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ABSTRACT. 

The effect of different catalysts on the oxidation of Orange 122 in wastewater is investigated by using an electrocatalytic system. For this study, TiO2/AC, V2O5/TiO2/AC and WO3/TiO2/AC (over activated carbon) catalysts were prepared by a sol–gel method in aqueous solution. The oxidation process was optimised by investigating the effects of differemnt paperemeter, for example, time, voltage, suspension’s pH, dye concentration, the amount of supporting electrolyte (NaCl) and the type of catalysts used. Optimum values for these parameters were found as 120 min., 15 volt, 6.5, 250 mgL-1 and 800 mgL-1 respectively. During the experiment, samples were taken prediocally and the residual dye concentration present in aqueous wastewater samples was analysed to evaluate the efficiency of different catslysts. The results obtained show that after 30 minutes only 30% colour was removed in the absence of activated carbon and this value increased to 60% in the presence of activated carbon. However, the percentage removal increased to 98% in the presence of cataysts TiO2/AC, V2O5/TiO2/AC and WO3/TiO2/AC under the same experimental conditions. In addition, when used as the working electrode in a three-dimensional photoelectrochemical reactor, for all catalyst reacting, the pseudo-first-order rate constants were obtained amoung 1,12 10-2 min-1 and 3,87 10-2 min-1 with the individual use of the composite in electrocatalysis. The high degradation efficiency of this system is attributed to the synergistic combination of different chemical processess ocurring simultaneously, for example, adosprtion, electrocatalytic and electrochemical oxidations. 
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INTRODUCTION
Currently, there are many industries, for example, food, textile, paper and cellulose, chemical, oil, coal mines, metal finishing, and synthetic rubber/plastic which produce waswater containing different types of both inorganic and organic pollutants. Textile industry has served as a source of income for many developed and developing countries. The amount of money made in the textile industry runs into billions of US dollars due to the high demand by growing consumers in the clothing market. Major textile producers such as China, US, EU, India, Pakistan, Bangladesh and Turkey have increased production over the past many years. However, the discharge of synthetic textile dyes from textile industries into the aquatic ecosystem poses a threat to its habitants and human health (Uzal et al., 2005). The presence of dyes in the effluent at a very low concentration can be highly visible and undesirable in the wastes [Nigam et al., 2000 and Gürses et al., 2002]. The coloured wastewater damages the aesthetic nature of water and reduces the light penetration through the water's surface [Gürses et al., 2003]. Textile dyes are relatively resistant to microbial degradation due to their complicated structures [Yesilada., et al., 2002]. Consequently, the removal of dyes from effluent is required, usually through physiochemical means [Robinson et al., 20002]. Some treatment methods include oxidation using Fenton's reagent [Pak and Chang., 1999], ozone [Ugurlu., 2015], and adsorption which using synthetic or natural adsorbents [Gürses et al., 2004]. Many dyes used in industry are stable to light and oxidation, resistant to aerobic digestion and may be non-oxidisable due to their complex structure and large molecular size [Dincer et al., 2007].
Electrochemistry opens new horizons for the elimination of pollution problems in industrial processes. Reduction or removal of the pollutant-forming components is possible by directly or indirectly performing the electrochemical reduction and oxidation of the material in the electrochemical cell (Juttner et al., 2000). These processes also have the advantage of requiring lower temperatures than necessary in other treatment processes, reducing voltage drop in side-reactions in electrodes and cells, or minimizing power losses in the event of non-uniform distribution of current. In summary, it is suggested that electrochemical processes designed to remove pollution and clean up wastewater are promising, and that there will be no problem in integrating the environment with proper control of time, energy and other parameters (Fernanades et al., 1994; Matteson et al., 1995; Ugurlu., 2004)
[bookmark: _Toc436953058]Apart from the use of activated carbon as an adsorbent, in recent years catalytic removal studies have been found by bonding the semiconductors (TiO2) with various adsorbent materials. In these studies, it is reported that active carbon adsorbs organic or inorganic substances in aqueous media, and organic substances can be removed from the media by using substances such as TiO2 present on the surface (Zhang et al., 2005). In the literature, studies on the use of active carbon as a catalyst carrier are limited and usually consist of laboratory-scale studies. In addition, there are no studies on the treatment of wastewaters originating from paper and textile manfactruring industries. In the present study, the catalytic active TiO2/AC material as an upper product was first loaded with TiO2 under optimum conditions of commercial activated carbon (AC), and V2O5/ TiO2/AC and W2O5/TiO2 with high photocatalytic activity by loading this material (TiO2/AC), V2O5 and W2O5/AC catalysts. Finally, these catalytic materials were used to investigate the decolourization of textile wastewater by using electrocatalytic oxidation process. 

