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ABSTRACT 15 

In this study, functionalized-MWCNTs with 3-aminopropyltriethoxysilane (APTES) loaded 16 

titania nanoparticles (MWCNTs-APTES-TiO2) were prepared to investigate their physicochemical 17 

properties and photocatalytic activity for methyl orange (MO) degradation. The TiO2 18 

nanoparticles, functionalized-MNCNT and composite powders were characterized by XRD, 19 

raman, and TEM. The results obtained proved that titania (TiO2) nanoparticles was successfully 20 

loaded on APTES-MWCNTs. The best photocatalytic degradation of methyl orange solution under 21 

UV light irradiation was recorded over MWCNTs-APTES-TiO2 (1:2), with 87% after 180 min. 22 

Kinetic analysis indicated that photocatalytic degradation of MO solution by MWCNTs-APTES-23 

TiO2 obeyed second-order kinetic model (R2 > 0.95), supported by half-life equations and graph. 24 

The presence of carbon nanotubes accelerated the degradation of methyl orange due to inhibition 25 

of electron-hole recombination, the formation of additional hydroxyl radicals and functional 26 

groups of the latter had an inhibitory effect on the degradation of methyl orange. This study shows 27 
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that the MWCNTs-APTES-TiO2 nanocomposites exhibit promising photocatalytic degradation 28 

against methyl orange. 29 

Keywords: Photocatalyst, Titanium Dioxide, Multi-walled Carbon Nanotubes, Methyl Orange, 30 

Degradation 31 

Introduction 32 

Textile, food beverage, paper and other industrial dyestuff generated large quantities of dye 33 

pollutants that lead to the serious water contamination problems. The effluents discharged from 34 

these industries are usually strong colored and contribute to non-aesthetic pollution that affects to 35 

human beings and aquatic life due to their carcinogenic, toxicity, and mutagenic effects (Hoffmann 36 

et al. 1995, Legrini et al. 1993). Among those organic pollutants, methyl orange is one of the 37 

pollutants that can subsequently lead to the water contaminations problems (Haque et al. 2011). 38 

Therefore, it is important to study the removal of methyl orange in order to avoid any 39 

environmental threats.   40 

 41 

Recently, photocatalytic degradation has attracted great attention as an effective method to 42 

purify wastewater by converting photon energy to chemical energy and cause organic 43 

contaminants can be decomposed. Titanium dioxide (TiO2) is most frequently used in the 44 

photocatalytic process due to its chemical stability, high activity, low toxicity, water insolubility 45 

under most conditions, no secondary pollution,  robustness against photocorrosion and low cost 46 

(Fujishima et al., 2000). However, there are still many challenges as a great photocatalyst because 47 

it has a wide band gap energy of 3.2 eV for anatase that enables TiO2 to absorb only UV light with 48 

a wavelength lower than 385 nm (Pelaez et al., 2012, Wu et al., 2013). A few methods have been 49 
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attempted in order to increase the catalytic performance of the TiO2 photocatalyst such as 50 

metal/non-metal doping, coupling with semiconductors and dye sensitization (Chen et al., 2003, 51 

Gao et al., 2009). A previous study reported that to overcome the limitation of TiO2 and to increase 52 

the photocatalytic activity of TiO2 by retardation of electron-hole recombination, introduce active 53 

sites of reaction, and modification of band gap (Kubacka et al. 2011, Nainani et al. 2012).  54 

 55 

Among the possible materials proposed for modifying TiO2, multi-walled carbon 56 

nanotubes (MWCNTs) seems suitable materials to improve the photocatalyst performance due to 57 

their unique structure and properties (Hone et al. 2002). Besides, MWCNTs-TiO2 composites have 58 

paying attention due to the mechanical, electrical and thermal properties of MWCNTs and also 59 

favorable application of MWCNTs-TiO2 due to their ability to adsorb hydrophobic organic 60 

pollutants that hardly adsorbed by TiO2 nanoparticles themselves and also high capability to 61 

conduct electrons. A previous study reported that the MWCNTs functioned as support to catalyst, 62 

provide the reactivesurface area and stabilize the charge separation by trapping the electrons 63 

transferred from TiO2, thus thwarting the charge recombination (Zhao et al. 2013). Interestingly, 64 

the band gap energy of TiO2 was found reduced from 3.2 to 2.79 eV with the incorporation of 65 

