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Abstract  
Ethylene dichloride is one of the most important chlorinated hydrocarbons in the petrochemical 
industry, which is mainly used to produce vinyl chloride monomer, the main precurser of PVC 
production. Iran is one of the largest PVC producers in the world. During the production of 
1000 kg of ethylene dichloride, about 0.4 m3 wastewater is produced containing 50-200 mg/L of 
ethylene dichloride. In this study, heterogeneous photocatalysis was used for degradation of this 
chlorinated hydrocarbon. PAni-TiO2 nanocomposite was immobilized on glass beads by a 
modified dip coating and heat attachment method. The morphology characteristics were 
confirmed by scanning electron microscope, energy dispersive X-ray spectroscopy and 
ultraviolet–visible spectroscopy. A pilot scale packed bed recirculating batch photocatalytic 
reactor was used for conducting photocatalytic experiments. Response surface methodology 
based on central composite design was used to evaluate and optimize the effect of ethylene 
dichloride concentration, residence time, pH and coating mass as independent variables on the 
photocatalytic degradation of ethylene dichloride as the response function. Based on the results, 
actual and RSM predicted results were well fitted with R2 of 0.9870, adjusted R2 of 0.9718 and 
predicted R2 of 0.9422. Optimum conditions were the ethylene dichloride concentration of 250 
mg/L, reaction time of 240 min, pH of 5 and immobilized mass of 0.5 mg/cm2, which resulted 
in 88.84% photocatalytic degradation. Kinetic of the photocatalytic degradation at optimal 
condition followed the Langmuir-Hinshelwood first order reaction with k=0.0095 min-1 with 
R2=0.9455. Complete photocatalytic degradation of ethylene dichloride was achieved after 360 
min. Based on the results, it may be argued that the designed and constructed photocatalytic 
reactor has the potential for industrialization. 

Keywords: Ethylene Dichloride, PAni-TiO2 Nanocomposite, Photocatalytic Oxidation, 
Response Surface Methodology. 
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Fig. 1. Images of a) PAni-TiO2 solution making, (b) uncoated glass beads, (c) coating process and  
d) coated glass beads 
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��"1&gS#$J� ����$�
��U q�� , =�,2X� 
Table 1. Range and level of independent parameters 

Factors Units - α Low (-1) Middle (0) High (+1) + α
A: EDC Concentration mg/L 100 150 200 250 300
B: Residence Time min 60 120 180 240 300
C: pH 3 5 7 9 11
D: Coating Mass mg/cm2 0.4 0.5 0.6 0.7 0.8
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Fig. 3. SEM images of (a) uncoated glass bead, (b) coated glass bead, (c) and (d) cross image of  
coated glass bead, EDS spectra for (e) uncoated glass bead (f) coated glass beads 

 CA�./�&,�D@SEM )(a (B�� (7�0� ����U C,2- �
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Fig. 4. Tauc plot of TiO2 and PAni-TiO2 nanoparticles 
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��"1 ,/�&��
� |&�$� , �3��� j��� �F
�' �� 60�@
 �$J�7�@���$4 (&3I@ ��� 2&
�0� 
Table 2. Central composite design matrix and results for photocatalytic degradation of ethylene dichloride 

Run Space 
type 

A: EDC 
Concentration

B: 
Residence 

Time C: pH 
D: Coating 

mass 
Removal 
(Actual) 

Removal RSM 
(predicted) 

(mg/L) (min) (mg/cm2) (%) (%) 
1 Axial 200 180 7 0.8 77.93 78.98 
2 Factorial 150 240 5 0.7 90.1 88.44 
3 Factorial 250 240 9 0.5 93.2 93.96 
4 Factorial 150 240 5 0.5 89.1 90.08 
5 Axial 200 60 7 0.6 42.34 40.2 
6 Factorial 150 120 9 0.7 55.48 60.23 
7 Center 200 180 7 0.6 83.33 80.61 
8 Axial 300 180 7 0.6 88.8 85.11 
9 Factorial 250 240 9 0.7 93.01 92.32 

10 Axial 200 180 11 0.6 79.35 79.98 
11 Axial 100 180 7 0.6 79.95 76.1 
12 Center 200 180 7 0.6 83.64 80.61 
13 Factorial 150 120 9 0.5 59.08 61.86 
14 Factorial 250 120 9 0.5 68.43 66.37 
15 Factorial 250 240 5 0.5 91.59 94.58 
16 Axial 200 180 7 0.4 80.87 82.24 
17 Factorial 250 120 5 0.7 61.24 65.36 
18 Factorial 250 240 5 0.7 90.14 92.95 
19 Factorial 250 120 5 0.5 67.7 66.99 
20 Factorial 150 240 9 0.7 88.26 87.82 
21 Axial 200 300 7 0.6 96.18 95.38 
22 Center 200 180 7 0.6 77.36 80.61 
23 Factorial 150 120 5 0.7 62.05 60.85 
24 Axial 200 180 3 0.6 83.04 81.23 
25 Factorial 150 240 9 0.5 89.62 89.45 
26 Factorial 250 120 9 0.7 66.22 64.73 
27 Factorial 150 120 5 0.5 61.48 62.49 

��"1 ./C��
� ANOVA �
�- �2� (��� �,� q�� 2&
�0� �� 60�@
 H`F ���U 
Table 3. ANOVA test for response surface quadratic model of ethylene dichloride degradation 

Source Sum of 
Squares df Mean 

Square F-value p-value 

Model 4979.69 5 995.94 143.42 < 0.0001 significant 
A-EDC concentration 121.79 1 121.79 17.54 0.0004 
B-Residence time 4565.77 1 4565.77 657.5 < 0.0001 
C-pH 2.34 1 2.34 0.3371 0.5677 
D-Coating mass 16 1 16 2.3 0.144 
B2 273.79 1 273.79 39.43 < 0.0001 
Residual 145.83 21 6.94 
Lack of fit 120.78 19 6.36 0.5077 0.833 not significant 
Pure error 25.04 2 12.52 
Cor total 5125.52 26 
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Fig. 5. Effects of independent parameters on the removal efficiency of ethylene dichloride 
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Fig. 6. Kinetics of photocatalytic degradation of  
ethylene dichloride in optimized conditions 
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