2. Materials and Methods
[bookmark: _Toc436953059]In this study, TiO2/AC, V2O5/TiO2/AC and W2O5/TiO2/AC catalysts were obtained by loading V2O5 and W2O5, separately and together by using TiO2 as semi-conductor material on the surface of activated carbon (AC) materials.
[bookmark: _Toc436953060]2.1 Synthesis of TiO2/AC particles
Initially, 500 ml of a solution containing 30% isopropyl alcohol and 100 ml of titanium isopropoxide was prepared. Then, 50 ml from this solution were added over 30 g of AC sample and mixed at constant temperature. This mixture was first dried in a vacuum oven at 100 oC for 2 hours and then left at room temperature. The impregnation process using a 50ml of solution was repeated 4 times under the same conditions and calcined for one hour at each temperature of 300 °C, 400 °C and 500 °C gradually. After this process, the sample was cooled in a desiccator and kept in dark.
[bookmark: _Toc436953061]2.1.2 Synthesis of V2O5/TiO2/AC and W2O5/TiO2/AC Particles
In this study, 120 ml ethanol and 20 ml tetra-n-butyl titanate were mixed and then 10 ml acetic acid, 2 ml distilled water and a few drops of acetone were added and stirred for 3 hours (solution A). After that, 8-20 mesh AC was activated with nitric acid, washed with distilled water and left for drying. Acid activated carbon was then stirred for three hours with the previously prepared solution A. After completion of the reaction, (NH4)10H2 (W3O7)6 solution was added drop-wise and kept under constant temperature to get TiO2/W2O5/AC particles. Prepared particles were filtered and dried at 100°C for 3 hours. Dried samples were thermally activated at 300, 400 and 500°C each for one hour. Same procedure was repeated to prepare TiO2/ V2O5/AC particles but NH4VO3 solution was used instead of (NH4)10H2(W3O7)6. After these processes, the samples were cooled in a desiccator and kept in a light-free condition.
[bookmark: _Toc436953062]2.2. Electrocatalytic Experiments
In experimental process, TiO2/AC, V2O5/TiO2/AC and W2O5/TiO2/AC materials were used as a catalytic agent. Aeactive Orange 122 (RO122) dye was used as a source of chemical contaminant and its chemical structure is shown in Fig 1. The electrolytic system consist of a round glass of 500 ml capacity containimng three dimensional graphite electrodes as shown in Figu 2.  The anode and cathode (feeder electrodes) were situated 5.0 cm apart from each other. Stirring was done by using a magnetic stirrer (50 rpm). Compressed air was spared into the bed electrodes from the bottom of the reactor.
	[image: Reactive orange 122 ile ilgili görsel sonucu]

	Fig. 1: Chemical structure of textile dye RO 122, λmax: 488nm; solubility in water: 75gdm-3; degree of purity: 80-85 %.
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Fig. 2: Experimental 3D system for the electrocatalytic treatment of real printing wastewater (1.DC power supply, 2.copper wire, 3.anode, 4. cathode, 5. electrolysis reactor, 6. magnetic bar, 7. electromagnetic stirrer and 8. Catalysts (working electrode)

For process optimisation, the effect of parameters such as; initial pH, type of catalysts, voltage, wastewater concentration, and the amount of table salt as supporting electrolyte were investigated. Cell voltage was measured digitally by using Topward Dual-Tracking DC6303D, Keithley 2010 power supply. At the end of experiments, the treated solution was filtered and then color changes were measured before and after electrolysis by using a spectrophotometer. In addition, JEOL brand JSM-7600F model for SEM analysis and, JEOL brand JEM 2100F HRTEM model for TEM analysis were used.
[bookmark: _Toc436953064]
2.4. Determination of Color Change 
To deteremine the max of RO122, the aqueous solution containing a know concentration of dye was analysed using a UV spectrophotometer. The max of RO122 was found to be at 488 nm. All wastewater samples were analaysed at this max value to determine the residual concentration of syes remaining in aqueous solutions.  The percentage removal of RO122 was calculated by using the following formula.

