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Abstract Membrane fouling in EC-MBR (Electro-Coagulation aided Membrane Bio-Reactor) processes was evaluated
according to the operating parameters, such as current density and contact time. In addition, the fouling mechanism
was investigated. Compared to the control (i.e., no electro-coagulation), membrane fouling for filtration of the
activated sludge suspension after electro-coagulation was reduced significantly. Membrane fouling was improved
further when the contact time was doubled under a low current density of 2.5A/m’. On the other hand, membrane
fouling was not mitigated further, as expected, even though the contact time was doubled from 12 to 24 hr. at a
current density of 10A/m’. This indicates that the overall decrease in membrane fouling is a function of the product
of the current density and contact time. The particle size of the activated sludge flocs after electro-coagulation was
changed slightly, which means that the membrane fouling reduction was not attributed to a larger particle size
resulting from electro-coagulation. The experimental confirmed that the dynamic membrane made from aluminum
hydroxide, AI(OH)3, and/or aluminum phosphate, Al(PO4), which had been formed during the electro-coagulation,
played a key role on the reduction of membrane fouling. The dynamic membrane prevents the particles in the feed
solution from deposition to the membrane pores and cake layers. Dynamic membrane formation as a result of
electro-coagulation plays a critical role in the mitigation of membrane fouling in EC-MBR.
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Table 1. Synthetic wastewater composition

Concentration
(mg/L)

70
15
120
1,000

Concentration
(mg/L)

2.000
300
800
200

50

Composition Composition

Glucose MgSOy ¢ 7TH,0
Ml’lSO4 <4 NSHzO
CaClz . 2H20

NaHCOz

peptone

Yeast extract

(NH4)2S04
KH2PO,
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Fig. 1. Schematic of the electro-coagulation system
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Table 2. Operating condition of the electro-coagulation

Parameter Value Unit
Working volume 1 L
Electric current 0~150 mA
Submerged electrode area 37.5 cm’
Current density 25 & 10 Am®
distance between electrode 5 cm
Operating time 24 hour
Stirring speed 100 rpm
Electrode connect type mono-p(')lar electrodes in parallel

connections
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Fig. 2. Schematic of the membrane filtration system
using the batch filtration stirred cell

Table 3. Operating condition for the filtration test of
the batch stirred cell

Parameters Value Unit
Working volume 180 mL
Filtration area 30.2 em’
Mixing speed 100 pm
Applied pressure (N2 gas) 2 atm
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Fig. 3. Simplified illustration of the procedure determining
the role of dynamic membrane in membrane
filtration with and without electro-coagulation

Table 4. Operating condition for dynamic membrane
filtration test

Parameter Value Unit
MLSS 5,500 mg/L
Sludge volume 1 L
Current density 10 A/m®
Operating time 1 hr
Stirring speed 100 rpm
distance between electrode 5 cm
clectrode connection type mono—pg]ar electrodes in parallel

connection
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Fig. 4. Normalized flux variation over filtration time
under different operating condition of
electro-coagulation
(a) current density = 2.5 A/m’

(b) current density = 10 A/m’
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Table 5. Summary of the calculated resistances for the
filtration under different current density and
contact time of electro-coagulation

(a) Current density : 2.5 Am’

. 12 -1
contact Resistance (x10m™)

time

G | Re | R | R Ro|RaRe| SO
0 095 | 0.12 1.03 | 2.11 1.17 100
12 093 | 0.07 | 035 129 | 0.36 69
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(b) Current density : 10 A/m’
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0 1.00 | 0.04 2.5 3.57 | 256 100
12 0.99 | 0.01 0.42 143 | 044 83
24 0.99 | 0.007 | 0.35 1.35 | 0.36 86

25 Am’ AFEE A4 AolaZ A Ry
W wtedd Ad RpS F3 F 29 AT RAR)>
kS 130 Al 124134} 24417kl A ZH2E 69%9}
82% 7+AskelTh A 10 A/m’e] AFUE Z7A =
24 A7 (ReAR)S FEFAIRE 1241313 2441 3Fol A
H3l 83%$} 86% A4tk &, AFULY
Tt % 09 ARl el e SR
[e]

