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Nghién ctru dac trwwng cau truc va hoat tinh quang xuc tac
phan huy dung dich RhB cua vat liéu mang C/g-CsN+/PVDF

TOM TAT o5
Khi thé giéi dang phai d6i mat véi tinh trang thidu muée va khiing hoang & nhiém, viéc phat trlen cic
at xuc tic quang mdi hoat dong dudi 4nh séng kha kién dé 1am sach nguon nuéc 13 vo ciing cip thiét.
Trong nhimg thap ky qua, hiu hét cde chit x@c quang duoce bio cao déu ¢ dang bot hodc dang hat, giy
ra nhimg kho khin trong viée téch va tii ché. Dé khéic phuc nhirng thach thire nay mot vt liéu mpmlte
carbon/ graphit carbon nitride/ polyvinylidene fluoride (C/g-C3NsPVDF) ¢6 Catmc di thé da ugc tong
horp béng cich phucmg phap dao pha don gian. Trong vaaeu composite, PVDF duge sir dung lam chit nén
dé loai bo va tich chat xic tic quang khoi dung dich. So véi -GNy tinh khiét, vat liéu compmlte Clg-
C:NyPVDF thé hién pham vi mo rng dnh sang cua g- C«G vé viing anh sing kha kién. Céc chataa g
quang sinh duge chuyén va tdch hiéu qua twén nén carbon dudi su chiéu xa ctia 4nh sdng kha kié#do dé
1am ting hoat dong quang xiic tic cua chit xic tic g. Ngoai ra, vit liéu composite hoat thé hién
kha nang phan hiy thubc nhufglavéri hiéu suét cao. Chi phi thz';‘.p, kha nang tai sir dung, hap thu dnh sing
kha m tong hop d& dang, va hiéu sudt quang xuc tdc 5t cua vét liéu composite, chit xic tic quang du
kién sé duge s dung dé xir Iy nuée.
Tir khéa: composite, polyvinylidene fluoride, C/g-C:Ny/PVDF, chit xiic tdc quang, rhodamine B.




Study structure characteristics and the photocatalytic
activities degradation of RhB solution on C/g-C3N+/PVDF
membrane material

EBSTRACT

As the world is facing a wnr shortage and pollution crisis, developing new photocatalysts that work under
visible light for water purification is urgently needed. In the past decades, most of the reported photocatal§fs§ were in
powder or granular form, which caused difficulties in separation and recycling. A simple phase inversion method was
used to synthesize a heterostructured carbon/graphite carbon nitride/polyvinylidene fluoride (Cfg-C3N4fPVIn
composite to overcome these challenges. The composite used PVDF as a substrate to remove and separate the
photocatalyst from the solution. Compared with pure g-C:Ny, the C/g-C:Ny/PVDF composite exhibited an extended
light range of g-CsNa to thensiblc light region. The photogenerated carriers were efficiently transferred and separated
on the carbon substrate under visible light irradiation, thereby enhancing the photocatalytic activity of the
photocatalyst. In addition, the flexible composite material exhibited high efficiency in dye degradation. With the

composite 1

rial's low cost, reusability, wvisible light absorption, easy synthesis, and good photocatalytic

performance, the photocatalyst is expected to be used for water treatment.
Keywords: composite, polyvinylidene fluoride, C/g-C:N+/PVDF, rhodamine B, photocatalyst.

1. INTRODUCTION

In recent decades, photocatalysis has been
recognized as the most promising green
technology due to its environmental friendliness,
low cost, and high efficiency. It has been widely
used in environmental management and energy
conversion.'” The key to photocatalytic
technology is to create new photocatalysts that
can fully use solar light sources to meet the urgent
ed for environmental remediation today.

