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In this research, the combination of the photocatalytic activity of the
semiconductor  AgsPO4 and the as-synthesized MIL-
101(Fe)@nanocellulose (NC) from agricultural and bottle waste sources
exhibited great photocatalytic efficiency. The AgsPOs@MIL-
101(Fe)@nanocelllulose  (NC)  composite  has  overcome  the
disadvantages of pure AgsPOs4 and significantly improved the
photocatalytic activity. Structural characteristics, morphology of the
materials were analyzed by X-ray diffraction (XRD), scanning electron
microscopy (SEM), energy dispersive X-ray spectroscope (EDX), and
UV-vis diffuse reflectance spectroscopy (UV-vis DRS) methods. From
the obtained results, composite has a narrow bandgap energy (2.45 eV)
and excellent catalytic performance in the photodegradation of
Tetracycline pollutants (99.7 % after 120 min). It demonstrates the
development of new catalysts made from agricultural waste sources
that show high stability, ease of fabrication and can operate in natural

light for environmental remediation.

Introduction

Pharmaceuticals and cosmetics are known to be an
emerging group of pollutants and receive the attention
of scientists [1,2]. Several kinds of drugs such as
antibiotics, hormones, preservatives are identified as
existing in wastewater and drinking water. Among
them, antibiotics receive special attention because they
are widely used for both humans and veterinary
medicine [3]. Tetracycline (TC) is one of the most
frequently used antibiotics to therapeutics and growth
promoters of cattle, pigs, poultry and fishery [4,5]. TC is
used as a veterinary antibiotic that can enter the
aquatic environment after animal manure is used as
fertilizer, leading to potential impacts on aquatic and
terrestrial organisms [6].

TC can easily decompose in a water solution by
photocatalytic reactions in a short time [7].
Photocatalyst materials or semiconductors commonly
used for the decomposition of TC are ZnO, TiO2 [8,9].
Recently, silver phosphate (AgsPQ4) has attracted
considerable attention because it has a narrow
bandgap energy (about 2.4 eV) that can take
advantage of 43% of the solar spectrum [10].
Therefore, AgsPQa is a promising candidate in the field
of photocatalytic for the decomposition of organic
pollutant compounds [11-13]. Several methods have
been studied to increase the stability and catalytic
properties of AgsPOs such as anion/cation doping,
composite  construction, metal  deposition, and
immobilization with support materials [12, 14-16].
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The formation of the composite by coupling AgsPO4
with support materials is a widely used method to
enhance the visible-light response, improve the
separation of electron-hole pairs, prevent their
recombination, and enhance stability. Recently, organic
metal frames (MOFs), consisting of metal ions clusters
and organic ligands, are known as porous polymers
with hollow structures, large surfaces and structural
flexibility [17]. These favorable properties of MOFs
allow them to become desirable hosts for
immobilization or stabilization of nanoscales such as
metal nanoparticles (NP), quantum dots (QDs), etc [18].
As such, MOFs represent great potential applications in
gas adsorption and storage, sensors, heterogeneous
catalysis, etc [19]. Among those MOFs, MIL-101(Fe) is a
kind of metal-organic framework with excellent thermal
stability, high specific area, excellent adsorption
performance, and a friendly environment [20].

In addition, hybrid bio-inorganic nanostructures are
promising materials for energy and environmental
applications and biodegradable towards a circular
economy [21]. Nanocellulose (NC) is a potential
functional material due to they have natural origin,
abundant raw resources, reproducibility, and flexible
surface chemistry. They are applied for adsorption,
energy conversion, electronics, gas sensors and
catalysis [22,23]. Manali et al [24] has studied the
development of nanocellulose-TiO2 composite material
to remove volatile organic compounds and arsenic in
wastewater through photocatalytic decomposition.
Nanocellulose is seen as an insulating substrate that
can mechanically support to NP, minimize the
aggregation of nanoparticles, and the functional group
available to cellulose can interact with the pollutant
[25,26].

