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Abstract: For the first time, heterostructures of electrospun carbon nanofibers decorated with Ag3PO4

nanoparticles (Ag3PO4/CNFs) were successfully fabricated by the combination of simple and versa-
tile electrospinning technique followed by carbonization and incorporation of Ag3PO4 nanoparti-
cles via colloidal and precipitation synthesis approaches. The as-fabricated heterostructures were
characterized by FESEM with EDS, XRD, TEM with HRTEM, FTIR and UV-vis diffuse reflectance
spectroscopy. Experimental results revealed that the heterostructure obtained by colloidal synthesis
approach (Ag3PO4/CNFs-1) was decorated with small-sized (~20 nm) and uniformly distributed
Ag3PO4 nanoparticles on the surface of CNFs without any evident agglomeration, while in the
heterostructure obtained by the precipitation synthesis approach (Ag3PO4/CNFs-2), CNFs were
decorated with agglomerated and bigger-sized Ag3PO4 nanoparticles. The visible-light-driven
photocatalytic investigation signified that the Ag3PO4/CNFs-1 heterostructure can exhibit higher
performance towards the photodegradation of MB dye solution compared to the Ag3PO4/CNFs-2
heterostructure, which could be attributed to the synergistic effect between the uniformity and small
size of Ag3PO4 nanoparticles and CNFs that can serve as a conductivity network to prevent the
recombination of charge carriers. Moreover, the mechanism of the photocatalytic activity as-prepared
heterostructure is proposed.

Keywords: electrospinning; carbon composite nanofibers; water pollution; Ag3PO4; photocatalyst;
visible light

1. Introduction

Photocatalysis, a “green technique”, has been accepted as a potential remedy for the
removal of organic pollutants from wastewater [1]. The discovery of the electrochemi-
cal photocatalysis of water at TiO2 electrode by Honda and Fujishima [2] has inspired
researchers working in the field of photocatalysis to design and synthesize semiconductor-
based photocatalysts. Hence, a number of semiconductor-based photocatalysts such as
metal oxides, sulfides and composites have been studied so far [3–6]. In particular, in-
tense research works are focused on the fabrication of visible-light-driven photocatalysts
to avoid the cost of UV light and create a comfortable environment for all living be-
ings [7–10]. On that note, Ye and coworkers [11] carried out a breakthrough work to study
the photocatalytic activity of silver orthophosphate (Ag3PO4) towards water splitting and
decomposition of organic contaminants in aqueous solution under visible light irradiation.
Afterwards, Ag3PO4 as a photocatalyst has attracted much more attention for the removal
of various types of organic contaminants from wastewater [12–14]. Ag3PO4 is a promising
semiconductor material being used as an efficient photocatalyst to achieve significantly
higher photocatalytic activity utilizing visible light, but its application is limited due to
photocorrosion under repetitive use when used without sacrificial reagent [11].
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Indeed, the process of photocorrosion is the insurmountable problem that mostly oc-
curs in silver-based catalysts [15,16]. In this connection, various attempts have been made
for designing and developing a Ag3PO4-based photocatalyst with a sufficient charge sepa-
ration ability and high photocatalytic stability in the visible light region either by doping
SO4

− ions [17] and coupling with other semiconductor/s [18–20] or by fabricating com-
posites with graphene [21–23], carbon nanotubes [24,25], and non-metallic adsorbent [26].
However, the effect of the incorporation of Ag3PO4 nanoparticles on the surface of carbon
nanofibers (CNFs) to enhance its photocatalytic performance has been rarely reported [27].
Due to its one-dimensional structure, high specific surface area, good electrical conduc-
tivity and high chemical stability, the use of CNFs in the form of scaffold/supporters as
well as ideal electron pathways has attracted great interest in recent years [28,29]. Addi-
tionally, some reports have demonstrated that CNFs are capable of capturing electrons
and serve as the conductivity network by transforming photogenerated electrons along
their longitude conductive length [30,31]. Based on these unique properties of CNFs,
fabrication of Ag3PO4/CNFs heterostructures could be an ideal strategy for hindering the
recombination of photogenerated electrons and holes thereby improving the photocatalytic
performance of Ag3PO4. The introduction of surface functional groups on CNFs that can
act as anchoring sites for nanoparticles to obtain uniform dispersion is another important
task. Therefore, various approaches have been proposed to introduce surface functional
groups on CNFs, such as chemical oxidation [32], air oxidation [33], plasma treatment [34],
and electrochemical oxidation [35]. Among these, the chemical oxidation of CNFs by acid
treatment is being used widely to introduce oxygen containing functional groups under
different conditions [36].