MWCNTs (Jiang et al. 2011).  66 

 67 

Shitole et al. (Shitole et al. 2013) investigated the degradation of MO using TiO2-68 

MWCNTs as photocatalyst and they found that the rate of degradation of MO dye with TiO2-69 

MWCNTs was 10 times higher than to TiO2. The highest photocatalytic degradation efficiency 70 

can be ascribed by the presence of MWCNTs which act as dispersing agent, adsorbent and electron 71 
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reservoir to facilitate the separation of the electron-hole pairs at the TiO2-MWCNTs interface, thus 72 

leading to the faster rates of photocatalytic oxidation (Xu et al. 2010). Tan et al. (Ling Tan et al. 73 

2015) reported that the degradation of MO in the absence MWCNTs-TiO2 catalyst after 1 h of UV 74 

irradiation is very low because it is mainly photolysis process (Gao et al. 2009). Meanwhile, 75 

MWCNTs-TiO2 exhibits the highest photodegradation of MO due to suppressing the 76 

recombination of photogenerated electrons and holes (Djokić et al. 2014). 77 

 78 

  This study highlights the photocatalytic degradation of methyl orange from an aqueous 79 

solution onto MWCNTs-APTES-TiO2 nanocomposites. The MWCNTs were functionalized with 80 

3-aminopropyltriethoxysilane (APTES) to improve their solubility and dispersion capabilities 81 

prior to use (Harris 2009). In our previous study, we reported the adsorption of MO using 82 

MWCNTs-APTES-TiO2 and found high adsorption abilities against methyl orange in 60 min 83 

(Ahmad et al. 2017). Thus, it is expected that MWCNTs-APTES-TiO2 showed better 84 

photocatalytic performance as compared to pure TiO2. In this study, MWCNTs were synthesized 85 

using chemical vapor deposition (CVD) method, functionalized with APTES and then were loaded 86 

with TiO2. The synthesized materials were characterized using XRD, Raman, TEM and EDX. 87 

Next, the kinetic of zero-order, first-order and second-order were then studied to understand the 88 

specific degradation of the samples. 89 

 90 

Experimental 91 

Synthesis of MWCNTs-APTES-TiO2 composites 92 
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MWCNTs were functionalized by adding 1 g of MWCNTs in APTES and toluene (1:9 v/v) 93 

solution. The mixture was refluxed at 105°C for 5 h and then was filtered and washed with acetone 94 

to remove any APTES remnant. The residue was then collected and dried in an oven at 105°C for 95 

6 h. For loaded TiO2 nanoparticles onto APTES-MWCNTs, the mixture was prepared by mixing 96 

1 g of APTES-MWCNTs with 1 g of TiO2 nanoparticles at a ratio of 1: 1 w/w. Then, the mixture 97 

was heated at 105°C for 6 h under reflux condition. After that, the residue was filtered, washed 98 

with deionized water and dried in an oven at 100°C for 24 h. The procedure was repeated for 1:2, 99 

1:3, 1:4 and 1:5 ratio. 100 

 101 

Characterization 102 

X-ray diffractometer (XRD) 103 

Samples were ground using mortar and pestle to become a fine powder. Then, the sample is put 104 

on glass slides as sample holder and lightly pressed with another glass slides to get a thin layer. X-105 

ray diffractograms were recorded on a Rigaku D/max-2500 powder diffractometer with Cu-Kα 106 

source (λ = 0.154 nm, 40 kV, 40mA) and operating at a scanning rate of 2.00⁰ min-1. The diffraction 107 

spectra were obtained at the diffraction angle, 2Ɵ from 10⁰ to 80⁰ at room temperature, with a step 108 

interval of 10° step size. 109 

 110 

Raman spectroscopy 111 

Raman spectra were acquired using Jobin Yvon HR 800 (Excitation 514.532 nm, CCD) at a 112 

temperature range between 100 °C and 1800 °C at room temperature. The samples tested by 113 