In this study, a combination of MIL-101(Fe) and
nanocellulose could create a promising supporting
material. The central metal atoms in MIL-101(Fe) can
form coordinated bonding with carboxyl groups in
cellulose, which can facilitate the immobilization and
distribution of AgsPO4 nanoparticles on the surface
MIL-101(Fe)@NC composites, thus improving stability
and increasing the ability to decompose pollutants. The
as-prepared AgsPOs@MIL-101(Fe)@NC composite was
characterized by the different spectrometers, such as
XRD, FT-IR, SEM, TEM, EDX mapping, XPS, UV-Vis DRS.
The photocatalytic activity of the composite was also
studied.

Experimental

Materials

Ethylene glycol (EG, >99%), sodium hydroxide (NaOH,
>98%), sulfuric acid (H2SOs, >98%), iron(lll) chloride
hexahydrate( FeClz.6H20, >99%), methanol (CH3OH,
>99.5%), dimethylformamide (DMF, >99.8%),
hydrochloric acid (HCI, 37%) were were purchased
from Sinopharm Chemical Reagent Co. Ltd., China.
Silver nitrate (AgNOs, >99.8%) was supplied by Sigma-
Aldrich. Terephthalic acid was prepared following the
procedure as previously reported [27]. Sugarcane
bagasse collected from plantations located in Thanh
hoa Province, Vietnam.

Synthesis of AgsPO+s@MIL-101(Fe)@Nanocellulose
Synthesis of Nanocellulose
Extraction of cellulose from sugarcane bagasse

Sugarcane bagasse is washed and cut into 1-2 cm
pieces. Process of ftreating impurities: sugarcane
bagasse is submerged in a mixture of H20: Ethanol (1:1
v/v), stirred for 2 h at 60 °C, then washed with
deionized water.The process of removing lignin:
sugarcane bagasse after removing impurities was
treated with 1 M NaOH solution at 80 °C for 2 h. The
product was washed with distilled water until the
neutral pH was reached. The process of removing
hemicellulose: The product after that was treated with
a mixture of 1% NaOH: 1% NaClO (1:1 w/v) solution at
80 °C for 1.5 h. After the reaction finish, the product
was filtered, washed with distilled water and dried at 60
°C for 24h. Finally, the extracted cellulose has a white
powder.

The synthesis of nanocellulose

The extracted cellulose from sugarcane bagasse was
hydrolyzed by sulfuric acid (6.5M) solution with a ratio
of cellulose and sulfuric acid 1.25 w/v. Then, the
mixture solution was stirred for 45 min at 60 °C. After
stirring, a colloidal was centrifuged at 6500 rpm for 30
min. Subsequently, the produced was washed with
deionized until the neutral pH was reached. Finally, the
product was stored in the refrigerator.

Synthesis of MIL-101(Fe)
The MIL-101(Fe) was synthesized using the

solvothermal method. In this study, 1.082 g of FeCls
b6H20, 0.664 g of terephthalic acid, and 1 mL of acetic
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acid were dissolved in 80 mlL DMF and stirred
continuously for 3 h at room temperature. The mixture
was then transferred into a 100 mL Teflon-lined
autoclave and heated up at 100 °C for 20 h. After
natural cooling, the brown solid was extracted, refluxed
with hot DMF and methanol three times. Then, the
product was dried at 60 °C overnight. The product has
the form of a light yellow powder.

One-pot synthesis of MIL-107(Fe) @NC

Firstly, 1.069 g of nanocellulose, 1.082 g FeCl3.6H20,
0.664 g of terephthalic acid and 1 mL of acetic acid
were dissolved in 80 mL N, N- dimethylformamide
(DMF) and stirred continuously for 3 hours at room
temperature. Then, the mixture was transferred into a
100 mL of Teflon-lined autoclave at 100 °C for 20 h.
After natural cooling, the yellow solid was extracted,
refluxed with hot DMF and methanol three times. Then,
the product was dried at 60 °C overnight. The product
has the form of a light yellow powder.

