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Abstract

Multi-walled carbon nanotubes (MWCNT) were prepared by treatment of cocoPas and titanium dioxide
nanocomposites TiO2 - MWCNT (cocoPAS) prepared by stirring and mixing method was used as a photocatalyst for the
degradation of phenol in water under light irradiation. The morphology and microstructure of the composites were
characterized with SEM, FT-IR, BET, XRD and UV-visible spectrophotometer. The purpose of this study were synthesize
TiO2-MWCNT (cocoPAS) composite and evaluate its performance for photodegradation phenol. It was found that the
degree of photodegradation of phenol under UV light was highly dependent on the concentration of phenol and the
degradation temperature. The presence of MWCNT worked as the adsorbent and electron acceptor to efficiently
enhance the phenol photodegradation. The as-prepared nanotubes, with surfactant contents, showed high-
photocatalytic activities with increase degradation. These results indicate that TiO2 - MWCNT (cocoPAS)composites
using cocoPAS can be used to enhance degradation and can expand potential applications for the degradation of organic
pollutants.
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1. Introduction

Various organic pollutants in wastewaters are highly toxic and non-biodegradable nature, one of which is phenol.
Phenols are broadly used in textile, pesticides, paper and petrochemical industrier [1]. Treating wastewater containing
phenol has been proposed by various technologies such as adsorption, activated carbon, chemical oxidation, and
biological treatment. However, these common technologies required time-consuming, high operation cost, and also
possible production of toxic by-product [2]. Heterogenous photocatalysis, which is an Advanced Oxidation Process
(AOP) is a potential technology to degrade phenol. These techniques produce and use highly reactive radical like
hydroxyl radical (OHe) that degrade the organic pollutants to carbon dioxide and water, which is more environmentally
friendly and biodegradable. Degrade organic pollutants with photocatalytic process also known as photodegradation

[3]-

The heterogenous photocatalysis process is a phenomenon in which a semiconductor photocatalyst are irradiated by
photons from light source. The energy of photon must be equal or higher than semiconductor photocatalyst’s band gap.
In this process, the electrons of photocatalyst (e") are excited from valence band to conduction band and leaving holes
(h*) behind in the valence band. Electrons and holes respectively will react to produce hydroxyl radical (OHe) [4].
Photocatalytic performance of several semiconductor compounds has been studied. TiOz or titanium dioxide has been
regarded as an excellent photocatalyst due to its long-term stability against photo and chemical corrosion, strong
oxidizing power, high reactivity, inexpensive, and non-toxicity [5]. But, high degree of electron-hole recombination at
the surface or in the bulk is a major limitting factor in controlling its photocatalytic efficiency. Electrons and holes must
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be separated so that each can react to form hydroxyl radical (OHe) [6]. Combining TiOz with support materials into a
composite is one of the treatments that can enhance performance of TiOz photocatalysts.

The physical and chemical properties of support materials strongly affect the functions of composite [7]. The carbon
materials are used in various ways in the composites such as supports, adsorben agent, and dispersant to increase the
surface area of functional materials. Compared with the other carbon material, Multiwalled Carbon Nanotubes
(MWCNT) usage is greater and its integration into the semiconductor is advantageous for effective photocatalytic
process due to unique thermal, electrical and physical properties and large surface area. Having the large electron-
storage capacity, the MWCNT can act as electron-trapper to hindering the electron-hole recombination [8]. However,
MWCNT is hydrophobic and prone to aggregation due to their strong van der Waals interaction, thus causing MWCNT
not to be well dispersed on TiOz photocatalyst. This can inhibit the benefit of CNT to composites [9]. Therefore, the
surface modification of the MWCNT must be modified before it is compiled with TiOz, so that the MWCNT is evenly
dispersed on the surface of TiOz and One of the fuctionalization to modify surface of MWCNT is non-covalent
functionalization using surfactants. Their hydrophilic part imparts aqueous solubility while hydrophobic part adsorbs
to the MWCNT’s surface via non-covalent interactions such as van der Waals, change transfer function and interaction
of m — m. Based on the change of their head group, surfactants can be categorized as cationic, anionic, and nonionic [11].
Sodium dodecyl sulfate (SDS) is one of the anionic synthetic surfactants used as a MWCNT dispersing agent [12].
Interaction between MWCNT and SDS through hydrophobic interactions and electrostatic forces cause higher stearic
repulsion and negative charge on the surface of the MWCNT, thereby increasing MWCNT dispersion [13]. To maintain
environmental conditions, surfactants derived from natural resources that are biodegradable as a substitute for
synthetic surfactants such as cocoPAS surfactant made from coconut oil. Coconut oil based on primary alkyl sulfate
(cocoPAS) surfactant is SDS derivatives that has a wide, linear chain length distribution between Cs and Cis where C12
and Ci4 chains comprise ca. 66 wt.% [14]. Based on this approach, in this study, synthesis of TiO2-MWCNT composites
was carried out with cocoPAS surfactant as MWCNT dispersing agent.

