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Abatract : Various technical methods are applied for removing water from the water-retaining media, and the
energy efficiency is the main concern in those methods. The electroosmetic process is studied as an efficient way
for dewatering. An experimental electroosmotic reactor is designed and used for evaluating the effects of
operational variables. The operational variables such as the electrical fields and the structure of water-retaining
medias were studied. Three different shapes of polarized electric fields in ranges of 0-100 V/em and 0-10 kHz are
used as the source of electric voltage. The effect of electroosmotic process with respect to the structural variation is
estimated by filling the electroosmotic reactor with the glass beads in 0.18 mum, 0.35 mm and 1.2 mm in diameters.
6% of water removal is obtained in the simulating electroosmotic reactor of glass beads. The estimated energy
consumption in the simulating electroosmotic was 330 ~ 490 cal/g-water.
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Figure 1. Schematic of water removal in a) mechanical
pressure system and b) electro-osmotic system.
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Table 1. Experimental conditions for the electroosmotic water
removal

Compositions (wt%) || Si0x(72), Na,(O(13.8), Ca(x(9),
MgO@), Others(2.5)

Diameters (mm) 0.18, 0.35, 1.2

Glass beads

Wave form Sine wave, Square wave,
Triangle wave

Electricity Frequency (kHz) O,OI,VO.I, 1, 10

Voltage range (V) |0 - 100 DC

_.Electrode

o

&
i
15

/Medium

Figure 3. Electroosmeotic reactor.
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Figure 5. Variation of water contents in silica gel on different
electric field strengths.

m.)lt_a

ik

3. Zw
31 FUIEOl mE BHAE 54

F&Ae] g AL FrhE AW 95 g A
27 Asilica gel) S AHE3le] AR ane AFEY

Figure 5= A Z4HE whe7]o] 31971 Algshde] daf B
A7)ge] A7) WsAA Ar7hA WAz e AARE S8
AAZE Ve

e

#i

Lk
Jd Aolck Aelgbae] A9 2 dgela Sl
A ggoz Agaes e oke gEA v JF &
ZL AT Q7] WEe] FHH =S o F5EHL 71
Qo B E A7 A7) FAAFEIT o] Foj g Kol
gick. AEl A wjae] tis 10 Viem 3712 A7 Q17
& o AARase] s dEEs AdA 27 %eE
] ok 4.7%9] g T2 E velded d01ge 271%
100 ViemZ Z7HEE Al 8489 e 7.3%7H] Eolvt
B AL E8 F Qlok SR Ay 4w vl
FURTel e o] FAsFel g8 F4H 08 A% A
A= Bgo] dojuf Feg2 Al Robdnt x| A
52 A9 2] upet xojzh Lot v &7AIHE Y

ROK

¥

1.000 Prei R S — w
0995 BT 8 R RS S S-S
g 0.990 4 N
£ 0985 4 AN
5 o980 , N
5 N
S 0975 4 \
§ 0.970 4 —*- No wave \\
2 ~o- Sine wave (100 Hz) N
0.965 1 e~ Square wave (100 Hz) :
0.960 4 —¢ Pyramidal wave (100 Hz) \.\M
0.955 4 B= 10 Viem, Glass beads average diameter : 0,38 mm ™~

1] 19 20 30 40 50 60 10 &0 a0
Time{min)

Figure 6. Variation of water comtents in glass media on
different types of electric waves.



150 &&7/= A6 H2s, 20104 68

oM 90 Tyl M ot S5 ET] wEel A g
QUAIA AANFE g Far) vk 18 B 23] o
8 #4715 AW 50 Viem o)ike] A7 3-E 917}
stolE vl A= FHuAQ] Aejside) sty W)
AE A 1718 71go] dojuta o2 Qg wiAE &4
Bk AEo] B EI Y wiArE ohE ANAQl sl R
ZAF Aol dojd 5 9oz FHEA uet 24 HY
o] A7 x27g AT Aol Has ot

el g5 @172 el i FAMNE anE 90}
&t Tt Figure 62 HFU7 0.35 mme] Fu|o® A9z
AAMFERREZ1] s A7) AZigt Fa45 242 10
Viem$} 100 Hz2] A 0.8 314417 o}g ARQlsl, 4kzbad, A
Zbgt 283 S A S WE MR vluste] AYst
ANE VeIt 2718 B GYEE & 2o E HolX

