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Experimental study on efficiency of electrokinetic dewatering technique with
movable electrodes for sewage sludge
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Abstract; This paper presents an experimental study on electrokinetic dewatering of sewage sludge by using an innovate apparatus with movable
electrodes. Parallel tests were carried out by fixing and removing the electrodes. The experimental results were analyzed and compared in terms of
dewatering effect and energy consumption. The experiments with fixing electrode showed that during dewatering the impedance of the dewatered sludge
increased, and the consumed voltage and energy increased. Thus the voltage left for the undewatered sludge decreased, resulting in decrease of
electroosmosis and non-uniform dewatering effect. For the experiments with removing electrode, the electrodes were removed to get across the dewatered
sludge, avoiding the invalid energy consumption. Stable electroosmosis flow and uniform dewatering effect were obtained in the experiments with removing
electrodes. The energy consumption increased with an increase of the applied voltage gradient and decreased with a decrease in the length of sludge
specimen. When the removal method was applied on 1 ¢m long sludge specimen with a voltage gradient of 8 V-cm ™!, the sludge could be dewatered from
3

water content of 82. 1% to 62.2% , and the corresponding energy consumption was 89.8 kW-h-m ™.

Keywords: sludge;electrokinetic dewatering; movable electrodes ; voltage gradient ; dewatering effect; energy consumption
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1y 4k B J5 3% ( Mahmoud et al. , 2010; Glendinning
et al. ,2007 ; Raats et al. ,2002; JEN#ESE,2001;
PEACEE,2004) , HAE A LR T5 U Hh (4 F eh 7k 5 TR B
K. —EHEME T HHRB bR ¢ (m™s ) ATHT
A5
q. = kA (1)
Kk (m™ Vs ™) PR BB R, i(Vem )
MR HLERS A (m?) R A = (1)
AR, HLB AL i 2 R R R R R A R AR
B, e, 7 00 B o 2 e, T ) 8 g i e (7
MI|%% 2005 ; Yuan et al. ,2003; Yang et al. ,2005).
Yoshida % ( Yoshida et al. ,1985; 2= HLAE4F 1999)
B, WS K I 7K 3 e B AR A 1] A, o A BH B
BRFAT 1R 25 KRB B B T, S 3t AR 20 1l R
THAE IR Hit S T A 0 23 R 0 H B B8 I
I K K 2y 3 )N 5 5 S o R, 20 K Ak B PP A A HL 2
W ( Yang er al. ,2005; Hamir et al. ,2001),
A PR AR 5 K A e P AR 2 B AR 3B 1Y | B K A 1
(Yuan et al. ,2003 ) 55 [n] @, & = 0 2% H R 19 F1)
R AERF K RCRE S P L Sl I K A BRASCR Y DG B
AHIFFE R >R T BE A% 3l BH B 4 F, 3l I 7K R 2 3K
B2 T [ 2 [a] e P B R R 2l AR e 75 e H Bl B
KIS, 3 AT Ha A TR 7% 3 B i e 7K
RORFNRERE, FRAT B = A5 5 e i sl I /K A B 5 .

2 ##5 7%k (Materials and methods)

2.1 Fk

TR0 FH ¥ YR B E BT T DY B8 T 0TS K A B
J7 %) R GTE K AL B R G, AL 4G — GDTTE Ak
PRI "4 A/0 J5 KA FE T 25, — Ut Ab B ()75 U8
A0 T 27 B F 415 VIR & 05 2 ALK HL G
HEATHUUBE K . AU g0 2R HT AR i S BB 7K IS
BT5 Y8, 5K H 82, 1% , A HLR & i 28. 7% , K
1.05 g-cm ™. MG HE (2011) X b 17 B 5 U8
HRZE A K S I ST 45 S, %05 e h T 45 A K
FNFREE A K Z AT &7 EL BN 30%
2.2 KEBEE

R 5l B A 56 ' DL TR 1. A HL Y 8 o) 2 R Al
— Ui iCE 1 mm JEIFFLANEE A R AE A R, B 200
gm 2+ T AU SR HE KAV T, 24 R 5 — i R
FHZAR dmm ELARASEE AR LA %) FAR AR A AR (]
la) 5 BHAR 2 ik FF AL B AR S #22 ol 4 PR 75 008, 7l 7K SF-
FE Il B, TR 5 H AR T X8 (T 1h) . HL Bl

