Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2017.18.12.42

cooperation Society ISSN 1975-4701 / ¢ISSN 2288-4688
Vol. 18, No. 12 pp. 42-49, 2017

EC-MBReIA A71840] &84 Ao nl3le 3

AN EfO|AP
'SMCiEtm LHcHIO|QEREIASH} 25 Moistm

rlot

743
oo

101

inl3
Effect of electrocoagulation on sludge characteristics in EC-MBR

Se-Eun Um', In-Soung Chang”
1Department of Nanobiotronics, Hoseo University

2Depattment of Environmental Engineering, Hoseo University

2 <o A7)$3 F42 MBR (Membrane Bio-Reactor) 3-49] B ¢ 95 s143517] 93k d3toz $-85 1 Qi) & A
= 7184 T4 F83 SHUFA AFEEG JHZAR mE A& 54 Ml #3 A7E Fdsin
AFUEE 25, 12, 24 AM'E, EAZE 0, 2, 6 hr2 WEAA 710 &)X B4 HeS AFs9n dFds
24 Al 273014 6X17F B9 MLSSE 6,8000014 7,000 mg/LE 3% Z716+% 1, MLVSSE 6,280914 6,300 mg/LE
W37} ggith o AREE 27 Sl E BUs Aare] #2E Uk CODE AFLEs) 24 Am*Y Wl 719141 37 mg/L
2 A28 12 Am’Y WE 113004 67 mg/lLE, 2.5 A’ HE 8404 80 mg/LE 7AaHith W TN TPE
Ao ® & WMats Holx ZUrh Soluble-EPSS Bound-EPSE AFUEI 7145 ozt Zhadls 7S Bk
A7 &HE 7 %1 gseA R 2 JHE FPste] Jidso] AAEHEA Frketdth 784S T B2 vz
Il oA (R)©] 6~ 61‘V A Ao sty 58] AR} JHA o] SIS o of 3} A7lo] sk
AL Felaidinh ol& Fal A7183 80l MBR &¢I o3t A5 /el AH8E  ASS FIsSIth

Abstract The application of electro-coagulation has been attempted to control the membrane fouling problem in a
MBR (Membrane Bio-Reactor). This study examined the effects of the operating parameters (current density and
contact time) of the electro-coagulation process on the change in the characteristics of activated sludge. The current
density changed from 2.5 to 12, 24 A/m’, and the contact time was varied from 0 to 2 and 6 hr, respectively. At
a current density of 24 A/m’ and 6 hr of operation, the MLSS changed from 6,800 to 7,000 mg/L (3% increase),
but the MLVSS did not increase significantly. After 6 hr of operation, the soluble COD decreased from 71 to 37
mg/L under the 24 A/m’ condition, from 113 to 67 mg/L under the 12 A/m’ condition, and from 84 to 80 mg/L
under the 2.5 A/m’ condition. On the other hand, soluble-TN and -TP concentration showed slight changes. The
soluble-EPS and Bound-EPS concentration decreased slightly with increasing current density. The membrane filtration
performance of activated sludge before and after electro-coagulation was compared. The filtration resistances after
electro-coagulation decreased from 6 to 61 %, particularly as the current density and contact time were increased.
This indicates that electro-coagulation can be used to control membrane fouling in the MBR process.

Keywords : Electrocoagulation, Membrane bio-reactor (MBR), Membrane fouling, Resistance, Sludge
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A= xMOﬂ AHEEFE (NaOCHE AHE-SHTE [5, 6].
H, AEZE] oALAES AFHAA EPS (MES] 122t
&4, Extra-cellular polymeric substances) A4 5 #|
ofgte= AETHA Aoy Fo] AlLHAL 9t} [7].
#HZ oﬂ:rLf’ﬂ’ﬂL 5}3}0] HAE AHEaHA] ¥aL
SHEYE 48 F e (Electro-coagulation)
ol gt ‘4”0] io}x]ﬂ Atk A71SHE A5E
ol AAAA % 34 1H°1 FToA &&=
< (Al %)oﬂ
Aot [8].

