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Abstract — The objectives of this research are to (1) observe changes in particle size distribution due to formation of
microflocs during coagulation process (2) identify the membrane fouling potential on cross flow system (3) investigate
the mechanism of membrane fouling. The rate of flux decline for the hydrophobic membrane was significantly greater
than for the hydrophilic membrane, regardless of pretreatment conditions. The pretreatment of the raw water signifi-
cantly reduced the fouling of the UF membrane. Also, the rate of flux decline for the hydrophobic membrane was con-
siderably greater than for the hydrophilic membrane. Applying coagulation process before membrane filtration showed
not only reducing membrane fouling, but also improving the removal of dissolved organic materials that might other-
wise not be removed by the membrane. That is, during the mixing period, substantial changes in particle size distribu-
tion occurred under rapid and slow mixing condition due to the simultaneous formation of microflocs and NOM
precipitates. Therefore, combined pretreatment using coagulation not only improved dissolved organics removal effi-
ciency but also flux recovery efficiency.
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Table 2. Experiment conditions for four different types of presses

Process Conditions
UF alone
Rapid mixing+tUF  Applying UF process after rapid mixing (1 min)

Only UF process

SedimentationtUF  Applying UF process after rapid mixing, slow
mixing and sedimentation (30 min)
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Table 1. Characteristics of concentrated NOM w:::' meter
Item Unit Raw water ~ Concentrated water tuk Feed
Permeate
Temp. °C 18~20 18~20 Coagulation Water
pH - 7.2 7.2 process Tank
Turbidity NTU 1.3~1.7 0.5
Toc = mg/L 3.75-5.27 » Fig. 1. Schematics of Cross flow type UF membrane filtration assem-
Alkalinity mg/L as CaCOs 45~50 45~50 bly.
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Table 3. Constant pressure filtration models

Model Equation

Description

Complete blocking InJ=—k,t+InJ,

Intermediate blocking  J,/J=(1+k;1)

Standard blocking Jo/ T=(+k ty

pore volume.

Cake filtration Jo/T=(1+k, t)"?

Particles arriving to the membrane block some pore or pores with no superposition of particles.

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

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

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

WHEE fUSE F2S w0 SEWHOR Lpro] AbgE 4
(1Pl Jste] AplolaTy,

Q;

CFV =
Tx Weell

(M)
CFVE Bhfolnl, Qi RYUEE F3, T cellth Brfo] )] 7
7, W cellelX] 2791 ko] oS Lehint.

2-4. U2 HIFILE

thekst A3 zde] wheh sk T flux 7HAe] Y-S
H7] 9late] dnbr oz Wol ARgH 31 Q= o3 vphE Rdks
ARE-SFATE. Hermiat= 4714 o3} wl7hS RES A|A]8e] o,
complete blocking ®.32, intermediate blocking %2, standard
blocking &%, cake filtration F2o]TH21]. ZZz}e] Rdle Fwnk
931y u oA AFoA fastA A8 low 2t o7 w7k
& Sle] ok ApAlE 8- Table 33} 2tt.

kS Al

=

i)

3. 2u ¥ oF

3-1. 9| xHEa SEZZAN| wE £l flux #5}

Fig. 29} Fig. 32 =] A 3R T2l e 253} flux
HEE VERSITE 2] AAe] S wSunkset 33 -3
A% 747y UFE7g ol 43813tk AR S38A1E alume|$l o 3

104 0.05mM as Al
x gU!E!!""llll
3 0004 2a, “'III“.“'I“
T 081 05 C00~2a
= OO ‘&ﬁ‘,r_\‘
< "Onng 00088 66
s O
e f000g, eééégegg
= 06 - O
8 @ Rapid+UF (hydrophilic) DDDDDDDDDD
e ©  Rapid+UF (hydrophobic) o
¥ Sedi+UF (hydrophilic)
A Sedi.+UF (hydrophobic)
04| M UF alone (hydrophilic)
O UF alone (hydrophobic)
0.0 0.1 0.2 03 0.4 05
Operation time (hr)

Fig. 2. Changes in flux of UF membrane after coagulation pretreat-
ment (MWCO: 100 kDa, Alum dose: 0.05 mM Al).
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Fig. 3. Changes in flux of UF membrane after coagulation pretreat-
ment condition (MWCO: 100 kDa, Alum dose: 0.1 mM as Al).
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Fig. 4. Changes in flux of UF membrane on mixing conditions dur-
ing coagulation process.

3lerast 46 H|3E 2008 62

Ho

1600
Q
14001
—e— Rapid mixing+UF (150/sec)
1200 1 -0+ Rapid mixing+UF (550/sec)
. —v— Sediment+UF (150/sec)
2 1000 . — - Sediment+UF (550/sec)
£ - —&— UF alone
Z
S 80
=
£ 600
o
400 -
200 -
0

Particle diameter (um)

Fig. 5. Change in particle size distribution under different coagula-
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Fig. 6. Standard blocking model as a function of coagulation condi-
tions (Hydrophilic membrane).
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Fig. 7. Standard blocking model as a function of coagulation condi-
tions (Hydrophobic membrane).
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Fig. 8. Intermediate blocking model as a function of coagulation con-
ditions (Hydrophilic membrane).
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Fig. 9. Intermediate blocking model as a function of coagulation con-
ditions (Hydrophobic membrane).
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Fig. 10. Cake filtration model as a function of coagulation conditions
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Fig. 11. Cake filtration model as a function of coagulation conditions
(Hydrophobic membrane).
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Table 4. Estimation of kinetic constant for each filtration model
K, (m™)
hydrophilic membrane hydrophobic membrane
Coagulant (Dose: mM as Al) - - - -
UF alone Rapid+UF Sedi.+UF UF alone Rapid+UF Sedi.+UF
Alum (0.05 mM as Al) 0.025 0.020 0.014 0.205 0.189 0.084
Alum (0.1 mM as Al) 0.025 0.011 7.65%107 0.205 0.059 0.092
K;(m™)
hydrophilic membrane hydrophobic membrane
Coagulant (Dose: mM as Al) - - - -
UF alone Rapid+UF Sedi.+UF UF alone Rapid+UF Sedi.+UF
Alum (0.05 mM as Al) 0.571 0.428 0.308 2.051 1.714 1.527
Alum (0.1 mM as Al) 0.571 0.226 0.162 2.051 1.132 0.936
K, (min/m®)
hydrophilic membrane hydrophobic membrane
Coagulant (Dose: mM as Al) - - - -
UF alone Rapid+UF Sedi.+UF UF alone Rapid+UF Sedi.+UF
Alum (0.05 mM as Al) 0.019 0.015 9.55%107 0.188 0.108 0.081
Alum (0.1 mM as Al) 0.019 0.012 470%x107 0.188 0.053 0.042

Table 5. Estimation of Kkinetic constant for each filtration model

K, (m7)
Mixing Condition hydrop}lilic' n-lembrane -
UF alone Rapid mixing+UF  Sedi.+UF
G=150 sec™! 0.085 0.020 0.019
G=550 sec™ 0.085 0.021 0.019
K; (mil)
Mixing Condition hydrop’hilic' n-lembrane -
UF alone Rapid mixing+UF  Sedi.+UF
G=150sec™ 0.54 0.103 0.113
G=550sec™ 0.54 0.104 0.115
K, (min/m®)
Mixing Condition hydrop’hilic' n-lembrane -
UF alone Rapid mixing+UF  Sedi.+UF
G=150 sec™! 0.193 0.027 0.031
G=550 sec™ 0.193 0.028 0.031
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