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Treatment of residual water from heavy metals contaminated sediment dredging by electro-coagulation-flotation
based on real-time control strategy. XU Hai-yin'2, YANG Zhao-hui'*", ZENG Guang-ming'?, LUO Yuan-ling’,
HUANG Jing'?, WANG Li-ke'?, SONG Pei-pei'” (1.College of Environmental Science and Engineering, Hunan
University, Changsha 410082, China; 2.Key Laboratory of Environmental Biology and Pollution Control, Ministry of
Education, Hunan University, Changsha 410082, China; 3.Changsha Environmental Protection College, Changsha 410004,
China). China Envrionmental Science, 2016,36(3): 786~792

Abstract: Residual water from heavy metals contaminated sediment dredging had high concentrations of heavy metals,
fluctuant water-quality and poor sedimentation. Electro-coagulation-flotation with aluminium anode (AI-ECF) was
applied to treat residual water. First, pH and turbidity were selected as monitoring factors of real-time control. Then, a
real-time control response model of ratio current and residual cadmium (Cd) was established by the tools of precipitation
simulation and data fitting. Experiment results showed that AI-ECF could neutralize pH and improve separation
performance and lead (Pb), Cd and zinc (Zn) of effluent met the discharge standards. Additionally, the real-time control
strategy could save 35.8% of anode material and 43.4% of electricity power and reduce 47.9% of sludge production.

Key words: electrocoagulation; flotation; residual water of dredging; real-time control; heavy metals
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Table I Water—quality of residual water and its filtrate
TiH pH 1 Pb(mg/L)  Cd(mg/L)  Zn(mg/L)
FéK 6.0~7.0 62.5~66.8 6.5~8.4  111.8~131.6
KL IER  6.0~7.0 15.5~17.9 1.5~2.6 9.3~11.6
bR e 6.0~9.0 1.0 0.1 2.0
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Table 2 Experimental matrix for natural variables and

corresponding experimental response to residual of Cd

X1 X2 X3 X4 y
s MENTU) pHIH  BflAl(min) O[(As)/L] Cd(mg/L)
1 530 8 11.25 750 0.020
2 764 8 11.25 750 0318
3 530 10 11.25 750 0.050
4 764 10 11.25 750 0.342
5 530 8 23.75 750 0.035
6 764 8 23.75 750 0.293
7 530 10 23.75 750 0.115
8 764 10 23.75 750 0.357
9 530 8 11.25 1050 0.295
10 764 8 11.25 1050 0.386
11 530 10 11.25 1050 0.263
12 764 10 11.25 1050 0.372
13 530 8 23.75 1050 0.316
14 764 8 23.75 1050 0.385
15 530 10 23.75 1050 0.342
16 764 10 23.75 1050 0.424
17 453 9 17.5 900 0.203
18 846 9 17.5 900 0.592
19 657 7 17.5 900 0.011
20 657 11 17.5 900 0.055
21 657 9 5 900 0.008
22 657 9 30 900 0.089
23 657 9 17.5 600 0.360
24 657 9 17.5 1200 0.717
25 657 9 17.5 900 0.076
26 657 9 17.5 900 0.063
27 657 9 17.5 900 0.060
28 657 9 17.5 900 0.068

PAE AT 78 45 10 W, B v B Rk
RE L /KT pH A BIFRRIIIE . Skt
Fol e AR DL ELIN TR R S o 1 R K (R K 5
T IR, A7 B S B EC S I o, A 21 S T i
Ty ¥ Sk WA () 4 b U DR A AR SR P ot 3 A
N T RIURE A J5E (1 i A s, SR B PR
TR BB B A AN AHEE T E R Pb
A Zn,Cd Sy /K YE < 25 BRI S B A
T JEICEAE DA Wi AL A Bl i UL 53 5K
6 B0 I ) el SIS i 5 R ok B R A 7K i
P B I A A 35 A0E A i N 2 LU FL i (R 2

), SR 7K B 4 e T b HE TR B -
SIFERE R i K E 4R Cd Bk R
CCD S Bt Je 28 ot 26 2 fiom

2.3.1 -SRI T
8 SIS S R ABE 2R P ] A e, B RS g S
A 2 O 2 B i D 22K P>0.05,4 W%
PR AS S 3, ] LA R ST 0 2 0 AT e W A8
Iﬁ X1X2~ X3X4 U\&:W\Iﬁ x227x32 i@ﬁﬁ%, JHS){%
FONZ IR AUA B o 5 B 28 3G i 1R — AR Y
(17 2245 R N5R 3 s BB P<0.0001 % B i%
PR B AT i 52 25 P R) IR A AR 1 O 0L R A i 2
(P=0.0864>0.05),3% 1% — XL &5 BT Ge 6% o &
IR 5 5 R DR 220 R /K v Ak B AR P S e, T
VB hy B B F S I ol R 45 1 R

F 3 MONEPE KB ESINER
Table 3 ANOVA of response surface quadratic model
JitH B H H B FrifEiR 2 Pl
[l - 10 - <0.0001
X1 0.092 1 0.003182 <0.0001
X2 0.013 1 0.003182 0.0009
X3 0.016 1 0.003182 0.0001
X4 0.082 1 0.003182 <0.0001
X1X3 -0.0087 1 0.003897 0.0396
X1X4 —0.046 1 0.003897 <0.0001
XoX3 0.013 1 0.003897 0.0050
XoX4 -0.011 1 0.003897 0.0106
xlz 0.087 1 0.003019 <0.0001
x42 0.12 1 0.003019 <0.0001

K - 14 - 0.0864

LG A A IR v (18 35 1 BT 7 ()3 A7 S8 35 (R AL
A, AR g A SR (RS IR Ky s ey (B - EE
HLR) A seoxg(pH- LU LI ). A2 — s WU R B LL
FEL YA ) 388 T A B ) ) 7 At AR e P o ) B
VSR R K TP A INRIORE ) LA R T ) ) BT e
AR K P B AR AR B R E D R 7(a)) L
iMm pH Sz A2 HAERWE 7(b)FiR,
FHEL TR 4n pH, bb L 0 5 B R4 1) 5 1 5K
TR AGE MR T CA FERR M E R EE b £ A ik
HAE AL Al Nk [ (1)) Bl A b F T
S0 ASEA5 40 /N R ) s SR SR RUREL, [+ s 1R B A
N N R e S RE X (S T B S
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Fig.7 Interaction terms analysis: (a) ratio current and

turbidity; (b) initial pH and ratio current
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Fig.8 Real-time control strategy of AI-ECF process on

the residual water treatment
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Table 4 Residual water treatment by real—time control
strategy of AI-ECF

FeK SN ELrE it 34T IR KK Fi(mg/L)
JKFE pH A pH {f ¥ BE(NTU) [(As)L] Te(min) Pb  Cd  Zn
SI 647 751 459 731 244 023 0.06 024
S2 621 754 647 719 240 027 0.07 030
S3 6.15 8.05 593 674 225 0.19 0.08 0.51
S4 683 10.65 711 880 293 011 0.07 1.03

LRI 8 [ SIEIN 1hl Sfegs, Ab B Y b 2k
4 AR I B R R 7K B 5, SI I U 7/
TR pH A B2 8 5 MR 415 3X(5)~(6) 1
SE L FLIAL A OB AT B[], SE I ER - F S-SR AL B
I e R L B S HEBL SR 2 AR W (GR 4): 4880
HLZR Bt AL B TR R K H I 42 ) P,
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Fig.9 Economic assessment between with and without

real-time control strategy
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