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Abstract

The photocatalysts of Polyaniline (PANI) and composite Polyaniline /TiOy were syntheses by the interfacial polymerization (two-
phase organic/water) method. The characteristics of the photocatalyst were identified by FTIR (Fourier Transform Infra-Red), SEM
(Scanning Electron Microscopy), and EDX (Energy Dispersive X-ray Spectroscopy). The characteristic FT-IR peaks of Polyaniline and
composite Polyaniline/TiOq are formed due to the formation H-Bonding. The XRD pattern shows that Polyaniline has a typical peak
starting from 25.080 (26) planes (110) and amorphous polymer. The addition of TiOg (1%, 5% and 10% (w/w)) were found increased
the activities. Photocatalyst Polyaniline/TiO9 1% was proven to provide the highest reduction in Rhodamine B degradation, 53%.
Rhodamine B degradation increased by 80% at pH 9 with an optimum time of 300 minutes under visible light from a tungsten
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lamp. The rate of kinetics was obtained following first order with a constant rate of photodegradation of 0.005445 minutes™!.
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1. INTRODUCTION

The wastewater is mostly generated from textile industrial activ-
ities in Indonesia. Textile wastewater is a pollutant that contains
hazardous substances. Rhodamine B, one of hazardous textile
waste which is carcinogenic because it contains radical com-
pounds that cause damage to the ecosystem. Photocatalytic is
one method that can be used to overcome this problem. The
inorganic semiconductor materials as photocatalysts to degrade
wastewater have been widely studied (Afif et al., 2019; Di Paola
et al., 2012; Radoici¢ et al., 20138; Salem et al., 2009; Sulae-
man et al., 2016; Sulaeman et al., 2018). The best activity and
high stability in photocatalytic reactions of organic or inorganic
compounds are metal oxides composite (Andreas et al., 2019).

One type of organic material that can be used as a photocat-
alyst is Polyaniline (Gopalakrishnan et al., 2012). Polyaniline
has advantages such as having a wide conductivity range, the
synthesis process is easy and inexpensive, has high thermal
stability, and has wide applications such as microelectronic ma-
terials, organic batteries, optics, sensors, transistors, batteries,
capacitors, corrosive inhibitors, and photocatalysts (Haspulat
et al., 2013; Andreas et al., 2019; Beek et al., 2005). Emeral-
dine base is one of the most stable forms of Polyaniline because
its conductivity can be adjusted from 10-10 S/cm to 100 S/cm
through protonic acid doping such as HCIl (Nugroho et al.,

2015).

Increasing the photocatalytic activity of Polyaniline is known
to be done by making inorganic hybrid compounds, such as
with TiOg including the formation of self-doping Polyaniline/-
TiOg composites and their synergistic effect on the selective
adsorption of heavy metals in wastewater (Chen et al., 2018),
as well as the formation of Polyaniline/TiOg composites to
degrade methylene blue dye (Yang et al., 2017). The photo-
catalytic activities of Polyaniline/TiOg were evaluated in the
degradation of Methylene blue as model compounds and com-
pared with the activity of bare colloidal TiOg nanoparticles
(Radoicic et al., 2018).

This research was conducted to determine the increase in
photocatalyst activity of Polyaniline with the addition of TiOg
with various compositions (w/w), the synthesis was carried out
using interfacial polymerization synthesis (Andreas et al., 2019).
The effectiveness test of Polyaniline/TiOg¢ photocatalyst will
be carried out on Rhodamine B dye under the irradiation of a
tungsten lamp.

2. EXPERIMENTAL SECTION

2.1 Materials and Instrumentation

Commercial aniline (99.5%), toluene, (NH,4)9S9Og (98%), HCI
(835% GR), acetone and titanium dioxide (TiOg) (from Merck)
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and distilled water. Composite characterization was carried
out using UV-Vis spectrophotometer, FTIR, XRD, and SEM-
EDX.

2.2 Synthesis of Polyaniline (PANI)

The synthesis of Polyaniline was carried out by the interfacial
polymerization method. 50 mL toluene, 1 mL aniline mixed
as organic phase and 50 mL of 1 M HCI, 0.6 g of (NHy4) 2S¢ Og
mixed as the aqueous phase. On the top is the toluene-aniline
solution and the bottom is the solution of HCI-(NHy) 9S9Og).
The polymerization will start at the interface of the organic and
the water phase and leave overnight. Polyaniline was purified
by washing with HCI (0.2 M) and acetone, dried in an oven at
50°C for 5 hours.

