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Effects of Operation Parameters on Critical Flux
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Abstract

A bench-scale submerged-type membrane filtration system (SMFS) was constructed to study a feasibility
of membrane filtration for solid-liquid separation in water and wastewater treatment processes. In the case
of applying the SMFS to a biological wastewater treatment process, so-called membrane bioreactor, aera
tion undemeath membrane modules is usually employed in order to provide oxygen demand for microbial
growth as well as to control membrane fouling. A study was investigated the effects of operation parame-
ters by aeration intensity, feed concentration, foulant type and airlift pore size on critical flux. Critical flux
tends to increase with aeration rate. Optimal aeration flow rate was found to be 10 L/min/module. Feed
concentration and foulant type has a significant effect on membrane fouling and filtration performance. But
downward position and pore size of airlift has no a significant effects on membrane fouling and fittration
performance.
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S5, Mol 2ad HAE AL 5 9ld
= oldeg &4 9 FFx N HEH
AF2-5 3 glch(Ahn, 1998, Kishino, 1996).
MBR& A AH¥ (crossflow type) 3 A A ¥ (sub-
merged ype) 2.2 A F A2 FREG. HAF
3 Pedoq#d3y L grEo] AENEr] ug®E
d A& A Hu ¢HUTE o] &3 FE
2Ed ZejEule dFE Aste HHQ v,
AAY E2 et 333 (submerged membrane filtra-
tion system: SMEFS) & 2HEgo] whg7] <ol A
o Flol ol M4 WEYrHUeda, 1997).
SMFSe ¢@d27t g4agly] did 4Asd &
g d 2o FYEE £Y F den, FY¥E=E
o] Fu]7} ol &Y ALAAE HAG,
SMFSe aA-AAE2o] Ao =& FH3px] £
3 A7} GEH| Aol ZZE(cake layer) & FAA
A A A S F7HAT. olH T AAAAEE
Azte A7EE, EERHVIE. A= ¥ EY2
(flux) Fo] glo®, HZH 9 oHd/RLES
Aol met 2 Ggo] A e FFEE Holr)
gt tedd o AYE Folv] S we
TE°] AP Yok, AHZA @ FAE o] &%
AT F LEHE F7NE AV gt 7 3
GHE SYAA AolZEE doivEe WY, &
AA ZHEED S B AolZFe YUZE F3HA
Fe WSl UAth(E, 1998). ol WEs
YA} Bl B SxH YAE eFA7e
=& 3A do AolaZe] FHHA ¥xF
c WHozM AT EYH2E dE F de W
Eolth, ool doiuA ¢x dg F Ue F
0 2928 JASH 2T & JAFH2 0§
dA FHI}e W Fol dFHAAZ Ut
(Defrance, 1997; Field, 1995). o}&|gd dAFEL
ZRA gole AolaFe %E FolAY &xE
AdAFEe Al & 4 ok gl Ael2E
o] Yol FHU EYA o] F33| HoAmZ
B2 - 3EAA PHE ol &3t MBS HFolok
gtk E2|AQ Wyeze MY AHAE &
o] g3te] AH AolAFE& AA}e ol 3
Q1 WL HFYE o8y e eHES
AHste AAdd AL A3 s vexER

E
£
=
il

r

oo X

718

B AU Asior s wdel ot olag &
e BeEy] g8 BHeE ol AAE AN
ARAE AR dRFF Loy ARdHFE
W Fol AFHoA R Utk (Kwon, 1998:
Bouhabila, 1998: Tardieu, 1999).

EEAQ 9Hed Aoe v £9& AR B
gt ohe Melg AL FEEA KAA717] 9
8 Fasith way E A7dME Bae o4
g AAY Felgod Y (SMFS)e) $AZAE o]
g8t 2o qd A& His AYEN FEYs
£ Jost AE 4 sle A3 A2 AE A
=4 ot

2. Uy

2.1 AHEx

2 Age A" BEHe YE nmEAA
Az FFAHE 2ol whe] Al¢gL Table 13}
Zoh. &3 SMFS 4843+ Fig 19 et e
A o] wkgz Rt BF, AWNAA], FY4¥
Zg RUHPA 202 F45 gl

7b2, AZ 33em, ¥o] S0cme] Whgx kel Al
M9 F$EAE & (Miwubishi Rayon, Japan)e] Wi
Ho| AT}, wkgzote] RES AANE #5
AE o] &% STy BIZAE 8 AAHA
ool 9483 dojve REAANE XY 2
awa 2ejgtel At llem, EERY] 713 &
5.5em, ¥hg2 uietdt Eevtel Afle SemZ &
Aat] FAHUATG(Lee, 2001). 6709 79 717
ANRE HEE U MA=H 372 9%
FNE FYE + den, REYE fY" fde
£ F9% = (Micropump Co., USA)E AL&-3le U3
& FFoz FUFAT. ol A FFe ¢
8 A (Cole-Parmer Co., USA)$} ¥ A (Cole-Parmer
Co,USA)E B8 FH =2, LabView T2

Table 1. Membrane and madule specification

Surface 0.2

Pore size 0.1um

Membrane material polyethylene hollow fiber membrane
Property hydrophilic
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Fig. 1. Schematic diagram of the MBR system.
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2.2, dEXiR