Herein, we report a facile approach to fabricate novel organic–inorganic heterostruc-
tures composed of functionalized CNFs and Ag3PO4 nanoparticles by the combination of
carbonization of electrospun precursor PAN nanofibers and decoration of Ag3PO4 nanopar-
ticles on the surface of functionalized CNFs following colloidal and precipitation synthesis
approaches. To the best of our knowledge, there has been no report on the fabrication and
visible light photocatalytic properties of Ag3PO4/CNFs heterostructures with sufficient
electron–hole separation ability. The experimental results showed that the Ag3PO4/CNFs
heterostructure obtained by the colloidal synthesis approach exhibited higher photocat-
alytic activity in the visible light region compared to the heterostructure obtained by the
precipitation synthesis approach. Additionally, due to the high length-to-diameter ratio
of CNFs, the as-fabricated Ag3PO4/CNFs heterostructures could be separated by the
sedimentation process. Furthermore, we present a study on the effect of solution concen-
trations on the morphology of nanostructures (nanoagglomerates or nanoparticles) as well
as their size.

2. Materials and Methods
2.1. Materials

Polyacrylonitrile (PAN, MW-150000), silver nitrate (AgNO3), sodium phosphate dia-
basic dihydrate (Na2HPO4.2H2O), and methylene blue (MB) were purchased from Sigma-
Aldrich, St. Louis, MO, USA. N,N-dimethylformamide (DMF) and nitric acid (HNO3, 65%)
were purchased from Daejung Chemicals, Seoul, Korea. All the chemicals were used
as received.

2.2. Fabrication of Carbon Nanofibers

A 10 wt% of PAN solution was prepared by dissolving required amount of PAN
powder in DMF at room temperature under constant magnetic stirring for 12 h. The
precursor solution was then loaded into a plastic syringe equipped with metallic needle
connected to a high-voltage power supply (high voltage power supply, HV 30/ESN-
HV30N, Nano NC, Seoul, Korea) capable of producing DC voltages from 0 to 30 kV and
electrospun at 18 kV with a constant flow rate of 1 mL/h through a syringe pump. The
nanofibers were collected on aluminum foil wrapped over a rotating drum collector at
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15 cm apart from the needle tip. All experiments were conducted at room temperature and
atmosphere pressure. The as-fabricated precursor PAN-nanofibers were vacuum dried
at 70 ◦C for 12 h in order to remove the residual solvent. For carbonization, the vacuum-
dried PAN-nanofibers were placed in a tube furnace and stabilized in air at 250 ◦C for
1 h with a heating rate of 1 ◦C/min, then carbonized in nitrogen up to 800 ◦C at a rate
of 5 ◦C/min, and finally cooled to room temperature to the obtained electrospun carbon
nanofibers (CNFs).

2.3. Fabrication of Ag3PO4/CNFs Heterostructures

At first, the oxidation of CNFs was carried out by treating with HNO3 (65%) at 45 ◦C
for 12 h followed by washing with distilled water until the pH became 7 then dried at
80 ◦C for 9 h. Afterwards, Ag3PO4/CNFs heterostructures were fabricated following
two synthetic approaches, i.e., colloidal and precipitation synthesis approach simply by
adjusting the concentrations of reactants (Na2HPO4.2H2O and AgNO3) as described by
Khan et al. [37]. In the colloidal synthesis approach, 0.1 g of acid-treated CNFs were
added to 100 mL of (0.02 M) AgNO3 solution and stirred for 30 min. Then, 100 mL
of (0.02 M) Na2HPO4 solution was added to the CNFs/AgNO3 mixture solution in a
dropwise manner under constant stirring. The product was collected and washed with
distilled water and ethanol followed by vacuum drying at 70 ◦C for 12 h. Likewise, in the
precipitation synthetic approach, the concentration of reactants was adjusted to 0.1 M, while
the post-treatment process of the mixture was the same as that of the colloidal synthesis
approach. The schematic illustration for the fabrication of Ag3PO4/CNFs heterostructures
is given in Figure 1. For the convenience of description, the Ag3PO4/CNFs heterostructures
were herein called Ag3PO4/CNFs-1 and Ag3PO4/CNFs-2 synthesized from the colloidal
synthesis approach and precipitation synthesis approach, respectively.