Raman spectroscopy could be characterized when taken from the production system thus no need 114 

further preparation or treatment. 115 
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  116 

Transmission Electron Microscopy (TEM) 117 

The images of samples were captured using TEM FEI Tecnai BioTWIN. Samples were suspended 118 

in ethanol by sonification and the resulting suspension was then drop dried onto carbon film coated 119 

TEM grids.  120 

 121 

Energy Dispersive X-ray Spectroscopy 122 

Energy dispersive x-ray spectroscopy was obtained by using EDX, Hitachi SU8000, Japan at the 123 

Hi-Tech Instrument Sdn. Bhd, Malaysia. For sample preparation, the samples were put on top of 124 

an aluminum sample stub and trapped with double-sided tape. The elemental were analyzed by 125 

production system.  126 

 127 

Photocatalytic Degradation Activity 128 

Photocatalytic activity was carried out in a photoreactor with 250 ml Pyrex beaker and open to air. 129 

The photoreactor was set up inside a closed home-made box and the interior of the box was lined 130 

up with aluminum foil for the reflective interior surface. The exterior surface of the box is opaque 131 

to outside light. The photocatalytic degradation experiment was obtained by adding the 132 

MWCNTs-APTES-TiO2 into 100 ml of 20 ppm reactant solution. As for blank sample, an aliquot 133 

of 5 mL of reactant was withdrawn without the presence of any samples. Mixtures of photocatalyst 134 

powder with reactant solution were stored in a reactor and exposed under illumination of UV bench 135 

lamp (302 nm, 230V ~ 50Hz) for 3 hours. The aqueous solution was stirred during the experiment. 136 

At every 30 minutes of time intervals, 5 mL of the reactant solution was taken out using a syringe 137 

and filtered through 0.45 πm Millipore syringe filter. The solution was then transferred to a square 138 

cuvette and consequently place in the sample holder of UV-Vis spectrophotometer. The absorption 139 
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spectra were recorded via of UV-Vis spectrophotometer and the percentage of reactant degradation 140 

was calculated using the formula: 141 

100
)(

(%)
0

0 x
C

CC
nDegradatio t−

= , 142 

where C0 is the initial absorption of dye and Ct is the absorption of dye after the reaction at t  time. 143 

 144 

Results and Discussion 145 

Characterization of MWCNTs-APTES-TiO2 146 

The XRD patterns of APTES-MWCNTs, TiO2, and MWCNTs-APTES-TiO2 at different 147 

ratios are shown in Figure 1. The APTES-MWCNTs exhibit two peaks present at 25° and 148 

42°, corresponds to the (002) and (101) of CNT lattice, which confirmed the CNTs structure 149 

and hybridization of sp2 atoms (Masipa et al. 2013). Another previous study also reported 150 

that the peak at 2θ = 25° corresponds to the (002) plane of graphite, and which indicate the 151 

interlayer stacking of graphene sheets at nano dimensions (Narendranath et al. 2014). 152 

Another study also clarified that peaks was classified as multi-walled carbon nanotubes 153 

(Krishnamurthy and Namitha 2013). The peaks present at 2θ = 38°, 48°, 54°, 55°, 63°, 69°, 154 

and 71 assigned to (101), (200), (105), (211), (204), (166), and (220), respectively are the 155 

characteristic of the crystallize anatase TiO2 phase structure (Kim and Choi 2015, Safari 156 

and Gandomi-Ravandi 2014, Scheibe et al. 2009). The peaks for MWCNTs-APTES-TiO2 157 

(1:1) could not be clearly observe due to the main peak for MWCNTs overlaps with the 158 

main anatase TiO2 peak at 2θ = 25° (de Morais et al. 2013, Golobostanfard and Abdizadeh 159 

2014). Peaks of MWCNTs-APTES-TiO2 at 2θ = 25°, 37°, 48°, and 54° assigned to the 160 

(101), (004), (200), and (211) planes, respectively, referring to anatase TiO2 (Razali et al., 161 