2.3 Synthesis of Polyaniline/TiOq

The Polyaniline/TiOg was prepared by comparing the TiOg
weight ratio, using 0.040 g (1% w/w), 0.203 g (5% w/w), and
0.406 g (10% w/w) TiOg mixed with 4.060 g aniline and 200
mL toluene (in beaker glass). The mixture by a magnetic stirrer
at a low temperature for 4 hours to form a suspension of the
composite. Polymerization was carried out such as the synthesis
of pure Polyaniline to obtain Polyaniline/TiOg.

2.4 Characterization of Polyaniline and Polyaniline/TiOg
The synthesized Polyaniline and Polyaniline/TiOg were char-
acterized by XRD to determine the crystallite structure and
sample purity, UV-Vis spectrophotometer to determine sample
bandgap energy, FTIR to determine the absorption of organic
functional groups present in the sample, and SEM-EDX to
determine surface morphology, surface state and sample com-
positions.

2.5 Optimum Composition of PANI/TiOg in Degrading
Rhodamine B

50 mL solution of Rhodamine B 20 ppm was prepared in a
beaker. Each sample was added with 0.05 g of Polyaniline,
TiOg, 1%, 5%, and 10% Polyaniline/TiOgy. Each sample was
stirred for 5 hours under a tungsten lamp. Samples were taken
as much as 5 mL and then centrifuged. The Rhodamine B for
all samples was analyzed by using a UV-Vis spectrophotometer
at the maximum wavelength of Rhodamine B.

2.6 Optimum pH in Degrading Rhodamine B

Rhodamine B solution with a concentration of 20 ppm as
much as 50 mL was added with a photocatalyst of Polyaniline
or Polyaniline/TiOg which has the highest activity of 0.05
g. The samples were varied at pH 8, 5, 7, 9, and 11 using
a solution of 0.5 M HCIl and NaOH. The medium for the
photocatalyst was stirred for 5 hours under a tungsten lamp
and centrifuged. The Rhodamine B concentrations in all the
samples were analyzed by using a UV-Vis spectrophotometer
at the maximum wavelength of Rhodamine B.

© 2022 The Authors.
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2.7 Optimum Contact Time in Degrading Rhodamine B
Rhodamine B solution with a concentration of 20 ppm as much
as 100 mL was added with a photocatalyst of Polyaniline or
Polyaniline/TiOg which had the highest activity of 0.1 g and
was conditioned at the optimum pH. Samples were varied de-
pending on the length of contact time between the photocatalyst
and Rhodamine B, which was within 8 hours. Samples were
taken every 60 minutes. The concentration of Rhodamine B in
the sample was analyzed by using a UV-Vis spectrophotometer
at the maximum wavelength of Rhodamine B.

3. RESULT AND DISCUSSION

3.1 Characterization of Polyaniline/TiOg¢
The results of the characterization using the PANI/TiOg com-
posite SEM-EDX can be seen in Figure 1.

Figure 1. SEM Image A) Polyaniline , B) Polyaniline/TiOq¢ 1%,
C) Polyaniline/TiOg 5%, and D) Polyaniline/TiOg 10% (w/w)

Figure 1 shows the morphology of the Polyaniline and
Polyaniline/TiOg composites with different concentrations
(1%; 5%; 10% w/w). The increasing percentage of TiOg caused
the size of the particle to reduce. From the picture above, it
can be seen that the size of TiOg crystals covered by Polyani-
line decreases with increasing TiOg. The agglomeration is
caused by hydrogen bonding that occurs due to the interaction
between TiOg and N-H (Iiskizeybek et al., 2012; Mostafaei
and Zolriasatein, 2012) or coordination bonds (Shukla et al.,
2012). The SEM image concluded that the increasing of TiOg
percentage influences the morphology of Polyaniline, since
Polyaniline has various structures (granules, nanofiber, nan-
otubes, nanosphere, microspheres, and flake) (Stejskal et al.,
2010).

Table 1 shows the Polyaniline or Polyaniline/TiOg domi-
nated by carbon element from Polyaniline which is formed by
the molecular formula CgH;NHg. The result shows that the
presence of oxygen and sulfur is thought to originate from am-
monium peroxidisulphate (NH4)9S9Og). Then the presence
of chlorine is estimated to come from hydrochloric acid (HCI)
as a material to produce protonated emeraldine.

