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Effect of Pretreatment Process on Hybrid Membrane Filtration Performance

Chul-Woo Jung - Hee-Jong Son'* . Sang-Dac Bae**

Ulsan Regional Innovation Agency, Ulsan Industry Promotion Techno Park
*Water Quality Research Institute, Waterworks Headquarter, Busan - **Department of Environmental Engineering, Silla University

ABSTRACT : The objectives of this rescarch -are to evaluate the effect of membrane materials, particulate matter and membrane pore size
on permeate flux. It was shown that the removal efficiency of high MW organic matter more than 10 kDa was lower than that of low
MW organic matter for MIEX® process. For the change of permeate flux by the pretreatment process, MIEX® + UF process showed high
removal efficiency of organic matter as compared with coagulation + UF processes, but high reduction rate of permeate flux was presented
through the reduction of removal efficiency of high MW organic matter. The pretreatment of the raw water significantly reduced the fouling
of the hydrophilic membrane, but did not decrease the flux reduction of the hydrophobic membrane. Flux decline on MF" process increased
due to the pore clogging, while the permeate flux decline of UF process decreased due to the formation of cake layer. It was shown that

particle matter was not effect on MIEX + membrane process. But, for coagulation+membrane process, particle matter was important factor
on permeate flux.
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29 : MEXP ) 9% 2R 3719 AASHAAE 10 kDa 1T §71220) tsie MEX® A7t 258 AA5S
UERASLO, 10 kDa )49 87128 L 83 RN 5L AASE AAE Aoz ushith B9 33 =7l dF T3} flux A
FEH UF 330 vlste] MF 34149 F3} flox agol W Ushia glom, MF 339 488 AAg 893 MEX"+
MF 239 3% S +MF 33 valed 53} flux FAagel A Yehin Ao,

MIEX®+UF 239 3% 4R 229 24 §70) 4Bg0l flux F28& A9 $A8 Jehdoh, 87 +UF 289 3%
£ 884 #7880 EASE AFel e YR Bdo) EAsE 29 T fux F22e A Uegeh
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F 23 mVE Yeht 27188802 444 249 §o) sbsshel MEX®7 3299 mat Axd B2 sweepslol YERE
EEEREY

FRI : g3, MIEX®, A¢ #RHQ, 9%, B TY2
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F(ion exchange process) Z7] FRH|7F Y1, £A0] 7}
& ojdo] Qo] HAl ZFolM FAFo) s IS
2ol Adsti gl Ao " AgA o)A $3(ma-
gnetic ion exchange resin: MIEX®)% 71&9] ol2n 3l 423
E7 vwsle & v EAH(specific surface area)Q 7FA|H,
8& F71BAETDY ME WSEE Y 34 JWEE
7t W@} vk %o $Z(liquid phase) &2 ERE 3|2 s}
o EF EFstd ggAdE FEe AT Y &R
W olem® $A9 B A4S B9 AAL 2 g3}
gle Aoz gHA Uk WA 2 a7l MEX® A
& }E F71E AAEALE vetstart sgon 7 K
39 AAY gPo= MEX® 237 ¢ 238 A8s
o A 4ol BE $7129) AASHLS Helsidn, MEXD
% 83 38 HEol wE UF 99 fouling B4 53} flux
HEE zAEY oS AAE T3 FJ- BE YA
EZ0] & o] v 9T Fotstaxt gtk

2. Mz U iy

21. 3 MY

Aol AHEE AT Y A5 olgHa Y
353 o WA -NOM)E AHE5gith NOM Al
£ DOC =& #9|7] 93519 rotary evaporator(R205, Biichi,
Germany)E AHESt 30TolA 28] %3] GF/C o)
(Whatman, England)Z 4= EB2& AAT o35(filtered
NOM)&t A ASA] ¥ A5(unfiltered NOM)Z FE3}o] A
Fotdth. A¥ol AL Al&59 H4g Table 19] Uehy
Atk AP g=EA(particle)s) FFo whE MIEX® + UF
S8NA9 7 2F 588 Bkt

2.2, M

F71E82 AASE 9% €8 2 MIEX® AYL jar-tester
(PB-700, phipps & bird, U.S.A)A 2 L jarS Algslg.o.
o, 8344l (coagulantyt MIEX®9] &7 Fq% AW A
79 DOCE #43e] DOC AAge) Mg ¥& FIEe
8 FJgor FPAATt SHAE LA G A5
A gol ASHT = FFuEA SRAQ PSO-MK P8
&, ALO; T%)E ALgIRon, F&ES 250 pm 18, 9
£33 30 pm 589 ZP0E FX =74 ol Pk

