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Abstract. In the present work, a green method was used for the synthesis of Ag-g-C;Ns@HAp
nanocomposite. Namely, hydroxyapatite (HAp) and silver nanoparticles (Ag-NPs) were
synthesized using biological waste and natural materials as seashells and Centella asiatica (L.)
Urban extract. The structure, morphology and composition of the composites were characterized
by XRD, SEM and EDX methods. Besides, TEM images showed that silver nanoparticles
dispersed on g-C3sN4 and HAp. XPS spectra determined the valence state of elements in the
composite. The superior optical properties of g-C;Ns@HAp containing Ag-NPs with low band
gap energy (Eg = 2.59 eV) demonstrated degradation of tetracycline up to 99.5 % compared to
HAp pure (90 %) and g-C:Ns@HAp (96 %). Ag-g-C3Ns@HAp nanocomposite has potential as a
green photocatalyst for the removal of industrial wastewater pollutants.
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1. INTRODUCTION

In recent years, two-dimensional (2D) layered graphical carbon nitride (g-CsN4) nanosheets
have been known as photocatalyst materials due to their adjustable electronic structure, good
thermal stability and chemical stability, narrow bandgap energy (2.7 eV), non-toxicity and eco-
friendly material [1-4]. However, due to the limited specific surface area, low visible light
utilization efficiency, and rapid recombination of photo-generated electron-hole pairs, which
limits the widespread application of g-C3N4 [5]. To overcome the disadvantages of the single g-
CsN4 photocatalyst design, composite photocatalysts based on g-CsNs have been studied to
improve the photocatalytic efficiency. For example, some noble metals (Pt, Au or Ag) have been
deposited on g-C3N4 to enhance the photocatalytic activity of g-C3N4 [6, 7]. Among them, silver
nanoparticles (Ag NPs) have received much more attention due to its lower cost. Patnaik et al.
[8] used Ag/g-CsN4 for degradation of organic pollutants and water splitting. Bu et al. [9]
synthesized Ag-modified mesoporous g-Cs;Ns using a photoassisted reduction method. Ag
nanoparticles (Ag-NPs) were fabricated by a NaBH, reduction method to decorate g-C3N4 sheet
photocatalyst [10]. Recently, silver nanoparticles have been synthesized from leaf extracts of
Polyalthia longifolia, Geranium (Pelargonium graveolens), Eucalyptus citriodora (neelagiri),
Ficus benghalensis (marri) and Centella asiatica (L.) [11, 12]. Among them, the Centella
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asiatica (L.) is a herb with high medicinal values, its antioxidant properties and non-toxicity,
which have used as a raw material source to synthesize Ag-NPs [13].

Besides, Fina et al. [14] reported loading Pt nanoparticles on g-CsN4 to improve the activity
of g-C3N4 for H, production from water. Manimozhi et al. [15] designed heterojunction of ZnO/g-
CsN4 photocatalyst for degradation of organic dyes.

In addition, hydroxyapatite (Caio(PO4)s(OH),) is an inorganic material that has been widely
used in the biomedical field. This is because of some of there unique properties including
biological activity, biocompatibility, and non-toxicity. On another hand, the HAp has a high
specific surface area, low solubility in water, mechanical stability and thermal stability makes it
an excellent green adsorbent and ion exchanger for the removal of hazardous dye molecules [16-
21]. The HAp has been synthesized from natural sources such as eggshells, seashells, animal
bone, etc. using different methods including wet-chemical, sol-gel, microwave, hydrothermal and
electrochemical deposition, etc. [22].