The results of FTIR characterization can be seen in Figure
2. which shows that Polyaniline has a characteristic peak of
about 2869.58 cm™! (C-H stretch), C-N stretch of quinoid
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Table 1. Average Weight (%) of Element Polyaniline dan Polyaniline/TiOg

Element Average Weight (%)
Polyaniline  Polyaniline/TiOg 1%  Polyaniline/TiOg 5%  Polyaniline/TiOg 10%

C 72.42 78.96 73.83 66.65

N 16.35 16.01 15.55 14.15

O 1 16.35 17.27 19.39

S 0.50 0.37 0.38 0.77

Cl 3.26 2.48 3.87 5.74

Ti 0 1.16 3.75 6.20
units at wavenumbers 1224.79 cm™!, 1220.11 em™'. N-H
stretching occurred at 1688.50 and 1589.70 em™. Polyaniline-
/TiOg composites exhibited the same characteristic peaks as -
Polyaniline. However, peak displacement occurred when TiOg ; —— o L d)
was added to Polyaniline. The peak shift occurred at wavenum- ; |
bers 2362.90 cm™!, 2885.69 cm™!, and 2866.78 cm™!. This ﬁ
is due to the hydrogen bonding between TiOg and the N-H g ——~——u g s 100
groups on the Polyaniline chain (Eskizeybek et al., 2012). 5 gl _ b)
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Figure 2. FTIR Spectra: A).Polyaniline, B).Polyaniline/TiOq
1%, C).Polyaniline/TiOg 5%, D).Polyaniline/TiOg 10%

XRD analysis was then carried out to determine the forma-
tion of the PANI/TiOg composite which can be seen in Figure
3.

The XRD pattern shows that Polyaniline has a typical peak
starting from 25.080 (20) planes (110), the characteristic peak
of Polyaniline in the range 25-35 (26) cannot be observed
because Polyaniline is an amorphous polymer, which is indi-
cated by the presence of broad peaks and tends to be blunt.
Furthermore, the 1%, 5%, 10% (w/w) Polyaniline/TiOg diffrac-
tograms also have more diverse peaks than the Polyaniline
diffractograms. Pure titania only showed a photocatalytically
active anatase phase at 20 = 25.50 (101); 38 (004); 48.30
(200); 54 (105); 54 (1056); 55.20 (211); 63 (204); and 68.90
(116) (JCPDS 21-1272).

© 2022 The Authors.

Figure 3. XRD Diffractogram from: a). Polyaniline, b).
Polyaniline /TiOg 1%, c). Polyaniline/TiOg 5%, d).
Polyaniline/TiOg 10%

3.2 Optimum Composition in Degrading Rhodamine B
The activity test for the optimum Polyaniline/TiOg composi-
tion was carried out under the irradiation of a tungsten lamp
as a light source.

80 53%
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RhodamineB
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Pani/TiO,
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Figure 4. Diagram of Optimum Comparison of
Polyaniline/TiOqg

Figure 4 shows the optimum composite composition is
PANI/TiOg 1% in degradation of Rodhamine B. The more
TiOg is added (5% and 10%), it can increase the more agglom-
eration on the surface of the composite material. Increased
agglomeration causes a smaller surface area so it has an impact
on reducing photocatalytic activity. In addition, according to
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Radoicic et al. (2013) the presence of structural defects can also
occur in the Polyaniline chain due to the addition of excessive
TiOg. Structural defects cause changes in the electronic struc-
ture, increase polaron localization and reduce the conjugation
system in the Polyaniline chain.

3.3 Optimum pH in Degrading Rhodamine B

The pH of the solution is one of the important parameters in
the photodegradation process of Rhodamine B dyes because it
will affect the surface charge of the photocatalyst, electrostatic
interactions with Rhodamine B dye molecules, and determine
the number of charged radicals generated during the photo-
catalytic process (Feng et al., 2014). By using the optimum
composition of Polyaniline/TiOg (1% w/w), the effect of the
pH on the percentage of degradation Rhodamine B is shown

in Figure 5.
71%
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Figure 5. Effect of pH on Rhodamine B Degradation

% Degradation of
Rhodamine B

The addition of acid can increase the H* species in the so-
lution which can reduce the contact between the photocatalyst
and Rhodamine B and in the acidic pH state, Rhodamine B
is cationic, therefore electrostatic repulsion can occur between
Rhodamine B and TiOg¢ photocatalyst which can reduce pho-
todegradation efliciency. It is known that Polyaniline/TiOg¢
photocatalyst has the highest activity at pH 9. At alkaline pH,
Rhodamine B will be deprotonated to form a zwitterion struc-
ture, the following is the structure of Rhodamine B at acidic
and basic pH.

