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Improvement of Fouling in Membrane Separation Process for Leachate Treatment using
Ultrasound(1) : Analysis of Ultrasonic Parameters

Seok-Wan Kim' - Jae-Lim Lim* - Jun-Geol Lee

Department of Health Environment, Daegu Haany University
*Korea Institute of Water and Environment, Korea Water Resources Corporation

ABSTRACT : This study evaluated the effect of ultrasonic irradiation on improving the flux and cleaning efficiency in membrane process
which is widely applied for the treatment of landfill leachate. The experiments on improvement of membrane flux according to the types of
membranesthallowfiber microfiltration, MF and tubular ultrafiltration, UF) were performed with changing frequency(40~120 kHz), intensity
(200~500 W) and irradiation time of ultrasound as well as operation pressure(0.1~2.3 kg/cm’). Membrane was fouled for the first 50 min
with primary treated leachate and then the change in flux according to ultrasonic irradiation period was observed for 70 min. Parameters
influenced to the recovery ratio corresponding the net flux on pure water and to the enhancement ratio applied after ultrasonic irradiation
on the flux were analyzed. In same condition, the flux was improved in proportion to ultrasonic intensity while the improvement of flux
was inversely proportional to ultrasonic frequency. The cleaning effect of membrane was delayed and reduced when operation pressure of
membrane was high. The recovery ratio and enhancement ratio for 0.1 pm MF membrane were 10% and 500%, respectively while those
were maximized at 75~98% and 40~50% for UF membrane for 10,000 and 100,000 MWCQO, respectively. In conclusion, it was con-
firmed that ultrasonic cleaning using mechanical vibration is alternative to water or chemical cleaning for improving membrane flux.

Key Words : Ultrasound, Membrane Separation, MF, UF, Leachate, Cleaning
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Fig. 2. Amount of contaminant desorption from fouled membrane with ultrasonic conditions.
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Fig. 3. SEM Photograph at surface of fouled MF membrane
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Fig. 7. Temporal variation of permeate flux before and after irradiation of ultrasound with intensity(operation pressure: 2.3
kg/em’, ultrasonic frequency: 120 kHz, UF membrane of 10,000 MWCO).

J. of KSEE / Vol, 28, No. 2, February, 2006



229 0183 25 APS 9 TR T YA AAD: 2E%e A P 203

1.0E-04

Frequency : (20K

Operating pressure(kg/or) : 2.3

UF : 100,000 MWCO
—_ A200W * 400W a 500w
7
E 0
E
~— iy
3 e
2 LOE-05 | "w#
& o
<
)
g
[ -

&
. MMMWMA e
[ Y IVYYYYIVVVSTIVIVYYY
Sananand
1.0E-06
0 10 20 30 40 50 60 70 80 90 100 110 120
Time(min)

Fig. 8. Temporal variation of permeate flux before and after irradiation of ultrasound with intensity (operation pressure: 2.3
kg/cmz, ultrasonic frequency: 120 kHz, UF membrane of 100,000 MWCO).

1.0E-04

Frequency : 40z

Operating pressure(kg/ar) : 0.5

MF : 0.1 - 0.3m pore size

TTaa00w e d00w
=
E
P
5]
<
» o M‘“ 000000s,]
£ LOE-05 | ..,00
@ Lo K
5 4
g xtxx -
S: XX 'Y W— A
AAAA AN
% ’AAA
|
1.0E-06
0 10 20 30 40 50 60 70 80 90 100 110 120

Time(min)
Fig. 9. Temporal variation of permeate flux before and after irradiation of ultrasound with intensity(operating pressure: 0.5
kg/em’, ultrasonic frequency: 40 kHz, MF membrane of 0.1-0.3 um pore size).

UFSh: @9 200W s F&srt 2 S990eh & 2004 289 25k F79 43 04 | g2 o
200 Wl el 96% PES FHEEY F5EL Bol WA 2P} 2QEY(fouling material)o] AL E U

Z 200 vlsA 400 Wl £ 285 Al7loA
—gOl 500%=2 ety 483 B2 FHE&E
etk 23 SFH4&E9 F545E FE 400
0.93410° m’/m’s/min2 JER} 200 W<} 0.181x10° m’/

A% ol d we ARl B4R Bl

X

S oy,
LS oy ﬁ tlo
RN

e ot ox &

B

maasd 49 99 LAYEE £49 4% LAY

min®oh 526} F7H Aoz veEddt £2F ALY A% o HlEAQ BA oH, &9 31BN ByRe] =&
E 2o 2299 AZA 250 2834 9% AL #F AeuaE 9 FREEes Wsst giok Fig 9%
= F5ase o) A9y PE AAHE AL F £ L 102 BLF AR, & FIE, 2% A7) B9 FF
Arh Fig. 8o THEsA g2 120 kHz9l A% 200 W& % A2z 28 b £39ge] 2 FHEE HEE
9 AVdAe FHERY Fo2 fdeu, 400 WA Bl AozA B AFgA 593 IHHEYEIANE %
E 9 55%7R9 ER&Re A4e BFh 0.1 kg/em’~0.5 kg/em’, B& 2: 1.0 kg/em’~ 2.3 kg/em?)

A9 dHEe o &
AFor w2 4719 =

go] 37kt lEr“JréT‘ 7
A

“ﬂ A% eAYH e EREEY
JE ZAE ¢ RFASE 35 Z7 AU @4 9F FAEEY A BT fA
Ags 232 FAE F AR A dehdch oy g g2 FREEY A g5
= % Fo aga FHE 3 1 F&8o] VehlE A7 bEA YeRdth & 10,000

qdg MWCO09] 7 $(Fig. 10) 1.0 kg/em’d o) Hif FH&EE 4

399 Al ok A o4 28 ZARE

i

N,
S
R
18
2
_t
m}r
rio
ml
N
s
L
Sé
iul

Diorers 5 ote x| 287 232, 2006%F 29



1.0E-05
Ultrasonic condition : 120kz, SO0W
UF : 10,000 MWCO
+ lkg/en -9 1.5kg/crr —- 2.3kg/cn
>
E
% -2 g Bl T B
E h--h-.. -—-7.,.%“"“’ D G = S S S SIPURPVPSIPY
®
& 1.0E-06 M10¢09¢0000‘W ot 4 .
g Tl A
I
g
-
1.0E-07
0 10 20 30 40 50 60 70 80 90 100 110 120
Time(min)

Fig. 10. Temporal variation of permeate flux before and after irradiation of ultrasound with operation pressure(ultrasonic fre-
quency: 120 kHz, ultrasonic intensity: 500 W, UF membrane of 10,000 MWCO).
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Fig. 11. Temporal variation of permeate flux before and after irradiation of ultrasound with operation pressure(ultrasonic fre-
quency: 120 kHz, ultrasonic intensity: 400 W, MF membrane of 0.1-0.3 pm pore size).
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Fig. 12. Temporal variation of permeate flux before and after irradiation of ultrasound with pore size of membrane(operation pre-
ssure : 1.0 kg/em’, ultrasonic frequency: 120 kHz, ultrasound intensity: 500 W).
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