In general, the HAp does not decompose organic dyes under visible light irradiation due to
its large band gap energy [23]. Many studies have been conducted using g-C3;N4 for modification
of HAp material. For example, Xu et al. [24] synthesized a novel and stable g-C3;N4/HAp
composites as highly efficient photocatalysts for rapid degradation of tetracycline. Ehiro [25]
fabricated g-CsN4+/HAp from urea and animal bone by calcination method. Mantilla et al. [26]
synthesized a new g-Cs:N4/HAp photocatalyst composite using precipitation and thermal
condensation methods and its application for the photoreduction of Cr(VI) under UV and visible
light irradiation. Beygli ef al. [27] used g-CsN4 modified with hydroxyapatite to adsorb metal ions
from wastewater. Along with the rapid development of industry, in the field of medicine, the
presence of antibiotics in water has caused concern in modern life. Among antibiotics, tetracycline
(TC) is commonly used and discharged directly into water environment, causing adverse effects
on human health and ecosystem equilibrium.

Based on the above issues, here we developed seashell and Centella asiatica (L.) Urban
extract to synthesize a green photocatalyst Ag-g-CsNs@HAp with photocatalytic stability and
high catalytic performance for removal of tetracycline under visible light irradiation. The
experimental results demonstrated that seashells derived Z-Scheme Ag-g-CsNis@HAp composite
can be a promising photocatalyst for degradation and removal of TC in wastewater.

2. EXPERIMENTALS
2.1. Materials

Silver nitrate (AgNO3, > 99.0 %), urea ((NH2)>CO, 99.0 %), sodium hydroxide (NaOH, >
98.0 %), di-ammonium hydrogen phosphate ((NH4)HPO4, > 98.0 %), poly vinyl alcohol (PVA,
99.0%), ethanol (C,HsOH, ~96.0 %), tetracycline (TC, 98.0 %). All of these chemicals were
purchased from Sigma-Aldrich and used without further purification. Seashells were heated 990
°C for 3 h to obtain CaO powder, silver nanoparticles were fabricated from Centella asiatica (L.)

Urban extract according to previous study [26, 28].
2.2. Synthesis of hydroxyapatite (HAp)

HAp was synthesized according to the following procedure: The seashells (CaCO3) were
collected from the sea beach of the coastal town of Quang Ninh province, Viet Nam. These shells
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were cleaned, deproteinized and heated at about 900 °C to obtain CaO according to the
reaction equation:

CaCO, —2C 5 Ca0 + CO, (1)

The above CaO (2.6 g) was dissolved in the distilled water (50 mL) with continuous stirring
to obtain a homogeneous suspension. 0.3 M solution of (NH4),HPO4 was slowly added to the
suspension solution. The molar ratio of Ca/P was 0.7. This solution was then continuously stirred
for 2 h at room temperature, maintaining the pH of the solution at 10 (adjustment using 1 M NaOH
solution). The suspension was then crystallized in an autoclave at 180 °C for 24 h. The precipitate
was washed several times with distilled water and dried overnight at 120 °C to obtain the
HAp powders.

2.3. Synthesis of Ag-g-C:Ns@HAp composite

g2-CsNu@HAp composite was synthesized through condensation process. The synthesized
HAp (0.5 g) was mixed with urea (6.25 g) by manual grinding in agate mortar and the mixture
was then placed in a ceramic crucible and heated at 500 °C for 2 h (10 °C/min). Finally, the yellow
powders obtained as g-C3;Ns@HAp composite. For comparation, the g-C3;N4 pure was synthesized
by grinding 6.25 grams of urea in agate mortar and heating at 500 °C for 2 h (10 °C/min).

Ag-NPs synthesis process from Centella asiatica (L.) Urban extract was performed
according to our previous study [29]. In brief, 100 grams of leaves were washed and dried at room
temperature, then ground and extracted using the Soxhlet system with an 80/20 (v/v) ratio of
deionized water and ethanol. The extract was obtained by evaporation of ethanol. 20 mL of 0.01
M AgNO:s solution was slowly added to the extract and continuously stirred at 40°C for 1 h to
obtain Ag-NPs.

10 mL of Centella Asiatica (L.) aqueous extract containing silver nanoparticles was added
into 0.1 g of g-C3N4s@HAp composite. The mixture was subjected to ultrasound for 30 min. The
product was filtered, washed with distilled water and dried overnight at 90 °C to obtain the Ag
(0.05 wt.%)-g-C5Ny (1.0 wt.%)@HAp composite and was denoted in this work as Ag-g-
CsNy@HADp.