The structure of Rhodamine B which forms zwitterions
at alkaline pH causes the formation of bonds between the
photocatalyst and Rhodamine B. At alkaline pH, TiOg will
be negatively charged and bind to the positively charged N-
ethylenediamine site. Meanwhile, Polyaniline will attack the
negatively charged carboxyl group. Polyaniline is a selective
adsorbent for anionic dyes because it has a positive charge and
Polyaniline will electrostatically attract negatively charged an-
ionic dyes (Jumat et al., 2017). This causes the photocatalytic
activity to increase at alkaline pH, according to that a higher
pH indicates an abundance of OH™, and results in increased
*OH formation (Yang et al., 2017).

© 2022 The Authors.
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3.4 Optimum Contact Time in Degrading Rhodamine B
The optimum contact time (Polyaniline/TiOg 1% and pH 9)
can be seen in Figure 6, the optimum time is obtained at 300
minutes and then constant until 400 minutes.
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Figure 6. Effect of Time on Rhodamine B Degradation

The results showed that the increased contact time caused
an increase in the percent degradation of Rhodamine B. This
is because the longer the contact time between the photon and
the photocatalyst, the more superoxide (¢Og) and hydroxyl
radicals (¢*OH) are formed which function as oxidizing agents
in the degradation process of Rhodamine B. The photocatalytic
process occurs when the photocatalyst is exposed to irradiation
of a tungsten lamp which has an energy that matches or even ex-
ceeds the bandgap energy of the photocatalyst, the electrons in
the valence band of the photocatalyst will be excited to the con-
duction band which will produce electrons (e~) and vacancies
or holes (h*) which act like positive charges that play a role in
degrading dyestuffs, it is known that in this photocatalytic pro-
cess OH is the dominant species that play a role in degrading
dyestufls, namely the destruction of the chromophore group
of Rhodamine B produces simpler intermediates and the final
products are COg and HoO (Riyani et al., 2021).

3.5 Photocatalytic Kinetics Rate and Mechanism in Degrad-
ing Rhodamine B

Determination of the zero-order is done by graphing the con-
centration of Rhodamine B at time t versus time. The deter-
mination of the first order is done by making a graph between
the concentration of Rhodamine B (at the time) t divided by
the initial concentration (Cyp) against time. Determination of
the order of the second reaction is carried out by plotting 1/Ct
against time when comparing the value of R? from the linear
regression equation obtained from each reaction order.

In determining the kinetics of the photocatalytic rate, it was
obtained that it was of the first order. Figure 8 shows the plot
of In Cy/C against photodegradation time of Rhodamine B by
1% Polyaniline/TiOg9 composites.

The plot of In Cy/C vs time was used to determine the
rate constant (k) of photodegradation. If we use the first-order
kinetic rate equation, the photodegradation rate constant can
be calculated using the following equation.
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Figure 7. Reaction Rate Curves a) Zero-Order, b) First Order
and c) Second-Order
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Figure 8. In Cy/C vs Time of Rhodamine B Degradation
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The results showed that the rate of photodegradation of
Polyaniline/TiOg in degrading Rhodamine B was 0.005445
min~!.

According to Yang et al. (2017), with the results of UV-DRS
analysis, the mechanism of Polyaniline/TiOg photocatalyst is
obtained as follows:

The material-doped Polyaniline semiconductor absorb vis-
ible light irradiation and transfer photogenerated electrons
(e7) to the Conduction Band (CB) of TiOg. Simultaneously,
the h* generated in the Valence Band (VB) of TiOg is trans-
ferred to HOMO on Polyaniline. This electron transfer be-
tween Polyaniline and the TiOg semiconductor results in free
electrons (e”) reacting with Og to produce superoxide rad-
icals (¢Og), and holes (h*) reacting with OH and HyO to
produce hydroxyl radicals (¢OH). Then the target compound
will be degraded by Reactive Oxygen Species (ROS) (¢Og
and *OH). The reaction of the photocatalytic mechanism of
Polyaniline/TiOg is as follows:

Polyaniline/TiOg + hv — Polyaniline/TiOg + ¢~

© 2022 The Authors.
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Figure 9. Mechanism of Polyaniline/TiOg Photocatalysis

e” + g — ¢Og_

Polyaniline*/TiOg — Polyaniline*/TiOg + h*

h* + HoO/OH~ — «OH

RhB + ROS — intermediet product — COg + HyO

4. CONCLUSION

Based on the research conducted, it was found that the synthe-
sized Polyaniline/TiOg composite was in the form of emeral-
dine salt in the form of a dark green precipitate. The photo-
catalytic activity test showed that the Polyaniline/TiOg¢ pho-
tocatalyst could reduce the concentration of Rhodamine B by
80% at pH 9 for 800 minutes with a photodegradation rate of
0.005445 minutes™!.
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