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Fig. 1. Schematic and detail of reactor
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1. Respond Surface Methodology
2. Central Composite Design
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Levels
Parameters
-2 -1 0 1 2
pH 3 5 7 9 11
Time (min) 20 30 40 50 60
Ozone injection rate
(L/min) 02 04 06 08 1
Dye Concentration S0 225 400 575 750
(mg/L)

Table 1. Levels for investigated parameters

el ey 5 0bd b (sl tulesl lasiis Y g

Std Run pH Time [Os] [Dye] ReIr)n};eval
3 1 5 30 08 575 67
6 2 9 50 0.8 575 94
18 3 11 40 0.6 400 92
5 4 5 30 08 225 77
27 5 7 40 0.6 400 77
17 6 3 40 0.6 400 67
24 7 7 40 06 750 78
21 8 7 40 02 400 54
14 9 9 30 0.8 575 94
7 10 5 50 08 225 89
2 1 7 40 1 400 94
23 12 7 40 0.6 50 90
25 13 7 40 0.6 400 81
3 14 5 50 04 225 74
11 15 5 50 04 575 68

16 9 30 04 225 66
17 9 50 0.4 225 81
18 5 30 04 225 51
19 19 7 20 0.6 400 72
9 20 5 30 04 575 55

20 21 7 60 0.6 400 90
10 22 9 30 04 575 71
6 23 9 30 08 225 92
15 24 5 50 0.8 575 85
30 25 7 40 0.6 400 80
28 26 7 40 0.6 400 80
29 27 7 40 0.6 400 81
3 8 9 50 08 225 98
12 29 9 50 04 575 80
26 30 7 40 0.6 400 80

Table 2. Designed experiments and its responses


http://dx.doi.org/10.22034/22.4.2
https://mcej.modares.ac.ir/article-16-42552-en.html

VBN L /¥ oyl /pss 5 St 0555 e O e pudkige gl — (pode alows

VU s a4 oSl S35 LG asS il e 155, Gl et 0l PH i 5 4 [Dye] 5 Q(0s) T [H] sla el

by s pH 55,5 clale ola el L ¢33 Ol F-Value 055 chle 5 (L/min) e 5 as5 O & (min) o>
plo kb s edle b Gl Je Sl gl ol s ol el el s s (ML) 15555 45
6,80k ol s ey 515 ()l 36 51 S e
P O3 P el (e (Dol il &S
e onl 03 S L 1, sl chle 5 STy Oley pH
2o G0 bl S5 sl chle o4 bl ads

Sl gy 5 AL S535 eal s Je (il 310
RSM 331 05 6,80 b (55 &5l il b e 5 1555
sl &Ll (1) UK L3 0 5 jise b el Olojan 56

.x;j)‘ﬁw)ﬁb)yuw@M\J')J‘\SCM«J‘

155 oMol ateas 53 55 03 Al b5, Sles uilsls s ¥ J g

Analysis of variance table

[ Downloaded from mcej.modares.ac.ir on 2024-04-25 ]

[ DOI: 10.22034/22.4.2 ]

Respond Model Source Sum of df Mean F- P-value
squares value
square
Model 433209 11 393 63 024 40001 significant
A-pH 1066.67 1 1066.67  130.06 <0.0001
B-Time 726.00 1 726.00 92.61  <0.0001
C-[0s] 2204.17 1 220417  281.16  <0.0001
D-[Dye] 60.17 1 60.17 7.67 0.0126
AB 81.00 1 81.00 10.33 0.0048
4 AC 6.25 1 6.25 0.8 0.3837
Dye %,Zr)noval gdu(;‘i;gfi‘i AD 20.25 1 20.25 2.58 0.1254
BC 36.00 1 36.00 4.59 0.0460
BD 16.00 1 16.00 2.04 0.1702
CD 20.25 1 20.25 2.58 0.1254
C? 95.34 1 9534 12.16 0.0026
Residual 141.11 18 7.84 ;
Lack of fit 130.28 13 10.02 4.63 0.0507 | hot
significant
Cor total 4473.20 29 -

