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Optimization of Ultrafiltration Process using MIEX®+Coagulation Process
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ABSTRACT : In this study, pretreatment of organic matters with MIEX® was evaluated using bench-scale experimental procedures on
four organic matters to determine its effect on subsequent UF membrane filtration. For comparison, coagulation process was also used as
a pretreatment of UF membrane filtration. Moreover, the membrane fouling potential was identified using different fractions and molecular
weights of organic matters. From the removal property of MW organic matters by coagulation process for the sample water NOM and
AOM, the removal efficiency of high MW organic matters were much higher than those of low MW organic matters. 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
mafter 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. From sequential filtration test results in order to examine the effect of MW of organic
matter on membrane fouling, it was found that the membrane foulant was occurred by high MW organic matter, and the DOC of organic
matter less than 0.5 mg/LL was working as the membrane foulant. In the case of sample water composed of low MW organic matter less
than 10 kDa, since the low MW organic matter less than 10 kDa has high removal efficiency by MIEX®, low reduction rate of
permeate flux is obtained as compared with coagulation-UF processes. In summary, it is required to conduct the research on
physical/chemical characteristic of original water before pretreatment process of membrane process is selected, and a pertinent
pre-treatment process should be employed based on the physical/chemical characteristic of original water.
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Table 1. Characteristics of sample waters quality

Item NOM AOM EfOM HA
pH () 7.2 7.1 7.0 7.0
Alkalinity (mg/L as CaCOs) 64 62 76 42
DOC (mg/L) 4.48 4.53 341 5.62
UVasy (em™) 0.1036  0.04026 0.08048 0.3568
SUVA (L/mg-m) 2.31 0.89 2.36 6.35
Turbidity (NTU) 0.6 0.6 0.4 0.5
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Fig. 1. Schematics of experimental setup for a batch cell (dead-end filtration).
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Table 2. DOC contents of organic fractions and AMWD for used

MIEX®+8R 24 & 0|88 oz 49 FAs 755

EAY BEX 542 NOMI EfOM AlE859 B¢ 10
kDa o)4fo] 2zt 14.8%9} 3.6%=2 UER} iREe] g7
Zol 10 kDa vvte] AEA EZER FAHIA e A
o2 vehgth Jarusutthiak 'Y EfOMe] A2 B¥
54 AR 27 187 /fUV1ERY FFo] 22 A2
2 Histal glo] & 2434 AMgd EfoMY H3Fdes &
Aol g B}

AOMZ HA Al249 AfE 74 #7182 E 5 10 kDa

ol4to] 46.9%<} 81.9%% el NOMI} EfOM Al&E4 H
3—"‘?2} 71829 2ol €8 F%em, 100 kDa
OM A EF7} 363%2 71 2 ALE Uyt
o} "—Jlﬂlﬁﬁi AOMS] FAHEL polysaccharide, nucleic
acid, proteins, sugar, carbohydrate, amino acid 522 FA4
Fo] 13, polysaccharide®} £ biopolymer 4 &0] )i
g AA s, TEA 229 FFo] 52 ALE dHA
T} 1519

32 MEX®2l SEIN Sz me

MalE HAHEM
4 2 MIEX® Hgld m2 NOM3} AOM A|E49)
= A48 AAEGA dety Fig 201 Yep Qi #
o gAzAL MIEX® FQFL 10 mU/L, $34 F
& 100 mgL, MIEX®*+g28zAd9 A$ MIEX® 12
mL/L, SAA FUF 20 mgLolA] AT NOM A]
259 4718 A48 AASHS UE Fig 2@2 A
R 83240 9% $ DOC AALSE 37%2 Ueh,
25 B2 AAEC) 46%2 IAFH RIVIER 25%] ¥
sol ¥& AALE BT MIEX® 839 4% % DOC
AALg] 69%Z Yeht S v 2% = &
AAEE B4, A5d 9 454 EF9 AALRE 4
56%, 78%= ZAMHO] 23 B MIEX® M7t A5s4a &
F4 #7829 AAg a4 Ao Utk MEX®
+2;817é94 B¢ % DOC AALo 76%E Jelgeon,

TAFH a7 22Y AAEE 47 64%, 85%F e
k}v}. MIEX®E o] §3lo] NOM AA w7Eol s A
T% Lee 59 A7 VNAE 287 wwsta] wansphilio}
hydrophilic acid®] AAFZEo] A JVelgtiy ®Hustn

