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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 m’ 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-TiO, 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 R* of 0.9870, adjusted R* of 0.9718 and
predicted R* 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/cm’, 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" with
R?=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-TiO, Nanocomposite, Photocatalytic Oxidation,
Response Surface Methodology.
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Fig. 1. Images of a) PAni-TiO, solution making, (b) uncoated glass beads, (¢) coating process and

d) coated glass beads
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Table 1. Range and level of independent parameters

fY

Factors Units -0 Low (-1) Middle (0) High (+1) +a
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/cm” 0.4 0.5 0.6 0.7 0.8

(Yang et &"_A—N-“JJ"W.LJ”UV 03 9dwe S (] CA.,»‘TIOZ J‘J’.‘.J.'..:.’
BRI TS S saal Cewdds 45 b 4 ol al., 2017)

.)J\b@\)ﬁmﬁéij' ETRE

Tl g Ao @ g3led e =YY
S sl sy ably i s i b sla i)
S3ladis Lo 5 035 rass B a5 5 82 L T slansls
sl oad 0als QLAY gz 3 ely mhas 25 4

350k 25 Do 4 Olse b fuly phe s 26 Jae
2 oo Gl Bis as s = (f)

7.37151+ 0.045054 X A + 0.550304XB - 0.156145XC -
8.16469 XD - 0.000890 X B2

sl Y sz 95 5 syt ANOVA 5 ssliza b Jus oS
sl el e N5 Sy VEV/EY L1, Jua F value woead st
ol il +/+0 5l xS P-Values S1.cul s soe Jon &
sy ol 55 ol s s giae Jan (slop 5 o ass o
3l e Shade s Jls ime glae 5B 5B A lap 5
‘&wdu}ggﬁgéﬁﬁr.\;éﬂgdgmo/mﬁ\ﬁ
ibate s /AAY el st ot R sl in
/Y 3128 5 ool slis 5 als +/AVAA iy as S R
o ol o amsgo oLis FE/EAY 1, s s sl sy
5530 ns 3 o) (Bt el lassls ey 512 15

5, 5 esliz

el B el s S des Lo el 1 —¥-¥
LIS

(A) sl s sl dsl e ble Jals Sllee sl al)ly S5
Gix pleily 5 (D) i s Cwlis spH (C) « (Bl oo

Journal of Water and Wastewater

Vol. 31, No. 1, 2020

S5 Gl s o San & yois PANE LSS 5 gl 3 0ns
SISEM yslas d-¥ S 5ot JSa s oiles a0
s on QLS | 4l Aty (laied bl S (5 e phaia
09—t Mt slaadSISEDS o 21 IS5 5 e-F IS
L bt Ky o ot ains o bt |, il by 5 Ly
5C05Ti Si slacky mls ol ol 335 2050
(5L_¢,4__!)1§Cigﬂ $9,PANI-TIO; 4> Lad 555 3N

o salie 4l i

L 2ie b sl elin] LPANI-TIO, 5 TiO, g5 50 S
&;__Q;J‘J__a@L—_\‘))‘))HASL_’\‘JBHJ‘H)LG:__MI\
(Mohammadikish et al., 2013, Soltani et al., 2014)
(ahv)=B (hv- E,)’ ()
dslas opl 5 &S
&S-!’)L:: A:\_.:ljh 5V=hc/}\4 sg:a.ij_.é AS_’!.B aa=2.303A/d
NE ETUSP SV NS ST TOPI N (772 AR )
oo sy i by e SIS 6 oin 5 Lo e (6551 SIS Eg
SIS ST n=0.5 81 ool it b it (5350 SIS

IS s S 55kl (Yang et al., 2017) Col i S5
PAni- 5 TiO, &l 36U 65,51 BCE cawl su osls lias ¥

sY/Y 550> shv ol ys(ahv) Slssed has i I TIO,
s e Ll gl cpl il ol 035 eess 2 09I Y/§
1S TIO, G Caas PANISTIO) a5 500lS 5L (5551 BISE o
PANi-TiO; & 55008 550« (550 555 (ol o opl b ol
095 533, TiO) a0 S (6 ity (U g2 o Jlad
S o5 e35ae 53 PANITIO) Ll S wdsanlin 55 s 505

\¥a4 de Al o)l»-ir Ag 092

Q



dx.doi.org/10.22093/wwj.2019.166423.2805 odaass oS (00 ol 515525 i

)
a b
c d
€ 10000- f
] o
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 (¢) uncoated glass bead (f) coated glass beads
hie a5l (d) 5(0) el 2l gy gl IS (D) ik sy 09y sl IS (a) SEM 5l Y JSLS
6 —
5 ;
o 4
5 2 -
o 44 PANi-TiO2
f:;/ 0 1 T T T T T 1
1.5 2.0 2.5 3.0 3.5 4.0 4.5
5 hu (eV)
20|
o 154
g 10
3 —Tio2
o 5
—Fi 0 T T T T T 1
-~ 1.5 2.0 2.5 3.0 3.5 4.0 4.5
hu (eV)
Fig. 4. Tauc plot of TiO, and PAni-TiO, nanoparticles
PAni-TiO, C"-L)}c-"\sf\‘ ) r.:.'\:.; St 63 SB s 5 =¥ JS...Z
Journal of Water and Wastewater NS 5 Ol dlore O

Vol. 31, No. 1, 2020 M8 Jlo ) oles ¥ 90



dx.doi.org/10.22093/wwj.2019.166423.2805

Ao o] dis 5 00)j s (sl

w85 ) 2Bl 4 3 o talesT el 5 55550 o Se (b Y Uiz
Table 2. Central composite design matrix and results for photocatalytic degradation of ethylene dichloride

£5

A: EDC B D: Coating Removal Removal RSM
Run Space Concentration Res1.dence C: pH mass (Actual) (predicted)
type Time
(mg/L) (min) (mg/cm’) (%) (%)
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
LS 6 sl Gl C...L c_k.u 3343 Jue s1» ANOVA Q)A)'T—\' Jod>
Table 3. ANOVA test for response surface quadratic model of ethylene dichloride degradation
Source o df hCEL F-value p-value
Squares Square

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

B’ 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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