Table 3. Analysis of variance of ozonation process
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Fig. 3. Effects of a) time and pH, b) ozone injection rate and time, c) dye concentration and pH, d) ozone injection rate and pH, e)
dye concentration and time, f) ozone injection rate and dye concentration on dye removal efficiency
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Ozone Dve
Time injection ye Dye Removal
parameters pH . concentration .
(mlll) rate (V2] Frequenc
(mg/L) quency
(L/min)
Domain 7.5-8 20-60 0.2-0.6 150-750 90-100
7.5-8 51-58 0.52-0.58 155-200 90-95 7
RSM 7.5-8 58-60 0.55-0.6 200-300 90-92 3
7.5-8 59-60 0.58-0.6 300-400 90-91 7
7.5-8 59-60 0.59-0.6 400-480 89-90 5
Real experiment 7.7 60 0.6 480 95

Table 4. Model criteria range for pollution removal

B S g § S gy g —T-T
o a5 S Sladie 51 Al b St oy sk 4
Cfﬂl:w.u °>L‘5'7‘”\f}34';}‘4'?"i‘}‘d}‘4';)‘4':‘j’
o 2oz oS gl gl STy 25 e G O
©) Jsdr 52 S 2 U S5 il o S &8 235 13
e cp e el Gy il 4 5 LSl e &)
bl Gl A8 Sl (R?) O 55 a2 0 m Gib
i palie nla 5l sl ad e 4t daly 6l el Sl R?

iz

Lyl 5 53 ol adls gl dmglie oJie 33l 51
06 dsdor) 238 olonil i add i iy sl L 4
il Sl Sl osse AP O ES S el (nl
53 Ao 5 40 VL oleily B YA ppm aJsl clale b 15,
w5 b oS el /5 Limin (csle 1) 5Sas 0o ob S
3 O3 Al d b Ol 51 OLAS (o 5 ST, VO L oo
SVl e sl s Vo glachle s S, adka

ayls sl


http://dx.doi.org/10.22034/22.4.2
https://mcej.modares.ac.ir/article-16-42552-en.html

[ Downloaded from mcej.modares.ac.ir on 2024-04-25 ]

[ DOI: 10.22034/22.4.2 ]

ANCA TS| WA ¢ U\.«ﬁ/r;.‘»} S 693

Al balie 53V 5L adl (IS adal 4 3B o o
e 0 VUl [37] ol a8y 0l ST (sladil 3
et Sl 5 G 0 el s 0 @ (A5 O
1 g o LS Sl e 350 ) 551
ol bl S 53 8l e Lo s O3l Gy Sl el
31 DI s 003 Gy 031 ST 25 oS s e O
b e e Lo oS ol axalls glier jois celi 3 1)) 4y v/f
S ek ol e 6 4 38 56 1ol 38 Il Ol s
2288 255 o oled a 55 05l Al B e sdoee 5 ins LB

[38] ool s o Ll O 4 35 (Yoo 8) O, Kaa 5 Soares s

S5 4o ¥
35500 slasd g oy O pesldenST ool 51 (S5 55 05
SN DLS 5 4 B it 8 5 s D) s 4 S
G5 S G ol 33l 1 55T LSS e
Design Expert 7 |3l £ G,k 31 5 CCD u;uj b
Ol 5 03 Gy g IS, chle pH gls b St
o 205 VSl Al IS5 G5 L3l b Sy
F-value 5 4,388 VL R? Lodel vy Jke . S 513
e ol o3 3g oy oVL C3s 5 Saeaen 5l /0 )
o5l clale 5 pH (iS1s Oles (s O3 F5 sbally
@l s el a5 b bl n e i 4 15
Cilies Ll 5 3 55 031 Anl b 48 54 Of 51 S edal oy
A3l e J g3 B e U 1SS, e 4 535 580 (sla el
55 15K, Gl bekly i rie B a O 5 awe 55 o0l
DS AP B3 5 S Sy 0y e L
St S5, adsh ke o 5V 5 S5, b pH 3 o
Gl edalin 515l e 5 (gl HsSde Ll 5 pad S g 055
A5 sl ke &) g 4w el oy sla
8 Tssm A5 031 5 VIV e pH ) Sibia TAS
g g I Ol s 0 T s Olej 5 aids s 2
ol e 1555 (6des 53 20 B A0 (VL Oleily 40 oL s