Figure 1. Schematic illustration for the fabrication of Ag3PO4/CNFs heterostructures.

2.4. Characterization

A field emission scanning electron microscope (FESEM, GeminiSEM 500, Carl Zeiss
Microscopy GmbH, 73,447 Oberkochen, Germany) and transmission electron microscope
(TEM/HR-TEM; JEM-2200FS, JEOL Ltd., Akishima, Tokyo, Japan) equipped with energy
dispersive X-ray spectroscopy (EDS) were used to characterize the morphology and dis-
tribution of nanoparticles on the surface CNFs. EDS being attached to FESEM was used
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to analyze the composition of samples. X-ray diffraction (XRD) measurement was carried
out to characterize the phase and crystallinity of as-prepared samples using an X-ray
diffractometer (XRD, Empyrean, PANAlytical, Eindhoven 5651 GH, the Netherlands) with
Cu Kα (λ = 1.540 Å) radiation over Bragg angles ranging from 10◦ to 80◦. Fourier transform
infrared (FTIR) spectroscopy was performed to characterize the bonding configurations of
CNFs with nanoparticles by using Fourier-transform infrared (FT-IR, FT/IR-4200, Jasco,
international Co., Ltd., Hachioji, Tokyo, 193-0835, Japan). UV-vis diffuse reflectance spectra
(DRS) were measured using a UV-vis spectrophotometer (UV-2600 240 EN, SHIMADZU
CORPORATION, Kyoto, Japan).

2.5. Photocatalytic Test

Photocatalytic performances of different photocatalysts were examined by observing
the degradation of MB dye solution. For comparison, standard photocatalyst such as Evonic
P25 TiO2 was also employed in this study. All the experiments were performed at room
temperature using a solar simulator (DYX300P, DYE TECH Co., Seoul, Korea) equipped
with an internal xenon lamp and provided with a UV cut-off filter. Typically, suspension
of each photocatalyst was prepared by dispersing 150 mg of photocatalyst in 50 mL of
dye solution with initial concentration of 10 ppm and magnetically stirred in the dark for
30 min to attain adsorption/desorption equilibrium between dye and photocatalyst. The
suspension was then irradiated with visible light (λ > 420 nm) produced from a 200 W
xenon lamp under constant magnetic stirring. Aliquots were taken at 10 min time interval
and the concentration of dye solution was measured using a UV-Vis spectrophotometer
(HP 8453 UV-Vis spectroscopy system, Hudson, MA, USA).

3. Results and Discussion

The surface morphology of the precursor PAN nanofibers, CNFs and Ag3PO4/CNFs
heterostructures were observed in FESEM images (Figure 2). As shown in Figure 2a,
electrospun precursor PAN nanofibers exhibited uniform and continuous nanofibers with
random orientation forming an interwoven 3-D network without the presence of any beads.
The average diameter of these precursor nanofibers was found to be 320 nm. However, after
carbonization of precursor PAN nanofibers, it could be clearly seen that CNFs still kept
their nanofibrous morphology with a relatively smooth surface and random orientation
without the presence of any secondary nanostructures. The average diameter of the CNFs
was found to have decreased to 240 nm (Figure 2b). This decrease in fiber diameter can
be attributed to the shrinkage in volume of PAN nanofibers due to weight loss during
carbonization process. This is because during carbonization evaporation of residual solvent,
removal of unwanted elements, densification of carbon, and evolution of the various gases
such as H2O, N2, HCN, etc. from the precursor PAN nanofibers takes place, resulting in a
decrease in fiber diameter [38,39].