Aok 2EA N olEA A o2 ALY ASEds 33E
FA kg wol vins K vv|s] o] 98] 917}e
o) B FA1E 4 glvks ghag € 4 ) aeleg A
AE QD 2§ HellA FH3& kgt FAske] Arbe Al A
e VA A gk SR viAe QtEE A2 B4 9
8 A ko] P8R @€ olsdhe Suloa el &
e "oyl Jed Asad deld Aude AEE sk A
lubd 7)ol g8 viAje] F2o Fubeo] whE Algay
& gttt ey v AEH fulaeel vl e 47
A7l st ZAHNEF AFE Figure 7o YERAITH
Z35E 10 Hz, 100 Hz, 1000 Hz, 10 kHzE #3718 A
FAEE el A Feln s dAE A Saleg
ol Ao g1 Z7e] Zdagle] 100 HeolA AidE 7t
3ol A9 ARLT A 7Y aA vehe 553 @4
£ UeRpS & 4 9m 99 1.2 mme] Selu e A8 100
HzE A} 2)3t Ueir] Fupoais A3 4% 287 YehdA
reth 0.35 mm, 0.18 mme] -9 9 Fupeo] e F7
AP g3 A8 dasl 2ol 10 kHz, 10 Hz, 1000 Hez, 100
Hz ©o2 23 4% g3 AR S & 4 vk 2222 o)
3 A¥FAE B9 A BEXC gl AEE A3

