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Abstract — The raw water was fractionated into hydrophobic (HPO), transphilic (TPI), and hydrophilic portions (HPI)
using XAD resins. The raw water DOC contains 39% of hydrophilics, 43% of hydrophobics, and 18% of transphilics.
When fractionated NOM (natural organic matter) was passed through hydrophilic membrane with 100 kDa, hydropho-
bic portion (HPO) caused the most fouling and hydrophilic portion (HPI) caused the least fouling. This could be related
to size and adsorption capability of organics. Small sized organics would pass through membrane pores, but large sized
organics would be attracted to either membrane pores or surface, which led to the fouling. An effect of membrane pore
size on membrane fouling is related to the availability of organics at membrane pores. As the pore size became larger,
the more organics were transported into the membrane pore. Some organics caused pore blocking, and others caused
pore adsorption, which resulted in membrane fouling. Membrane material is also important for membrane fouling. More
fouling occurred at hydrophobic membrane than hydrophilic membrane regardless of its pore size. Hydrophobic inter-
action caused more fouling at hydrophobic membrane.

Key words: Natural Organic Matter, Membrane Filtration, Membrane Fouling, Fouling Mechanism, Hydrophobic Interaction

"To whom correspondence should be addressed.
E-mail: cwjung@uria.orkr

669



670 AAg- - &9

1. M

rhu

gt 7] ARES] A gt SaAas) & FAVIE
WSA1717] Y5l 3] S olA 523 IS Holal Qe
0] ]. 53] Aol 587 7S =o7] gt
o7 T A7} git 53]
014“(]\/[]3 microfiltration)?} 3+2]oq jl}ﬁ(UF ultrafiltration)
o] FrEE A ol wg A FH O o AZITE 2
e AT BEeta whte] 348 488 A
uhe ¢ WAL F Q3 1] Eojxfof & Fgo|t},
ulo o] FALS H]7}I A 918 Gulsie] w4
Ak st whwA)| v]8-2) A5, Fagrge] A7t 5 A
ol ARl o gES mlict. %}% A+ Z]““— A3 A 2lell
oA 2ol
organic matter)®] %23 242} ’g%‘?‘i} 7 01 [2-4] X} 137‘1—0—
teFst f713ER A EA glon FHEHo] it AH
Sk QITHS). o33t f71882 AR Aol S438kE 7
pHS} o] 279} 2 318k4Ql B4 oJgto] f71we] &g -3t
slx%cd = o] @X%E]D}67 ul—‘ﬂg] _:_Z%oﬂ}q U]—ioﬂo 0131——5
AA-71522-2- polysaccharides, polyhydroxyaromatics®} -2 A}
o] & f71E0] 2e] el Hawo] 2o ls fiehttal X
0]‘93\3‘3% [8] F o 7=k 2 AR 715 v
A A% polysaccharides 7> 1WA} F7]E] S2kE o] 2o
& sttt B uskATh9]. Jung) Kang(2003)2] 2R 7 25-=)
E730) st A7 AR f71ER viste] A543 fV1ER
o] W FEES HTH10]. e A7AES ARAR7EZLY &
2 -geHAR1 EA) gJste] vHEE] FolA Atet vhe ] @t
et AAARTIEAS 973 fr1EH0] A7el egddow &
otk Bauska QIek11-13]. 22y AAR7 152l EH"%]’ uLi
A @l oist Yt 17 % O]Fo R A ¢kgkom S Yol
i3k A9+ A9 ]—r°1 AA] a1 Q= Aol 53] —rﬂ‘/]'a]'
o] A% 859 el e f71E A 540 tEA U
EpEE o] EHSP g2st o] QTtE|ofXInt. webA £ AT
o M= A YT E AR T Sl A EFE o845t V1E
P B ArlEle] ERE 1S olgste] kel Al uh
o} iehE whe ) S aidatast ahe whel A7]e) wet
ez 53 flux W3E A9 R 2t 0}03 o HFAOE F7=
‘3748 5730l whet wre A et vk g6l wet sk o

Table 1. Characteristics of concentrated NOM
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Item Unit Concentrated NOM
Temprature (°C) 18~20

pH “) 74
Turbidity (NTU) 0.5

UV (em™) 0.129

DOC (mg/L) 7.35
Alkalinity (mg/L as CaCOs) 45~50

Table 2. Organic fractions used membrane experiment
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Fig. 1. Analytical procedure for NOM fractionation.
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2-1. NOM 54
B9 PSR ol g5 T Qs FEY S wlelAY A%

S NOM adow A3l on, 52 NOM &g =017
$138ted rotary evaporator(R205, Biichi, Germany)E A}-&-3}¢]
30 °CellAl 53] 045 um RWHAHR]D B2 YA BAE A

AstATHES NOM). 5% NOM2| UylAel EAS Table 19
LFERA LT

2-2. NOM &2|

Tl EAsk= NOMe| A7 #2li= XAD-4 4] (Amberlite
XAD-4, Supelco, U.S.A.)2} XAD-8 5°4](Amberlite XAD-8, Supelco,
US.A)E ©]8319] 5% NOME 45~ (hydrophobic fraction: HPO),

</d (hydrophilic fraction: HPI) % ®F&<4=*](transphilic fraction:
TPI) NOM .= H2]313lt}h. XAD-8 4ol F&He -5 0.1 N-
NaOH®Z &= 21& 454 £4(HPO), XAD-8 415 58t
o] U2 &5 i XAD4 FA7F 338 AHs SAA &