2017) (Mombeshora et al. 2015). A similar observation was also reported in a previous 162 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 March 2018                   doi:10.20944/preprints201803.0099.v1

http://dx.doi.org/10.20944/preprints201803.0099.v1


8 
 

study (Saleh et al. 2014). For MWCNTs-APTES-TiO2 at different mass ratios (1:2, 1:3, 1:4 163 

and 1:5) show the anatase TiO2 nanoparticles were successfully loaded onto APTES-164 

MWCNTs.  165 

 166 

Figure 1: XRD patterns of (a) Functionalized-MWNTs, (b) TiO2 nanoparticles (c) MWNTs-167 
APTES-TiO2 (1:1), (d) MWNTs-APTES-TiO2 (1:2), (e) MWNTs-APTES-TiO2 (1:3), (f) 168 
MWNTs-APTES-TiO2 (1:4) and (g) MWNTs-APTES-TiO2 (1:5). 169 
 170 

The average crystallite size of anatase in the samples was calculated with the Scherrer 171 

formula using the anatase (101) diffraction peaks:    172 

θβ
λ

cos

k
D =  173 

where D is the average crystallite size, k is a constant (0.89), λ is the wavelength of the X-174 

ray radiation (0.154 nm), β is the band broadening (full width at half-maximum) and θ is 175 

the diffraction angle. Based on the previous study, the optimum crystallite sizes were ~20 176 

– 25 nm for anatase and ~50 nm for brookite (Chen et al. 2015). Based on results of particle 177 
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sizes are shown in Table 1, it can be seen that there are no major differences in particle size 178 

with increasing amounts of TiO2 with the average crystallite size in the range of 16 to 19 179 

nm. Among the samples, MWCNTs-APTES-TiO2 with ratio 1:2 has the highest crystallite 180 

size and is expected to be a good photocatalyst because it could provide a better contact 181 

point between the nanoparticles. Hence, this advantage provides a more efficient charge 182 

transport and faster photoinduction for the electron transfer (Yu et al. 2005b).   183 

Table 1: Crystallite size of samples 184 

Photocatalyst 
Crystallite size 

(nm) 
 TiO2 16.6 
MWNTs-APTES-TiO2 (1:1) 17.3 
MWNTs-APTES-TiO2 (1:2) 18.6 
MWNTs-APTES-TiO2 (1:3) 17.9 
MWNTs-APTES-TiO2 (1:4) 17.9 
MWNTs-APTES-TiO2 (1:5) 18.5 

 185 

The Raman spectra of APTES-MWCNTs, TiO2, and MWCNTs-APTES-TiO2 at 186 

different ratios are shown in Figure 2. For APTES-MWCNTs show two peaks at ~1340 187 

cm−1 and ~1580 cm−1 ascribed to D and G bands vibrations, respectively (Sheikh et al. 188 

2015). The D band explained the distortions on the MWCNTs surface (Nuruzatulifah et at., 189 

2012), while G band explains the crystalline nature of MWCNTs (Mansor et al. 2012). In 190 

addition, no peak of a radial breathing mode (RBM) observe in the range of 100 cm−1 to 191 

350 cm−1 confirm that the synthesized CNTs is multi-walled (Masoumi et al. 2010). The 192 

peaks at 146 cm−1, 197 cm−1, 394 cm−1, 401 cm−1, 520 cm−1, and 634 cm−1 shows the 193 

presence of TiO2 anatase phase (Gonzalez 1996), which was supported by XRD data. The 194 

spectra of MWCNTs-APTES-TiO2 for all ratios exhibit all the peaks of APTES-MWCNTs 195 

and pristine TiO2, respectively, and thus can conclude that the APTES-MWCNTs loaded 196 
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TiO2 were successfully synthesized. The intensity ratio (ID/IG) were measured to indicate a 197 

number of structural defects on the sidewalls of the MWCNTs (Jeong et al. 2010, Osswald 198 

et al. 2007). The ID/IG of MWCNTs-APTES-TiO2 was found to be 1.09, 1.19, 1.15, 1.08 199 

and 0.97 for 1:1, 1:2, 1:3, 1:4 and 1:5 ratios, respectively. Accordingly, the ID/IG decrease 200 

because defects in MWCNTs have decreased due to titania binding to the oxygen groups 201 

within the defect sites (Vigolo and Hérold 2011). Also, the previous study reported that the 202 

low ID/IG ratio of multiwalled carbon nanotube-titania nanocomposites due to the low 203 

amount of nanotubes and the large amount of titania that can bind and cover the defect sites 204 