% colour removal x 100   
A0λ: Initial absorbance
Aλ:  Final absorbance.
[bookmark: _Toc436953074]RESULTS AND DISCUSSION
SEM analyses
The surface morphologh of the calaysts prepared as part of this project was investigated using a scanning electron microscopy (SEM) and the SEM images are given in Fig. 3(a, b, c and d). The SEM micrograph of AC at the lower magnification (Fig.3a) clearly show that the, AC structure has porous morphology. Fig.b shows the AC structure at the higher magnification. The SEM images of TiO2/V2O5 and TiO2/W2O5 doped AC samples are given in Fig.3c and 3d. As seen from these figures, TiO2/V2O5 and TiO2/W2O5 were attached to the AC surface. The proof of this adhesion was demonstrated by Energy Dispersive X-ray Spectroscopy (EDS) and compositional element rates obtained by EDS (Table 1).
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Fig. 3: SEM images belonging to Activated carbone (a)(b), TiO2/V2O5/AC (c) and TiO2/WO3/AC(d).
Table 1: EDS results of the three catalytic samples
	Element (Weight %)

	
	C
	O
	Ti
	V
	W
	Mg
	Ca
	Si
	P
	Totals

	AC
	86.71
	11.00
	-
	-
	-
	0.84
	0.82
	0.46
	0.32
	100.00

	TiO2/V2O5/AC
	65.47
	21.37
	12.10
	1.07
	-
	-
	-
	-
	-
	100.00

	TiO2/WO3/AC
	71.66
	20.75
	6.39
	-
	1.21
	-
	-
	-
	-
	100.00



[bookmark: 3.1.2_TEM_images_of_the_nanocomposites]TEM analyses
The samples were also analysed using a transmission electron microscopy (TEM) for investigating the morphology of the prepared catalysts. Fig.4 (a, b, c) shows the images with increasing magnifications from the samples. Fig.4a shows the typical TEM micrograph of the amorphous AC. The TEM images of TiO2/V2O5 and TiO2/W2O5 doped AC samples were given in Fig.4b and 4c. As seen in the Fig.4b and 4c, TiO2/V2O5 and TiO2/W2O5 were attached to the AC as with SEM results.
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[bookmark: 3.1.3_XRD_analysis]Fig. 4: TEM images belonging to AC (a), TiO2/V2O5/AC (b) and TiO2/WO3/AC(c).
AC
TiO2/V2O5/AC TiO2/WO3/AC

[bookmark: Fig._4._XRD_spectra_belonging_to_TiO2/AC]Fig. 5: XRD spectra belonging to TiO2/AC, TiO2/V2O5/AC and TiO2/WO3/AC

[bookmark: 3.1.4_FTIR_analysis]Figure 5 shows the XRD patterns of TiO2/AC (a), TiO2/V2O5/AC (b) and TiO2/WO3/AC (c) which consist of amorphous and crystal structures. According to Figure 5, the X-ray patterns confirm that activated carbon samples were amorphous and TiO2/V2O5 and TiO2/W2O5 doped samples have crystal diffractions peaks.

FTIR Analysis
[image: ][image: ]Fig. 6:  FTIR spectra belonging to TiO2/AC(a), TiO2/V2O5/AC(b) and TiO2/WO3/AC (c)
When compared, both AC and TiO2/AC spectra showed stretching vibration at 3440 cm-1 related to OH. CH stretching was also observed at 2923 cm-1 related to CH2. Band height and broadness reflects that these groups did not change after the application of TiO2. The band at 1575 cm-1 disappeared that was related to aromatic C=C and a new band appeared at 1638 cm-1 related to titanium carboxylate. Disappearance of C=C related band and appearance of TiO2 bands proves the impregnation of TiO2 particles on the surface of AC (Figure 6a). Hydroxyl band on the surface of TiO2/V2O5/AC decreased and shifted to 3431 cm-1 was also observed. It was different from WO3 as CH2 bands did not disappear that means they were unaffected, only OH groups were involved in reaction. Similar to WO3 connectivity, bands at 1638 cm-1 related to titanium carboxylate disappeared. Similarly, the C=C band at 1575 cm-1 shifted to 1569 cm-1 after reaction with V2O5. The CO band at 1156 cm-1 in pure AC also shifted to 1143 cm-1 after the removal of titanium carboxylate and reaction with V2O5 (Figure 6b). After comparing the spectrum of TiO2/WO3/AC, the band of OH shifted from 3440 cm-1 to 3441 cm-1 and area under the peak is also decreased in addition to the disappearance of CH2 band at 2924 cm-1 after the addition of WO3 (Figure 6c). Therefore, it can be believed that WO3 affected these groups. Separately, the band related to titanium carboxylate after the addition of TiO2 disappeared after heating and a small peak was observed at 1578 cm-1. Another band appeared at 1231 cm-1 that is related to W=O. It proved the addition of WO3.
Effect of Experimental Parameters
The Effect of Salt Concentration
The study of the effect of salt concentration is important because it determines the electrolytic current. The enhancement of electrolytic current can improve not only the degradation of organic pollutants present in wastewater streams but also some side reaction such as producing H2 at cathode. The results are shown in Fig 7 at varying NaCl amounts for color remaval.
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Fig. 7: Changes in color removal rates over time depending on catalyst and salt concentrations. (a:0.4 g/L, b:0.8g/L and c:1.6 g/L) (voltage:15V, pH:6.5 and concentration: 250 mg / L)
The data in Figure 7 show that the percentrage removal of colour depends on the concentration of salt used during the reaction. The best removal percentage was obtained when 0.8 g/L salt was used in all catalyst examples. No advantages in the colour removal were achaived by increasing the salt concentration from 0.8 g/L to 1.6 g/L. In addition, it was observed that 90% colour removal was achieved at the end of 30 minutes, and then this percentage is constant. The addition of NaCl would also lead the decrease in power consumptions because of the increase in conductivity [Uğurlu et al., 2006; Morsia et al., 2011]. The main reactions occurring during the anodic oxidation of organic compounds in the presence of NaCl are given below 
	           Anode
	Cathode