)
A

&Y #7128

© =
%

2 ok do
off ol N
°

water in this study

AMWD Filtered NOM AMWD Filtered AOM AMWD Filtered EfOM AMWD Filtered HA
1 kDa > 43.3% 1 kDa > 35.4% 1 kDa > 40.6% 1 kDa > 3.6%
1-3 kDa 21.1% 1-10 kDa 17.7% 1-3 kDa 20.5% 1-10 kDa 14.6%
3-10 kDa 21.8% 10-100 kDa 10.6% 3-10 kDa 353% 10-100 kDa 50.4%
10 kDa < 14.8% 100 kDa < 36.3% 10 kDa < 3.6% 100 kDa < 31.5%
Organic fraction Filtered NOM | Organic fraction Filiered AOM | Organic fraction Filtered AOM | Organic fraction  Filtered HA
Hydrophobic 58.2% Hydrophobic 60.3% Hydrophobic 36.4% Hydrophobic -
Hydrophilic 41.8% Hydrophilic 39.7% Hydrophilic 63.6% Hydrophilic -
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Fig. 2. Comparison of organic fraction between raw water
and treated water with NOM and AOM.
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filtered either 0.2 pm MF membrane or 10 kDa UF
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59 Bolstery S 9@ A7t 4@sHIAk o
59 golsierd 4o et Y@ AN 2HE A
gHjojof sk,

[
N
oH
0x
=
_>||_'
o
Hi
x
I
0lo
1l
H
£
l;E@D
_>||_|
al]
ob
Mo

34.
7
UF 249 AA 3P0z $333% MEX® 22
A AgEe A AFdAd DOC =W
Fig. 99 Uehigitt NOMe A% UF 95339 4%
Z=o] 1] DOC AAEC] 6%= Jeigon, &3+UF 33
o A% DOC AALL 40%, MIEX+UF 33 Zgole
69%, MIEX®+24+UF 239 ZA$ol= DOC AAEo
76%2 Yeht 434 R MIEX® #3o] adzez
Ugon, T3, AOMY Z$, UF #533dMe 45
o) Hal DOC AAge] 37%, &8+UF &3 DOC AA
2o] 41%, MIEX®+UF 289 ASoE 57% MIEX®+$
A+UF 249 ASdE= DOC A|A g0 12%= vebgth
UF 95280 NOM2 A9 AAHA ¢ge 98 AOM
o] 37%1} i AL AOMJ| FFH 100 kDa
8= ERo] 9 F@d) foulings Futge] e
A H28 Aoz woEw, $P+UF 33 2o MIEX®
FAAAY #7118 AAEC] NOM Ht} ¥4 ofF

olj!

e mlo of

o
2
A
o

®

8 Yo o3k AOMol e¥ 1ER 71829
ema xgel Yo A Wpolz puAs

4 8 B

1) 9449 =3 - 88y EEA 43 NOM2 &5y
22 582%, A3 EQ 41.8%E Uelgen, AOME &

J. of KSEE / Vol. 27, No. 7, July, 2005

EA 603%, 354 B2 39.7%E FAS 2TE B
go} 2% 2¥ 447 NOMS Z$ 10 kDa

B2 §71880] 76% ol & RIS Holx
t}. ®3} humic acid(HA)94 AL AOMeH BAFSHA 10
KDa 0|39 LER §71ED0] 469%¢ 81.9%=2 &2 &
2 Ve

2) MIEX® 249 A% % DOC AALL $XTH
Wa = AALS RY:, A54 2 25 29
Aex ¢32Ad wste MEX® 2304 &2 AA
& JehQe =3, A% @ AASHINE 10
kDa Flute] 971Edd gaiNe MEX® A7t £57%
AASS Yelgert, 10 kDa ol #7122e $3F
AN L AASE /e Ao ekt

3y Axg A Be 53 flax APAFY MIEX®+UF
2h9 AS SP+UF 2Ad ¥std B #9718 AAL
A% 2783 B3} flux gAgel A YEtR Ath
J= MIEX® Azld] 98 AASA @& 10 kDa o]
§7180] MIEX®+UF 234 = 29 32324 &
87] o)t
4) Sequential filtration @27, T ¥ L&A 57
Ao o8 WA= Aoz Yten, MEXSHUF &
9 A% DOC 5% 03 mgL FES {718de] & 2
guEds Agss Ao YEgth

5) AOM3} humic acid A|E%, I ARA {7182
o Byt AdHos £ EOM AEFE Agde 53
flux AFL 3 AF 10 kDa ©5t9 AR #71BZZ T
AF EfOM A 259 A% MEX® Al 935 AAT &
olstel SH+UF BA Hlstd 53} flux Zagol 9A
vrehsrh

6) 10 kDa UF$} 0.2 pm MF @& o] &3t o3&
MIEX® 245 2334 ¢ AAE P2 FHE5
# fluxAEAF 10 kDast 02 pm Apo]9 R BE
AAE §7180 % 2F FLEAE AL AN

O
o 2 2

o

oo

R ox

m fnt Hor

oldd AEL ek By B ¥ IF9 AAY
4 QYA 959 2ssd 44 qF A7t 2
Aol dw Ao B 544 weh HAE AA
7 38E& FgHojor Foh

oH

&

[~

2]

P

HO

1. Wiesner, M. R. and Chellam, S., “The promise of mem-
brane technology an expanded understanding of mem-
brane technology is fostering new environmental applica-
tions,” Environ. Sci. Technol., 33(17), 360~ 366(1999).