Preparation of AgsPO+s@MIL-101(Fe) @NC composite

Firstly, 0.5 g of MIL-101(Fe)@NC was dispersed in 50
mL of distilled water and stirred for 30 min.
Subsequently, 0.342 g of NaHPO412H.O was
dissolved in 30 mL of distilled water, then added into
the above solution and the suspension was stirred for
30 min. After that, a particular amount of AgNOs
solution (0.182 g, 0.243 g, 0. 304 g with percentages of
AgsPO4 were 30, 40, and 50 wt.%, respectively) was
added into the stirred above suspension dropwise.
After reacting for 4 h, the product was collected via
centrifugation, washed with distilled water several
times, and dried at 60 °C for 24 h. The obtained
composites were labeled as 30%, 40%, and 50%
AgsPOs@MIL-101(Fe)@NC.

Characterization

The crystal lattice structure of the synthesized samples
was determined by X-ray powder diffraction (XRD)
using a D8 ADVANCE system (Cu Ko copper radiation,
A = 0154 nm, 3° min"' scanning speed, Bruker,

Germany). Surface morphology was observed by a
scanning electron microscope (S-4800, Hitachi). The
Fourier transform infrared spectra (FT-IR) were
measured with an FTIR Affinity-1S (SHIMADZU). X-ray
energy dispersion (EDX) and EDX mapping were
performed with a JED-2300 with a gold coating. The
UV-vis diffuse reflectance (Uv-vis DRS) and were
recorded with the UV-2600 spectrophotometer
(Shimadzu). X-ray photoelectron spectroscopy (XPS)
was conducted using an ESCALab 250 spectrometer
(Thermo VG, UK).

Catalytic activity test

The photocatalytic activity was evaluated through the
degradation reaction of tetracycline with a 125 W Xe
lamp irradiation at room temperature. Specifically, 50
mg of the photocatalyst was dispersed in 30 mL of an
aqueous solution containing TC (30 mL, 70 ppm). Prior
to irradiation, samples were placed in the dark for 30
min to achieve the adsorption-desorption equilibrium,
initial concentration (Co) was taken at this point. Then,
the mixture was illuminated under visible light for 120
min. After every 30 min, 3 mL suspension was taken
out and filtered to remove the catalysts. The
concentration (Cy) was analyzed using a UV-Vis 2450
spectrometer at maximum wavelength A=357 nm.
Tetracycline  photodegradation  performance  was
calculated by the following equation:

C -C
% Degradation = OC Lx100 (1)

Where: Co is the initial concentration (t=0)

Ctis the concentrations at the time t # 0

Results and Discussion

The crystal structure and phase composition of the
samples were characterized by X-ray diffraction and
Fourier-transform infrared (FT-IR) spectroscopy. The
results are shown in Figure 1.
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Figure 1: (a) XRD patterns of samples (a) MIL-101(Fe); (b) MIL-101(Fe)@NC, AgsPO.@MIL-101(Fe)@NC. (b) FT-IR
of nanocellulose, MIL-101(Fe), MIL-101(Fe) @NC, AgzPO4@MIL-101(Fe)@NC

As shown in Figure 1, the main typical peaks of MIL-
101(Fe) appeared at 28 =8.4> 9.2 °,10.7 °,19.5 °, 21.5
°. These sharp peaks with high intensity indicated that
the obtained MIL-101(Fe) exhibited high crystallinity. As
for MIL-101(Fe)@NC (Fig.1a), all the characteristic peaks
of MIL-101(Fe) were maintained after decoration on
nanocellulose. ~ For  nanocellulose,  the  main
characteristic peaks at 26 = 15°, 225° 34°
corresponding with (101), (040), (002) planes, can be
attributed to the crystalline cellulose hydrolysis with
acids that might remove the amorphous portion of
cellulose [28]. Subsequently, the appearance of MIL-
101(Fe) characteristic peaks demonstrated that the
decoration of MIL-101(Fe) on NC did not change the
natural characteristics of both materials. For the
diffraction patterns of AgsPOs@MIL-101(Fe)@NC, the
diffraction peaks of AgsPOs were observed at 26 =
21.3% 33.6° and 36.9° corresponded to the (110), (210),
(211) crystal planes of cubic AgsPQs, respectively,
(JCPDS No. 06-0505) [29]. In addition, it is evident that
those of the characteristic peaks of MIL-101(Fe) (*) and
NC (#) didnt change, confirming that AgsPO4s@MIL-
101(Fe)@NC  composite  has been  successfully
synthesized. The average crystalline size of composite

