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29In this work, Fe-doped (1 wt%) TiO2 loaded on the activated carbon nano-composite was prepared using a
30sol-gel method. A prepared nano-composite was characterized by X-ray diffraction (XRD), field emission
31scanning electron microscopy (FE-SEM), BET surface area, Fourier transform infrared spectroscopy (FTIR),
32photoluminescence (PL) spectroscopy and UV–Vis diffuse reflectance spectroscopy (DRS). The photocat-
33alytic activity of the nano-composite was evaluated through degradation of synthetic textile wastewater,
34reactive red 198, under visible light irradiations. The XRD result indicated that the TiO2 nano-composite
35contained only anatase phase. The surface area of the TiO2 increased from 48 m2/g to 100 m2/g through
36the fabrication of the nano-composite. The FE-SEM results indicate that the TiO2 particles with an average
37particle size of 35–70 nm can be deposited homogeneously on the activated carbon surface. DRS showed
38that the Fe doping in the TiO2 -activated carbon nano-composite induced a significant red shift of the
39absorption edge and then the band gap energy decreased from 3.3 to 2.9 eV. Photocatalytic results indi-
40cated that the photocatalytic activity of the Fe doped TiO2 increased under visible light irradiation in the
41presence of the activated carbon.
42� 2018 Published by Elsevier B.V. on behalf of The Society of Powder Technology Japan. All rights
43reserved.
44

45

46

47 1. Introduction

48 Nowadays, water contamination due to population and indus-
49 trial growth has been increased. Water contamination is a critical
50 environmental problem in the world [1,2]. Dyes due to extensive
51 use in the textile industry, slow biodegradation and high toxicity
52 are the most common water contamination [3]. Dyes in the
53 wastewater change the water appearance and decline the dis-
54 solved oxygen which has adverse effects on the ecology [4,5].
55 Among the using dyes in the textile industry, reactive dye because
56 of the higher concentration and carcinogenic effect has to expose
57 to be water treatment to remove it [6,7]. Commonly, there are sev-
58 eral methods (such as flocculation, carbon adsorption, reverse
59 osmosis, activated sludge process and biological methods) to
60 wastewater treatment. These methods have difficulties in com-
61 plete destruction of the dye pollutants and they only transfer the
62 contaminants (dyes) from one phase to another, thus generating
63 secondary pollution [8,9]. As an ideal green technology to degrada-
64 tion of the dye molecules, advanced oxidation processes based on a
65 semiconductor metal oxide photocatalyst have attracted much

66attention to the wastewater treatment [1]. Photocatalytic process
67acts at ambient conditions and many tenacious organic pollutants
68can be degraded without the addition of chemical oxidants [10].
69Among the different photocatalyst used, TiO2 is the most promis-
70ing semiconductor metal oxide photocatalyst due to its chemical
71stability, water insoluble, non-toxicity and low cost [10,6,11].
72However, there are two drawbacks which limit the use of the
73TiO2: (1) high degree of recombination between photogenerated
74charge carriers, (2) due to the wide band gap energy of TiO2 ana-
75tase, it can only absorb five percent of the solar spectrum (UV
76region). Thus, very consideration has been made to alter the elec-
77tronic structure of the TiO2 anatase to overcome these problems.
78The introduction of defects in electronic structure of the TiO2 has
79been proved to be an effective approach to the charge carriers sep-
80arated and also to shift the TiO2 absorption edge [8,12]. Extensive
81studies indicated that transition-metal doping into the TiO2 struc-
82ture enables the formation of doping conduction and valence
83bands, subsequently moving the TiO2 band gap to the visible
84region. A dopant ion is also able to behave as an electron trapping
85which enhances the TiO2 photocatalytic activity due to the reduc-
86ing of the electron hole recombination rate [13]. It is confirmed
87that doping TiO2 with transition metals elements altered the elec-
88tronic structure of the TiO2. Some researches indicated that doping
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89 TiO2 with iron decreased the band gap and increased the charge
90 carrier (photo-generated electron and hole) lifetime. The radius
91 of the Fe3+ (0.69 Å) is close to that of Ti4+ (0.745 Å) and hence
92 Fe3+ can be entered into the TiO2 crystal lattice. Moreover, Fe3+

93 ion can provide a trap center for charge chargers, and consequently
94 photogenerated electron–hole pair separation, since the energy
95 level of Fe2+/Fe3+ locates near to that of Ti3+/Ti4+ [12]. Recently
96 Moradi et al [14] have reported that the formation of the Fe doped
97 TiO2 degredated reactive red 198 under visible light irradiation.
98 Their results indicated the photocatalytic activity of the TiO2

99 increased by Fe doping and the optimum doping concentration
100 was 1 wt%. However, TiO2 in powder form has some drawbacks
101 during the photocatalytic process such as the powders are not easy
102 to precipitate and recover from water and the TiO2 suspended par-
103 ticles aggregate at wide concentrations [3,15]. Therefore, many
104 researches loaded TiO2 nanoparticles on various substrates. Differ-
105 ent supports for TiO2 nanoparticles have been utilized including
106 perlite, silica, clay, zeolites and activated carbon [3,15]. Activated
107 carbon with porous structure and a large specific surface area is
108 commonly used for wastewater treatment [1]. Eshaghi et al. [16]
109 utilized TiO2 -activated carbon catalyst to degradation of the reac-
110 tive red 198. They showed that activated carbon increased the TiO2

111 photocatalytic activity. However, photocatalytic decolorization of
112 the reactive red 198 in the presence of Fe-doped TiO2 loaded

113activated carbon under visible light irradiation is not reported
114yet. In this work, Fe-doped TiO2 loaded activated carbon was
115produced. Then, the photocatalytic activity of the Fe-doped TiO2

116loaded activated carbon was evaluated via the degradation of
117reactive red 198 under the UV light irradiation.

1182. Experimental

1192.1. Preparation of the Fe-doped TiO2 loaded activated carbon nano-
120composite

121Ultrasound assisted synthesis of Fe-doped TiO2 loaded activated
122carbon was prepared as follows: Firstly, to prepare TiO2 sol, 5 mL
123Tetrabutyl titanate [Ti (OC4H9)4, 98%] was dissolved in 50 mL abso-
124lute ethanol (46.07 M). A solution containing of 0.33 mL H2SO4

125(98%), and 250 mL deionized water added above solution under
126stirring. Then, to produce Fe-doped TiO2 sol, a certain amount of
127Iron (III) chloride 6-hydrate powder dissolved in the TiO2 sol and
128sonicated for 30 min (Ultrasonic processor, SONOREX SUPER RK
129106, 35 kHz).
130The Fe concentration was 1 wt%. For the synthesis of the
131Fe-doped TiO2 loaded activated, first, activated carbon (AC, Appli-
132Chem), was prewashed with boiling water. To avoid the formation

Fig. 1. XRD patterns of the TiO2, Fe-doped TiO2 and Fe-doped TiO2-AC nanocomposite.

Fig. 2. FE-SEM images of the TiO2.
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