After fabrication of heterostructures, both the samples remained with nanofibrous mor-
phology. However, the surface of CNFs was no longer smooth due to growth of secondary
Ag3PO4 nanoparticles (Figure 2c,d). High-magnification FESEM image of Ag3PO4/CNFs-1
heterostructure (inset of Figure 2c) depicted the uniform distribution spherical Ag3PO4
nanoparticles with an average size of 20 nm grown on the surface of CNFs without any
evident aggregation offering a high level of exposure of the nanoparticle surface; however,
the nanoparticles are not visible in low-magnification images (Figure 2c). On the other
hand, in the Ag3PO4/CNFs-2 heterostructure, the Ag3PO4 nanoparticles with a bigger size
were not evenly distributed across the surface of CNFs and found in agglomerated form,
causing lesser exposure of their effective surface (Figure 2d). Figure 2e,f are the EDS spectra
of CNFs and Ag3PO4/CNFs-1 heterostructure, respectively. It was indicated that C and O
elements existed in pure CNFs, while C, O, Ag, and P elements existed in Ag3PO4/CNFs-1
heterostructure, confirming the successful fabrication of Ag3PO4/CNFs heterostructures.

Figure 3 represents the elemental mapping of the Ag3PO4/CNFs-1 heterostructure;
as shown in the figure, carbon (Figure 3b) and oxygen (Figure 3e) have high density as
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they are incorporated in CNFs; however, silver (Figure 3c) and phosphorus (Figure 3d)
have relatively low density. Additionally, from the elemental mapping, one can suggest
the formation of Ag3PO4 nanoparticles on the CNFs surface.
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XRD analysis of different samples (Ag3PO4 powder, CNFs, Ag3PO4/CNFs-1 het-
erostructure, and Ag3PO4/CNFs-2 heterostructure) was carried out to characterize their
composition and crystal structure (Figure 4). The broad peak centered at around 25◦ was
attributed to the (002) plane of the carbon structure in the CNFs, Ag3PO4/CNFs-2, and
Ag3PO4/CNFs-2 (Figure 4b–d). Compared to the CNFs, the diffraction peaks at 2θ of
20.879◦, 29.700◦, 33.300◦, 36.581◦, 47.799◦, 52.682◦, 55.019◦, 57.280◦, 61.658◦, and 71.898◦

in Ag3PO4 powder, Ag3PO4/CNFs-1, and Ag3PO4/CNFs-2 were attributed to the crystal
planes of (110), (200), (210), (211), (310), (222), (320), (321), (400), (421) and (332) of Ag3PO4
(JCPDS card No: 74-0911), respectively (Figure 4a, c, d) [40]. Furthermore, no peaks for
any other impurities were observed. Therefore, these results suggested that both the het-
erostructures were composed of CNFs and Ag3PO4 nanoparticles with high crystallinity
and purity, which was also justified by FESEM-EDS.

Figure 4. XRD patterns; (a) Ag3PO4 powder, (b) CNFs, (c) Ag3PO4/CNFs-1 heterostructure, and
(d) Ag3PO4/CNFs-2 heterostructure.

The fiber morphology and degree of dispersion of nanoparticles on the surface of
CNFs were observed by HR/TEM analysis (Figure 5). Figure 5a represents a typical TEM
image of CNF with nanofibrous morphology possessing a relatively smooth surface as
described in FESEM analysis. It is noteworthy that the morphology of CNFs obtained
after acid treatment was also consistent and well-retained (inset, Figure 5a). As com-
pared to the CNFs (Figure 5a), the heterostructure (Ag3PO4/CNFs-1) exhibited numerous
Ag3PO4 nanoparticles uniformly distributed and successfully loaded on the surface of
CNFs (Figure 5b). The average size of Ag3PO4 nanoparticles was found to be 20 nm. More
interestingly, the sonication process conducted during the sample preparation for TEM
analysis did not cause the Ag3PO4 nanoparticles decrease of the CNFs. This indicated
that Ag3PO4 nanoparticles were successfully grown on the surface of CNFs with strong
attachment. Moreover, highly magnified TEM images of the Ag3PO4/CNFs-1 heterostruc-
ture obtained from the marked area in Figure 5b is shown in Figure 5 c in order to display
the attachment of colloidal nanoparticles with the CNFs surface. At the same time, the
perfectly crystalline structure of Ag3PO4 nanoparticle was observed by HR-TEM image
(Figure 5d) recorded from the marked area in Figure 5c. As shown in the figure, the inter
planer spacing of 0.299 nm and 0.268 nm corresponding to (200) and (210) crystallographic
planes of Ag3PO4 nanoparticle were clearly observed revealing its excellent crystallinity.
Additionally, the heterojunction displayed that Ag3PO4 nanoparticles were attached on the
surface of CNF having disordered stacking features indicating its low crystallinity.