L;uojpmxsps;ﬁgb\usumigw@@udlsjgm_

v

0 dde opl cpl b 0/8A 5+ /48 /84 /Y Sls e oosle )
Jue s Ol G5 o5l duld gl cwlie Jae Ol ge
s S el s 4 el Gk Sl sl a5 e 4 Sz
2 S, e € Lasty ol t IS, sl clale Cp adal
@l:;c\Sle}l«;f@;b;;S\}g;.on;ﬁUkljtou)'

el eel (1) S 55 0
LnCy/C=kt )

il St Gl O S5l 2 0 Jgur

Inlet Ozone
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0.4 0.87 0.99 0.67
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1 0.75 0.98 0.57

Table 5. Regression coefficient for different kinetics
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Abstract

Currently tons of dye produced per year, about the one sixth tons are converted into wastewater in various industries
such as textiles and dyeing, which are among the toxic, carcinogenic and mutagenic wastes due to the presence of
aromatic rings in their structure. This issue has attracted a lot of attention to the purification of such compounds.
Ozone is one of the strong oxidizers, which produces non-toxic compounds due to its decomposition. Ozone can
convert many organic materials into simpler compounds through both direct and indirect oxidation mechanisms,
including degradation of wastewater that contains double bonds components such as aromatic compounds and dyes.
The purpose of this study was to investigate modeling, optimization and the interactions between parameters
affecting the ozonation process in removal of Acid Orange 7 in order to achieve the highest removal efficiency for
the highest possible initial dye concentration under the lowest ozone injection rate, no change in initial wastewater
pH and the shortest reaction time by the use of response surface method. The RSM was performed using 4
parameters pH, initial dye concentration, ozone injection rate and time with 5 levels which ends up in 30
experimental tests.

The results showed that correlation coefficients and adjusted correlation coefficients were 96.85 and 94.92,
respectively, and p-value for model (less than 0.0001) and lack of fit (0.0507) were obtained as significant and non-
significant, respectively. These results indicate the consistency and high reliability of the modeling results. Normal
error, error independence and variance stability control were also checked which showed that the closeness between
the actual and predicted values and the uniform distribution of the results obtained on the normal line indicates the
uniform distribution of the error. The results and predictions of the software, the random distribution and distribution
of the results indicate the suitability of the assumption considered by the software regarding the stability of the
variance. Based on variance stability control, the effect of the experiments on the responses provided by the
software. If one of the experiments is outside the range, this experiment will have a negative impact on the overall
results of the software. In the case of experiments performed, this control was also well performed.

Based on model equation the most important parameters are the injection rate of ozone (Q (03)), pH, reaction
time (T) and initial dye concentration [Dye], respectively, in which all parameters except the initial dye
concentration have a positive effect on dye removal efficiency. After the related tests the optimum condition were
the initial dye concentration of 480 mg/L, pH of 7.7, ozonation rate of 0.6 L/min and ozonation duration of 60 min
which resulted in 90% dye removal efficiency. It was also found that the most effective factors were injectable
ozone rate, time, pH, and dye concentration, respectively. The results showed that determining the appropriate
domains can be of great importance in achieving the desired results from the response surface method. Also, the
ozonation process is able to purify the dye from high initial concentrations to high removal efficiency, indicating
the high strength of this applied process in the decomposition of complex organic compounds. Ozonation kinetic
rate is based on pseudo first order which was increased from 0.3 to 0.6 by enhancing injected ozone rate from 0.2
to 0.6 L/min respectively and further increase of ozone injection rate didn’t had any effect on its kinetic rate.

Keywords: Ozonation; Acid Orange 7; CCD method; RSM; Modeling
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