powders was determined using Debye-Scherrer's
equation:
kA4
= )
pcoséd

Where D is the crystalline size, k is a shape factor,
which is typically 0.9, A is the Cu Ko radiation
wavelength (4 =0.154 nm), g the line

broadening at half the maximum intensity, and @ is
the diffraction angle. The crystalline size was calculated
for the diffraction angle 26 = 9.2° of MIL-101(Fe) and
the average crystalline of MIL-101(Fe), MIL-101(Fe) @NC,

is

and AgzPOs@MIL-101(Fe)@NC was 23 nm, 28.4 nm
and 32.9 nm.

Infrared spectroscopy was performed to determine the
bond formation of materials. Figure 1 b shows the FT-
IR spectrum of nanocellulose material, MIL-101(Fe),
MIL-101(Fe) @NC, AgzPOs@MIL-101(Fe)@NC
composites. For nanocellulose, the absorption peaks at
around 3300-3450 c¢cm™ and 2890-2900 cm™ were
attributed to the hydroxyl group O-H and aliphatic
saturated C-H stretching vibrations, respectively [30,31].
The absorption peak at 1643 cm™ was indicated as the
O-H vibration of absorbed water [32], even though the
treated fibers were subjected to the drying process, the
water adsorbed in the cellulose molecules is very
difficult to be extracted due to the interaction between
nanocellulose to water. The peak of C-H and C-O
vibrations contained in the polysaccharide rings of
cellulose is around 1382 cm™. The vibration of C-O-C in
the pyranose ring was indicated by the absorption
peak at 1051 cm™ [30] . The band at 892 cm ' represents
C-O-C stretching vibrations. As for the MIL-101(Fe), the
peaks at 552 cm™, 748 cm™' can be attributed to the
Fe-O vibration, and the band at 1394 cm™ was from
the aromatic carbon C-C vibrational mode, respectively
[33]. The band at 1602 cm™ was attributed to C=0
bonding in the carboxylate group [34]. As for the MIL-
101(Fe)@NC composite, the characteristic peaks at
2900 cm™, 1643 cm™, 1602 cm™, 1394 cm™, 1368 cm’,
1051 cm™, 748 cm™, 552 cm™ were consistent with
those of nanocellulose and MIL-101(Fe). Furthermore,
for the AgsPOs@MIL-101(Fe)@NC composite, all
characteristic peaks of MIL-101(Fe)@NC are present
and the typical O=P-O flexural vibrations and P-O
asymmetric stretching vibration of PO4 can be
observed at 540 cm™ and 1076 cm™ [35]. The above
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results further confirmed that the AgsPOs@MIL-

101(Fe)@NC  has been successfully — synthesized.
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Figure 2 : (a) XPS survery spectrum of AgsPO.@MIL-101(Fe)@NC, high-resolution XPS spectra of (b) Ag 3d, (c) Fe
2p, (d) P 2p, (e) C1s,and (f) O 1s

The chemical composition and binding energy of
AgsPO4@MIL-101(Fe) @NC were measured by XPS. The
survey spectrum in Fig.2a indicated the presence of
phosphorus, carbon, silver, iron, and oxygen. As shown
in Fig.2b, two distinct peaks at 368.8 eV (Ag 3ds/2) and
374.7 eV (Ag 3dsp) could be ascribed to the Ag in the
composites. Further, the Ag 3dsp. peak could be
divided into two peaks at 368.2 and 368.8 eV, while the
Ag 3ds/2 peak could be divided into peaks at 374.3 and
374.7 eV, respectively.