In order to analyze the interaction between CNFs and inorganic phase, FTIR anal-
ysis was performed; the results are displayed in Figure 6. The IR absorption spectra of
Ag3PO4 powder (Figure 6a) were compared with that of acid treated CNFs (Figure 6b)
and Ag3PO4/CNFs-1 heterostructure (Figure 6c). As depicted in the figure, the broad
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absorption band centered at about 3200 cm−1 for Ag3PO4 powder or Ag3PO4/CNFs het-
erostructure and a strong absorption band at about 1660 cm−1 for Ag3PO4 powder were
attributed to the stretching vibration of O-H and bending vibration of H-O-H of water
molecules, respectively. Furthermore, for Ag3PO4 powder, two absorption bands cen-
tered at about 1055 cm−1 and 1400 cm−1 could be assigned to the molecular vibrations
of PO4

3− [41] and the stretch of the doubly bonded oxygen P=O [42]. For CNFs, a strong
broad band was observed at about 3400–3500 cm−1, which might be attributed to the
bending vibration of absorbed water molecule and stretching vibration of -OH groups [43].
Similarly, two bands obtained at about 1200 cm−1 and 1580 cm−1 were due to the C-C
stretching vibration [44,45] and carboxylic stretching COO− vibration [46]. Hence, FTIR
analysis clearly showed that the CNFs were -COOH functionalized; however, their peak
intensities in the Ag3PO4/CNFs heterostructures were found to be decreased after the
growth of Ag3PO4 nanoparticles on CNFs surface. Additionally, in the heterostructures,
the bands corresponding to PO4

3− and P=O were observed with a decrease in their peak
intensities, suggesting that the carboxylic groups might play a significant role for the
nucleation sites during ion exchange reaction.
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Since the catalytic performances of any photocatalyst depends on its optical absorption
properties, UV-vis diffusive reflectance spectra of Ag3PO4 powder and Ag3PO4/CNFs
heterostructures were analyzed to investigate their optical properties; the results are pre-
sented in Figure 7. The pure Ag3PO4 powder could absorb light with a wavelength at
around 520 nm (Figure 7a) and exhibit strong absorption in the visible range as reported
before [47]. In the case of heterostructures, Ag3PO4/CNFs-1 (Figure 7b) also exhibited
excellent absorption in the visible region with a wavelength at around 520 nm, while
Ag3PO4/CNFs-2 (Figure 7c) could show relatively weak absorption in the visible region.
Thus, these results indicated that Ag3PO4/CNFs-1 sample could absorb more photon and
might prove itself as a more favorable photocatalyst with enhanced activity.
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Figure 6. FTIR spectra; (a) Ag3PO4 powder, (b) acid-treated CNFs, and (c) Ag3PO4/
CNFs-1 heterostructure.

Figure 7. Uv-vis diffuse reflectance spectra; (a) Ag3PO4 powder, (b) Ag3PO4/CNFs-2 heterostructure,
and (c) Ag3PO4/CNFs-1 heterostructure.