2 XMEFHLE

oo
=

FES S
[e)
4
[e]

10

7]

N
o 1

o
%0,
ol oo
ofN mN
ol i

rlr

32
—
o
—_
=

=D O oA < < A (e

*% MBRe @E'\lﬁ

ho

PE

oy

&
o M yo o

A ofol EJ+7]' IS 5
[11, 12]. A71&4

o2 of\
o o

o Mo
i ot

2

2

o

rir

pocs

rlo

5]

)

__)..(_r”
N

fu olo x
N

riu
o3

EC-MBR (Electro-coagulation
2 APk AT AtE
13-15]. 2181} EC-MBRY]
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webd B oA EC-MBRe| E34 o7 1 o
A& Aofshr] sk AP A=, A7l A &Y

A 540 W@ JFe WALA BAdnA 69

ol A& Hx] 9 2 Azhel| WA=
e gelstaat stk
2. ME T Y wy

21 gd &3{X| ujYd

7185 Aol ShAl, & Aol AMSE SR £
B CAl 37 A A 27| Z A AT SdEHA
& AN F AL FAHTE £SAZ Fol A
22 AH&3s19Y. @494 E Glucose 2,000 mg/L,

Peptone 300 mg/L, Yeast extract 800 mg/L, (NHs),SO4
200 mg/L, KH,POs 50 mg/L, MgSO47H,O 70 mg/L,
MnSO44~5H,0 15 mg/L, CaCl,2H,O 120 mg/L,
NaHCO; 1,000 mg/LZ ZA|¥o] 16 L2 ¢85 o4
HhS-Zo A v gstint. MFEA1 122 Table 19

LR e

Table 1. 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 83 05
Temperature (C) 15+3

2.2 Jc17I% %! (Electro—coagulation)
Feyst7] A3l WA 110 mm, £17%
mme] 1 L &3] 4= o}ﬂa =13

A7)
120 mm,

'0_7]?3 Z'“Z}O X
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A7187 AL Ard=e} @%Al?&% wejste] 7l
Ay AFLEe] A7)E 247 25, 12, 24 A/m’ &
WS Z I, HEATS 0, 2, 6A7HOE WS IAA 71
A3t ZHzhe] AFEEe Al7lelA HEALr] 0
ARl 221 78-S A &2 gl (Control)
© 2 AREEFATE A& A MFEAQ] eAENS
Table 20 A3t

Table 2. Operating condition of batch typed electro-
coagulation reactor

Value
4-6

Parameter

Run #
Reactor Working
Volume (L)
Electrodes gap
(cm)
Submerged
electrode area
(cm’)
Current density
(A/m’)
Operation time
(hr)
Stirring speed
(rpm)

Air supply
(L/min)

7-9

12 25

0,26 | 0,26

100

0.5

2.3 B
4 54 AT 2

o1 3]
il

7184 &R 54 WsE 3
ofa}7] TPty Alse] MLSS,
MLVSS, COD, TN, TP, EPSE =743}3]t}. MLSS9}
MLVSS+= Standard methods [16]° &3le] 43831t
EPS+ AW [17]& &3lo] Soluble EPS9} Bound
EPSE &3] 4319t EPSe| FAE<Q vz v}

T
gRe B gld JRL Lowry ¥ [18]S

2, O A2 Phenol-sulfuric acid § [19]22 &
A&tk COD, TN, TP #4jo] AL&¥ A3 o3}
(GF/C, Whatman) = ] #}gt of -8 Alg8le] BT &8
4 S £33 =4 (DR/4000 U, HACH, USA)ZE &
Aoteh. 2t GAE Table 30l L.okatith
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Table 3. Analysis methods and apparatus

Item Methods and Apparatus
Gravimetric method,

Standard Method

MLSS & MLVSS

Reactor digestion method,

cob Method 8000, DR4000, HACH
N Persulfate digestion method,
Method 10129, DR4000, HACH
PhosVer3 with acid
TP persulfate digestion,
Method 8190, DR4000, HACH
Protein Lowry method