2. Material and methods

2.1. Materials

MWCNT were purchased from Dong Yang (HK) Int'l Group Limited of diameter 10-30 nm, length of 5-15 pm, and purity
0of 99%, Ti02-P25, cocoPas surfactant, HNO3, phenol and aquades.

2.2. MWCNT Surface Modification using cocoPAS Surfactant

About 1 g of MWCNT and 0,5 g cocoPAS surfactant was suspended in 100 mL of aquades. The suspension was sonicated
in a water bath for 1 hrs at room temperature to unlocked the agglomeration of the nanotubes. MWCNT (cocoPAS) solids
contained in the suspension were separated using a vacuum device circuit and then were dried at 1102C for 1-2 hours
to evaporate the water.

2.3. Synthesis of TiO2-MWCNT (cocoPAS) Composite

Composite was prepared by simple mixing, evaporation and drying process. First, approximately 15 mg MWCNT
(cocoPAS) were dispersed in 100 mL of aquades and sonicated for 30 minutes. Then, about 1 g Ti0O2-P25 was added to
the suspension and and sonicated for 30 minutes. To adjust the pH of the suspension to acidic (pH = 3), a few drops of
1 M HNOs were dropped on the solution until its pH is 3. Suspension in an acidic atmosphere can strengthen the
composite bond [15]. The suspension was stirred with magnetic stirrer for 3 hours at 300 rpm and then were dried
overnight in an oven at 1109C. The resultant solids were calcined with fixed bed reactor for 2 hours at 4002C.

2.4. Photodegradation Phenol with TiOz2-MWCNT (cocoPAS) Composite

Riau local application of Riau local suspension B. bassiana was carried out using a 100 ml sprayer. Each red chili plant
is sprayed evenly according to the volume of spray. The application of Riau local suspension B. bassiana was carried out
in the afternoon at 18.00 WIB The performance of the synthesized photocatalyst, TiO2-MWCNT (cocoPAS) composite
was evaluated by photodegradation experiments. All experiments were conducted in photodegradation reactor (40 cm
x 50 cm x 60 cm) under six of UV Blacklight Blue (UV BLB) lamp (@10 W) irradiation for a period of 240 minute (after
keeping in dark for 30 minutes in each run to reach equlibrium state). Phenol was prepared in 300 mL aquades with
various initial concentration (10, 20, and 30 ppm). Then, 0,3 g TiO2-MWCNT (cocoPAS) composite was added to phenol
solution. The solution contents were kept uniformly distributed by using a magnetic stirrer in 300 rpm. Effect of
degradation temperature was carried out at 30, 40, and 502C respectively. Sample was drawn 5 mL every 30 minute
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and separated from solids with centrifuge. The samples were analysed for the initial and residual concentrations of
phenol by UV-visible spectrophotometer.

3. Results

3.1. Characterization of TiO2-MWCNT (cocoPAS) Composite

Figure 1. shown morphology of TiO2, MWCNT (cocoPAS) and TiO2-MWCNT (cocoPAS) composite were characterized
using SEM. MWCNT (cocoPAS) in the form of long tubular/cylindrical branches on TiOz surface. Morphology of TiO: is
in the form of agglomerate. Figure 1 showed that the MWCNT (cocoPAS) are homogenously dispersed throughout the
TiO2 matrix [16]. So it was considered that the TiO2-MWCNT (cocoPAS). composite could show a better photocatalytic
performance.