In recent years, various technologies have been
explored achieve an effective treatment
method for the complete removal of
pharmaceutical compounds from water.>*
Among them, advanced oxidation processes
(AOPs) have been reported as an effective
&hno]ogy for the treatment of difficult-to-react
compounds and have received considerable
attention, with several works demonstrating high
efficiency in the removal of pharmaceuticals by
heterogeneous pthocallysis.s-‘6 In summary,
photocatalysts absorb photons emitted from an
external light energy source to generate electron-
hole pairs, which can then participate in redox
reactions. Among several options, graphitic
carbon nitride (g-CsNs) has emerged as a
promising metal-free layered photocatalyst that
can be easily synthesized by thermal
condensation using inexpensive and abundant
organic precursors in soil, such as urea.’
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!s a narrow band gap semiconductor (2.7 eV), g-
C3Ny4 exhibits stable physicochemical properties,
thermal stability, and remarkable photoelectron
transfer performance. Furthermore, it is non-
toxic, easy to store, and can obtained from
various sources.® Recently, it is an optimal choice
for forming heterostructured materials with wide-
bandgap semiconductors. For example, Wang et
al. developed a novel in situ microwave-assisted
synthesis method to fabricate N-TiO./g-CsNy
composites, and the products exhibited
significant improvements in their photocatalytic
activity ” Miranda et al. obtained—C3N41TiOg
composites with high photoactivity by combining
hydrothermal and sintering methods., and the final
conversion rate of phenol was about 90%.'"

Therefore, they are challenging to recycle after
{)t{)cza.ta]ysis.“"12 This not only causes a
significant waste of photocatalysts but also
causes secondary pnlion to the environment.
Several recovery methods for inorganic
photocatalytic materials have been reported, such
as adding magnetic materials, creating durable,
recyclable, and flexible thin-film materials, and

ding them into organic polymer materials. 34

Polyvinylidene fluoride (PVDF) is one of the
most commonly used materials for membrane
fabrication, due to its high mechanical strength,
chemical resistance, and thermal stabi]ity.lsfl(’
Several g-Cs;Ns-PVDF membranes have been
developed and successfully applied in studies to




remove pollutants from water in continuous flow

mode, using photocatalysts as self-cleaning
17.18

materials with antifouling properties.

e main objective of this study is to modify the
surface of polyvinylidene fluoride (PVDF)
membranes with graphite-carbon nitride. The
pirformance of the modified membranes was
used to degrade Rhodamine B dye.

2. EXPERIMENTAL SECTION
2.1. Material synthesis

Chemicals: All chemicals for materials synthesis
include Potassium hydroxide (KOH, 90%),
Hydrochloric acid (HCI, 37%), Polyvinylidene
fluoride (PVDF), N-Methy-2-pyrrolidone (NMP)
urea (CO(NHz:), =99%) (Sigma-Aldrich) and
rhodamine B (CasH3 CIN2O3) Merck.

2.2, Materials synthesis:
1. Synthesis of C/g-C3Na4

The mixture of urea (15 g) with C (0.1 g) was
dispersed in a solution of water and alcohol (ratio
1:1), ultrasonic vibration (30 minutes), then
stirred continuously at 60 °C until water and
alcohol evaporated Comp]etela The resulting
mixture is ground and heated in Argon gas at 550
°C for | hour. The solid is washed, filtered and
dried for 12 hours at 80 °C to obtain the product
denoted as C/g-CsNa.

2.2.2. Synthesis of Clg-C3Ns/PVDF membrane
material

0.1 gram of C/g-CsNs4 material into a glass jar
with a lid, add 5 mL of N-Methy-2-pyrrolidone
(NMP), sonicate for 10 minutes, and stir for 30
minutes. Continue sonicating for another 20
minutes and stirring for 20 minutes. Add 0.646
grams of polyvinylidene fluoride (PVDF) and stir
at 40 °C for 4 hours. Let the mixture stand for 3
hours. Use a stainless steel knife (250
micrometres x 15 c¢cm), roll the mixture evenly
onto the glass to form a composite film, and
quickly put the glass with the film into the water
to perform the phase reversal pmcess.lg The
resulting product is denoted as C/g-C3sNo/PVDF.