Phenol-sulfuric acid method

Polysaccharide

=
i3} 458 45 Ao

’\]ﬂ‘i‘l”‘“ (Amicon 8200, Amicon, USA)°l| &3]
MWCO)©] 30,000 Daltong! ¥2]o#}2 (UF)S &
ool ASE PP, 12 ok RS 9

Bl AZAH A= HRAE (LP220s, Satorious, Germany)
g AHE 2 olslel /|3ar. ol
100 rppm &% M3} o o=
2 AYYE dZdste] 2 719 (atm) 9] 4

Regulator

Beaker

Balance

Record to computer

Permeate
water

Magnetic stirrer

Fig. 1. Schematic diagram of stirred cell filtration system.

3. Znt A 1 H
31 BR 0dE 3=
A7] ol Hfr MAE wkd MAE dFS Lo}

®7) 98] MLSSS MLVSSE ZAdgitt (Fig. 2).
MLSSE AFEE7E 24 A/m’Y

2w 6,800 mg/Lol|A
7,000 mg/L7HA ¢F 3% 7} 574ekg ou MLVSSE
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6,280 mg/LolA] 6,300 mg/L=E 2 W37} §191t)h v
2 AFELE (2.5 A/m’, 12 A/m’) Z|A2) MLSS$}
MLVSS+ & W7} glodt) & 1 g e] HlaA
a2 A7 HEZARE A= «W ok 9] MLSS

7 Sl Aoz sudr)
A EU‘E7} TV e 5@1 24 A/m’ o14] MLSS]

Felle Bolgel Aow Q)

Al**30H —Al(OH),
Al PO ALPO,

i (,unent];i:e‘::i]:: (A/m?) o (a)
%suuu ? 7 V% BCenteal
g <o | % % % WGk

2.5A/m? 12A/m? 24A/m?
Current density (A/m?) (b}

Fig. 2. Variation of MLSS (a) and MLVSS (b)
concentration as a function of current density

3.2 Soluble COD, TN, TP &
A7]& Aol 93k Soluble COD, TN, TP %% WH3l=
AF

il

Fig. 3¢ AAstdch AFEE7t 24 A/m%l w7
mg/Lol A 37 mg/L7H4] COD7} Z4skith dFE=

7} 12 A/m*Y W 113 mg/LolA 67 mg/LE, 2.5 A/m’
o w84 mg/LolA 80 mg/LE 7433t COD ¥

[y

=1
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w7t 3R olf= AI(OH)SF 22 E-84 fo] A
S Aol QA haas Al AR
(sweep floc) MlAUF 23] & &9 T2 F7]E 4
o] SHENE 7Fs Aol wrth gk nAE o] H7]A
Ge ol &elxe] BRI ATl 1% A}
WISRE 34 ke Wue o Fola Aow A
& I vk [21]. WheF 2 AR "EIE hejA A E
o o8l {718 AAEE] AT F e, ole
A8 A7) AF T vl Ro] ot vlAE Bl
o] A BAste] MRS AFEAIE S 97 o
Foz 4#x 9lv} [8]. v Soluble TN TP =
L AN OR 2 WSS Holw YA 2e R0E v}
ehaih,
120,00
77
=;10000 F %
£ soo0 | W% % -
-;i- se.00 ¢ % % % @AControl
= 40,00 M Ghr
R
0.00 é /4 %4
2.5A4/m? 124/m? 24A/m?
Current density (A/m?) (a]
40,00
T;ﬁﬂ.[)ﬂ r
£2m |
l:'. AControl
E oo | W Ghr
7
0.00 2.5A4/m? 124/m? 2‘\4"!112
Current density (A/m?) (b}
10,00
< 800 |
*?
i 600 |
'é 200 b AControl
g mGhr
E 200 %
o 254/m? 124/m?2 244/m?
Current density (A/m?) (C)
Fig. 3. Variation of Soluble COD, TN and TP