Table 1. Characteristics of sample waters quality

Item Unfiltered NOM  Filtered NOM
pH “) 7.6 7.2
Alkalinity (mg/L as CaCO;) 66 64
DOC (mg/L) 4.64 448
UVasy (em™) 0.1042 0.1036
SUVA (L/mg-m) 2.25 231
Turbidity (NTU) 11 0.6
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MIEX® Agzae MIEX®E A 84 a9 100 rpm
L2 308 ¢ AEA F 158D AAsTE £ 2989
AFR# batchd UF @B AXMillipore, U.S.A)E= g
U3 Hel(dead-end flow)S AHGEIATE 958 87 % MEX®
ARG 5 L 89 2HQAL 2Y AREe] 7Y F, 3
T AAT7MAE o] &5ty 28 psig] EFHLGHOCE 300 mL
€FY UF celld] FY435te] o £ & stgom, & &3 4
A UF celle] 739 afbgAes ARgeHA &3 43d& 2
At AFEHE UF =& pore sizeZ} 100 kDa, 3383
4534 cm’Ql WA QA regenerated cellulose(YM100,
Millipore, U.S.A)$} 244 A& polyethersulfone(PBHK,
Millipore, U.S.A.)& Al&&3 o™, MFE2 pore size’} 0.22
pmo] 2 A4 A2 mixed cellulose ester(GVHP, Millipore,
USA)E AHESIATE H8482 UF 92 28 psi, MF
14 psiz PGy % £ fluxe AZAZ(PB5001-s,
Mettler-toledo, Switzerland)& ©] &3t £33 ZAE &
Aot Fa 2 FA5Ith AR dig o 28 4821
AIZE B AR, FF fluxe 1E90 FFSA

23 Bowy

DOC% UVasue 02 ym HWHEQ ZFH=ZE o34 & TOC
analyzer(Sievers 820, Sievers, U.S.A.)9} UV-Vis spectropho-
tometer(UV-2401PC, Shimadzu, Japan)E EA st &
41/28 4= (hydrophobic/hydrophilic) §-71&2 EH= XAD-8
s A|(Supelco, US.A)E 1&g er, BAF ¥ 32
UF FXMillipore, US.A)E ARSI Th E3, AuHel 4
E(Millipore, U.S.A.)x MWCOMolecular Weight Cutoffs)
7} 1, 3, 10, 100 kDaql A& AH&atdlnh. 4A48 €29 &
A2 YR EA7I|(Model 770A, Accusizer, U.S.A)E Al&&lod
AAd 249 2719 AFE SFAYT £3, MIEXY
EHAs= Electrophoretic Light Scattering(ELS-8000, Otsuka,
Japan)E A-g35t] SRR
" g
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EAF B 44 datd 27 dehifth A85E
A 2R 582%, A5A B2 41.8%= UEhgt BAE
¥ EXZAF | kDa o3l EZo] 43.3%, 10 kDa ©}4+¢)
o] 14.8%F At glom tire] §7]1820] 10 kDa
ool A8 BAEE TAHA it Aoz Yyt
ety G573 959 24T 2 S4d 95" MWCO 30
kDa UFZg @Eo2 283 AL UFYe FFasudg
AL ARAZY $71BL dFa Lo Axsle AAHA §
718 AAE 71 $ g #eEglen, Lained Q7
AHNE HAF FAF glo] UF 23EL 950z AL 3
< ZHHoZ {718 AAS & 5 dvx Ru.
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Table 2. DOC contents of organic fractions and AMWD for
used water in this study

