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Effects of Membrane Size and Organic Matter on Membrane Fouling
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ABSTRACT : The raw water DOC contained 39.3% of hydrophilics, 42.9% of hydriophobic, and 17.8% of transphilic. The hydrophobic
fraction in this raw water was mostly fulvic acid. Fulvic acid comprised of 62% and the rest was humic acid(38%). There was more car-
boxylic acid functional group(64%) than phenolic group(36%). HPI-N and HPI-C comprised of 17% and 22% in the hydrophilic portion,
respectively. The fouling mechanisms on the membrane surface and into its porous structure were analyzed in terms of several kinetic
models. In order to analyze the fouling kinetics, the various kinetic models described in this paper were used to fit the experimental results.
The kinetic models and kinetic constants obtained for each operation condition. The permeate flux was rapidly declined by simultaneous pore
blocking and cake formation. Also, the permeate flux declined with decreasing internal pore size resulted from organic deposition into the
membrane pore. The results of the membrane fouling test using UF membrane according to NOM fractions. HPI-N caused more fouling
than HPI-C. Humic acid caused more fouling than fulvic acid probably due to higher adsorption capacity. Since humic acid has higher
adsorption capacity than fulvic acid, it would be more adsorbed onto the membrane pores.
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Table 1. Characteristics of concentrated NOM

Item Unit Concentrated NOM
Temprature (C) 18~20

pH 8 74
Turbidity (NTU) 0.5

UVasy (em™ 0.129

DOC (mg/L) 7.35
Alkalinity (mg/L as CaCOs) 45-50
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Fig. 1. Analytical procedure for NOM fractionation.
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Table 2. Organic fractions used membrane experiment

Table 3. Constant pressure filtration models”

Frection it e P o = b

CaC03) )

Hydwophobic fraction (HPO) | 2.24 |0.065 291 44 73
Fulvic acid (HPO-FA)| 2.10 |0.047 2.23 2 {72
Humic acid (HPO-HA)| 1.95 |[0.057 292 40 |73
Carboxylic groups (HPO-car) | 2.01 |0.054 2.68 40 |73
Phenolic groups  (HPO-phe)| 1.98 |0.052 251 45 71
Hydrophilic fraction  (HP[) | 2.00 [0.028 1.40 40 (72
Neﬁtral-hydrophilic (HPI-N) | 1.97 |0.035 1.78 42 7.1
Charged-hydrophilic ~ (HPI-C) | 2.11 |0.042 2.01 42 72
Transphilic fraction  (TPI) 1.94 10.042 2.18 44 73

24, 9} HXR|

B AQe A" 9 ZAX(Millipore, U.SA)E 233 3
Bl(dead-end flow)Z Fig. 20 Z+&FalA =43tach o &)
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8% UF celle] U8t o Q92 shgon, o 23] 4
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A& 76 mm, F= =717t 10 kDa(YM10, Millipore, U.S.A.)
7 100 kDa(YM100, Millipore, U.S.A)Q1 HAFA AR (rege-
nerated cellulose)?] UF %3} & 3 57|17} 022 umgl A
4 AA(mixed cellulose ester)®] MF =HGSWP, Millipore,
US.A)S 42 ARt

25 44t o7&

DY AURD G WS T lux Boo) 9T

Pressure gauge Data collection

Nitrogen gas
Fig. 2. Schematics of experimental setup for a batch cell
(dead-end filtration).

Solution reservoir Stirrer Balance

Model Equation Description

Particle can settle on other particle

Intermediate previously arrived and already

WIT=(1+k 1)

blocking blocking some pores or it can also
directly block some membrane area.
Particle arriving to the membrane was

Standard Jo/T=(1+k t)* deposited onto the internal pore wall

blocking ’ b P

leading to a decrease in the pore volume.

Particle locates on other already

Cak.e To/T=(1+k 1" arrived and alreaf]y blocking some

filtration pores and there is no room for a
direct obstruction of any membrane area.

T =Permeate flux per membrane area at time.
Y Jy = Initial permeate flux per membrane area at time 0.
% k; =Kinetic constants of intermediate blocking

ks = Kinetic constants of standard blocking

k. = Kinetic constants of cake filtration
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Falde e dAA NOM FoA 747 273% 2
15. 5%ﬁ A e Al vehen(Fig. 3(c)), HPO 9l
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56%E ARSI e A2 UEstth
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Fig. 3. Contents of NOMs fraction for concentrated NOM.
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Fig. 4. Changes of permeate flux as a function of organic
fraction matter using MWCO 100 kDa.
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Fig. 5. Changes of permeate flux as a function of organic
fraction matter using MWCO 10 kDa.

Table 4. Estimation of kinetic constant for each filtration mo-
dels

K(m?) K(m™") Kimin/m®)
10 kDa {100 kDa| 10 kDa |100 kDa| 10 kDa |100 kDa
HP] 015 | 065 | 013 | 006 | 098 | 2.03
HPI-C | 015 | 056 | 011 | 007 | 092 | 187
HPI-N | 0.61 L11 | 055 0.4 397 | 102
HPO | 0.14 1.5 009 | 026 | 081 | 555
FA 013 | 009 | 007 | 0008 | 07 0.28

HA 0.17 0.85 0.11 0.1 1.01 2.82
HPO-car | 0.16 1.23 0.12 0.31 0.99 8.18
HPO-phe | 0.14 0.38 0.09 0.05 0.8 1.26

33, 2te] B3 7|00 WE £ fux WAL} U 2
HIHIE 24

B 33 =700 BE % o9 YL Ao o}

3171 $18td MWCO 10 kDa, 100 kDa¢l UF 93 0.2 pm
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69 A ALY 7 flux FFH FAE FFE 2ol
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Fig. 6. Changes of permeate flux as a function of membrane pore size for hydrophilic matter.
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Fig. 7. Changes of permeate flux as a function of membrane pore size for functional group.
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Table S. Estimation of kinetic constant for each filtration models

K(m™) K{m™) K{min/m®)
10 kDa 100 kDa 0.2 ym 10 kDa 100 kDa 0.2 pum 10.kDa 100 kDa 0.2 pm
HPI-C 0.15 0.56 1.68 0.11 0.07 0.37 0.92 1.87 12.73
HPI-N 061 ° 1.11 0.98 0.55 0.4 3.68 3.97 10.2 30.9
FA 0.13 0.09 0.43 0.07 0.008 0.01 0.7 0.28 1.32
HA 0.17 0.85 242 0.11 0.1 0.27 1.01 2.82 13.4
HPO-car 0.16 1.23 1.43 0.12 0.31 0.93 0.99 8.18 20.21
HPO-phe 0.14 0.38 1.68 0.09 0.05 0.22 0.8 1.26 12.07
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Fig. 9. Comparison of kinetic constant for each filtration modelsq(NOMs matter).
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