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Experimental study on COD treatment of desulphurization

wastewater by electrocatalytic oxidation
WU Yupeng, FANG Hui, LIU Xiaoran,ZHANG Yulei
(College of Environment and Resources , Taiyuan University of Science and Technology , Taiyuan 030024 , China )

Abstract: Desulphurization wastewater from coal-fired power plants is complicated in composition. The main chemical
oxygen demand(COD) are from reductive inorganic substances such as sulfites and dithionate. In addition, the content
of chloride ions in desulfurization wastewater is very high , which can affect COD removal of desulfurization wastewater,
so it is difficult to degrade the COD of desulfurization wastewater. Electrocatalytic oxidation is widely used in industrial
wastewater treatment, but rarely used in desulfurization wastewater. In this study, three different materials including
ruthenium-iridium , platinum and boron-doped diamond (BDD) were used as anode plates to treat COD from desul-
phurization wastewater by electrocatalytic oxidation. Firstly, the optimal plate material was selected , and then the response
surface analysis experimental conditions were determined by single factor experiment method. BBD(Box-Behnken Design)
method was used to design experiments and analyze the interaction between plate spacing, voltage and reaction time.
Finally, the influence of sulfate radical and chloride ion on electrocatalytic oxidation treatment of COD in desulfurization
wastewater was experimentally studied. The results showed that BDD electrode had the strongest electrocatalytic oxidation
for desulfurization wastewater, and the best reaction conditions were as follows : plate spacing 1.52 ¢m, voltage 25 V,
reaction time 40 min. Under these conditions, the COD removal rate was the highest, which was 87.1%. Appropriate
concentration of sulfate and chloride ions can promote oxidation in the solution, but when the concentration of sulfate and
chloride ions exceed 8 000 mg/L and 5 000 mg/L,respectively, the removal effect of COD was inhibited.

Key words: desulfurization wastewater; COD ; electrocatalytic oxidation
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T TR i e B D P K AN HE R BT I K B
A ¥ TR 358 il S B K B HE R T K
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Fig. 1 Diagram of experimental setup
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R g N AR R K R A T H A AR A R R S AR
PR 2SI 45 B SR Design-expert 84 1 BBD ( Box-
Behnken Design) SZ 5 & TR #ET = H 2R =KL 50
D5 Z BTt W 1 I 43 AT S 56 K P A 1R .
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Table 1 Response surface analysis experimental level setting table

K
Hx -1 0 +1
A AR AR 8] BE /em 0.9 1.5 2.1
B:HLJE/V 15 20 25
C : 2% B[] /min 20 30 40
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1.2.3 SO #vh 5 I

SEBR Az 7= o B R K 19 SO, A 5 000~10 000
mg/L, A S B S A SO, BB L 43 A
ANTA] 5T 5 7Y Na, SO, , Bt AN [A] SO, BE 19 500 mL A5
PUBEAR K, B 7 2 an 2 2 o .

T2 SO, %M 3250 AR AL R B 1 7K B

Table 2 Configuration table of desulfurization wastewater
simulated by SO,” influence experiment
50427/( mg-L™") 2 000 4 000 6 000 8 000 10 000
NaZSOAEE‘%/g 1.4792 29584 44376 59168 7.396
Na,SO,ffiht/g 1375 1375 1375 1375 1.375
NaCl i /g 12.0 12.0 12.0 12.0 12.0

TER AR B HE A 1.5 em, LR R 20V, 52 R ]
30 min Y 5548 N SR A2 AN [] S5 7 B TR] T A9 7K AR 4G
COD, XJ FEANTR] SO, e B2 N 114 L A b A8 Ak 280 %
1.2.4 Cl %5k

SR A 7 BB JE K /Y C R 10 000~25 000
mg/LL, B A 250 BE B S A CUWe B, fin AR [6] 5
I NaCl, B2 A [7] 1k B 1 500 mL A58 400 B &7 1%
KL 7 N2 3 s

3 CI 25 Me 5206 4% 0L B3 7 12 7K B 6 75 7%
Table 3 Configuration table of desulfurization wastewater
simulated by CI” influence experiment

