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Abstract: Response surface methodology (RSM) was employed to obtain the optimization
experiment conditions of the Fenton degradation treatment of liquid scintillation waste. 5
factors central composite design with RSM was used, in which the factors are FeSO, concen-
tration, H, O, concentration, pH, time and temperature, while the waste sample’s total
COD removal rate was chosen as the response. Coefficient of determination R* is 0. 938 1 and
adjust coefficient of determination Rj, is 0. 880 1, which indicate that the model fits well and
predicates the Fenton degradation process well. The optimal experiment conditions are that

the initial Fe*" concentration is 0.99 mmol/L, and the initial H,O, concentration is
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57.50 mmol/L, and pH is 2. 48, and the temperature is 76.59 °C, and the reaction time is

68. 53 minutes. Under these optimal experiment conditions, the predicted maximum COD

removal rate is 87.19%, and the actual COD removal rate of the waste sample is 85.81%
(n=3). The relative error is 1. 58% , which indicate that RSM is suitable for the design and

optimization of the Fenton oxidation processes.

Key words: Fenton reagent; response surface methodology; liquid scintillation waste; analy-

sis of variance
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Table 1 Levels and codes of experimental factors
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—a —1 0 +1 +a
FeSO, ¥ A ,mmol/L A 0. 10 0.55 1 1. 45 1. 90
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pH c 1 2 3 4 5
i [A] , min D 30 45 60 75 90
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Table 2 RSM experiment design and results
BT A B C D E LA 7 T &
1 +1 +1 +1 —1 —1 0.494 3 0.491 5
2 —1 —1 +1 —1 —1 0.352 8 0.359 7
3 +a 0 0 0 0 0.603 7 0.568 9
4 0 0 +a 0 0 0.473 3 0.564 6
5 0 0 0 —a 0 0.574 5 0.628 0
6 0 0 0 +a 0 0.743 2 0. 804 4
7 —1 +1 —1 —1 —1 0.167 2 0.189 0
8 +1 +1 +1 +1 +1 0.747 3 0.678 0
9 +1 +1 —1 —1 +1 0. 826 6 0.8327
10 0 0 0 0 +a 0.822 3 0.899 1
11 +1 —1 —1 —1 —1 0.467 0 0.477 6
12 +1 —1 +1 —1 +1 0.576 2 0.586 1
13 0 0 0 0 0 0.689 4 0.716 2
14 —1 —1 +1 +1 +1 0.778 2 0.737 3
15 +1 —1 —1 +1 +1 0.833 8 0.844 9
16 +1 +1 —1 +1 —1 0.563 5 0.632 2
17 0 0 —a 0 0 0.663 4 0.601 4
18 —1 +1 —1 +1 +1 0.829 8 0.833 4
19 —a 0 0 0 0 0.318 6 0.3827
20 0 +a 0 0 0 0.739 1 0.757 3
21 0 0 0 0 0 0. 806 7 0.716 2
22 0 0 0 0 0 0.732 1 0.716 2
23 0 0 0 0 —a 0.3351 0.287 6
24 —1 —1 —1 —1 +1 0.765 3 0.729 5
25 0 —a 0 0 0 0.691 4 0.675 1
26 —1 —1 —1 +1 —1 0.262 8 0.270 9
27 0 0 0 0 0 0.731 3 0.716 2
28 0 0 0 0 0 0.696 4 0.716 2
29 —1 +1 +1 —1 +1 0.786 0 0.718 0
30 0 0 0 0 0 0.729 3 0.716 2
31 —1 +1 +1 +1 —1 0.580 0 0.526 4
32 +1 —1 +1 +1 —1 0.560 9 0.566 4
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Table 3 Results of analysis of variance of model

U BB ET TR A H B Yo7 2% F {8 Prob>F ITE 2 e
Fe 0.967 152 1 15 0.064 476 16. 166 55 < 0.000 1 B
A 0. 052 052 22 1 0.052 052 13.051 28 0.002 3 e
B 0.010 131 15 1 0.010 131 2. 540 227 0.130 5
C 0.002 025 844 1 0.002 026 0.507 948 0.486 3
D 0. 046 666 62 1 0. 046 667 11. 700 92 0.003 5 B
E 0.560 928 95 1 0.560 929 140. 644 1 <<0.000 1 e
AB 6.375 62X10°6 1 6.38X10°6 0. 001 599 0.968 6
AC 0.038 425 801 1 0. 038 426 9. 634 665 0.006 8 B
AD 9.072 56 X107 1 9.07Xx107° 0.022 748 0.882 0
AE 0. 050 433 931 1 0. 050 434 12. 645 51 0.002 6 e
BD 0.001 851 151 1 0. 001 851 0.464 147 0.505 4
CE 0. 050 097 631 1 0. 050 098 12.561 19 0.002 7 e
DE 0.003 934 426 1 0. 003 934 0. 986 495 0.335 4
A? 0.107 362 643 1 0.107 363 26.919 49 <<0.000 1 B
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Response surface plot(a) and contour plot(b) of effect of interaction

between FeSO, concentrations and pH on COD removal rate
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Fig. 2 Response surface plot(a) and contour plot(h) of effect of interaction

between FeSO, concentrations and temperature on COD removal rate
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Fig. 3 Response surface plot(a) and contour plot(h) of effect of interaction

between pH and temperature on COD removal rate
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Fig. 4 Response surface plot(a) and contour plot(h) of effect of interaction

between FeSQO, concentration and H, O, concentration on COD removal rate
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Fig. 5 Response surface plot(a) and contour plot(h) of effect of interaction

between H, O, concentration and time on COD removal rate
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Fig. 6 Response surface plot(a) and contour plot(b) of effect of interaction

between FeSO, concentration and time on COD removal rate
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Fig. 7 Response surface plot(a) and contour plot(b) of effect of interaction

between time and temperature on COD removal rate
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Table 4 Results of verification of optimization experiment condition on Fenton reagent degrading liquid scintillation

c(FeSO,)/ c(Hy02)/ COD £ B3/ %
pH {5 [E] /min g/ C
(mmol « L™1) (mmol « L™1) 1 2 3 S
0.99 57. 50 2.48 68.53 76. 59 85. 95 85. 86 85. 62 85. 81
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