Dispersing g-C3sNy onto PVDF polymer is carried
similarly (denote g-CsN4/PVDF).

2.3. Material characterization

The synthesized materials were characterized by
infrared spectroscopy (IR — Shimadzu IR
Prestige-21), crystal phase by X-ray diffraction
(XRD - Siemen D-500 - Bruker), scanning
electron microscopy (SEM) and X-ray energy

dispersive spectroscopy S) were examined on
a JSM-7600F device, photoluminescence (PL)
spectrum was measured on a Hitachi F-7000
devigg, excitation wavelength was 360 nm.

2.4. Photocatalytic properties

The photocatalytic activity of the material was
determined by the decomposition reaction of RhB
in aqueous solution under visible light. The
memefane containing 0.1 gram of the material
was added to 100 mL of RhB solution with a
concm‘ation of 10 mg/L stirred in the dark for
30 minutes to reach adsorption-desorption
equilibrium. Then, the photocatalytic process was
carried nder a 30W LED light. Every 20
minutesg:L of the solution was centrifuged to
remove the solid part. The concentration of RhB
in the solution was determined on a UV-Vis
meter (CE-2011) at a wavelength of 553 nm.

3. RESULTS AND DISCUSSION
Material characteristics

XRD patterns were used to determine the
crystalline phase of g-GINs/PVDF, and the
resulting C/g-CsN4/PVDF are shown in Figure 1.
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Figure 1. XRD patterns of PVDF, g-C;Ny/PVDF and
C/g-C:N4/PVDF.

PVDF is a semi-crystalline polymer, with two
main crystalline phases, @ and p.2*2! The results
in Figure 1 show that there are three characteristic
peaks at 18.5°, 20.1°, 26.7° assigned to the
reflection planes (020), (110), and (021)
corresponding to the a crystalline phase. When
adding g-Cs;Ny C/g-CsNy to the PVDF polymer,
no significant change was observed compared to
the pure PYDF sample. The three peaks attributed
to the reflection of PVDF still appear at almost
the same position but with different intensities. In
addition, the characteristic peak at 27.6°
corresponding to the (002) plane of g-CiNi
appears in the g-CsNi#/PVDF, C/g-CsN«/PVDF




samples in Figure 1 but is shifted and overlapped
with the characteristic diffraction peak at 2@JEf of
PVDF. The peak at 27.6° corresponding to the
EJZ) plane of g-CiN4 is believed to be the
alternating stacking of conjugated aromatic units
similar to the structure of grza.phite.22 The
diffraction peaks of the C/g-C3sN4/PVDF material
sample higher than those in the g-CsN4
sample, which can be attributed to the presence of
carbon increasing the intensity of the peaks in this

aaterial sample.
The chemical bond characteristics of the samples

were characterized by FT-IR spectroscopy. The
results are shown in Figure 2.
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Figure 2. FT-IR spectra of PVDF, g-CsN&/PVDF and
C/g-C3N4/PVDF.

The results of the FTIR sfictrum of the
PVDF membrane show that the peak at 763
cm’! is the bending vibration of the CF2
group, the peaks at 794 and 977 cm are
assigned to the shaking vibration of the CF2
group affll the peak at 1170 cm™ is considered
to be the valence vibration of the CF2
group >?* The peak at 1413 cmr! is deemed
to be the valence vibration of the C-H
functional group. In addition, the PVDF
sample also has peaks at 875, 615, 531, 490
cm’! and all the peaks of PVDF belong to the
o phase crystal structure.?® For the composite
membrane material s@hples g-C:No/PVDF
and C/g-C3sN4/PVDF, the peak appearing at
1639 cm™ is considerhe valence vibration
of the C=N group.”® The peaks at 2979 and
1411 cm-1 are assignefto the valence and
deformation vibrations of the CHz group. In
addition, the peak at 1181 cm-1 vibration is
related to the valence vibration of the CF2
group.”?

