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Table 1 Level and code of experiment variables
-1.82116 -1 0 1 1.82116
/(mLeL™") X X, 1.788397 10 20 30 38.2116
/(mLeL™") %) X, 0.536519 3 6 9 11.46348
/h X3 X3 0.17884 1 2 3 3.82116
pH Xy Xy 0.357679 2 4 6 7.642321
/C x5 Xs 16.7884 25 35 45 53.2116
2
Table 2 Central composite design and its experiment results
TOC TOC
X, X, X; Xy Xs 1% X, X, X3 X, X5 /%
1 1 1 -1 1 -1 77.6 14 0 -1.82 0 0 0 52.3
2 1 -1 1 1 -1 87.9 15 0 1.82 0 0 0 83.4
3 -1 1 1 -1 1 80.1 16 0 0 -1.82 0 0 55.4
4 1 1 1 -1 -1 75.9 17 0 0 1.82 0 0 88.1
5 1 1 -1 -1 1 79.6 18 0 0 0 -1.82 0 48.1
6 1 -1 -1 1 1 63.5 19 0 0 0 1.82 0 62.3
7 -1 -1 1 1 1 51.5 20 0 0 0 0 -1.82 85.7
8 -1 1 -1 1 1 71.2 21 0 0 0 0 1.82 53.8
9 1 -1 1 -1 1 78.5 22 0 0 0 0 0 88.4
10 -1 1 1 1 -1 76.8 23 0 0 0 0 0 88.3
11 -1 -1 -1 -1 -1 61.8 24 0 0 0 0 0 88.0
12 -1.82 0 0 0 0 33.2 25 0 0 0 0 0 89.0
13 1.82 0 0 0 0 94.5 26 0 0 0 0 0 88.1
N . -pH TOC
TOC

TOC = ay + a, X, + &, X, + a;X; + ¢, X, + asXs + a X, X, + a X, X; + a X, X, +a, s X, X5 + as X, X5 +a, X, X, +

2 2 2 2 2
Ay Xy Xs + agyy Xs Xy + a5 XsXs + ags Xy Xs + ap Xy + anXs + apnXs + ay Xy + assXs + ap, X, X5 X,

TOC TOC a, A ~Uy~ Ay~ By A
Apg~Uos~U3y~U3snUys Ay A ~Ap~Ay3~Qyy Ass
Design¥xpert 7. 16 2
N ~-pH TOC :
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TOC = 88.37 + 16.82993X, + 8.538513X, + 8.977793X, + 3.898613X, — 8. 75815X, — 18.0933X, X, -
16.2326X,X, — 14.4784X,X, - 3.67166X, X, — 10.3162X,X, — 7.03701X,X, + 6.944757X,X, —
9.82629X,X, + 1.305477X,X, + 54.46904X,X, — 7.39306X; — 6. 18701X; —5.01112X; -