	Hypochlorite formation:
Cl- + 2OH- → OCI- + H2O + 2e- 
	Hydrogen evolution:
2H2O + 2e- → H2 + 2OH-

	Chlorate formation:
6ClO- + 3H2O → 2CIO-3 + 4CI- + 6H+ + 3/2O2 +  6e- 
Oxygen evolution:
4OH- → 2H2O + O2 + 4e- 
	



Solution and/or near the anode surface, Indirect oxidation of organic compound and its oxidation intermediate with hypochlorite in electrochemical treatment of dye effluent via chlorine generation is: Dye + OCl− → CO2 + H2 O + Cl−

4.3 Effect of Dye Concentration
Electrocatalytic experiments were carried out using wastewater streams containing three different concentrations (125mgL-1, 250 mgL-1 and 500 mgL-1) of dye. The percentage removal of color observed over time depends on the initial concentration of dye present in wastewater streams (Figure 8).
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Fig. 8: Effect of intial concentrations of the dye on the percentrage removal of colour vs time (a: 125 mg/L, b: 250 mg/L and c: 500 mg/L). (NaCl: 0,8 g/L, voltage: 15V, pH: 6,5)

The data in Figure 8 show that the percentrage removal of colour increased with time. The percentage removl after 15 minutes was 90% when the dye concentration was 125 mg/L. However, the percentage removal decrsesed to 80& and 70% when the dye concentration was increased to 250 and 500 mg/L respectively.  It was also observed that the percentage removal of colour reached to a maximum value 99% after 120 minutes for all concentrations under different catalytic conditions.  At low initial concentrations, the electrocatayst reaction is faster than the diffusion. Too many dye molecules in solution could not be removed completely for the agglomeration of organics and the shortage of reactive oxidative species. Considering that the percentage removal of color reached 99% when the dye concentration was 250 mg L-1. All subsequent experiments were carried out using 250 mg L-1 of dye.  The results indicate that the RO122 degradation at different initial concentrations ranging from 125 to 500 mgL-1 is in good agreement with the pseudo-first-order kinetics. The rate constants for all catalyst samples are shown in Table 1 



4.4 pH effect
The pH of solution in the electrocatalytic reactions taking place on the particle surface is an important parameter. The color removal for three catalyses was examined at different pH and the obtained results are plotted in Fig. 9.  
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Fig. 9: Effect of pH on the percentage removal of colour using using (a: TiO2/AC, b: WO3/TiO2/AC, c:V2O5/TiO2/AC, solid/liquid: 0.8 g/L, voltage: 15V, Initial cons.: 250 mg/L)
[bookmark: _Toc436953078]
The results also showed that the color removal efficiency reached the highest level at pH:5.0 and pH:3.0. It is mainly because that quinoid structure may be more likely to be degraded, and quinoid structure is a main form at the low pH value [46]. In addition, it is well known that the increase of the solution pH is favorable for the occurrence of secondary reaction (oxygen evolution) meaning more energy consumption, which results in decreasing the current efficiency. The data in Figure 9a show that the optimum pH condition nearly 99% of the orginal colour was removed after 120 minutes. 