Results of photocatalytic performances exhibited by different photocatalysts towards
the photodegradation of MB dye solution under simulated solar light irradiation are shown
in Figure 8a. In order to evaluate the absorption property of electrospun CNFs, an experi-
ment was carried out under similar conditions using bare CNFs, which showed negligible
absorption of MB. The degradation is represented as the variation of (C/C0) with irradia-
tion time, where C0 and C are the concentrations of dye solution at the initial time and at
time t, respectively. When using P25 as the standard photocatalyst, only ~38% of MB dye
solution was degraded in 50 min, indicating a low photocatalytic activity of P25. Similarly,
the degradation results showed that less than 95% of MB dye solution was degraded within
50 min utilizing Ag3PO4 powder and Ag3PO4/CNFs-2 heterostructure. Contrastingly,
more than 98% of dye solution was degraded within 40 min utilizing Ag3PO4/CNFs-1 het-
erostructure. Here, we believe that the higher photocatalytic efficiency of Ag3PO4/CNFs-1
heterostructure than that of Ag3PO4/CNFs-2 heterostructure is attributed to the strong
uniformity and smaller Ag3PO4 particles dispersed on CNFs offering high level of expo-
sure. Additionally, the lower photocatalytic activity of Ag3PO4 powder may refer to its low
solubility and photocorrosion [48]. Furthermore, the enhanced photocatalytic activity of
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Ag3PO4/CNFs heterostructures can be assigned to the synergistic effect between Ag3PO4
and CNFs due to their interfacial adhesion, which leads to the migration of excited electron
from conduction band (CB) of Ag3PO4 to CNFs. As mentioned earlier [28,29], CNFs exhibit
good conductivity and can act as an electron sink to prevent the recombination of photo-
generated charge carriers [30]. Hence, this transfer phenomenon of electrons from CB of
Ag3PO4 to CNFs could protect Ag3PO4 from photocorrosion, as shown in Formula (1) [25].

Ag+ + e− −−−−→ Ag (1)

Figure 8. (a) Photocatalytic performances of CNFs, P25, Ag3PO4 powder, and Ag3PO4/CNFs het-
erostructures towards the photodegradation of MB solution; (b) absorbance variation of MB solution
utilizing Ag3PO4/CNFs-1heterostructure; (c) cyclic photocatalytic performances of Ag3PO4/CNFs-
1heterostructure, and (d) XRD pattern of used Ag3PO4/CNFs-1heterostructure. Insets; (b) digital
photo of change in color of MB solution corresponding to degradation times and (d) TEM image of
nanofiber of used Ag3PO4/CNFs-1 heterostructure.

The absorbance variations of MB solution utilizing Ag3PO4/CNFs-1 heterostructure
under visible light irradiation at different times are shown in Figure 8b. The absorbance
peak corresponding to MB at 665 nm is diminished gradually with the increase in irra-
diation time. At the same time, the color of MB dye solution also gradually diminished
in presence of Ag3PO4/CNFs-1 heterostructure, as shown in inset, Figure 8b. Further-
more, the maximum absorption wave lengths of MB were not shifted, which indicated
that the benzene/heterocyclic ring was decomposed rather than the simple decoloration
process [49]. Moreover, the stability of the photocatalyst was evaluated by conducting a
cycle test for the degradation of MB solution. For this purpose, used sample was separated
by centrifugation and dried at room temperature then applied again for the degradation
process under similar conditions. From the results (Figure 8c), it was found that the
Ag3PO4/CNFs-1 heterostructure could work as a stable and efficient visible light photocat-
alyst up to the third cycle; however, there was a decrease in the activity during the recycling
reaction, which might be attributed to the loss of photocatalyst during cycling experiments.
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Moreover, to elucidate the structural integrity of photocatalyst, XRD analysis and TEM
characterization of used Ag3PO4/CNFs-1 heterostructure were performed. Figure 8d
depicts the XRD pattern of the Ag3PO4/CNFs-1 heterostructure after the third time cyclic
test. As shown in the XRD pattern, an additional minor diffraction peak of metallic Ag
appeared along with the corresponding diffraction peaks of Ag3PO4 and CNFs indicating
the partial reduction of Ag3PO4 during the cyclic process. Additionally, the TEM image
(inset, Figure 8d) of nanofiber of used Ag3PO4/CNFs-1 heterostructure showed its integrity
even after three cycle tests without a significant loss of nanoparticles.

