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Effect of current density and contact time on membrane fouling in

electrocoagulation-MBR and their kinetic studies on fouling
reduction rate
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ABSTRACT

Recently EC-MBR (Elctrocoagulation - Membrane Bio Reactor) has been suggested as one of alternative processes
to overcome membrane fouling problems. Most important operational parameters in the EC-MBR are known to current
density and contact time. Their effect on membrane filtration performances has been reported well, however, quantitative
interrelationship between both parameters not been investigated yet. The purpose of this study is to give a kinetic model
suggesting the current density and the contact time required to reduce the membrane fouling. The 4 different set of
current densities (2.5, 6, 12 and 24 A/m?) and contact times (0, 2, 6 and 12 hr) were selected as operational parameters.
After each electro-coagulation under the 16 different conditions, a series of membrane filtration was carried out. The
membrane fouling decreased as the current density and contact time increased, Total fouling resistances under different
conditions, R: (=RA+R) were calculated and compared to those of the controls (&), which were calculated from the
data of experiments without electro-coagulation. A kinetic approach for the fouling reduction rate (&:/ R was carried
out and the equation p!*t=7.0 was obtained, which means that the product of current density and the contact time
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needed to reduce the fouling in certain amounts (in this study, 10% of fouling reduction) is always constant.
Key words: Electrocoagulation, Kinetics, Membrane bio-reactor (MBR), Membrane fouling, Modeling
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Iorhemen et al., 2017; Siddiqui et al., 2015).

o] BEleREQl SHAS AHEIA YomAE
SHENE A= A7]-SF (Electro-coagulation) 7| <]
S hilo] FolA| AL Qltk. 5ol MAE A=l A7
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Table 1. Synthetic wastewater composition

Composition Concentration (mg/L)
Glucose 2,000
peptone 300

Yeast extract 800

(NHa)2S04 200
KH,PO, 50
MgSO,- 7H,0 70
MnSO,-4~5H,0 15

CaCl,- 2H,0 120

NaHCO, 1,000
COD 3,335
T-N 230
T-P 71.5

Table 2. Operating condition of sludge acclimation

Parameters Values
Reactor Working Volume (L) 16
MLSS (mg/L) 6,000 += 500
F/M ratio (gCOD/gMLSS-day) 0.13 - 0.15
HRT (Hydraulic Retention Time) (hr) 12.8
SRT (Solids Retention Time) (day) 7.2
pH 8.3 = 0.5
Temperature ("C) 15 = 3

2.2 M™7|2%! (Electro—coagulation)
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Table 3. Operating condition of batch typed electro-coagulation reactor

Parameter Value
Run # Run 1-4 Run 5-8 Run 9-12 Run 13-16
Reactor Working Volume (L) 1
Distance between electrodes (cm) 5
Submerged electrode area (cm?) 33.5
Current density (A/m?) 24 12 6 2.5
Operation time (hr) 0, 2, 6, 12 0, 2, 6, 12 0, 2, 6, 12 0, 2, 6, 12
Stirring speed (rpm) 100
Air supply (L/min) 0.5
uhg 7)ol ILo] B4 SHAS |, A3 1 A2 23 o 9% M
£ 50mm=z IAAZ] & GUE =) A = &4 _ _
= A m2OIE BT = T =0 . = =
SeA7 aEdel B & Uws iy sk, o oo A8 BOo el St St
= o Fig. 29} 22 31724 wHt A (Amicon 8200, Amicon,
MTOPS, Republic of Korea)= WHFA]AH F¢131, Hh3- USA)S o] 83telth. The Ealel Sl AEe o]
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Fig. 1. Schematic of batch type electro-coagulation reactor.
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Fig. 2. Schematic diagram of stirred cell filtration system.

Table 4. Operating condition of membrane filtration using
the batch stirred cell

Parameter Value

Working volume (mL) 180

Filtration area (cm?) 28.7

stirring speed (rpm) 100
applied pressure (N, gas) (atm) 2
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Table 5. Characteristics of the membranes used for the
membrane separation

Filtration discs
Marker Amicon PLTK06210 (USA)

Membrane and

. . Ultrafiltration Discs
configuration

MWCO
(Molecular weigh cut-off)

30,000 Da

Active membrane

. Regenerated Cellulose
material

(Resistance in series model) (Park et al., 2015)0] %]-8A]
A R, (229t A, R (B9 3T YR 29 A
3, R. (Al°1Z2Z& APE 2zt Fsksch

TMP 0
u(R, +R.+ R;)

J=

J: Flux

1: viscosity of permeate

R,: intrinsic membrane resistance
R. : cake layer resistance

Ry : internal pore fouling resistance

gz el o] ofnials ol st
sHlsty] o) SRAdTH L o] ate] B AT
9t} Fig. 3o HMFUEZlo] 24 A/m’Ql Q-0
£ ZY2A (normalized flux, J/J;,
Jw)ell tigh ed&e A9 ﬁﬂ%ﬂi

S T )

S
il
ox
)
=
t
e
>,
e
=
il
L,
LUl
;:1
2
Al
£
:
e

é

N

7]_5p/\§ /\L =y

= bl =2 1

> o
B
>,
N
()
£
o
l\)
o
o o
>,
N
N,
o
u
olN

e (J/le) L<>l 371] A =]
ol

o
R

Sl

1=}
HT

)