1.000 . E= 10 V/cm, sine wave S -
S - s )
N RS e - - //
.’.‘...E‘ 0.998 - e -
= N 7
5_, 0.996 - N L
= ~
e I
£ 0594 AN -
=3 N = 4
&) . et
k= 0.992 N
& »
]
= 0,990 4 ~~—®-~ Average diameter : 0,18 mm
~~~~~ O Average diameter : 0.35 mm
0.988 4 — %—  Average diameter : 1.2 mm
10 1060 1006 10000
Frequency(Hz)

Figure 7. Variation of water contents on different electric
frequencies and bead diameters in glass media.

Lo 4 U w0 wave, Glass beads average diameter : (.35 mm

099§ X T ey
N T - T g e o g e

= o0908d W e
g . e,
E 0.97 1 = \‘*A—-———-.z‘,,‘__ el
E 095 . = T—
C?) T g
~ 0.94 - e e e o
g o3] —— E=10Viem
E woae E=30 Viem

092 { ~—-o—— E=50 Viem

691 4 T EST0 Viem
' e B} 0 Viem

6.90

[ 10 20 30 49 50 60 70 80 9%
Time(min)

Figure 8. Variation of water contents on different electric
field strengths.

58E Avketo] HA o] AT 534S dojok & Bt 9l
(o]

3.2, HXe] LREH0| WE HTME EN

Figure 8- A& oA A3 2= F 474 0.35 mm2)
Atz AR FANFERese o8 7B ANAE e
A#E Vebd Aol Figure 89 232 2 10 Vieme] A
713 QU7 Al B Fhepgo] 27 $eg ofn] oF 2% At
A& F7HA 70 ViemE P9 oF 6% o) 2haske A
E Rt kA9 i} & #7179 100 Vieme] 24& 7+
st g vt 2518 gaHe] o 5%E 74 sl AE
ok 5= 9lvk, oleldt PR wiAle] A7) b A7}
g8k A71A Agel A& wiA AR AR s E
of uiA] je} FiRelA 71xr} BAska R sk dle 4
ol 71QlgkTt.

Figure 92] A¥ollA B 7127 50 Viem 74x] 3= FAjg
AEou} 70 Viem ¥-ZHE = @AV 7FYo] FAE 5 ¢S
A7t Pk W74 spddo) o] foiAw i) viol BAE 7%
= EEFow oy Afole] FFE A =i okge] A4
AANHE e Bl Q71 AN EFE Weshe 9%

w
~

— e Ex=10 Viem No wave
| e B30 Viem

el E=80 Viem
e BP0 Wiem

E=100 Vch

W
S

I

.
Tl

Temperature(T)
2 %

22

0 10 20 30 40 50 606 70 8§68 90
Timedmin}

Figure 9. Variation of temperature in the electroosmotic
reactor on different electric field strengths.



6.5
§ N —a—— No heated, 30 Viem
?E"’ 6.0 4 TN -t Heated, 70 Viem
S / .
&

5.5 ¢ / .
S / TG
o
£ 80 / S
: f ~
g 45 / \\A
2 £
£
E 4.0
=1
B 35 4
EE No wave

3.0 1 v

0.0 0.5 1.0 1.5

Average Diameter(mm)

Figure 10. Water removal in electroosmotic reactor on
different structure of the media and electric
condition.

& ok 2714 7Hdel 1 s 7137 AT Alaehs
1 AT o8 ol e] 7R 28l s ﬂa ‘élff' &
ef7h Hol FAH R YIFAEY] ATo] FasE
7P At of7leltt P2l #3 AASAM FRE ddsiE
| 7S AtE Al 352 A7 whe FAE AAAT
T e v A B BAAEHE )39 ool
- dA A FrEoIgle T2 A0 AEFH V)
SEW- e BT} Holxo] wiiell &2 o)Fe] o Wl A
wo] 2 AA Bl F FFE FA Bk APl A7
< 70 ViemZ F%|3 %‘“EH A 9474 0.35 mmo ful=g
AR W7ol M = FA st 7127t oA W 35S B e
T glof £ o1F-& WalshA] EaAIRE 0.18 mm A= 0.35
mmel) B]8] & F& 737} AR £ ol F& Wafiste] A
71730 A% & A a3t @A veke Aol #AE gk
SEAIRE Figure 100 Bl ZAY H7]18 7Hdo] glE 30
V/eme] § 7} 24 E A F50] 24U 245 JANF
off 23t =2 A ] T2l vehdth ole FAMFER
ol 4@011/‘1 0] 2UEFE A9 G FAg F8 ¢
ol ol A ARt iAo 2 A&E 7] Wi
& v meba] Al g iAol did rhdo] glow
A2 Fo] USRS YANFY a0t FUbEE AT
vheRd ok g 5 Qloh
ofeigt of ] 7kx AR SRR AA| FAe oj2jd
RIS Agste] FHARRE FEE AASEE ¢
ol sl A71H 24, 4714 7rdHE 8 oA ez
ol aHE ERxdo] s ojok sho] FA Feofl SRl
2 AREE A7 23lo] WEdhE oA et
As&e vgds e getals b T8 Aol 37t
ofof vt wobelth. FHAYFE o] 835t FEE A
bl glo] -2 A7 Ve F 27] 10 el “ﬂz‘ﬂivrﬁi
AAE R G-EEF ] 0% o) o] A »‘le%“ AOE VEhpE:

et

A
AR BN BEARER] $AE BAT B2
ik

2 Aol HFH o2 Hrhg AL FEAACd LaHE