AMWD Filtered NOM
1 kDa > 433%
1-3 kDa 21.1%
3-10 kDa 21.8%
10 kDa < 14.8%

Organic fraction Filtered NOM
Hydrophobic 58.2%
Hydrophilic 41.8%

32. B2 STUA
Al HHEY
23 9 MEX® Hzlo] B2 $712 449 AASA
tate] Fig. 1o dehdsich 24 249 edxae MIEX®
FUFL 12 mL/L, $7A FYZS 100 mg/L, MIEX® +
3 249 B¢ MEX® 12 mLL, 34 %% 20 mg/
Loﬂfﬂ AU NOM Al859] §718 A48 AAEA
& UEMd Fig. 1(2)8 A¥Rd ¢4 234 93 £ DOC
AAEL 37%2 b, i@g £ AAgo) 46%2 3
4 F7182 25% Hlale] B AALS 2ok MEXY
239 d%c £ DOC AAE] 69%= e} 28 23
o Hal 32% AE ES AALL B3, ALY 2 &%
A B8R AALE Bzt 56%, 78%2 Ao S Hoh
MIEX® A7} A543 £54 471849 AAL &3
A Aoz vephdty. MIEX®+ 248 249 A% % DOC
AALo T6%2 Jehton, A547 2504 229 A
EE 717 64%, 85%2 ERFTL Lee 29 ATV A E
MIEX®E o] 23 NOM¢| A A £33 w25 trans-
philic#} hydrophilic acid®] AAZEe] A Jebgts B
adka ik
&% MIEX® Azl we A% 2348 AAS54L
Fig. 1(b)oll YeRA ATk Fig. 1(b)= NOM A|E59] &Exjek
234 AASHL Y Aoz A= 1 kDa 1
e §71ERL ™% FEY AALL JEHNYL 1~3 kDa,
3~10 kDa ¥ 10 kDa ©]49 {71549 AL 247 44%,
64% 2 76%9] AAEL Yehlo] AR NN 12A §7]
B2 255 g4 93 AALL 24 MIEX® A
gol] gslME 1 kDa Tgte] §71820] 60%, 1~10 2 10
kDa o9 #7182 AALL 27 85%, 47%= Jeh}
MIEX® Azlo] gJsimL 10 kDa oj4e] LBA $718AS
ol & AAL AR |71EZ Hls) Y& Aoz Y
Bl Lee 59 AT-2#Y) mrzm MIEX® Hajo] <%
NOM A A mechanism& MIEX® E9] chloride ion¥} nega-
tive chargeE W NOM3} 9 o]l 28 Ao zA A
EA $71827 52 AUES 03 gl NOM Ao
MIEX® Azlo] 5t} o ddhoz AARGS Busy
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3% MIEX® 39 AAgL 423 Aolg nol= A
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A B AASE HAE Aoz Yyt
33. MEX®e} 27 2| Mg WME UF 2
at £3} flux #H3t
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g3l gl AQdo] B} £} flux WEE A Hgc) Fig.
A0 A4H ALY He A8 2FAHE Yehigen,
Fig. 20)e 254 A2 92 Agstd yehd 2532 UF &
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g} 3 flux W3kS 2w RYTh Fig 20 Vel vigh 2
o] u Ao W2 T3} flux W= A5 wo Hlhe] &
24 BN AAFez £ flux Fagol o 2A Jert
T gtk ol 244 B A% 54 o) HlEA “hydro-
phobic interaction”ol] &Jst] T3} fluxe] 747 Jeh= A
o2 etk Jonssondt Jonsson®] AP VM E FL=A ur
o) Hlgle] 254 FelA §718 FHgol o B o=
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F SR +MF FA3 ¥t 3} flux Zago) ¥A Y
I AUtk olEd 42 MF %e) A AFshe #7182
A EERY FF9 A7t 327) EOE flux Za
15 FF2 MIEX® 93t AAHA gz @&
2E Bk X 93 FHA vA floc
o] MF 9] EWo|A cake 2 FAsly] Boi vt =
& U clogging @4 Hdsle] verd a3z wdg
Jung? Kang®] Q7'M E 3o 2 we F$ oy
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Fig. 1. Comparison of organic fraction and AMWD between

raw water and treated water.
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Fig. 2. Changes in permeate flux of UF membrane under
various pretreatment conditions using NOM(without
particle).
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0.0 L 1 L I 1 Il f 1 L H

0.0 0.2 0.4 0.6 0.8 1.0

Operation time (hr)
(b) Hydrophobic UF membrane

Fig. 3. Changes in permeate flux of UF membrane under various pretreatment conditions using NOM(with particle).
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ZANA £3 flux WS AR ugl. Fig 29 A¥AT
= ge 4Ad B4l ZAE B$ 289 AAY TR
uet B3 fluxe] Wshe 2A et gk 38 MIEX®
+UF 239 2%E A2 249 24§36 2Bglol A
o $A1 AEL Rol: glot &F +UF 349 3%
24 §71BAe] EASE A5 wae Qg BAo

-

A 29 $9 flux 248 A Ye. ok §
3 339 544 YA 2R SAGE 3% 94 B
Zo] EASA FE Al vlgte] Bk 2 floco] Ao
30000 % —T 77T T T
25000 "\ —e— raw water ]
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o gudA oEd Aol 32 B4R §F 47184=
9 FAE ARsd vekd B3t flux Fagel o WA
this Aoz Pt oHd Bae 7B A3l MEX®