4.5 Voltage Effect
Electrocatalytic experiments were carried out firstly with carbon electrode and then TiO2/AC, WO3/TiO2/AC and V2O5/TiO2/AC, using the catalyzers separately at different voltages (10, 15 and 20V).The results obtained are plotted in Fig.10 respectively.
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Fig.10. Effect of voltage on the percentage removal of colour vs time (a:10 V, b:15 V, and c:20 V) (NaCl conc: 0,8 g/L, pH:6,5, Initial dye conc: 250 mg/L)
It was reached to the rate of  %65 colour convergence in the first 5 minutes generally at the study made with optimum levels (0,2 gr katalizör, doğal pH, 0,2 gr tuz ve 15 volt). It was also reached to the rate of % 96 colour convergence after 60 minutes. The results obtained show that highest percentage removal of colour was was obtained with TiO2/AC, closely followed by TiO2/AC and WO3/TiO2/AC, V2O5/TiO2/AC. It was also observed that the lowest percentage removal was achieved at 10 volts with the use of TiO2/AC as catalyst. However, higher percentage removcal was achieved at the same voltage when WO3/TiO2/AC catalyst was used. When the voltage was increased to 20 colts then the highest percentage removal was abtained with the use of V2O5/TiO2/AC catalysts. Overall, the percentage removal increased with increasing the voltage from 10 to 20 volt. 

3.4. Catalytic Mechanism
[bookmark: _Toc436953079]Based on the experimental results and discussion above, TiO2/AC, TiO2/WO3/AC and TiO2/V2O5/AC have been demonstrated to possess a much higher electrocatalytic activity for oxidizing organic pollutants than only AC and electrooxidaton (as well as the 2D system). It is well known that the hydroxyl radical (*OH), a powerful oxidizing agent, plays a key role in the electrochemical oxidation of organic compounds. In the litertaure study, it was stated that the electrogeneration of *OH occurred on various granular activated carbon (GAC) based electrodes when current was applied and demonstrated that the usage of GAC-based granular electrodes can effectively improve *OH production in electrochemical oxidation systems (in 3D system) (Xinyang et al., 2016). When it is thought that all of sentezed catalyzers are typical “nonactive” electrocatalyst, at this “nonactive” metal oxide electrode (MOx) over granular activated carbon (GAC) surface, water molecules were easily decomposed to form strong oxidants, such as physisorbed *OH, MOx(*OH) which allow nonselective oxidation of organics and may result in complete oxidation of organic carbon to CO2. In addition, *OH is a well acknowledged oxidant and its advantages in pollutant degradation include the high efficiency and low production of by-products. As schematic representation describing the possible mechanisms involving the 3D electrocatalytic process is therefore provided in Fig. 11.
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Fig. 11:  A schematic representation describing the mechanisms of the charge separation and active species generation in a 3D electrocatalytic system with different nanocomposite particles used as the particle electrodes.

In the 3D reaction system with WO3, V2O5 or TiO2 over granuled activated carbon used, each particle electrode could act as a microelectrolysis cell. As a result, the 3D electrocatalytic system owns much higher electrode areas than 2D reaction, and the process performance is much improved (Jingke Songa et al., 2016). Overall, in the 3D photoelectrocatalytic system, the high degradation efficiency of orange 122 should be ascribed to the synergistic effect of activated carbon adsorption, electrocatalytic and electrochemical oxidation. Another advantage of the granular particle in practical application is relating to separable property of the particle electrodes. While the composite material could still be easily recovered from the bulk solution by using filter apparatus after the photoelectrocatalytic reaction, In the future work, comprehensive studies on the effect of the applied field on the properties of the composites are required.

4.6. Photdegradation kinetics
The degradation kinetics of wastewater by using four catalysts were evaluated using the linearised form of pseudo first- order rate
	Ln (Ct/Co)= -kt
	(5)


where Co is the initial concentration (mg/L), Ct is the concentration (mg/L) at time t, t is exposure time and k is the first-order rate kinetics. Table 1 shows that the degradation process follows the pseudo first-order rate kinetics as evidenced from the regression (r2) analysis that is greater than 0.70. The higher rate constant achieved using TiO2/AC can be attributed to the combined effects of adsorption of organic molecule over catalyst surface followed by oxidation using the generated hydroxyl radical and direct attack of photogenerated holes [36].

[bookmark: _Toc436953081]TABLE 1 - k and R2 values for Colour removal to different parameters and nanoparticles
	Parameters
	TiO2/AC
	WO3/TiO2/AC
	V2O5/TiO2/AC

	
	R2
	kx10-2 (min-1)
	R2
	kx10-2(min-1)
	R2
	kx10-2 (min-1)

	Salt effect (gr/L)

	0,1
	0,99
	2,19
	0,99
	2,23
	0,99
	2,05

	0,2
	0,75
	2,77
	0,82
	2,83
	0,92
	2,55

	0,3
	0,78
	3,21
	0,80
	2,63
	0,91
	3,55

	Concentration (mg/L)