AR AR BRI 4 i v e 5 i R
ST TR s (I SR L R BB I TR A A2 Al e
AU 25 [ P 222 4 A o Pl 0, o 4 Pl TR 3
DAt A B FE Y S, ~ S, Beds e i v TR Ao P A2 Ak
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A0 U 24 £ v R ) P PR PR O T E (. B
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Fig. 1 Schematics of electrokinetic dewatering apparatus with

movable electrode
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Veem ™ PN 5 38 30 7% 2l BH AR o Fe Fs A FH IX
1ot BB S K S 75 D8, LAY Bk He A 5 U PN B
FE TR IR G, 21 H A [R5 e 45 B SIC N R e s J3E K
22 Veem ™ ZEATBHE I BAR RS 2. Bl 2 AL B Y
HEAT A B A A AN BV & R D Bk B8
Sl DAAERR 75 )8 N HUR A B2 34 5] 43 A1

i 2 HL AR 5 F% Bl AR O 45 iR AT 3 A, Ak
PR ] 43 5135 M 50,100, 150min.  Ab B4 58 J5
S, ~ Ss Bt BB TS U8 K 3.

3 Z5E (Results)

3.1 BMEMELA

% 2y FE AR AT 328 20K H AR 1] S B 4 2 3 2ok
PR P A FH XS A 3 T B AL BRSSP 2 Veem ™!
()RR B A [ AR IR T S, ~ Sy BEi5 T HL
J A JEE T et [ A8 A0 17 0 LI 2. B8 T AR s 2
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Bt i 2 g, Ak Pk R vp AR o R K S 75 e
PN FE A B 2 T b T, 3R B 43 15 e 1 P B Ap
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Fig.2 Changes of voltage gradient with time for each section in the

experiment with fixed electrode
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Fig.3 Change of flow rate and electrical current with time
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3.3 AR

It 52 FL AR S A% sh LR IR 25 SRS S, ~ S, BRIAY
TRERWNE 4 s, [ E e b 403 50,100
150min J5 S, .S, .S, Bt 1% 7K & Fifi ] 5] 1% SE K T B A
FHA MK R H PH A 3128 e Je 28 BRI, 17 4 30 BT A
M S, \Ss B A A B K R, B R K TS
Ve FL i L R Bh B e BB R ) 0k, S, .S, LS, B
T4 5 7K SR B T BV 7K R vy P A 2 BB
B TR A BORAN ). I 2 AT, S, Br L R
PRI S N T 50% H S, Bt & 7K T 50min K
FEARE 75.3% 5 , B KRR IF R AE 7345 1 f R ¢
SEROK A A5 PF T B 35 3 nT U PR T BE R BT
BYEREI T %l F Bl Ab B P AR R A K R I
INF, BERR B 30 30 RE 19 pH [ T R, SRR HL B R AL
k., N1 5 ZUH 3 1) 2 08 ( Leland et al. , 1997 ;
,1993 ). I SR W, SR HH [ H AR Ab
FHES, o2 i He e B AR TS PHAR 3 75 g AT 38 58 3145
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R, R[] P m 28 F R A 78 40 R T K
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Fig.4 Distributions of residual water content of the sludge
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Fig.5 Relationship between the applied voltage gradient and

residual water content of the sludge near the anode
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Ko B By W 3 5t /K X 36 465 AR S 3 U8 R S 8 5 KR
Je Ut A B REAE ( BEFEIR S AL HAE m V5 YR AT 1Y
REFE(E , 45 K % 1 B AR A9 e /K & H 50 .
FTR 2 FPALHLT A RERERR T, (E A% Bl H A vk B /K
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Table 1 Energy consumption and water content of sludge in the
dewatering tests
. Ak B -1 fiE
L HKE /(kW+hem™?)
LR e 76.1% 16.31
B 7 HELA 80.4% 15.62

Bl s b2 e SRR R E,
AL PR T HL I R B 3 RN 5 A
PRI AR AT AR, R B i g, S 1
R AR i MR R B L BT A A 1
AEFRTS P de I T] A E SRR H ) 2K D

dQ = ¢q.dt = k_iAdt (4)
Ao b RIS TR AT B 075 Ve R IR FL B R AE
BU(7.29 x10 Cem™>V s ) I 6 Fias, % i FEH
TUSUEE KT i W RS w0, de B[] P BH AR it 5 5%
(K35 dQ AHSE, W THE 0 PR A 8t K 5 75
TeHHshHIEE .