Clean Tech,, Vol 16, No. 2, June 2070 151

713 ey 5 AEE Hrietginh oA AFE o 7HA
A7)1ge] 97k A9 A E Foeke AF @2 A gt
A= o A7) AsEsdE o 0.03 AddiA H40.02 A
7R Q) 28 2R A H2 A 100 Vieme] A7)
vg»v A ke 918 100 vel AE 7lees v 28 ¥9

2 2-3 W7t gk Aol Hell SeAlA 5820 6%
ZANA 27 44 g FEF F|ELR SO-CJ Al Zke]} oF 2.6
g9 Bo] AARE ° o8 71F0E BE 42 ofuxE 330
~ 490 cal/g-water’} Btk & 5= Qivh 2 EE tjgkael vl
P FEelA Bel H8 FheuiA 7R At whgel
vl 1 gel & AAse dl oA 21 HHeA] Fg4d0)
Atii B 4 vk

E:,
ot

4. 2 B

Tl Uit Agg f8 dAuEIHE A8s] #
sto] AT P l*"l A7ME = A1) el 9 v
o] ol M FFE APE Tl Aefeglek. FERI=EE
ARgalel P E FEdAedl AEd HPd HdFE A
A3t I7EA718 9] ol e A5 fle B9-E wlastd
HHE st A7k Ayl o AAME &avhe A4
vreht) gkghom Fojzl A7) Q17F Aol il w17 e
A7) Getel whek AR A% Algasrt FokE Ak &

ARk Ql7pdgte] P o g ol Fojxw P Ao T kol B
ol AQlste] s} oF 100 Hz| Foprolld Addisow 7}
T xe AFass 7HE AR ekt

TE| 3 ARl %t Algade A9 A7l wek

A 7 4 ot AU AV A1 8] Fbel] uhE A7
2} 7bgo] o] o)A o) & Q1) wid W) FE Fode] 9%
Z\EAeR e 4 AV # oldelMe AL 3
AFEATE Veh R ebokeh AR FAel FRAEIIEE A
£ A A7 A7 A7 24, v diE 7tadH
g oA e T2 ol .:_6% H Edzzde] Ao gt
ARAMFE o183 T AASH IAgolA A 2] Hof A
A S Ert AdTas J A& F-& A sl7] wiEe] 27
e 7K F A2 AAEE FEEF 50% o]l

AALE ANPE 71802 34AE N 298 et Y

FeuAd FETaI) viAEsE AAATEAT o9
AgE 1 22 A8 FEAA AFaAot A er A o
[2a%a28

il
o

s

1. Zhou, J., Zheng, L., Peng S., and Fuxing, D., "Water Removal
from Sludge in a Hrizontal Eectric Field," Dry. Technol.,
19(3.4), 627-638 (2001).

2. Chen, H.,, Mujumdar, A, and Raghavan, G., “Laboratory
Experiments on Electroosmotic Dewatering of Vegetable
Sludge and Mine Tailings,” Dry. Technol., 14(10), 2435-2445



152 FEU/s M6 X2z, 20104 68

(1996).

. Man, Y., and Guohua, C., "Enhanced Electroosmotic Dewatering
of Fine Particle Suspension Using a Rotating Electrode," The
12th International Drying Symposium(IDS 2000}, August 28-31,
Noordwijerhou, The Netherlands, 2000.

. Yoshida, H., "Practical Aspects of Dewatering Enhanced by
Electro-osmosis," Dry. Technol., 11(4), 787-814 (1993).

. Vijh, A. K., "Salient Experimental Observations on the
Electroosmotic Dewatering(EOD) of Clays and Sludge and
Their Interpretation,” Dry. Technol., 17(1), 575-584 (1999).

. Vijh, A. K., "Electro-osmotic Dewatering(EOD) of Clays and
Suspension: Components of Voltage in Electroosmotic Cell,"
Dry. Technol., 17(3), 565-574 (1999).

. Bertolini, L., Coppola, L., Gastaldi, M., and Redaelli, E.,

10.

1L

"Electroosmotic Transport in Porous Construction Materials and
Dehumidification of Masonry," Constr. Build Mater., 23(1),
254-263 (2009).

. Mitchell, J. XK., Fundamentals of soil behavior, 3ed ed., John

Wiley & Sons Inc., New York, 2001.

. Eykholt, G. R., and Daniel, D. E, "Impact of System Chemistry

on Electroosmosis in Contaminated Soil," J. Geotech.
Eng., 120(5), 797-815 (1994).

Reddy, R. K., Urbanek, A., and Khodadoust, A. P,
"Electroosmotic Dewatering of Dredged Sediments: Bench-scale
Investigation," J. Environ. Manage., 78(2), 200-208 (2006).

A-Asheh, S., Jumah, R., Banat, F., and Al-Zou'Bi, "Direct
Current Electroosmosis Dewatering of Tomato Paste
Suspension,”" Food Bioprod. Process., 82(3), 193-200 (2004).