	125
	0,70
	2,59
	0,78
	2,72
	0,80
	3,21

	250
	0,75
	2,77
	0,78
	2,69
	0,95
	2,97

	500
	0,97
	3,26
	0,95
	3,84
	0,88
	3,44

	Voltage effect (volt)

	10
	0,86
	3,71
	0,88
	2,72
	0,96
	2,94

	15
	0,96
	2,89
	0,88
	3,34
	0,96
	3,06

	20
	0,94
	1,12
	0,99
	3,97
	0,86
	3,87

	pH effect

	3
	0,92
	3,08
	0,72
	3,05
	0,98
	3,04

	5
	0,83
	2,32
	0,74
	2,46
	0,99
	2,15

	6.5
	0,75
	2,77
	0,78
	2,72
	0,94
	2,91

	9
	0,93
	3,08
	0,96
	1,38
	0,97
	2,75

	11
	0,89
	2,72
	0,79
	2,34
	0,90
	1,45










Conclusions
In this study, electrocatalytic systems have been optimized for the treatment of orange 122 present in aqueous wastewater streams under different conditions. The nanocomposite materials were prepared and their efficiencies were examined in the operation condition. As a result of this study, optimum values were found as reaction time; 120 min., voltage ; 15 volt, solution pH; 6.5; initial concentration; 250 mg/L and NaCl concentration; 0.8 g/L. The results indicated that only 30% percentage removal of colour was obtained after 30 minutes in the absence of active carbon. This value increased to 60% in the presence of AC. However, the percentage removal of colour was reached to 98% when the reactions were carried in the presence of cataysts (TiO2/AC, V2O5/TİO2/AC and WO3/TİO2/AC( under the same experimnental conditions. In addition, for all catalysts, the pseudo-first-order rate constants were obtained amoung 1.12  10-2 min-1 and 3.87 10-2 min-1 with the individual use of the composite in electrocatalysis. Moreover, the necessity to analyze and identify the formation of different intermediate products using mosern analytical tecahniques equppied with identification library is needed. It would also be useful to identify the structure of these intermediate products to fully understand the degradation mechanism dueing the electrocatalytic oxidation process using HPLC, gas chromatography, NMR and other analytical techniques in further studies. 
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TiO2/AC	0	5	10	15	30	45	60	90	120	0	31.822971548998947	38.356164383561172	44.046364594309793	60.906217070600107	70.389884088514208	78.398314014752359	89.567966280296346	93.256059009483678	WO3/TiO2/AC	0	5	10	15	30	45	60	90	120	0	26.765015806111489	32.139093782929613	42.887249736564804	61.011591148577452	77.976817702845082	88.619599578503681	93.572181243412842	V2O5/TiO2/AC	0	5	10	15	30	45	60	90	120	0	21.881838074398264	30.853391684901528	37.308533916849363	53.063457330416	62.800875273522976	74.507658643326067	87.199124726477024	91.466083150984659	WO3/V2O5/TiO2/AC	0	5	10	15	30	45	60	90	120	0	26.148796498905789	31.728665207877459	40.91903719912473	54.376367614879648	66.958424507658648	76.258205689279507	86.870897155359501	91.356673960612696	Time, Min
Color removal, %

TiO2/AC	0	5	10	15	30	45	60	90	120	0	63.656633221850605	65.774804905239691	81.382385730210629	93.422519509476032	95.429208472685858	96.209587513935318	96.209587513935318	97.435897435897431	WO3/TiO2/AC	0	5	10	15	30	45	60	90	120	0	59.754738015607494	53.288740245262005	79.264214046823227	91.081382385730208	92.419175027870693	95.652173913042958	96.098104793756889	92.196209587513934	V2O5/TiO2/AC	0	5	10	15	30	45	60	90	120	0	45.819397993310844	52.062430323300013	63.656633221850605	82.608695652173878	84.838350055741358	91.192865105908581	96.432552954292092	87.625418060200658	AC	0	5	10	15	30	45	60	90	120	0	24.965706447187475	42.386831275719651	45.541838134430733	61.454046639231038	73.113854595336093	95.198902606310014	91.358024691358025	95.061728395061678	Katalizör ve AC olmadan	0	5	10	15	30	45	60	90	120	0	9.6989966555183891	15.607580824972134	23.634336677814936	38.461538461538446	48.494983277591977	69.899665551839462	84.949832775919731	91.527313266443699	Time, Min.
Color removal, %