a=do (A (5)
AH N P8 AR % B A
A Wew
v=d g Vo (6)
EE R A% 22 BT, 4% o A 34T 5 sk 1]
r=L (7)
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Fig.6 Dewatering process in electrokinetic ~dewatering using

movable electrode
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FEMH. SR FEK R 8 om I AR HE A B2 T R %
Sl LR H 3l B K A B REFE T 45 S R0 R 1 b
PGS ACRILE 2, £ 2 WA THIFE T8 F R
] 7 FL RV L O 7K BB 114 S 4 SR R X . 1
IKIG B (PR 2012) . 22 T REFE#R 54y Ak 3
m’ V5 T W RERE(E, 5 B2 2 Fh /K 5 21 ik
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Table 2 Comparison of energy consumption and dewatering effect between movable electrode and fixed electrode for a specimen with a length of 8 cm

s H ik [ 7 R
/(KW-hem ) ek J(KWehom™®)  /(kWehem ™) ek /(KW-h-m~?)
2 16.9 75.2% 68.6 14.4 80. 1% 142.9
4 52.0 71.0% 137.2 50.6 78.1% 277.0
6 92.8 67.2% 205.8 94.5 76.2% 381.2
8 143.7 62.2% 274.3 145.7 73.1% 435.5
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MYREFE. FHFRAT DL, 5 [ il Al L, R 3l i
R B T I B AR R K S i i Y BB AR 0 2 B AIG, 2
TR L EREEE R 8 Veem ™", FEAR IR BE A 37% . N
I, SR FH S 3l A 7 A 8 7K BB FE B 3 IK T 18 i
Wik

A FiRBEFEIHT R AR (4) ~ (8) IPAHIFEK
JEE RN AR R R A6 B85 X6} % B0 I 7K 2 Ak B B E 1) 52 i)
VARSI N3 3 FroR. B 0, e B A [F] A
JIR AR 55 REAE IS Bif R A3 ) 8 00 1T 1 5 17 AH
[ L 6 B8 T, A8 i A e 5 A 44 o o 4 42k 4
. PRI, 7 SERR N v RT3 ek 4 R A B R
TIRHEFRE , T FEL F A5 5 AR 0 S e 1980 0 7K 3080 R ke 22 B
MR 8Veem ™ HLURBRE L S AL B Sem K
G, V508 & K F A MW A A 82. 1% [F &
62.2% , T s B REFEZI M 89.8 kW -h-m .

R3 TRFGTBIBREHKRERETY
Table 3 Estimation of energy consumption of electrokinetic dewatering

under different conditions

AEFE/ (KW -h-m~3)

WL TR - - ‘ iy

J(Veem-1y  SemifFE 8 emBUFE 10em K gopox
K K K

2 10.6 16.9 21.2 75.2%

4 32.5 52.0 65.0 71.0%

6 58.0 92.8 116.1 67.2%

8 89.8 143.7 179.6 62.2%

4 2512 ( Conclusions)

1) 2R FH 180 R [ v A 3k 47 95 10 H 2 Jd 7K ik
B AR b, AR B3 2 67K 35 U i BE T3 i, 1 #E
F4 L P FRL R b T T A I K 3 96 0 A B L TR
Ko, SO K B3R, Hh B R 22 B R s 2 B v RE AR
)

2) 2R HIH Bl AR R R AT 5 8 L Bl B K U3 i
Ferf Jd I 7 Bl BH AR 2 A0 B B K 5 08, K LR
VERIEAR LK 075 e , B % 1 L RETH AR 7E R BH BT AY
KT, 25 5 v RE AL I /K G 7 v g 8 U A
T KRR 35, B3 1] 7€ 18] B L A 95 A7 A 1%
P

3) SRR B AR I A B 95 90 A4 5 A S8R B
A AR B B RN T 2 v55 , W) 8 5 7K R 82. 1% W75
JETE2 ~8 V-om ™" HUEAS AR T 5 KR ATl 2
75.2% ~62.2%.

4) Bl I 7K A B RE A B N 2 e s A

RGN LT Bl 2 R R 4 A T 2R PR R, R
'8 Vecm ™ HLEAS RS S AR AL B Sem KRG
15U, V5 U8 K A AR Y 82, 1% FE &
62.2% , FIris BRI REREZI N 89.8 kW +hem .
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