As shown, the peaks of 368.2 and 374.3 eV could be
assigned to Ag, while the peaks of 368.8 and 374.7 eV
could be attributed to metallic AgO, which is
corresponding to previous literature [36]. In Fig.2c, the
characteristic binding energy at 726.3 and 712.2 eV are
assigned to the Fe 2pi2 and Fe 2psp, respectively [37].
The distance between these two peaks is about 14.2
eV, which agrees well with the typical features of Fe2Os
[38]. Moreover, the peak at 716.1 eV ascribed to the
shakeup satellite of Fe(lll) also deconvoluted. The
above results further confirm the successful synthesis
of MIL-101(Fe). Fig.2d, shows that the XPS peak of P

2p12, P 2psp, corresponding to PP in the PO
structure at the energies of 133.3 eV and 1334 eV. As
shown in Fig.2e, the main binding energy of C 1s was
presented by three peaks at 284.9, 286.6, 288.9 eV
corresponding to C-C, C=C, O-C=0 of phenyl and
carboxyl group signals, respectively [39]. The O s
spectrum consists of four peaks (Fig.2f), which could be
assigned to O in O-C=0(534.2 eV), P-O-H (533.2 V),
Fe-O-Fe (530 eV) and P=0O (531.6 eV), respectively
[40].

Figure 3 shows the SEM and TEM images of
nanocellulose, MIL-101(Fe), MIL-101(Fe)@NC, and
AgzPO4@MIL-101(Fe)@NC composite. As can be seen
in Figure 3 (a,e), most of the individualized cellulose
nanofibers were dispersed in water, and the cellulose
nanofibers obtained were mainly 10-40 nm in width
and a few microns in length. Figure 3. (b,f) shows the
SEM and TEM images of synthesized MIL-101(Fe)
particles, which have a special octahedral structure.
This structure resembled the structure previously
reported [41]. As shown in Figure 3. (c,g), the MIL-
101(Fe) surface was coved by nanocellulose fibers.
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Figure 3: SEM images of (a) nancellulose, (b) MIL-101(Fe), (c) MIL-101(Fe)@NC composite, (d) AgsPOs@MIL-
101(Fe)@NC composite; TEM of (e) nanocellulose, (f) MIL-101(Fe), (g) MIL-101(Fe)@NC composite, (h) AgsPOs@MIL-
101(Fe)@NC composite

Figure 4. (d,h) shows that the AgsPOs4 nanoparticles
were distibuted on the MIL-101(Fe)@NC composite,

(@)o- Element % Weight ¥ i
= ght % Atomic
- C 424 61.02 (b) Ag
(o) 182 30.54

Fe 17.0 5.27
Ag 9.4 )
P 3.0 1.65
Total 100 100

which has good dispersion with the morphology of the
crystals was regular.

Figure 4 : (a) EDX spectrum and SEM micrograph with elemental mapping of (b) silver, (c) iron, (d) carbon,
(e) oxygen, and (f) photpho of AgsPO4@MIL-101(Fe)@NC composite

The elemental composition of the AgsPOs@MIL-
101(Fe)@NC sample was also confirmed by EDX
spectrum and EDX mapping analysis. The EDX
spectrum, as shown in Fig.4a demonstrated that the
composite is composed of Ag, Fe, C, O, and P
elements and also suggests the successful synthesis of
composite material. From the results of the elemental
mapping (Fig.4b-f), Ag and P elements were uniformly

distributed on the surface MIL-101(Fe)@NC and the
results are in agreement with TEM images also.

Optical properties have a significant impact on the
photocatalytic activity of the catalyst. Therefore, the
absorption property of samples was investigated by
the UV-Vis diffuse reflectance spectroscopy and the
results are shown in Figure 5.
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Figure 5 : a) UV-vis DRS of MIL-101(Fe), MIL-101(Fe)@NC and AgsPO+@MIL-101(Fe)@NC composites; b)
Bandgap estimation of MIL-101(Fe), MIL-101(Fe)@NC and AgzPO4@MIL-101(Fe)@NC composites

As can be observed from Figure 5a, the absorption
response of MIL-101(Fe) in the visible region might be
related to the optical transition of ligand-to metal
charge transfer or a direct excitation of the Fe-O
clusters by visible light irradiation [42]. MIL-101(Fe) had
the ability to absorb light at about 457 nm compared
to MIL-101(Fe)@NC and AgsPO4@MIL-101(Fe)@NC
composites which had the ability to absorb light at 478
nm and 506 nm, respectively.