Cl/(mg-L™") 5000 10 000 15 000 20 000 25 000

NaClJfift/g 41213 82426 123639 164852 20.606 5
Na,SO,Fisit/g 1375  1.375 1.375 1.375 1.375
Na, SO, Jfifit/g 3.0 3.0 3.0 3.0 3.0

e B BE A 1.5 em, B A 20 V., 7E 2 WY 30 min
N R B2 S [R5z i 5 8] R A9 K BE RGN oD, R FH AR 3k
PUVEEEIE COD IF HEAT XL .
2 ZERE5ITR

2.1 IR RIERE

TEM AR B BE A 1.5 em, HL TR N 15V, SR B 8]
40 min 25 7F T, 4G 3 FpB AR KT COD 1) L BRAICR
ERANE 2 FTR .

H 2 0] 1, BDD B Al (9 COD 2% B 80 i 47
e £ BDD M AR VE by Hi A £k 1Y) B AR B4 ) o
22 HBEEXE
2.2.1 MM IEEEE LR

TEH S 15V, 2 W B (8] 247 30 min B9 5514 F
X S MR E] B 2 90 0.3.0.9.1.5.2.1.2.7 em I XF
COD My L BRECAL 45 SR an &l 3 i
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Fig. 2 Influence of plate materials on COD removal effect
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Fig. 3 Influence of plate spacing on COD removal effect
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Fig. 4 Influence of voltage on COD removal effect
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Fig. 5 Effect of reaction time on COD removal effect
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PRI COD 2 83 S 1 < 3ol oy 18, PR w426 S Iz o 1]
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Table 4  Experimental results of response surface analysis

g AR gy CRI cop

75 &) i /em i 18] /min EBR %
1 15 20 30 82.16
2 2.1 20 40 82.19
3 0.9 15 30 80.63
4 15 20 30 82.16
5 2.1 15 30 78.89
6 2.1 25 30 84.60
7 15 25 40 87.50
8 15 20 30 82.16
9 0.9 20 40 83.20
10 2.1 20 20 78.40
11 15 20 30 82.16
12 15 15 40 81.80
13 15 15 20 76.76
14 0.9 20 20 77.50
15 15 25 20 81.10
16 0.9 25 30 83.70
17 15 20 30 82.16

R5 HEEFESWER

Table 5 Results of model variance analysis

BES PO AmE TR FAH Pl

LA 111.01 9 12.33 116.61  <0.000 1

A 0.1128 1 0.112 8 1.07 0.336 1

B 44.27 1 44.27 418.60  <0.000 1

c 54.76 1 54.76 517.72  <0.000 1

AB 1.74 1 1.74 16.47 0.004 8

AC 0.9120 1 0.912 0 8.62 0.0218

BC 0.462 4 1 0.462 4 4.37 0.074 9

A2 2.94 1 2.94 27.84 0.001 2

B? 1.68 1 1.68 15.86 0.005 3

c* 4.22 1 4.22 39.91 0.000 4

B 2% 0.740 4 7 0.105 8

R? 0.993 4
WG R 0.984 9
i R 0.894 0
5 R % 0.398 6
{50 1 39.840 5

T AR, B R R W, € KR R[] o

0.2, 758 5 Z %0 0.398 6<10, 5 M Lt 4 39.840 5>4, 3%
S i b A0 98 BH R 7 BB A% A A5 i X BD D A AR 114 i) i
(L HEFT WA 07 . B.CHY PAE/NT 0.000 1, 15 B
HL R R 0 IR ) X6F COD 9 25 BRASCR S 48 K . R
PR ZE A B .C.AB AC .BC It %} 1 () F {5 K /N Al 41,
5 TA) DR 28 68 M 7 (L %) 5% ) R B2 < 2 I I (] > FL S
R R ARG, R B a2 KT A ) B R
M), R 4T 55 9 & 5 B IS i o
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Fig. 6 Response surface plot and contour
plot of voltage and reaction time
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Fig. 7 Response surface plot and contour plot of

plate spacing and reaction time
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Fig. 9 Effect of SO, mass concentration on COD removal
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Fig. 10 Effect of CI mass concentration on COD removal
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