Aol F2A] ekar wh vhe fEE A NOM(HPI)OM =
&, XAD-4 Aol F2H S 0.1 N-NaOH= 22AX1 A2
21424 NOM(TPI)°]™, 0.1 N-NaOH=Z E&A)7] 71 ool w3l
S=#](Amberite IRC-50, Rohm & Haas, France)S -85} £ &

rf

01

Fraction DOC (mg/L) UV,5,(cm™) SUVA (m™/(mg/L)) Alkalinity (mg/L as CaCO,) pH(-)
Hydrophobic fraction (HPO-T) 2.24 0.065 291 44 7.3
Hydrophilic fraction (HPI-T) 2.00 0.028 1.40 40 7.2
Transphilic fraction (TPI) 1.94 0.042 2.18 44 7.3
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Fig. 2. Schematics of experimental setup for a batch cell (dead-end
filtration).
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2-3. Q7|12 BAM

59 DOCE UV,5a= 02 pm PBRL HE|Z 3} $- TOC
analyzer(Sievers 820, Sievers, U.S.A.)%} UV-Vis spectrophotometer
(UV-2401PC, Shimadzu, Japan)= 3T} B3t 5% NOM

Table 3. Constant pressure filtration models[14]
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(HPSEC)= ARg3to] 241313l HPSECE o] 30 em, W174©] 0.8 cm
Q1 TSK-50S(Toyopearl HW 50S, 30 um resin, separation range:
<5x10° Da) 2%} UV detector(SPD-6A, Shimadzu, Japan)”} 72}
¥ HPLC(LC600, Shimadzu, Japan)s AR5t}

2-4. 9} EX|
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23101 19.74x10* Pa2] T 07 300 mL £5F2] UF cellol] 5
SJato] vt oJuhE slglom, uh Ha] AFA] UF cellel] -2 it
AA = AbEeA] Fa ARSIk Aol e w
(membraney> F# disc FENZ A& 76 mm, 3= 717} 10 kDa
(YM10, Millipore, U.S.A.)*} 100 kDa(YM100, Millipore, U.S.A.)1
G733 2ad AL UF 9t 2F 3= 717 022 pmQl R
43 25 AAS] MF 2 717t *]‘%‘0}91‘:]'.
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tjoksl A 2710 wlel Bhshs E3b flux 7440 kS A
17] flsto] dnbA o w Wol ARgE 11 Qi o3 M7 E REE
A1 Hermiak= 4 714 o3} W75 RS AAEglon,
complete blocking F2!, intermediate blocking 72, standard blocking &
| cake filtration Z2o]TH14]. Z22] T el Sl ©s1E vl of
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Model Equation Description

Complete blocking

InJ=-k,t+InJ, Particles arriving to the membrane block some pore or pores with no superposition of particles.

Intermediate blocking J/J = (1 +k; 1) block some membrane arca.

Particle can settle on other particle previously arrived and already blocking some pores or it can also directly

Standard blocking J/I=(1+kt?

Particle arriving to the membrane was deposited onto the internal pore wall leading to a decrease in the pore volume.

Cake filtration J/T=(1+k, ">

Particle locates on other already arrived and already blocking some pores and there is no room for a direct
obstruction of any membrane area.

1) J =Permeate flux per membrane area at time.
2) J,= Initial permeate flux per membrane area at time 0.

3) k;, = Kinetic constants of complete blocking k; = Kinetic constants of intermediate blocking, k.= Kinetic constants of standard blocking k, = Kinetic constants

of cake filtration

50
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Fig. 3. Distribution of NOMs fraction and molecular mass on organic fraction matter.
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Table 4. Organic fractions on DOC, UV,s, and SUVA in raw water

Fraction DOC UVasy SUVA
(mgll)  (em)  (m'/(mg/L))
Raw water 7.35 0.129 1.76
Hydrophobic fraction (HPO-T) 3.15 0.150 2.76
Hydrophilic fraction (HPI-T) 2.89 0.032 1.11
Transphilic fraction (TPI) 1.31 0.027 2.06
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Fig. 4. Changes of permeate flux on raw water for membrane materials and pore size.
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Fig. 5. Changes of permeate flux on organic fraction matter for membrane type MWCO 100 kDa.
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Fig. 7. Filtration model as a function of membrane size and organic fraction.

Table 5. Estimation of kinetic constant for each filtration models(raw water)

Hydrophilic membrane

Hydrophobic membrane

Ks(m™) Kc(m™) Ki(min/m®) Ks(m™) Kc(m™) Ki(min/m®)
10 kDa 0.19 0.12 1.08 0.75 0.27 6.70
100 kDa 0.96 0.24 6.22 1.01 0.16 8.59
0.2 pm 127 0.95 12.13 1.14 4.63 31.57
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Table 6. Estimation of kinetic constant for each filtration models (100 kDa membrane)

Ks(m™) Ke(m™) Ki(min/m®)
Hydrophilic Hydrophobic Hydrophilic Hydrophobic Hydrophilic Hydrophobic
membrane membrane membrane membrane membrane membrane
HPI 0.65 1.85 0.06 0.04 2.03 3.19
HPO 1.5 3.01 0.26 0.09 5.55 6.07
TPI 0.95 1.30 0.15 0.02 3.46 2.16
Table 7. Estimation of kinetic constant for each filtration models
Ks(m?) Ke(m™) Ki(min/m?®)
10 kDa 100 kDa 0.2 um 10 kDa 100 kDa 0.2 um 10 kDa 100 kDa 0.2 um
HPI 0.15 0.65 1.32 0.13 0.06 0.03 0.98 2.03 2.67
HPO 0.14 1.5 2.57 0.09 0.26 0.78 0.81 5.55 18.1
TPI 0.11 0.95 327 0.07 0.15 0.18 0.63 3.46 8.25
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