L 2
PN
%

EPS (Extra-cellular Polymeric Substances)®] 74
(Melhem and Edward, 2012) 502 A EojZc) A 7]
SHo] ~YSH B LA ARe] AFHAT} 24

o] RO W & Ay B A2 7|9 &
2o|=/A YAEol SR Eo dAe BHt=27|7F STt
sHA €t 2y JEFAITe] F7HeH gAbe] Bt
A717F Al Eoje dAo] WAst=], ol &7 1
YEEZez Q8 EF0A A7t AAE -
E7] wjRo] Aoz At} (Ibeid et al, 2015). 0]‘%97]]
A7) 58S 22 dAEol S & E55 F4st
i, E59 ArE AASH WAUSS T8 €A
AYE MAAZ= Aem LA Qlvh B3 &5
Zlo] 7]E2] MBR 37 Ht} F/Hrial %*341% A
& EH HFAIo] 6002 wf COD A|AES HF
97} 200 A/m*Y wf oF 40%0]1, 400 A/m* O & Z7}
S OF 45%, 600 Aol A= 2F 50%, 800 A/m’of| A=
50% ojAo g Zrlst= Ao 2 HIEQlt) (Ivonne et
al., 2010). NH;-NI} T-P 3 7]£9] MBR 3404 ®
o A7 8E TS W AlAAE] H Hold Ao
2 B1E3 Q) (Liu et al, 2013). o]= A3t A5
= slof| A= nEo] A714 A= ol &8 A| 24
o] FE] f71&E AAl AeAoletal Hdrgstal 8l
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Fig. 3. Flux variation over filtration time according to contact
time under the current density of 24A/m’.
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Table 6. Variation of the resistance values according to the applied current density and the contact time
(@) Current density : 24A/m’
Resistance (x10*m™)
Contact time
(hr) R R R. Br Fo o+ Ty
- % reduction
0 1.21 0.323 21.1 22.6 21.4 -
1.42 0.323 18.2 20.0 18.5 13 %
6 1.39 0.306 8.01 9.71 8.32 61 %
12 1.48 0.167 2.79 4.44 2.95 86 %
(b) Current density : 12A/m’
Resistance (x10*m™)
Contact time
(h) Rn R R, Ry e T
- % reduction
0 1.33 0.288 24.01 25.66 24.33 -
1.32 0.288 22.34 23.95 22.63 7 %
6 1.36 0.242 17.82 19.42 18.06 26 %
12 1.34 0.243 15.94 17.53 16.18 33 %
(c) Current density : 6A/m’
Resistance (x10*m™)
Contact time
(hr) R R R. Ry Fo + Ty
- % reduction

0 1.26 0.259 241 25.7 24.4 -

1.25 0.259 22.5 24.0 22.7 7 % o

6 1.26 0.340 18.9 20.5 19.3 21 % %

12 1.22 0.248 18.5 20.0 18.7 23 % i
(d) Current density : 2.5A/m’ <

Resistance (x10?m™)
Contact time
(hr) Run R R, Ry Fo+ By
- % reduction

0 1.32 0.137 18.3 20.0 18.6 -

1.31 0.137 17.5 18.9 17.6 6 %

6 1.31 0.114 16.1 17.5 16.2 13 %

12 1.29 0.133 15.7 17.1 15.8 15 %
HastdeAE Has (= FASSITE oA & Ast7] $18l, Table 69 Atm FollA T2 FATH
FTAXFUE] HanE 7oz sto v HollA 1) 2 (R/ Ry, &, 29 T2HAY (Ry) thH] A7]
o A Hhof wit mdg] ARSIkl S AETY FeAdAY (R)Y Haevt FE st

Table 7¢f Q°Fs}itt.
HEAZL) v} $oAAYH R)O] AoEE W
=23 Aol B 2 whelx) roliy] glatel, Table 79 7
A718F o) 2ste] w 9 do] HEE sx2 O AAE ARE o R AL xFoll= HS
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Table 7. Reduction of the total fouling resistance over the
control (R /Ry)

Reduction of total fouling resistance over
Current the control (R;/R,), %
Density
Contact time (hr
Al (h)
0 2 6 12
2.5 - 6 13 15
6 - 7 21 23
12 - 7 26 33
24 - 13 61 86
1000 g
-/‘
&9 100 £ /)/ i
g e / _,..‘«X—" _,_,.--‘-":
£ o010 E S e =
C -25 A6 ¢12 24
001 " P . .

1 10
Contact time (hr)

Fig. 4. Plot of the fouling reduction rate, -In(R;/ Ro) vs. the
contact time, t as a function the applied current density.
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Ry total fouling resistance (= .+ £2;) at time t [m]
t. contact time [hr]

k': temporary rate constant [hr]

4 s
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k: rate constant [hr']

Ry: total fouling resistance (=R.+R;) at time 0
(=control) [m]

p: Current density [A/m’]

n: Constant involving with the current density [m*/A]
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kE ¥ & AUtk
_ 1 1. 1 R,
Inp; = nh’ltJrnln[k( lnRO)] (6)
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22 e (T §) $eUATLEl 047)

L REe A olfk yEO] 10% I (0 -15%
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Table 8. Current densities and contact times when the total
fouling resistance (Rt) reduced to 10 % of the control

Current density (A/m?) Contact time (hr)
2.5 4.30
6 2.85
12 2.60
24 1.50
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Current density (A/m?)

0.1

1 10
Contact time (hr)

Fig. 5. Plot of In(p) vs. In(t) when the total fouling resistance
(R) reduced to 10% of the control.
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