TiO2/AC	0	5	10	15	30	45	60	90	120	0	42.465753424657528	48.998946259220226	60.379346680715997	71.97049525816648	87.038988408850358	91.88619599578503	94.20442571127613	94.836670179135908	WO3/TiO2/AC	0	5	10	15	30	45	60	90	120	0	51.001053740780009	56.796628029505264	60.695468914647002	82.297154899894622	92.413066385669126	95.152792413064262	95.468914646996836	95.258166491043227	V2O5/TiO2/AC	0	5	10	15	30	45	60	90	120	0	49.209694415173864	60.484720758692461	69.336143308746045	85.774499473129609	93.67755532139094	96.944151738673227	97.471022128556058	97.049525816649108	AC	0	5	10	15	30	45	60	90	120	0	52.370916754478401	65.331928345626949	73.23498419388828	78.819810326658271	81.559536354055354	81.664910432033679	84.193888303475589	85.985247629083233	Katalizör ve AC olmadan	0	5	10	15	30	45	60	90	120	0	34.878819810326654	46.786090621707054	55.110642781875654	71.548998946259218	80.505795574288058	85.879873551106158	87.460484720758686	88.619599578503681	Time, Min.
Color removal, %

TiO2/AC	0	5	10	15	30	45	60	90	120	0	83.805668016192854	84.210526315789451	92.105263157894058	92.712550607287497	96.761133603239827	96.963562753036442	95.951417004048594	95.141700404858298	WO3/TiO2/AC	0	5	10	15	30	45	60	90	120	0	64.63963963963964	79.504504504504482	81.531531531531158	90.990990990990994	95.495495495495504	95.045045045045327	96.396396396395858	95.270270270270274	V2O5/TiO2/AC	0	5	10	15	30	45	60	90	120	0	76.211453744493397	77.092511013215855	83.700440528634289	92.511013215859023	97.136563876650598	94.493392070483125	98.23788546255507	98.017621145375927	Time, Min., 
Color removal, %


TiO2/AC	0	5	10	15	30	45	60	90	120	0	63.656633221850605	65.774804905239691	81.382385730210657	93.422519509476032	95.429208472685858	96.209587513935318	96.209587513935318	97.435897435897431	WO3/TiO2/AC	0	5	10	15	30	45	60	90	120	0	59.754738015607494	53.288740245262005	79.264214046823227	91.081382385730208	92.419175027870693	95.652173913042958	96.098104793756889	92.196209587513934	V2O5/TiO2/AC	0	5	10	15	30	45	60	90	120	0	45.819397993310844	52.062430323300013	63.656633221850605	82.608695652173878	84.838350055741358	91.192865105908581	96.432552954292092	87.625418060200658	AC	0	5	10	15	30	45	60	90	120	0	24.965706447187483	42.386831275719679	45.541838134430733	61.454046639231059	73.113854595336093	95.198902606310014	91.358024691358025	95.061728395061678	Katalizör ve AC olmadan	0	5	10	15	30	45	60	90	120	0	9.6989966555183891	15.607580824972134	23.634336677814936	38.461538461538446	48.494983277591977	69.899665551839462	84.949832775919731	91.527313266443699	Time, Min.
Color  removal, %

TiO2/AC	0	5	10	15	30	45	60	90	120	0	39.482200647249144	40.776699029126206	54.476806903991374	69.795037756202788	83.710895361380793	88.025889967637539	97.195253505933124	97.626752966557106	WO3/TiO2/AC	0	5	10	15	30	45	60	90	120	0	70.342612419700217	75.267665952890795	79.871520342612428	84.689507494646648	93.576017130619277	95.931477516058393	98.822269807280449	99.25053533190578	V2O5/TiO2/AC	0	5	10	15	30	45	60	90	120	0	66.848418756815619	75.027262813521048	82.769901853871318	88.331515812430297	89.858233369683688	97.273718647763758	98.691384950926889	98.582333696837509	Time, Min.
Color  Removal, %