10. 0011X; — 5. 61414X: — 54.0594X, X, X,
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Table 3 Variance analysis of regression equation
F Prob > F
21 6636. 764 316.0364 2045.543 < 0.0001
X, 1 1878. 845 1878. 845 12160. 81 < 0.0001
X, 1 483.605 483. 605 3130.129 < 0.0001
X5 1 534.645 534.645 3460. 485 < 0.0001
X, 1 100. 82 100. 82 652.5566 < 0.0001
Xs 1 508. 805 508. 805 3293.236 < 0.0001
X X, 1 789.9942 789.9942 5113.231 < 0.0001
X, X5 1 635.8631 635.8631 4115.618 < 0.0001
XX, 1 505. 8594 505. 8594 3274.171 < 0.0001
X\ X5 1 32.5321 32.5321 210.5637 0.0001
X, X5 1 256.8181 256. 8181 1662.253 < 0.0001
X, X, 1 119. 4987 119.4987 773.4546 < 0.0001
X, X5 1 116.3861 116.3861 753.3083 < 0.0001
X3 Xy 1 233.0055 233.0055 1508. 126 < 0.0001
X5 X5 1 4.112685 4.112685 26.61932 0.0067
X, X5 1 1093.914 1093.914 7080. 349 < 0.0001
X% 1 858.9006 858. 9006 5559.227 < 0.0001
X3 1 601.5291 601. 5291 3893.393 < 0.0001
X% 1 394. 6063 394. 6063 2554.086 < 0.0001
X2 1 1571.784 1571.784 10173.36 < 0.0001
X2 1 495.292 495.292 3205.773 < 0.0001
X1 X, X5 1 863.5578 863.5578 5589.371 < 0.0001
4 0.618 0.1545
25 6637.382
D R* =0.9999 R%; =0.9994 0.54%.
4
Table 4 Test of significance for regression equation coefficient
95% 95%
88.37 1 0.175784 87.88195 88. 85805
X, 16. 82993 1 0.152616 16.4062 17.25366
X, 8.538513 1 0.152616 8.114782 8.962243
X5 8.977793 1 0.152616 8.554062 9.401524
Xy 3.898613 1 0. 152616 3.474883 4.322344
X5 —-8.75815 1 0. 152616 -9.18188 —-8.33442
X, X, -18.0933 1 0.253029 —18.7958 —-17.3908
X, X5 -16.2326 1 0.253029 -16.9351 -15.5301
X, X, —-14.4784 1 0.253029 —-15.1809 -13.7759
X, X -3.67166 1 0.253029 -4.37418 -2.96914
X, X5 -10.3162 1 0.253029 -11.0187 -9.61367
X, X, -7.03701 1 0.253029 —7.73953 —-6.33449
X, X5 6.944757 1 0.253029 6.242236 7.647279
XX, -9.82629 1 0.253029 —-10.5288 -9.12377
X3 X 1.305477 1 0.253029 0.602955 2.007999
Xy Xs 54.46904 1 0.647325 52.67178 56.2663
X3 -7.39306 1 0.099156 —-7.66836 -7.11776
X3 -6.18701 1 0.099156 —-6.46231 -5.91171
X3 -5.01112 1 0.099156 -5.28642 —-4.73582
X3 -10.0011 1 0.099156 -10.2764 -9.72583
X§ -5.61414 1 0.099156 —-5.88944 -5.33884
X, X, X, -54.059% 1 0.723085 -56.067 -52.0518
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Fig.1 Response surface plot and contour plot of the effect of H,0, and catalyst dosage on

the TOC removal rate of acrylic acid wastewater
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Fig.2 Response surface plot and contour plot of the effect of H,O, dosage and reaction time on

the TOC removal rate of acrylic acid wastewater
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Fig.3 Response surface plot and contour plot of the effect of H,0, dosage and initial pH on

the TOC removal rate of acrylic acid wastewater
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Fig.4 Response surface plot and contour plot of the effect of H,0, dosage and reaction temperature on

the TOC removal rate of acrylic acid wastewater
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Fig.5 Response surface plot and contour plot of the effect of catalyst dosage and reaction time on

the TOC removal rate of acrylic acid wastewater
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Fig.6 Response surface plot and contour plot of the effect of initial pH and catalyst dosage on

the TOC removal rate of acrylic acid wastewater
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Fig.7 Response surface plot and contour plot of the effect of reaction temperature and catalyst dosage on

the TOC removal rate of acrylic acid wastewater
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Fig.9 Response surface plot and contour plot of the effect of reaction temperature and reaction time on
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OPTIMIZATION OF HIGH-CONCENTRATION ACRYLIC ACID
WASTEWATER TREATMENT BY FENTON OXIDATION USING
RESPONSE SURFACE METHODOLOGY

WEI Jiye' WANG Sunyin' CHEN Yingwen' ZHU Shemin * SHEN Shubao'

(1. National Bio-chemical Engineering Technique Research Center Nanjing University of Technology Nanjing 210009 China;
2. College of Material Science and Engineering Nanjing University of Technology Nanjing 210009 China)

ABSTRACT
In order to optimize the treatment of high-concentration acrylic acid wastewater by Fenton oxidation

response surface methodology was employed to investigate the effects of the independent variables and their
interactions on the removal rate of TOC of acrylic acid wastewater. H,0, dosage catalyst dosage reaction
time initial pH and reaction temperature were selected as independent variables and the removal rate of total
organic carbon ( TOC) of acrylic acid wastewater as the response value. A predictive polynomial quadratic
equation model was developed by solving the quadratic equation as well as analyzing the response surface plots
and their corresponding contour plots. Response surface analysis results showed that the selected factors had
significant correlation with the removal rate of TOC of acrylic acid wastewater. The optimum conditions of
Fenton oxidation were determined to be 15.4 mL+L™" H,0,(30%) 5.81 g+L™' catalyst 2.0 h reaction
time initial pH 3.0 and 25°C reaction temperature. The removal rate of TOC of acrylic acid wastewater was
up to 99.0% under the optimal conditions. The adequacy of the model equation for predicting the optimum
response values was verified effectively by the experiment and the experimental values agreed with the
predicted values of the model equation with 3.23% deviation.

Keywords: response surface methodology acrylic acid wastewater Fenton oxidation.