Figure 3. FE-SEM images of PVDF (a), g-
C:Ny/PVDF  (b), C/g-C:NyPVDF (c) samples,
mapping images of C/g-C3sNy/PVDF (d) and N (d), C
(e), F (g) material.

The SEM images show that the surface of pure
PVDF (Figure 3.a) exhibits a homogeneous
morphnay. Compared with the surface of pure
PVDF, it can be seen that the SEM image of g-
CsN4/PVDF (Figure 3.b) has many voids between
2-CsNy and polymer chains formed due to the
distribution of particles during sample
preparation. Observation of the SEM image of the
C/g-CsNo/PVDF composite sample (Figure 3.c)
shows that many small particles are evenly
dispersed on the PVDF substrate. The SEM
image confirms that the voids between particles
and polymer chains depend on the presence of
carbon in the composite sample. >

The EDX spectrum determines the presence of
elements in the characteriz /o-C3N4/PVDF
composite film material. e results are
presented in Figure 4.
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Figure 4. EDX spectrum of C/g-C3;Ny/PVDF material.

The results in Figure 3d, ¢, f and Figure 4 show
th]] presence of C, F, and N elements in the
C/g-CsNa/PVDF  composite  material.  The
photocatalytic  activity oimsemiconductor
materials is greatly affected by the recombination
rate of photogenerated electron and hole pairs;
the photoluminescence (PL) spectrum is used to
evaluate the recombination ability. The
photoluminescence spectra of PVDF, g-




C3NJ/PVDF and C/g-CsNy/PVDF materials are
presented in Figure 5.
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Figure 5. PL spectra of PVDF, g-C:NJ/PVDF and
C/g-C3N4/PVDF materials.

PL spectrum analysis with excitation wavelength
of film material samples is 390 nm. As shown in
Figure 5, for the samples without photocatalyst,
the luminescence intensity from the composite
material sample C/g-CsNy/PVDF is 435 nm, g-
C3;Ny/PVDF sample is 438 nm, C/g-C3Ns/PVDF
material has lower emission intensity than g-
C3;NJ/PVDF, this may be because adding carbon
to g-CsNs makes the material better dispersed.
For PVDF membrane, no significant PL intensity
is observed across the entire measured PL
spectrum, only adsorption properties, so the
luminescence intensity is very low and almost
non-existent. PVDF does not have luminescence,
so the PL shift is due to the excitation effect when
adding g-C3N4 and carbon.®® The PL spectral
results demonstrated the ability to recombine
electron and hole pairs of C/g-CsN4/PVDF>g-
C3Ny/PVDF materials, creating conditions for
photogenerated electrons to diffuse to the catalyst
surface to interact with adsorbed H-O or O»
molecules to create active free radicals to
iarease the efficiency of treating pollutants.

3.2. Photocatalytic properties of materials

The phﬂtocalytic decomposition of RhB under
LEOSlight of g-CiN4/PVDF, C/g-CiN4/PVDF,
and Cl/g 4+ materials was carried out after 60
minutes i the dark to reach thmmrption and
desorption equilibrium time; the results are
shown in Figure 6. The results showed that after
160 minutes f illumination, the RhB
decomposition efficiency of the C/g-CsNy/PVDF
posite membrane material reached 89%,
igher than that of CsN4/PVDF, C/g-CiNs
materials at 45.92 and 82.97%, respectively. This
result opens up a new prospect for practical
membrane-material environmental treatment
applications.
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Figure 6. RhB decaposiﬁon under visible light of g-
C:NW/PVDF, C/g-CiNy  and  C/g-C:Ny/PVDF
materials.

4. Conclusion

The phase inversion method successfully
synthesized g-CaN4/PVDF  C/g-C;Ny/PVDF
materials. Modern physicochemical methods
characterized all materials. The crystal phase was
clearly shown in the XRD analysis. The shape
and dispersion of materials were clearly shown in
a\/[ images. The materials were tested through
the decomposition reaction of RhB solution, in
which the C/g-C;N4/PVDF membrane material
achieved RhB decomposition efficiency of nearly
90%.
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