pH=3	0	5	10	15	30	45	60	90	120	0	45.70791527313267	80.379041248605958	68.673355629877364	83.277591973244142	85.172798216274188	90.635451505016718	97.435897435897431	97.993311036788072	pH=5	0	5	10	15	30	45	60	90	120	0	59.308807134894096	71.683389074692272	75.808249721293222	78.929765886287612	86.064659977703627	93.979933110367881	94.983277591973263	95.206243032329979	Doğal pH	0	5	10	15	30	45	60	90	120	0	63.656633221850605	65.774804905239691	81.382385730210629	93.422519509476032	95.429208472685858	96.209587513935318	96.209587513935318	97.435897435897431	pH=9	0	5	10	15	30	45	60	90	120	0	53.108535300316163	64.594309799789272	61.011591148577452	75.869336143308658	85.353003161222347	92.518440463645945	97.576396206531484	97.154899894625558	pH=11	0	5	10	15	30	45	60	90	120	0	66.069546891463958	72.918861959957866	76.185458377237637	79.135932560588174	90.305584826132758	92.939936775553178	96.944151738673227	96.944151738673227	Time, Min.
Color  Removal, %
pH=3	0	5	10	15	30	45	60	90	120	0	58.271865121180191	79.357218124341401	90.516332982086055	95.363540569020017	97.049525816649108	97.154899894625643	98.314014752370923	98.419388830347728	pH=5	0	5	10	15	30	45	60	90	120	0	65.437302423603782	72.086406743940998	78.714436248682816	91.359325605900963	93.471022128556129	94.838777660695229	95.785036880927279	96.628029504741818	Doğal pH	0	5	10	15	30	45	60	90	120	0	48.754738015606996	53.288740245262005	79.264214046823042	91.081382385730208	92.419175027870693	95.6521739130432	96.098104793756889	96.196209587513906	pH=9	0	5	10	15	30	45	60	90	120	0	30.35194942044269	35.616438356164402	43.308746048472067	54.899894625921995	63.119072708113812	68.282402528977883	86.206533192834314	86.720758693361319	pH=11	0	5	10	15	30	45	60	90	120	0	60.821917808219197	81.770284510010541	81.454162276080083	87.776606954689058	90.621707060063159	94.942044257112826	95.258166491043227	97.365648050579125	Time, Min. 
Color R emoval, %

pH=3	0	5	10	15	30	45	60	90	120	0	44.257112750263424	50.474183350895551	54.373024236037935	70.179135932560058	82.086406743940984	90.727081138040049	95.047418335089489	97.576396206532706	pH=5	0	5	10	15	30	45	60	90	120	0	35.511064278187384	38.356164383561499	44.467860906216913	57.955742887249741	68.493150684931877	78.082191780821859	88.724973656480458	93.256059009483678	Doğal pH	0	5	10	15	30	45	60	90	120	0	45.819397993310915	52.062430323300013	63.656633221850605	82.608695652173878	84.838350055741358	91.192865105908581	96.432552954292092	97.625418060200658	pH=9	0	5	10	15	30	45	60	90	120	0	38.461538461538446	46.575342465753394	55.005268703898849	72.497365648050945	79.978925184404588	85.985247629083233	95.363540569020017	96.101159114857751	pH=11	0	5	10	15	30	45	60	90	120	0	32.24446786090607	39.199157007376193	45.521601685985246	56.164383561643547	67.334035827186185	77.871443624868292	81.664910432033679	83.245521601685994	Time, Min.
Color Removal, %


TiO2/AC	0	5	10	15	30	45	60	90	120	0	35.549792067253954	43.375217994007961	53.660063497741795	58.355319053794048	65.621785985780079	71.099584134507879	79.372177257076004	87.868353977552189	WO3/TiO2/AC	0	5	10	15	30	45	60	90	120	0	41.251173813889018	53.995438894602763	72.329293922997806	84.961767204757862	90.215981755578412	92.451817734650959	96.140947100120457	96.47632249698124	V2O5/TiO2/AC	0	5	10	15	30	45	60	90	120	0	39.350713231677304	40.245047623306213	64.894379108348602	73.056700800428757	78.589634664401032	85.856101596386466	95.358404507445258	96.252738899073947	Time (min.)
Color Removal , %

TiO2/AC	0	5	10	15	30	45	60	90	120	0	63.833117202522018	65.957161382640976	81.608013236148949	93.6815275231409	95.693779904306211	96.476322496980558	96.476322496980558	97.706032285471508	WO3/TiO2/AC	0	5	10	15	30	45	60	90	120	0	59.920404239145022	53.436479899834545	79.483969056030062	91.333899745114707	92.675401332555268	95.917363502214499	96.364530698027991	92.451817734650959	V2O5/TiO2/AC	0	5	10	15	30	45	60	90	120	0	45.946429369940994	52.206770111344625	63.833117202522018	82.837723024638905	85.07355900371148	91.445691544068325	96.699906094888789	87.868353977552189	AC	0	5	10	15	30	45	60	90	120	0	25.05092771018003	42.531520123327624	45.697296702086646	61.663822055827765	73.363431151241258	95.523867202553063	91.669878324063689	95.386224742608604	Katalizör ve AC olmadan	0	5	10	15	30	45	60	90	120	0	9.7258865089658268	15.650851853508026	23.699861378169285	38.568170639002012	48.629432544829349	70.09345794392523	85.185350802662853	91.781066940929207	Time, Min.
Color removal, %
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