The bandgap energies of the samples could be
estimated by Tauc'plots:
ah8 =Ah38—-Eg)”* (3)

where o, h, v, A, and Eg are indicative of the
absorption  coefficient,  Planck’s  constant,  light
frequency, constant value, and bandgap energy, and n
is 1 to 4 for direct and indirect bandgap
semiconductor, respectively. The plot of (ahv)"”? versus

hv is exhibited for MIL-101(Fe) and the composite.
Herein, the optical band gaps of MIL-101(Fe), MIL-
101(Fe)@NC,  AgzPOs@MIL-101(Fe)@NC  composite
approximately 2.71, 2.59, 2.45 eV respectively.

The strong absorption in the visible light regions of
MIL-101(Fe)@NC  composite  implies  that  the
electrostatic interaction between MIL-101(Fe) and
nanocellulose increased the material stability and
improved absorption in visible light. Additionally,
AgsPOs4 is a photocatalyst with bandgap energy about
2.45 eV [12], thus, photogenerated holes in AgsPOa4
particles fastly transfer to MIL-101(Fe), whereas photon-
generated electrons migrate to the surface of AgsPQO..
In such a way, the photoinduced electron-hole pairs
can be effectively separated, prevents the charge
recombination, leading to the higher photocatalytic
activity of composite.
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Figure 6: Photodegradation of RR 195 under various reaction conditions of (a) mass contents of AgsPQs, (b)
photocatalyst dosage, (c) effect of oxidation agent (H20z), (d) concentration of the TC
Reaction conditions: Xe Lamp light (125 W), environment temperature (30 °C), pH = 6.5

Effect of AgsPO.4 contents

The improvement in photocatalytic efficiency was
exhibited by the composite AgsPO4@MIL-101(Fe)@NC,
as a result of the synergetic effects between the
photocatalytic active phase (AgsPO4) and the MIL-
101(Fe)@NC support that increased sunlight absorption
and efficiently separated the electron-hole pairs. Fig.6a
shows that the mass content of AgsPO4 has affected
the photocatalytic activities of composite. The pure
AgsPOq4 displays a low photocatalytic efficiency in TC
degradation, and 68% TC was degraded in 120 min
under visible light irradiation. This indicates that there is
a recombination of photoinduced electron and holes
pairs, thus significantly decreasing the photocatalytic
efficiency in the TC degradation. The 40%
AgsPOs@MIL-101(Fe)@NC  exhibited the  highest
photocatalytic performance, degrading 99.9% after 120
min of irradiation. In contrast, with 50% AgsPO+s@MIL-
101(Fe)@NC,  the  photodegradation  efficiency

decreased from 99.9% to 954% after 120 min of
irradiation. These results could be explained that in the
photocatalytic process, Ag° nanoparticles are produced
by the partial reduction between AgsPOs and
photogenerated electrons. The Ag metal plays a role of
traps in the photogenerated electrons and thus inhibits
the further decomposition of AgsPQ4 [43]. Therefore,
the formed Ag° nanoparticles can effectively promote
charge separation and enhance the photocatalytic
activity of 40% AgzPO4s@MIL-101(Fe)@NC. Besides, the
use of the MIL-101(Fe)@NC composite prevents the
recombination of the photogenerated electron-hole
pairs and increased the adsorption ability of the
material. However, increasing the mass content of
AgsPO4 to 50% can lead to an excess of the active
phase that prevents the transfer of electrons and holes
in this catalyst.

Effect of photocatalyst dosage

https://doi.org/10.51316/jca.2021.079
132


http://doi.org/10.51316/jca.2020.079

Vietnam Journal of Catalysis and Adsorption, 10 —issue 4 (2021) 125-136

The photocatalyst dosage is also an important
parameter for optimizing the reactional conditions.
Therefore, the effect of photocatalyst dosage on the
degradation of TC was investigated with dosage from
25 mg to 75 mg, and the result shown was in Fig.6b. It
was observed that degradation efficiency increased
from 90.6% to 99.7% when catalyst dosage increased
from 25 mg to 50 mg, which decreased thereafter. The
enhanced photodegradation efficiency could be
attributed to increasing the number of active sites on
the AgsPO4s@MIL-101(Fe)@NC surface as a result of
the increased catalyst dosage [44]. However, if the
catalyst dosage is further increased, the suspended
particles of the AgsPO4@MIL-101(Fe)@NC aggregate
together and lead to reduce the amount of visible light
transferring the active sites of the «catalyst and
consequently, the number of e/h* pairs as well as
photocatalytic efficiency decreases [45].