(Mombeshora et al. 2015) 205 

 206 
Figure 2: Raman Spectra (a) Functionalized-MWNTs, (b) TiO2 nanoparticles (c) MWNTs-207 
APTES-TiO2 (1:1), (d) MWNTs-APTES-TiO2 (1:2), (e) MWNTs-APTES-TiO2 (1:3), (f) 208 
MWNTs-APTES-TiO2 (1:4) and (g) MWNTs-APTES-TiO2 (1:5). 209 

 210 

TEM images of MWCNTs-APTES-TiO2 in different mass ratios show that some of 211 

the TiO2 clusters were attached to functionalized-CNTs due to bonding between the 212 

hydroxyl groups of TiO2 and the amine groups of functionalized-MWCNTs (Figure 3). 213 
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Besides, it is well revealed that TiO2 nanoparticles were attached on the surface of 214 

functionalized-MWCNTs (Fig. 3f). By inclusion of the higher amount of TiO2 over 215 

functionalized-MWCNTs, it caused the surface of the MWCNTs to be much more covered 216 

with TiO2 and limited the interaction between both samples.  217 

 218 

Figure 3 : TEM images of MWNTs-APTES-TiO2 composites at different mass ratios (a) 1:1, (b) 219 
1:2, (c) 1:3, (d) 1:4 and (e) 1:5  220 
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The elemental compositions of nanocomposites were analyzed with Energy-dispersive X-221 

ray Spectroscopy (Table 2). The results obtained show that the amount of Ti increases as 222 

the TiO2 content increased. It clearly shows that the amount of titanium was 24.38% and 223 

43.03% for 1:1 and 1:5 ratio, respectively. 224 

Table 2: Elemental analysis of samples 225 

Photocatalyst 
Element 

C O Si Ti Au 
 TiO2 - - - - - 
MWNTs-APTES-TiO2 (1:1) 37.26 20.24 1.72 24.38 16.40 
MWNTs-APTES-TiO2 (1:2) 35.30 21.51 1.88 26.24 15.07 
MWNTs-APTES-TiO2 (1:3) 24.59 26.39 0.94 35.62 12.45 
MWNTs-APTES-TiO2 (1:4) 13.41 27.53 0.16 36.90 22.00 
MWNTs-APTES-TiO2 (1:5) - 32.36 0.60 43.03 24.01 

 226 

Photocatalytic activity 227 

Photodegradation of methyl orange (MO) exposed under UV light irradiation for 180 min 228 

is employed to estimate the photocatalytic activity of the prepared composites. The UV-229 

Vis spectra of MO solution in the presence pure TiO2 nanoparticles and MWCNTs-APTES-230 

TiO2 composites with 1:1, 1:2, 1:3, 1:4, 1:5 ratios are shown in Figure 4. It can be seen that 231 

a major absorbance can be observed at 464 nm in the initial UV-Vis spectra of MO, which 232 

is due to azo-linkage (Al-Qaradawi and Salman 2002). The degradation rate of each sample 233 

is shown in Figure 5. It can be seen that MWCNTs-APTES-TiO2 shows major improvement 234 

in the degradation of MO compared to pure TiO2. It also shows the highest efficiency at the 235 

mass ratio of MWCNTs:TiO2 = 1:2. These results are reliable with previous studies that 236 

mentioned the suitable loading content of MWCNTs in applications is important to improve 237 

the photocatalytic activity of MWCNTs-TiO2 (Yu et al. 2011). After 180 min, ~87% of the 238 

MO was degraded by MWCNTs-APTES-TiO2 (1:2), followed by MWCNTs-APTES-TiO2 239 
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(1:1) at 72%, MWCNTs-APTES-TiO2 (1:3) at 70%, MWCNTs-APTES-TiO2 (1:4) at 69%, 240 