From the above discussions and results, it can be supposed that the CNFs play a
key role in enhancing the photocatalytic activity and stability of Ag3PO4. However, the
exact mechanism for the photocatalytic degradation of MB dye solution by Ag3PO4/CNFs
heterostructures still needs further study; we have proposed a possible mechanism as
shown in the schematic illustration (Figure 9) based on the above discussion and previous
reports [13,50]. Under visible light irradiation, electrons (e−) from the valance band (VB) of
Ag3PO4 become excited due to the conduction band (CB) generating electron–hole (e−–h+)
pairs (photogenerated charge carriers). During the photochemical reaction, the excited
electrons in the CB of Ag3PO4 can ultimately migrate to the CNFs and react with adsorbed
oxygen molecules to form O2

•− radicals. At the same time, isolated h+ can be utilized in the
degradation of MB dye solution by direct oxidation, or it can react with water to produce
OH• radicals. Thus, the obtained reactive oxygen species (ROS) O2

•− and OH• radicals
as well as holes (h+) ultimately oxidize MB dye solution. The possible photochemical
reactions taking place can be summarized by Formula (2)–(7) as follows:

Ag3PO4
hv−−−−→ h+(VB) + e−(CB) (2)

Ag3PO4
(
e−CB

)
+ O2 −−−−→ Ag3PO4 + O• −2 (3)

Ag3PO4
(
h+

VB
)
+ OH− −−−−→ Ag3PO4 + OH• (4)

Ag3PO4
(
e−CB

)
+ CNFs −−−−→ Ag3PO4 + CNFs

(
e−

)
(5)

CNFs
(
e−

)
+ O2 −−−−→ CNFs + O• −2 (6)

h+/OH•/O• −2 + dye solution −−−−→ degradation (7)
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Figure 9. Schematic illustration for the photodegradation of MB solution using proposed 
Ag3PO4/CNFs heterostructure. 

4. Conclusions 
In summary, with the aid of electrospinning and the carbonization process, two types 

of Ag3PO4/CNFs heterostructures are fabricated. FESEM and TEM analyses revealed the 
uniform distribution of small crystalline Ag3PO4 nanoparticles on the surface of CNFs in 
the Ag3PO4/CNFs heterostructure obtained by the colloidal synthesis approach 
(Ag3PO4/CNFs-1). Contrastingly, bigger-sized Ag3PO4 nanoparticles were found to be dis-
tributed on the surface of CNFs with remarkable agglomeration in the Ag3PO4/CNFs het-
erostructure obtained by the precipitation synthesis approach (Ag3PO4/CNFs-2). Photo-
catalytic investigation of both the formulations towards the degradation of MB solution 
under visible light irradiation suggested that Ag3PO4/CNFs-1 is more advantageous over 
Ag3PO4/CNFs-2. Additionally, Ag3PO4/CNFs heterostructures could be easily separated 
from solution after use by sedimentation caused due to the high length-to-diameter ratio 
of CNFs. Finally, it is believed that the Ag3PO4/CNFs-1 heterostructure possessing en-
hanced photocatalytic performances will promote its practical application to remove or-
ganic pollutants from wastewater. 
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4. Conclusions

In summary, with the aid of electrospinning and the carbonization process, two
types of Ag3PO4/CNFs heterostructures are fabricated. FESEM and TEM analyses re-
vealed the uniform distribution of small crystalline Ag3PO4 nanoparticles on the surface of
CNFs in the Ag3PO4/CNFs heterostructure obtained by the colloidal synthesis approach
(Ag3PO4/CNFs-1). Contrastingly, bigger-sized Ag3PO4 nanoparticles were found to be
distributed on the surface of CNFs with remarkable agglomeration in the Ag3PO4/CNFs
heterostructure obtained by the precipitation synthesis approach (Ag3PO4/CNFs-2). Pho-
tocatalytic investigation of both the formulations towards the degradation of MB solution
under visible light irradiation suggested that Ag3PO4/CNFs-1 is more advantageous over
Ag3PO4/CNFs-2. Additionally, Ag3PO4/CNFs heterostructures could be easily separated
from solution after use by sedimentation caused due to the high length-to-diameter ra-
tio of CNFs. Finally, it is believed that the Ag3PO4/CNFs-1 heterostructure possessing
enhanced photocatalytic performances will promote its practical application to remove
organic pollutants from wastewater.
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