concentration by current density; (a) Soluble
COD, (b) Soluble TN (c) Soluble TP
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31, 2.5 A/mollAl
A 718-H o] soluble
?x%oﬂ BN K.
t}. Liu et. al. (2012)& A7¢] A717H 1, 3, 5
2 o soluble EPS7} ¢F 10, 15, 5 mg/L A4F At
31 B3It Ibeid et al. (2015)S AFEEL] Al717}
15~35 A/m*Y | soluble EPS = proteinS 50%,
polysaccharide™= 90%71<] AAS ZAHE HAFUT
[12, 25]. & AFelAE AFEE7L Bl
2.5 Am’d W= A7184 B3t 1)
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AL F% 9} [26].
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0.00 /é /4 4
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%IZU:UU r %
é‘100.00: % ?
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Fig. 4. Variation of Soluble EPS concentration by current

density; (a) Protein, (b) Polysaccharide
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Fig. 5. Variation of Bound EPS concentration by current

density; (a) Protein, (b) Polysaccharide
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3.4 9t o{o} E2A (Flux) H3}

EC-MBR®] 1 93} 35 7Hs/3& dst] $4 3
2k A s Fete] Ae-s A 45
H2)9 " oz ZYx (flux)E AL AFdE
x710] 24 A/m’Ql 27A A7SH F BHSHAE

212~ W3S Fig. 69 YeRASITH

Fig. 62 x%& #3%%% (Volume concentration
ratio, ©]3} VCR)i FA, yEH dUEgadse
(normalized flux, J/iJi, J : Sludge flux, Ji, : Initial
water flux)Z WERATE VCRS T 43} Zo] Alxlkd
=3

V(‘F(

VCR= feed

V,ancd_ permeate

Vieea = feed volume

Voermeate = permeate volume

HEAIZIO] 0 oA 2, 6AZFOE STV R AJOE
grmsghgol] A ek s 91T Ak 54
@ FY 25 Ao md (28] ©]&35te] o 7A
3t (Resistance)= Al4FeE 5= 91t} Table 49 72 AF2
Lo} HEA & AT FaES At
A71&5 AFARr]l ARl A, AFUETL 24
A/m’olW thzito] wlg) ojupAgte] 61% 7HaslATh
AFAE 12 Am’oAE 26%, 2.5 A/m ol A& 13%7}
FAagith HEFAIZR] 6A7o] obd THE 9ol A
FEEE 7V o Aol hadhe 208 e
th &, 471837 Y Fag AR ARdEs) HE
Alzrol SV E o3 A go] FATS AR
AT

L000
0.900 £ - Con
0.800

0700 @ 2hr

Zo.600 £ 2 6hr

20500 b3

20400 k3

= 0300 £ 3

0.200 1§
0.100

0.000

Fig. 6. Flux variation according to VCR under the
current density of 24A/m2.
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Table 4. Reduction of the total fouling resistance over
the control (Ri/Ro)

c Reduction of total fouling resistance
Durre_?t over the control (R/Ro), %

ensity -

Contact time (hr]

(A/m) - : (hr) -

2.5 - 6 13

12 - 7 26

24 - 13 61

4. BE

BoApE Ar1gge) 2R e ARuns

gsAd A7eHE
= zZrlsldod, 718 AEQ MLVSSE
ZF7VskA &tk MLSSS) F7k= A7]$3
od o B84 FU|E, Z AlOH):9 2o &
Fol Ag=o] A Flo|rt
Soluble COD7} H 't 48% 7} 743
SHAAANA B L] §7E o]
o} A Aoz =HYc) wek B
AEo| A7A A=& Wof &]x]9 & <
7he]o] 718 AAEC] FE o= gEr)
W TNZ TP H7]8-%] Aol & =
A stk
EPSPJ 73% Soluble EPSQ‘r Bound EPS 55 7]
= &S BT} Soluble EPS
‘H Mil UFHE Jo R 1T
i1, Bound EPSE #7]3}3t
= 3eEw A3
A% Bound

2

~

3)

HAY dAFe dgoz
EPS7} &3ty o] A %%
24 A/m29+ 12 A/m*e

4 2 Gapste] w2,
Folat Aol o)z

&) HAdl 61%7H
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