Effect of H-0:oxidizing agent

H>O2 acted as the source of oxidation because it
consumes conduction band electrons to form active
valence band holes that oxidize TC. The reaction
between conduction band electrons formed free
radical anions (-Oz" and :OH). As shown in Fig.6 (o),
after 120 min, about 80% of TC was degraded without
using H202. However, about 99% TC was degraded by
the presence of the 0.5 mL Hz0z. This result indicated
that the assistance of H>O» was needed for the
degradation of TC over the 40% Ag:POs@MIL-
101(Fe)@NC.

Effect of TC concentration

Photocatalytic  degradation of TC over 40%
AgsPOs@MIL-101(Fe)@CN catalyst was studied by
varying the initial TC concentration at constant
photocatalyst dosage (50 mg). It can be seen in Fig. 6d
that as the initial TC concentration increased from 50
ppm to 90 ppm, the photodegradation efficiency
decreased from 99.9% to 90%. The presumed reason is
that when the initial TC concentration increased, more
TC molecules can be adsorbed on the catalyst surface.
A large amount of adsorbed TC and its intermediates
in the degradation process might have an inhibitive
effect on the further photocatalytic degradation of TC
because of the fewer free sites on the catalyst surface
for receiving photons.

As discussed above, in the photocatalytic process, Age
nanoparticles could be produced by the partial

reduction between AgsPOs and photogenerated
electrons. Ag could trap the generated electrons and
thus prevent the recombination of photogenerated
electron-hole pairs. Furthermore, a large quantity of
electron-hole pairs are generated inside AgsPQy, the
electrons trapped by Oz molecules on the catalyst

surface will create *O2" and holes react with HO or
OH™ to create "OH. The reactions that take place in the
TC photocatalytic  degradation  process  using
AgsPOs@MIL-101(Fe)@NC photocatalyst are described
as follow:

Ag-Ag,PO,@MIL-101(Fe)@NC + irradition —> e+ hy,  (4)
e, +0,»> 0 0

B

hy, + HO— "OH (0
‘O, + dyes — mineralized products (/)

"OH + dyes — mineralized products  (8)

According to Longbao Yu et al. [46], -O2" plays a major
role in the TC decomposition and intermediate
products in the TC decomposition can be described as
follows: firstly, the TC molecular (m/z=445) was
oxidized to form the compound (Ca2H23N20y7,
m/z=427), subsequently, Co2H20NO7 (m/z=410) had
been formed through the deamination reaction and
esterification process, after that, this compound was
oxidized to the ester bond and the C=C bond to form
a compound with m/z=398 (C21H20NOy), and then, the
cyclotrione structure was oxidized to open the ring and
formed the molecular with m/z=315 (CigH1wOs), finally,
the further oxidation reaction formed the smaller
molecules such as CiHw9O4 (Mm/z=287) and CsHsO>
(m/z=137).

Conclusions

In summary, we have demonstrated that the
AgsPO4@MIL-101(Fe)@nanocellulose composite is an
effective visible light photocatalyst. The presence of
MIL-101(Fe)@nanocellulose  support reduced the
bandgap energy, prevents recombination of the
photogenerated electron-hole pairs, which significantly
improves the photocatalytic efficiency. AgsPOs@MIL-
101(Fe)@nanocellulose has a narrow bandgap energy
of approximately 2.45 eV, Tetracycline degradation
efficiency reached 99.7% after 120 min under visible
light irradiation. The use of bagasse to synthesis
cellulose and recycled PET will help to reduce
environmental pollution and protect the environment
from further pollution.
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