2.4. Characterization

The phase structure of materials was determined by X-ray diffraction (XRD) using a D-8
Advance with a Cu K, source (A =0.154 nm). The composition and oxidation state of the elements
were determined by energy-dispersive X-ray (EDX) and X-ray photoelectron spectroscopy
(XPS). The optical properties of materials were evaluated through UV-vis using a HITACHI U-
3900 spectrophotometer. The morphology of materials was studied by scanning electron
microscopy (SEM) using a JEOL JSM 6390 LV and transmission electron microscopy (TEM)
techniques using a Leica IEO 906E.

2.5. Photocatalytic activity test
The photocatalytic activity of composite was evaluated through degradation of tetracycline.
In the photocatalytic model reaction, 40 mg of Ag-g-CsNus@HAp photocatalyst was dispersed in

a 50 mL TC aqueous solution (50-90 ppm). This reaction system was irradiated by visible light
using a 100 W Xe lamp as the light source. Before the photocatalytic reactions were carried out,
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the solution was stirred magnetically in the dark for 30 min to achieve adsorption equilibrium.
The photocatalytic reaction was then conducted with time intervals, 4 mL of the suspension was
extracted and centrifuged, and the supernatant was analyzed by UV-vis spectrophotometer at a
wavelength of 357 nm to determine the TC concentration. The degradation efficiency (DE) of TC
was determined using Eq. (1).

G-C 100 (2)

DE(%) =

0

where C, va C; are the initial concentration and concentration at various time intervals
of TC, respectively.

3. RESULTS AND DISCUSSION
3.1. Characteristics of materials

The crystalline phase structure of the samples was determined by X-ray diffraction
technique. Figure 1(a) shows a strong diffraction peak at 2-theta=27.5° corresponding to the
reflection plane of (200) with hexagonal unit cell lattice in pure g—C3N4 sample (JCPDS Card
No.87-1526). The XRD pattern of g-CsNs@HAp composite (Figure 1(b)) matches with
polycrystalline structure of HAp and g-C3;N4, namely, diffraction peaks at 26 = 25.8°,28.9°, 31.6°,
33°, 46.5°, 49.5° and 54.7° are assigned to diffraction planes (002), (102), (311), (300), (222),
(213) and (004) of HAp (JCPDS Card No. 09-0432) [26, 30], and (200) of g-C3;H4. Besides, the
XRD pattern of Ag-g-CsNs@HAp composite (Figure 1(c)) shows the appearance of peaks at 20
= 38.4° and 44.2°. These peaks are assigned to the (111), (200) crystalline plane of metallic Ag,
respectively (JCPDS 04-0783) [31]. This indicates that the Ag-g-C:Ns@HAp composite
photocatalyst was successfully synthesized in this study.
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Figure 1. XRD diffraction of (a) g-C3N4, (b) g-CsNs@HAp, and (c) Ag-g-CsNs@HAp.

In addition, the chemical composition of the synthesized Ag-g-C;Ns@HAp composite was
analyzed through EDX (Figure 2(a)) and elemental mapping images (Figure 2(b)) analysis. The
elemental mapping images of composite demonstrate the existence of all elements including C,
N, O, P, Ca and Ag in the composite.
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Figure 2. (a) EDX spectra and (b) elemental mapping images of Ag-g-CsNs@HAp composite.

The morphology of the synthesized samples was characterized by SEM and TEM
techniques. Figure 3(a) shows the ultrafine sheets of g-C3N4 and the uniform agglomerates of
HAp (Figure 3(b)). The SEM images of g-C:Ns@HAp composite shows that sphere—shaped
nanoparticles of HAp implanted on the surface of g-CsNy sheets (Figures 3(c), (d)).

Figure 3. SEM images of (a) g-C3Ny, (b) HAp, (c, d) g-CsNs@HAp and (e, ') Ag-g-CsNas@HAp.
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200 nm

Figure 4. TEM image of Ag-g-C:Ny@HAp.