MWCNTs-APTES-TiO2 (1:5) at 67% and TiO2 at 43%. The MWCNTs-APTES-TiO2 is 241 

photocatalytically more active than TiO2 because there are more hydroxyl radicals 242 

produced by MWCNTs-APTES-TiO2 under UV. Thus, it could be suggested that MO was 243 

eliminated mainly by hydroxyl radical oxidation under UV light irradiation. 244 

 245 

Figure 4: Uv-Vis spectra for the photocatalytic degradation of MO using (a) pure TiO2 246 
nanoparticles and MWNTs-APTES-TiO2 composites in different mass ratios (b) 1:1, (c) 1:2, (d) 247 
1:3, (e) 1:4 and (f) 1:5. 248 
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 249 

 250 

 251 

 252 

 253 

 254 

 255 

 256 

 257 

Figure 5: The degradation rate of MO in the presence of various composites under UV irradiation. 258 

 259 

There are reasons proposed for the increased activity of MWCNTs-APTES-TiO2 260 

compared to pure TiO2.
 Under UV light irradiations, electrons are excited from the valence 261 

band to the conduction band of TiO2, thus creating a hole in the valence band (Czech et al. 262 

2015). For pure TiO2, most of these charges quickly recombine and only a small number 263 

of electrons and holes are trapped and participate in photocatalytic reactions resulting in 264 

low reactivity degradation of MO (Li and Gray 2007). For MWCNTs-APTES-TiO2, TiO2 265 

nanoparticles are intimate contact with MWCNTs and the relative position of the MWCNTs 266 

conduction band edge permits the transfer of electrons from TiO2 surface. Thus it allows 267 

the recombination, stabilization and charge separation. The excited electron can be shuttled 268 

freely along the conducting network of MWCNTs and transfer to the surface which react 269 

with water and oxygen to yield hydroxyl radical and oxidized MO. Higher the  activity of 270 

the MWCNTs-APTES-TiO2 photocatalyst depends on the longer holes on TiO2 (Aazam 271 

2014, Tseng et al. 2010).  272 
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Besides that, the presence of functionalized-MWCNTs provides a large number of 273 

reactive sites compared to pure TiO2 (Cao et al. 2013). It allows larger adsorption of 274 

hydroxyl groups being a source of •OH radicals. Then, oxygen taking part in the process 275 

and adsorbed on the carbon nanotubes surface enable the formation of additional *OH 276 

radicals. Therefore, there are more hydroxyl radicals in the MWCNTs-APTES-TiO2 than 277 

in TiO2 (Czech et al. 2015, Yu et al. 2005a). Moreover, MO molecules can transfer from 278 

solution to the catalyst surface and be adsorbed by µ-µ conjugation between MO and 279 

MWCNTs-APTES-TiO2. Also, because of that, the adsorptivity of MO on MWCNTs-280 

APTES-TiO2 increases and high efficiency in the photodegradation of MO compared to 281 

pure TiO2 as a photocatalyst. Table 3 shows the results obtained in this study with those in the 282 

previously reported work on the various photocatalyst for degradation of MO in aqueous solution.  283 

Table 3; Previously reported degradation rate of various photocatalyst on MO 284 
 285 
Photocatalyst Dye adsorbed Time 

(min) 
Degradation (%) Reference 

MWCNT/TiO2  MB 100 76 (Zhao et 
al. 2013) 

Activated carbon MO 100 30 (Li et al. 
2006) 

TiO2/AC MO 100 77 (Li et al. 
2006) 

TiO2-Ni 
Pure TiO2 

MWCNTs-APTES-TiO2  

MO 
MO 
MO 

120 
120 
120 

77 
34 
81 

(Zhang et 
al. 2010) 