2. Amy, G. and Cho, J., “Interactions between natural orga-
nic matter (NOM) and membranes: rejection and fouling,”
Water Sci. Technol., 40(9), 131~139(1999).

3. Cho, J., Amy, G., and Pellegrino, J., “Membrane filtration
of natural organic matter: factors and mechanisms affec-



ting rejection and flux decline with charged ultrafiltra-
tion(UF) membrane,” J Membr. Sci, 164, 89~110
(2000).

Aoustin, E., Schifer, A. 1., Fane, A. G., and Waite, T.
D., “Ultrafiltration of natural organic matter,” Sep.
Purif. Technol., 22~23, 63 ~78(2001).

Carroll, T., King, S., Gray, S. R., Bolto, B. A., and
Booker, N. A., “The fouling of microfiltration mem-
branes by NOM after coagulation treatment,” Water
Res., 34(11), 2861 ~2868(2000).

Lin, C. F., Huang, Y. J, and Hao, O. I, “UF pro-
cesses for removing humic substancese: effect of mole-
cular weight fractions and PAC treatment,” Water Res.,
33(5), 1252~1264(1999).

Lin, C. F, Lin, Y. H, and Hao, O. J., “Effects of
humic substance characteristics on UF performance,”
Water Res., 34(4), 1097 ~1106(2000).

Bolto, B., Dixon, D., and Eldridge, R., “Ion exchange
for the removal of natural organic matter,” React.
Polym., 60, 171 ~182(2004).

Odegaard, H., Eikebrokk, B., and Storhaug, R., “Pro-
cesses for the removal of humic substances from water-
an overview based on Norwegian experiences,” Water
Sci. Technol., 40(9), 37 ~46(1999).

. Cadee, K., O'Leary, B., Smith, P., Slunjski, M., and

Bourke, M., “World's first magnetic ion exchange(MIEX®)
water treatment plant to be installed in western Aus-
tralia,” Proceedings of AWWA 2000 Annual Conference,
June 11~15, Denver(2000).

11.

12.

13.

14.

15.

18.

MEEX®+88 34 g o188 dslalst 349 Axs 76l
Drikas, M., Morran, J. Y., Pelekani, C., Hepplewhite,
C., and Bursill, D. B.,, “Removal of natural organic
matter-a fresh approach,” Water Sci. Technol., Water
Supply, 2(1), 71 ~79(2002).

Singer, P. C. and Bilyk, L., “Enhanced coagulation using
a magnetic ion exchange resin,” Water Res., 36(16),
4009 ~4022(2002).

Lee, N. H,, Sinha, S., Amy, G., and Bourke, M., “Re-
moval of polar natural organic matter(NOM) with a
magnetically impregnated ion exchange(MIEX®) media,”
Proceedings of AWWA 2003 Annual Conference, Anaheim,
June 16~19, California(2003).

Jarusutthirak, C., Amy, G., and Croue, J. P., “Fouling
characteristics of wastewater effluent organic matter(EfOM)
isolates on NF and UF membranes,” Desalination, 145
(1~3), 247 ~255(2002).

Her, N., Amy, G., Foss, D., Cho, J, Yoon, Y., and
Kosenka, P., “Optimization of method for detecting and
characterizing NOM by HPLC-size exclusion chromato-
graphy with UV and on-line DOC detection,” Environ.
Sci. Technol., 36, 1069~ 1076(2002).

. Paralkar, A. and Edward, J. K., “Effect of ozone on

EOM and coagulation,” J AWWA, 88, 143 ~154(1996).

. Jonsson. A. S. and Jonsson. B., “The influnce of non-

ionic and ionic surfactants on hydrophobic and hydro-
philic ultrafiltration membranes,” J. Membr. Sci., 56, 49
~76(1991).

Howe, K. J. and Clark, M. M., Coagulation Pretreatment
Jor Membrane Filtration, AWWARF, Denver(2002).

hiorety 5 otel x| 2738 7%, 20058 78