€ A¥ol A" &4 kaolind} yeast(Sigma
Co,USA)E ez %&£ (Milliproe Co., USA) &
ol &8l HAFTE FA Bt AHEEIHTE FAA
gz Azt gHHe AE WA A4
80mg/L sodium metaphosphate &% (w/v)$} vl A &9
o 2gAE #1& 0.01% sodium azideE 7}
3o §AE AT, ZE 4¥-2 0.INNaOH
s} 0.INHCIE o] &3t pH 7.0 + 0,12 =33
o Agagct. Fig. 2& & ¥47] (Malvern
Insaruments, UK) & ©]-83ld kaolin?} yeaste] Y%=
EXE JepIU kaolind yeast?] Bzl 37)
€ 247} 0.8um, 1.2um2 Jepstot.
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Fig. 2. Particle size distributions of kaolin and yeast. (a)
4L/min/module (b) 7L/min/module (c} 10L/min/module (d)
15L/min/module

J, = permeate flux = constant
AP = transmembrane pressure (TMP)
i = viscosity of permeate

R = intrinsic membrane resistance

Gojdy S B3 HEY ol Y YAY
Aold 2o A% 7194 AYGR) € 3% ¥
A kel B3Age ¥ #W FX e AFY
Yol A4F w7t GAYR(R,) 0] FAYLTE. ©]
me] o AA AL oI} B,
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AN 2w qRFHelN AR BE dAEYH2 AT A7

AP

J= p'(Rm"'Rr"'Rir)

(2)

R, = resistance due to reversible fouling
R, = resistance due to irreversible fouling

A¥e B3 YHE 298 AAs A IA
A ANY F EFEAEE SHAE 4AHA o
& Aola F& AAHAG FHoly AFud
A "t 292 AAHA ged. aE=
271 HAE% Bt 22 Agge vehdg,

AP

RS

(3)

A (3)& ol&dtd JA¥F ZHFE HAYR
2NGA RS HFOE HZHGA AYPE A
g & glen 4 () o83t /194 AgEeE
Aed ¢ g,

2.3.2. AHIEHA MY
AAEH2 A¥ L AAY FI% AR E o]
3t AolArt BAHA Y= HNEHAE &3
7] 43 dAEH: 4EE s AgdEe
-’.f’“—?é— o] g3lo] ZIIUNAYFR IS FFT F
Zgtd £9d4& A$32 ZH2EF 10LMH
(L/m/hr )2 238 g g 08T FPHHA

ri‘- (e

20, 30, 40 @ SOLMH=Z Az} F71A1719A Azt

& <Hge) Wiyl #AE wA oHRE AYY
ok EFUbE 343 dojvke zddAM 3083t
AP F A SY2E FFUAM AHE Y5
Azt wE FusEe) Wt #asd. Ay
#e EP2o w2t 2719AYZRR), 7H9E A
R vistgA AYgROS el ZHHAU
on FYAE HFUAN ANE FYA FaHA ¥
© Agae vzt d Aggtez 4Asigl.

A F 29Y e UAZYA o)A 108
7 2542 JAH T 0 INNaOCl AN S §
# 7] dAFGFgoR FAN F O HAPE F
B} 8tq .

2.4, xS AYEA

SMFSe] 38 21E& o] &3td FHAE FulghA]
718AM gHed H4E FaAE F de $H2
A& =&37] 918 Table 29] FAzAqA HY
< 39vh. Fo|gd wE dAEHA AgL ve
¢te] Z71REE 4, 7, 10 € 15L/min/module &
F7H 71 Agstsien, &9 Friste o
& 4¥e 1,000mg/L, 4,000mg/L 2 8 000mg/LE
$9E F7HAA HedE dRAY. E£F A
FA o] HAREE FaA7) AT ez, A
7182 & vtdo R g3 s HedE A
o, a8n AE FHAZIE 0.5mm, 0.8mm,
1.0omm 3 15mmZ ZA3NUE A4 ¢AEHA

_J--

AlZtell w& TMP(trens membrane pressure) ] ¥3l  y#Q stgr}.

g @A TMPY ¥t gle A% 28
Table 2. Operation conditions

Testl Test il Test Il Test IV

Solution Kaolin Yeast Kaolin Kaolin
Concentration(mg/L) 1,000 1,000-8,000 1,000 1,000
Aeration flow(L/min/module) 4-15 7 7 7
Flux(tMH) 10-50 10-70 10-50 10-60
Airlift pore size{mm) 1.0 1.0 1.0 0.5-1.5

*Test I: critical flux tests for aeration flow rates
Test lI: critical flux tests for various concentration
Test lli: critical flux tests for reverse diffuser

Test IV: critical flux tests for airlift diffuser pore size
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Fig. 3. Effects of aeration intensity on critical flux (Koalin = 1,000mg/).

al
x

3. &1 « 1%

3.1, 37|17 ol ofE AAIE AL FH

T wE dAEH 2~ 484 e Fig 39
el E2E I0LMHIA 308 A3
o I0LMH# geiFn d¥8a 23, 7wl
4L/min/module?l 7%, E¥ A7l 30LMH A
TMP7} &el7be RE Bedo] dojue o=
2 TMP7} d+3A ¥e AHA 20LMHE A
Egr2 B £ U9, B FrHFl
7L/min/moduleq]l A9 dAEZE A7} 30LMH=E
Ueht 271439 270 Hede AANNE A
oz Jelygtd. a8y 37 8%o] 10L/min/module

15L/min/module 2 F7HA| o wal dAEH 2~
+ 35LHM % 40LMHE Az F71stdey #71
£ Fasdrt. 9AEH A o4l SOLMHE
TMP7} ZA Z71stt7t 828 4O0LMHZ @23

\_

Tl
=

721

d TMP7E o o2 F71 ¢lo] 43¢ d¥ez &
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(Defrance, 1997; Lie, 2000). :LEM AAETYH A
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Fig. 4. Variation of critical flux by aeration flow rate (Koafin =
1,000mgAL).
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Fig. 8. Effects of diffuser situation on critical flux (Koalin = 1,000mg/L, aeration rate = 7L/min/module).
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