23 24 484 $£39 UAY BAY WaSYe 2

ozx g AN gy Aoz F& BAstd FF flux
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Fig. 4. Distribution of particle number among particle size for various treatment processes.
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£ 45 vEkd 3~50 pm Aol YRAEY FATt F=
AAA dehia gl ole €4 Fo ¥9d A4 22
ol MIEX® #2] ¥ ARA71: $¢ MEX®/H 238 ot
2 UAF Bl sweepHlo] YEEE WHE UEE AL
= d9dY, =3 IR Ash} gdeE B2 Qo MIEX®
TR B9 B (active site)l A o] AP Aol <3 A
A8 Aoz ggart olx MEX® Jx) Aeag 23
2% pH 79 414 Aste BF 23 mVE teht A7)
#Hoz dAY B4 FEY F3Y ¢ Yo Qe
2+ Aok w3 MIEXPE 12 mL/L M2 S 94
Mgt AR REIL AAF FASe] 3} flux Fa
€% 9/ vehia ok MIEX® 12 mL/L Hg & 334
F 40 mgll ¥t gRAYL B9 MEXPE gEoz
A A wiske 7 pm oldke) PR Fasw, 7~
20 pm Atole) YAEo] F7behe ROE vhebstth MIEX®
AT F 83 34¢ A8 me} 83 TR sl
AR §EY /71829 $Fo] TS YEEE
b sk, oo wet AAe gPoz MEXPE us
22 A8Y F¢ 2ok MEX"+ 83 +UF 339 397}
F3 flux Z27k 9A U 98¢ ¢ 5 sl
oo £ fluxe] 4R Bh9) JFE Anln) Yo ¢
A AR A5Y A9 B2 o18F £} flux APARE
Hgeg 7 ez mE oo AFE WPsto] Table
30 VERAgiTh B 4G A AAHE 4 ()2 A
83ged 4 (DAA J& £ flx, APE H88 ¢,
Rrg AZY FolW Rr=Rn+Ry+R.+RE e 5 9
o, A7 Re2 % AAY 14AZoE AR Tg
olgtel £5E FAslel T8 4 Yom, RE Folq B
A AT 2RL2 AFE 539 3 xS P8
uekd & itk 4714 Re A2 40 9% A, A
4ol A% AY, MR eqdl AF AP
o AT + AUk

M

Table 3o] el uhel Zo] UF @524 4L 433
Edo] EAsE B9 B4 Bt Agge 2A e
Uz 9lem, MIEX® + 83 + UF ZAAL AR Edo]
EAT ZLE 9L Aol EAGA Q= AL w)a)
22 AF@L Bolx ik a2} 24+ UF 239 AL
YAG A 24 §2o Wk Az Hol= A &
AR vehta glov MIEX®+UF 239 39 924
BA9 24 RF v} AFY Hol7h ol RAstT )
o} ol @A AW v 2o] AR Bho] 2R AL
SR +UF 33AAE &R0 93t floce FA o] e}
29 FANA G Aola 2 IR Ao o
& golde & 5 glon, MIEX®+UF 249 Z<$ UF
GEZEH rIAE MEX® 23M AASA £& 1)
GRS 3t Aol doiFom A Uela gick

J. of KSEE / Vol. 28, No. 6, June, 2006

Table 3. Cake resistance at different pre-treatment conditions
of hydrophilic UF membranes

Hydrophilic Rn R{R#+R+R))
membrane with particle w/o particle with particle w/o particle
UF only 62x10"  65x10"  65x10"  1.8x10"
Coag.+UF 62x10""  65x10"  22x10"  1.36x10"
MIEX®+UF 62x10"  6.5x10"  53x10"  1.74x10"
MIEX®+Coag +UF  6.2x10"  6.5x10"  0.8x10"  1.28x10"
4. d B

1) 49 B2 - 35H8 B4 2427 ALY 959 7
2584 BE 582%, A5 B2 41.8%=2 Jegth B4
B¥ ENAT | kDa o|3t9] E”0] 43.3%, 10 kDa o]+
EAo| 148%E AASL o thire] §71820] 10
kDa ©jgte] A&7 BAE T

2) BAF 278 AASHAME 10 kDa v]we] §71&
Ao taixE MIEX® Agrt 958 AASS Jejde
U, 10 kDa ©14¢] 471822 87 3N 52 AASS
e Aoz veyth

3) @ Ao BE T flux AFAF} 254 deo) A 9
94 fEER) o Fud wmZA vt A5y o u)
sl %3 flux gagol d aA Jehgth

4) B9 FF 7)o qF 3 flux AFZ3F UF 2300
Hlgle] MF 33149 3 flux Zago] YA veltz gl
o] MFE3d H8d A4 23 & MIEX®+MF 23
9 A% A +MF A4 wate 53} flux Z2go] A
Yentz ek

5) MIEX®+UF 349 3% 444 229 &4 S50
A#Q0l A9 fAME AFL Holn glout L3+ UF 2
B 3L 824 /1B w0 EAGE A vlske §
Ad BRol st 2% 59 flux 4L A ug
et

6) 4 39 HE&F g JYEEE W 24859
o5, pH 7914 MIEX® 179] Aetdsl 5423 MIEX®
YA Aste T 23 mVE Ueht drgsRos gxt
4 29 FHo] shsstm MIEX®7F 339 B2 QA
2 BAo] sweepHo] YEEE WHE BT

1o o o

]

|
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