 17700—1200 cm ! became sharper. All those
changes demonstrated that the tetracycline molecule was suc-
cessfully adsorbed on the Cu, and the adsorption process may

cause by the formation of hydrogen bonding and cation-m
interaction between copper particles and tetracycline molecules.

The UV-vis diffuse reflectance spectroscopy was used to probe
the optical activities and probable photo-catalytic efficiencies of
as-synthesized samples. As depicted in Fig. 3a, it could be seen that
the composite samples had a stronger light absorption than bare g-
C3N,4 especially in the 450-700nm wavelength region. The
widened absorption peak can be ascribed to d-d transitions of
Cu?* ions which were embedded in the framework of g-C3N, [55].
The calculated band gap energies (Eg) was also shown in Fig. 3a
(inset), the band gap of bare g-C5Ny4 (Eg =2.23 eV) was lower than
that of composite samples (E; =2.80 eV), which indicated that by
incorporating the Cu into the g-C3N4, more electron-hole pairs
could be generated under visible light irradiation, and promoted
the photocatalytic activity.

The PL spectra was employed to explore the recombination
efficiency of photogenerated electron-hole pairs of three samples,
and the results were displayed in Fig. 3b. It could be found that
compared to the Cu and g-C3Ny, the Cu/CN-1 composite showed a
lower peak intensity, indicating that the Cu/CN-1 composite
owned a lower photogenerated electron-hole recombination
efficiency, which meant higher photocatalytic degradation ability.
Simultaneously, the electrochemical impedance spectra (EIS)
(Fig. 3c) suggested that the Cu/CN-1 composite exhibited a smaller
arc diameter than g-C3Ny4, and in general, a smaller diameter of the
semi-circular curve represented a smaller charge transfer resis-
tance [56]. The Cu particles showed in the inset of Fig. 3c owned
the smallest arc diameter due to its excellent metal conductivity.
As analysed above, the Cu particles existing in composite could
inhibit the photogenerated electron-hole pairs recombination by
transferring the electron from g-C3N4 to Cu particle, which could
profoundly facilitate the photocatalytic activities of Cu/CN-1. To
further confirm the fact of the separation and transfer of
photogenerated electron-hole pairs, the photoelectric current
curve of Cu/CN-1 and g-C3N4 were recorded. As displayed in the
Fig. 3d, it was obviously observed that the Cu/CN-1 exhibited a
higher transient photocurrent intensity than g-CsN,4 indicating
more separation of photogenerated electron-hole pairs in Cu/CN-1.
Other than this, the reversible and stable transient photocurrent
responses curves of Cu/CN-1 and g-C3N, suggested the good
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Small molecule

)
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Scheme 1. Schematic diagram for the adsorption and photocatalytic mechanism of
Cu/CN-1.

chemical structure stability and sensitive photoelectronic activi-
ties of samples [57].

The possible mechanism of improving the adsorption and
photocatalytic efficient of as-synthesized samples was proposed
(Scheme 1). Above all, the tetracycline was adsorbed on Cu
particle surface through electrostatic attraction, hydrogen
bonding and cation-7 interaction, then electrons (e”) in the
valence band (VB) of g-C3N4 was excited and transferred to the CB
of Cu under visible light irradiation, and further distracted to the
Cu particle, the h* generated on the valance band (VB) of g-CsN4
was remained in the VB of g-C3Ng4 thus the e~ and h* was
accumulated in Cu particle and the VB of g-C3Ny4, respectively,
inhibiting the combination of photogenerated hole-electron pairs.
Then the O, molecular obtained the electron existing in the Cu
surface generating powerful reactive oxygen species O, which
could quickily and effectively decompose the tetracycline
adsorbed on Cu species macromolecule into small molecules.
Meanwhile, the h* collected in the VB of g-CsN4 could oxidize
tetracycline directly into small molecules, in which the increasing
specific surface area improved adsorption and photocatalytic
performance of Cu/CN-1.

Cu doped g-C3N4 composite material with different mass ratio
were successfully synthesized through a two-pot hydrothermal
method. Different from the precious metals, Cu exhibits excellent
specific adsorption performance for TC, which means that Cu
supported on g-C3N4 can further optimize the removal ability of TC
based on the previous similar type composite materials. The
proposed Cu/CN-1 photocatalyst showed a highly visible light
photocatalytic degradation capability of TC, due to the decoration
of Cu particles which could significantly increase the adsorption
ability of Cu/CN-1 to TC. The enhanced adsorption capability was
mainly ascribed to the electrostatic interaction, hydrogen bonding
and surface complexation between Cu ions and the amino groups.
Meanwhile, the modification of Cu species effectively enhanced
visible-light photocatalytic degradation capability through im-
proving visible-light absorption and suppressing the recombina-
tion of photogenerated electron-hole pairs. O~ and h* as the
dominant reactive species participate in the photocatalytic
degradation of tetracycline. Furthermore, the removal efficiency
of Cu/CN-1 composite had no significant reduction after five cycles
of recycling. This study not only provides a novel material for
efficient tetracycline removal but a meaningful strategy for the
design of catalysts with both efficient of adsorption and photo-
catalytic degradation activity for tetracycline removal, which is
greatly significant for the construction of high-efficiency photo-
catalysts.
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