Figure 1 SEM Image of (A) TiOz (B) MWCNT (cocoPAS) (C) TiO2-MWCNT (cocoPAS) Composite

FT-IR technique was applied to detect the changes in the characterized functional groups. Figure 2a shows the obtained
spectrum for TiOz nanoparticles, in which there is an absorption band in the low frequency region (400-700 cm-1), which
is assigned to Ti-O and Ti-O-Ti stretching vibration of TiO2. Other bands were observed at 1558,55 cm! and 2339,75
cm! which are related to Ti-OH and -OH stretch from strongly hydrogen-bonded, respectively [17]. The spectrum
obtained for the carbon nanotubes (Figure 2c) show the presence of C=C stretching bonds at 1568,19 cm, C-C at
2360,01 cm, C=0 at 1799,66 cm’, C-O at 1147,69 cm, and C-H at 2978,92 cm™ [18]. Synthesis of TiO2-MWCNT
(cocoPAS) composite was confirmed by the existence of several carbon functional groups (C-H, C=C, and C=0) as shown
in Figure 2b. A stretching of the Ti-O-C bond at 3129,64 cm! is observed, confirming the bond of TiOz to the carbon
nanotube structures [19].

Surface area of TiO2is a crucial factor in its use as photocatalyst, as all the chemical events take place at the surface. One
of the benefits obtained from MWCNT doping on TiOz in order to expand the surface area of TiOz because the surface
area of MWCNT is greater than TiO2. The BET method was used to determine surface area of photocatalyst. Table 1
showed the BET data for TiO2-MWCNT (cocoPAS) composite, TiO2-P25, and MWCNT. The result revealed that surface
area of TiOz was increase after being compiled with MWCNT (cocoPAS). The surface area of photocatalyst increases the
photodegradation because the high surface area contains the greater number of active sites than the low surface area
material. High surface area also can increase the adsorption ability of TiO2 and expand the contact area between
composite and organic compounds [20].
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Figure 2 FT-IR Spectra of (a) (a) TiOz (b) TiO2-MWCNT (cocoPAS)composite (¢) MWCNT(cocoPAS)

Table 1 The BET Surface Area Data

Material Surface Area (m?2/g)
TiO2 53,6 121]

CNT 200 [21]
Ti02-MWCNT (cocoPAS) 65,75

The crystalline phase of TiO: also influences the process of photocatalysis to degrade phenols. The mixture of anatase
and rutile phases shows good photocatalytic activity [22]. The crystalline phase of TiO2-MWCNT (cocoPAS) composite
were analyzed by XRD measurements. The XRD pattern of TiO2-MWCNT (cocoPAS) composite was shown in Figure 3
where A for anatase and R for rutile. Sharp peaks of composite in 26; 25,289, 37,839, 48,03°, 53,929, dan 55,059 are
observed that related to (101), (004), (200), (105), and (211) crystal plates in pure tetragonal anatase phase of TiO2
(ICDD 01-072-7058). Peaks at 26; 27,4° belonging to the diffraction peak of (110) plane of rutile. Peak of MWCNT
usually at 26; 269, but carbon nanotube’s peak wasn’t shown in XRD pattern of composite may be because the low
content and the low diffraction intensity of MWCNT compared to TiO2. Therefore the main peak of anatase phase of TiO:
at 25,28 © can eliminate the main peak of a carbon nanotube at 26° [23].
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Figure 3 XRD Pattern of TiO2-MWCNT (cocoPAS) Composite
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where Xr is rutile fraction; Ia is anatase intensity and Ir is rutile intensity that can be found in XRD results. Anatase
fraction (Xa) can be determined bby Xa = 1- Xr. The anatase and rutile fraction of TiO2-MWCNT (cocoPAS) composite
were 85,19% and 14,81% respectively. TiO2-P25 which is used for synthesize of composite contains 80% anatase and
20% rutile. Increasing anatase fraction in composite indicate that composite will have better photocatalytic
performance because anatase having a higher surface adsorption capacity to hydroxyl group and lower charge carrier
recombination rate than rutile [24]. However, anatase-rutile structure of TiO2-MWCNT (cocoPAS) composite promotes
change-pair separation and inhibits recombination. The average size of crystal calculated by Scherrer equation,

kA
D=
B cos6

(2)

where D is crystal size; k is a constant equal to 0,89; A, the X-ray wavelength equal to 0,154056 nm; 3, the full width at
half maximum intensity (FWHM) and 6, the half-diffraction angle [25]. The average size of crystal for anatase and rutile
were 18,82 nm and 26,15 nm, respectively. Smaller anatase crystal size makes anatase has a higher surface adsorption
capacity than rutile.