This study 
This study 

MB = Methylene blue, MO = Methyl orange 286 
 287 

 288 

In the present study, zero, first- and second-order reaction kinetics were studied to know 289 

the degradation kinetics of MO by MWCNTs-APTES-TiO2. The linear forms of kinetic model are 290 

represented by equation as follows, 291 
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• Zero-order reaction kinetics: 292 

tkCCt 00 −= , 293 

• First-order reaction kinetics: 294 

e
tk

t CC 1

0

−=  295 

• Second-order reaction kinetics: 296 

tkCCt 20/1/1 +=  297 

 298 

where C0 and Ct are the concentration of MO at initial and at the time, t, (mg L−1), respectively; 299 

k0, k1 and k2 is the rate constant of the zero, first and second order kinetic model, respectively. The 300 

values of k0, k1 and k2 can be determined from the plots of Ct versus time, ln (C0/Ct) against time 301 

and 1/Ct versus time, respectively.  302 

 303 

The three kinetic models for the degradation of MO on functionalized-MWCNTs loaded 304 

titania are presented in Figure 6 and the kinetic parameters (k0, k1 and k2) and correlation 305 

coefficients (R2) were calculated and were summarized in Table 4. By comparing the regression 306 

coefficient obtained, it can be seen that R2 of second-order reaction kinetic was obviously higher 307 

than zero and first-order kinetic model. Therefore, it was feasible for the applicability of the 308 

second-order kinetic model to describe the degradation process of MO on MWCNTs-APTES-309 

TiO2. Then, the results obtained were analyzed by the half-lives equation as follows (Kavitha and 310 

Namasivayam 2007): 311 

• Zero-order reaction kinetics: 312 

002/1 2/ kCt = , 313 

• First-order reaction kinetics: 314 
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12/1 /6934.0 kt =  315 

• Second-order reaction kinetics: 316 

022/1 /1 Ckt =  317 

 318 

where k0, k1 and k2 is the rate constant of the zero, first and second order kinetic model, 319 

respectively.  320 

 321 

 322 

 323 

 324 

 325 

 326 

 327 

 328 

 329 

 330 

 331 

 332 

 333 

 334 

 335 

 336 

 337 
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Table 4: Degradation rates and kinetic parameters of MO degradation 338 

 339 

The t1/2 experiment was determined from the graph of Ct versus time for ratio 1:2 (Figure 7). For 340 

t1/2 calculation, the value for zero, first and second-order are 142, 76 and 29 min, respectively. 341 

Meanwhile, the value for t1/2 experiment from the graph is 22 min. It clearly shows the t1/2 342 

experiment close with t1/2 for second order and proved that the degradation of MO on MWCNTs-343 

APTES-TiO2 followed the second order kinetic model. 344 

 345 

Figure 7: Graph of Ct versus time for MWNTs-APTES-TiO2 at 1:2 ratio 346 

 347 

 348 

Degradation 
(%) 

Zero Order First Order Second order 
k0 R2 k1 R2 k2 R2 

43.6 0.0282 0.9162 0.00498 0.9494 0.0834 0.9701 
72.3 0.0467 0.8782 0.01075 0.9617 0.0012 0.9867 
87.1 0.0435 0.5636 0.02722 0.7909 0.0026 0.9525 
70.1 0.0415 0.7845 0.01324 0.9055 0.0010 0.9734 
69.0 0.0357 0.5920 0.01792 0.7208 0.0009 0.8512 
67.2 0.0303 0.4167 0.02164 0.4495 0.0006 0.4960 
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Conclusions 349 

A new kind of nanocomposite photocatalyst by using functionalized-MWCNTs as a 350 

support for TiO2 nanoparticles on getting high degradation rates of MO were successfully 351 

synthesized using the hydrothermal method. It is found that the degradation of MO solution 352 

using MWCNTs-APTES-TiO2 was recorded at 87% after 180 min, which was higher than 353 

pure TiO2 (43%). The presence of functionalized-MWCNTs accelerated the degradation of 354 

MO due to an inhibitory effect of electron/holes recombination, which increase the formation of 355 

•OH radicals. The MWCNTs-APTES-TiO2 nanocomposites with mass ratio 1:2 (MWCNTs:TiO2) 356 

exhibit the highest photocatalytic activity during the degradation of MO dye compared to 357 

other ratios and the degradation kinetics follow the second-order kinetic model with a high 358 

correlation coefficient (> 0.95). The results of this research highlighted MWCNTs-APTES-359 

TiO2 nanocomposite as an effective photocatalyst and towards facilitating its application in 360 

environmental problems.  361 
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