Nt
o
o

-

4

T ARUEES 10 AM’ 22 B7 §48 A&
7183 Azbe] 282 Eolytgol e Btahal ot
7} 28] 34 edvhs etk whdel R

225 AME YA §A3 Aol A718F A
202 Sojuhd b e A% 23t 2A49]

foog [

1= ST
B>
ol

o

™R 1—0

F7bel

g_
£l

1

N

o
B

A7) 918 5 A F
@ A5 )
AEg Avgit 2

s}l pt =
0.4¢

iy,
fu ®
2
o
fr
Iy = Rl
to
= ooR _Q
dn o
g
k1

N
N
=

_—):I_“‘
=
it <y i o

4 o2
1>
g

constant ©|
o] A

Fehe) 22

0,
i)
o,

al)
o

+
e=
)

lO ﬂl\ﬂl ‘.o

o,
_M_EL
E-SES)
>~O\
e =
ol
r_“do

o

N
N
30

(b o

el
e &
HU_L(Q
o2 T M

oX,

2 L

Hu ==

rlr

ne

o

rlr

N,

Tﬂ o R

w0 X
olo
m
BN
Y
o
>
&
)
o
2

N

o

ol & oo
1o
re
=
i)

L W
Hu N
yii= m|o||
o ox
- >
o
2 >
1)
Tl
Lo
r}ol, J:oﬂ
n:?i‘ lo
o

_1:;, EH%
M HI

=
rir
o
o
o
uo

]
ohusl flstel Y= PEE B
[e)

So] X3l = F9 (volume,
(e}

jins
k1
rir
N
o,
R
f

s
3
rH
A}
_0|L
Q2
Me o
bl
il

o ©
fuj
=
rir
po
o
e
=
o
9
a
d
i)

[y
N
No
N
k)
rlo
EO m

it

=3
T R
i)

iR/
>
il

(o3

o rlo
12
¥

7t ke 3
= % 1) o

Hekshr] gl Akl 7HT (number, %)°ll

jinss et
Ut Ho
W
N

%)
N
X
x
)
jur)

= [
2
ﬁ‘
_1
o
rl



FFAE & =B A9 R8T, 2018

18 —4—control
16 12 hour
14 e 24 hOUr
® 12
o
_g 10
2 s
6
4
2
0 L 4 e o> ¥
1 10 100 1000
Particle size (um)
(@
80
70 =t cONtrol
60 12 hour
® 50 —#—24 hour
-E 40
E
E)
Z 30
20
10
0
1 10 100 1000
Particle size (um)
(b)
Fig. 5. Particle size distribution of the activated sludge

suspensions with and without electro-coagulation
under the current density of 10 A/m’
(a) Y-axis: volume % (b) Y-axis: number %

A7ksi7] At el

Fig. 5t 10 A/m” AFE 5
#7 dx BEyrolt) drE By oz Jeh9S
al
o

Ly
a
=
H =

N
=N rlu
o b 2 2 )

C

Aol o] 17147 ol ;

hines Iz
R

2
©

i

= Aol

HolA| etk

2} Agell AT B (Fig. 6b)ol A GA)
2 Ao]Z HolA| &gt}

110

m
S

18 —e—control
- 12hour
1
—=—24hour
® 12
s
E 1
; 8
s
.
2
- —
o
1 10 100 1000
Particle size (um)
(a)
S0
s
e O OUF
7
12hour
60
E; . —=—24hour
E
£
2
30
20
10
o
1 1o 100 1000
Particle size (um)
(b)
Fig. 6. Particle size distribution of the activated sludge

suspensions with and without electro-coagulation
under the current density of 2.5 A/m’
(a) Y-axis: volume % (b) Y-axis: number %

Table 6. Variation of the median & average size over
contact time by under different
density condition

current
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Table 7. Variation of the resistance values of the
dynamic membrane filtration test
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