SEM images (Figures 3(e), (f)) and TEM images of Ag-g-CsN4s@HAp (Figure 4) display the
size distribution of Ag nanoparticles dispersed on g-CsNs@HAp composite (Figure 4(a)) and the
lattice spacing of the (111) and (002) plane of nHAp and g-CsNs, respectively.

The XPS spectra were used to determine the chemical composition and valence states of Ag-
g-C3Ny@HAp composite. It can also be seen from Figure 5(a) that there are the peaks of C, N, O,
Ca and Ag of sample.
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Figure 5. XPS spectra of Ag-g-C3:Ns@HAp: (a) survey spectrum, (b) O 1s, (c) C Is, (d) N 1s, (e) Ag 3d,
(f) Ca 2p, and (g) P 2p.

The high resolution spectra of C 1s (Figure 5(c)) shows three peaks at about 284.6 and
288.1 eV, which were assigned to the C—C, N-C=N bonds of graphitic carbon and sp’~bonded
carbon atoms. As shown in Figure 5(d), peaks of N 1s located at 396.8, 400.1 and 403.6 eV can
be assigned as the sp?>-bonded nitrogen in C—N=C groups, sp*-tertiary nitrogen N—(C); and
C—N-H of the amino functional groups, respectively [32]. Besides, the O 1s peak (Figure 5(b))
in the range of the binding energy of 529-530 eV, indicating the lattice oxygen (O%) [33]. The
Ca 2ps, binding energies at 347.4 and 344.0 eV (Figure 5(f)) and P 2ps peak centered at 129.6
eV (Figure 5(g)) were attributed to P—O and O—Ca bonds in structure of HAp [34]. Figure 5(e)
shows that Ag 3d spectra could be separated into two peaks centered at about 370.8 and 365.7 eV
was assigned as the metallic Ag 3ds/; binding energy, namely metallic silver (Ag®) and silver ion
(Ag") on the surface, respectively [35]. This result is consistent with XRD, TEM analysis, which
demonstrated the presence of Ag nanoparticles in the composite.

The optical absorption ability of g-C3Na4, g-CsNs@HAp and Ag-g-CsNs@HAp composites
were determined through UV-vis spectroscopy and the results are shown in Figure 6.
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Figure 6. (a) UV-vis spectra; and energy bandgap of: (b) g-C3Ny, (c) g-CsNs@nHAp,
(d) Ag-g-CsNu@nHAp composite.

Obviously, the absorption of HAp in the ultraviolet light region is weak. The light absorption
of g-C3N4 is observed at wavelength of 470 nm, while the light absorption is stronger and broader
in both visible and ultraviolet for g-CsN4s@HAp and Ag-g-C;Ns@HAp composite. Furthermore,
the Ag-g-CsNu@HAp showed an increase in absorption intensity when silver nanoparticles are
composited into the g-CsNus@HAp. Band gap energies of the samples were calculated using Tauc
plot and the results are shown in Figures 6(b), (c), (d) and (e). The band gap energy values of
HAp, g-C3Ny, g-CsNy@HAp and Ag-g-C;Ns@HAp composites were 3.7,2.81,2.76 and 2.59 eV,
respectively. The decrease in band gap energy for the composite samples is due to the strong
interaction between HAp and g-CsNy layers. The Ag-g-CsNy@HAp composite showed a similar
light absorption range with g-CsN4@HAp composite, but the visible light absorption increased as
evidenced in Figure 6(a), which may be due to surface plasma resonance (SPR) effect of silver
nanoparticles [36]. The enhanced light absorption indicates that the photoexcited electrons are
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easily transferred from valence band (VB) to the conduction band (CB) to generate
photogenerated electrons and holes to increase the photocatalytic efficiency.