3.2. Photodegradation of Phenol using TiO2-MWCNT (cocoPAS) Composite
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Figure 4 Effect of Initial Phenol Concentration and Degradation Temperature on Photodegradation Phenol using TiO-
MWCNT (cocoPAS) Composite of (a) 30 °C (b) 40 °C (c) 50 °C (d) Percent of degradation
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Photocatalytic performance of TiO2-MWCNT (cocoPAS) composite was evaluated with effect of initial phenol
concentration (10, 20, and 30 ppm, respectively) and effect of degradation temperature (30, 40, and 50° C, respectively).
Figure 4 showed that increasing initial phenol concentration at constant temperature would decrease percent
degradation of phenol. When the initial phenol concentration is high, the number of available active sites are decreased
by phenol and major absorption of illuminated light by phenol molecules which reduced the photocatalytic performance
of TiO2-MWCNT (cocoPAS) composite. Since the intensity of irradiation light was constant, the hydroxyl radical formed
on the surface of the photocatalyst were also constant, the attack of these radicals on the compound molecules
decreased and simultaneously the photodegradation also decreases [26].

Figure 4 also showed that increasing degradation temperature at constant initial phenol concentration would increased
percent degradation of phenol. This increase could be explained by the enhancement of the reaction rate took place
between the phenol molecules and the hydroxyl radical. Moreover, the enhancement of the degradation is probably due
to the increasing collision frequency of phenol molecules [27]. Increasing temperature helps to speedup the velocity of
both the hydroxyl radicals and the phenol molecules to interact with each other because the less energy of activation
needed for a reaction to occur [28]. According to that explanation, the highest percentage of phenol degradation
occurred at the lowest initial phenol concentration and the highest degradation temperature at the initial phenol

concentration of 10 ppm and the degradation temperature at 50 °C, which was 89%.

4. Discussion

TiO2-MWCNT (cocoPAS) composite has been synthesized with simple mixing, evaporation and drying process where
MWCNT was modified with biodegradable surfactant cocoPAS. TiO2-MWCNT (cocoPAS) composite have a larger surface
area, smaller crystal size and greater anatase fraction compared to TiO: that caused its better performance.

The profile of variations in the initial concentration of phenol at each degradation temperature can be seen in Figure 4.
The most significant decrease in phenol concentration occurred at the initial phenol concentration of 10 ppm while at
the initial concentration of phenol 20 and 30 ppm there was only a slight decrease in phenol concentration. The higher
the initial concentration of phenol, the lower the decrease in the concentration of phenol. This is due to the adsorption
competition on the surface of TiO2 between OHe which is formed from the OH group on the active site of TiO2 with
phenol molecules. As the initial concentration of phenol increases, the number of active sites containing OH groups on
the TiO2 surface decreases due to the adsorbed phenol [26].

Ti02-MWCNT (cocoPAS) composite can reduce phenol concentration in various degradation temperatures. The most
significant decrease in phenol concentration occurred at a degradation temperature of 50°C. This is because the
degradation temperature affects the reaction in the photocatalytic process. The decrease in the concentration of phenol
which increases with increasing temperature is due to an increase in the rate of reaction between phenol and OHe. In
addition, the increase in the percentage of degradation is also due to the increase in the frequency of collisions of phenol
molecules as the degradation temperature increases [27].

The highest photocatalytic performance of the TiO2-MWCNT (cocoPAS) composite was at an initial phenol
concentration of 10 ppm and a degradation temperature of 50 °C, namely 89%.

5. Conclusion

We propose the determination of temperature and concentration in phenol degrading using photocatalyst of TiO2-
MWCNT (cocoPAS) composite to obtain the highest percentage of phenol degradation. The presence of MWCNT
(cocoPAS) functions as an adsorbent and electron acceptor to enhance the photodegradation of phenol efficiently. The
performance of the composite in degrading phenol related to the photocatalyst characteristics of the TiO2-MWCNT
(cocoPAS) composite gave a larger specific surface area. This shows that photocatalytic composites with TiO2-MWCNT
(cocoPAS) are promising for the degradation of wastewater, especially phenol. The highest photocatalytic performance
from TiO2-MWCNT (cocoPAS) composite were at 10 ppm of initial phenol concentration and 50°C of degradation
temperature is about 89% and the lowest were at 302C with the degradation is about 64%. This shows that the
photocatalytic with the composite of TiO2-MWCNT (cocoPAS) is promising for the degradation of wastewater.
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