3.2. Photocatalytic degradation of tetracycline

The photocatalytic degradation ability of nHAp, g-CsNs@HAp and Ag-g-CsN4s@HAp was
investigated for TC conversion under visible light irradiation and the results are shown in
Figure 7(a). As seen, all synthesized samples showed about 50 % TC adsorption within 30
minutes under dark condition. For pure HAp, during 60 min of visible light illumination, the TC
degradation reached 90 % and the conversion remained unchanged during 120 minutes of
illumination. Meanwhile, the degradation efficiency of TC using g-CsNs@HAp and Ag-g-
CsNy@HAp composites were 96 % and 99.5 %, respectively, after 120 minutes exposed under
visible light irradiation. Regarding the photocatalysts, the Ag-g-CsNs@HAp has the highest
photocatalytic activity, so that nearly 100 % TC was degraded within 120 min, which was due to
the enhanced separation efficiency of photogenerated electron-hole pairs at the interface and
surface plasma effect of silver nanoparticles [37]. Besides, the incorporation of Ag nanoparticles
limited the photogenerated electron-hole recombination of composite sample. For pure nHAp, in
addition to its adsorption capacity, this material also has photocatalytic activity [38], specifically,
HAp removes TC up to 90 %.
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Figure 7. Photodegradation of TC: (a) using nHAp, g-CsNs@HAp and Ag-g-C;N4@HAp; (b) with H,O»
and without H,O; using Ag-g- CsN4@HAp; and (c) different concentration of TC using
Ag-g- CsN4y@HADp. (Reaction conditions: 40 mg of photocatalyst, 50 mL of sample
solution, visible light, room temperature).
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Figure 7(b) shows the photocatalytic degradation of TC using Ag-g-CsNs@HAp composite
with H>O, used as the oxidizing agent. The results show that in both with and without H,O», TC
degradation almost completes after 120 min. Thus, using the Ag-g-C:N4s@HAp composite as
photocatalyst inhibited the recombination process e—/h" and increased the efficiency of free
radical generation in the TC degradation process.

The effect of TC concentration was also investigated with Ag-g-CsN4s@HAp catalyst (Figure
7(c)). The results showed that when increasing the TC concentration from 50 ppm to 90 ppm, the
photodegradation efficiency decreased from 99.5 % to 96 %. This may be due to the decreased
interaction between TC reactant molecules and catalytic active sites. Table 1 shows
photodegradation of TC over various HAp-based photocatalyst composites.

Table 1. Comparative photocatalytic efficiency of various HAp-based photocatalyst composites
used for the removal of TC.

Experimental conditions

Catalyst g/eoagradatlon Concentration Volume  Time Catalyst Reference
(mg/L) (mL) (min) dosage (mg)

2-C5N4 (1.5 wt.%)/HAp 100 50 100 15 100 21]

HARCP@HAp 99.6 50 50 10 Not shown  [39]

CdS (10 wt.%)HAp  90.2 50 100 30 50 [40]

RP (5.0 wt.%)yHAp 100 10 100 10 100 [41]

Ag-g-C:N;@HAp 100 50 50 120 40 This work

When compared with other previously reported HAp-based photocatalyst composites for
photocatalytic removal of TC, as shown in Table 1, the Ag-g-g-CsNus@HAp used in this study
clearly showed similar photocatalytic activity. More important, the green photocatalyst of Ag-g-
CsNy@HAp composite has been synthesized from naturally available, environmentally friendly
materials. Therefore, the Ag-g-CsNs@HAp composite can be considered a green photocatalyst in
applications for antibiotics decomposition in water environment.

4. CONCLUSION

A novel composite of Ag-g-CsNus@HAp has been successfully synthesized using natural raw
materials as seashells and Centella asiatica (L.) Urban extract. The photocatalytic effect of the
composite was used to degrade TC in aqueous solution. The photocatalytic efficiency has been
improved when silver nanoparticles were dispersed on the g-C:Ns@HAp substrate, leading to
almost completely degradation (99.5 %) after reaction time of 120 min under visible light
irradiation. This research has the potential to use available, low-cost raw materials for synthesis
of green composites and its application to treat persistent organic molecules in
industrial wastewater.
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