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A study of membrane fouling on membrane
materials and organic fraction

Shin, Jung-Geun

Department of Civil Engineering, Graduate School,
Pukyong National University

Abstract

The objectives of this research were to (1) identify the membrane fouling
potential due to different fractions of NOM (2) correlate the
physicochemical properties of NOM and membranes with the adsorption of
humic substances on membrane The  static adsorption test and adsorption
test showed that hydrophobic organics adsorbed much more quickly than
hydrophilic organics. In case of the effect of membrane properties on the
adsorption of organic fractions, the adsorption rate ratio(a) of hydrophobic
membrane was greater than that of hydrophilic membrane regardless of the
kind of organic fractions. This suggests that the UF membrane fouling
were occurred mainly by internal pore size decreasing due to adsorption of
organic into pore surface for hydrophobic membrane, and by sieving of
organics and forming a gel layer on the membrane surface for hydrophilic
membrane. In conclusion, the decrease in the pore volume, which was
caused by the organic adsorption into the internal pore, was greater with
the hydrophobic membrane than with the hydrophilic membrane. In case of
the effect of membrane properties on permeate flux, the rate of flux decline
for the hydrophobic membrane was significantly greater than that for the

hydrophilic membrane.



T
t 0 ‘mﬂ U~| o
s
T R o al Ww o M Wo Br iy Aﬂw
el AJ Wﬂ of Ho ® o o K T e T o _
WHWWEﬂﬁ%yq%agﬂgqm Eizs
M ox g pild ® W™ TR N s ) o) mo
PrETEgcietafriieg R
o =
e@ﬁwq%%4QQ%@a@maﬂ R
— — . (R~ S & i = e S 0 ] T
u_,&eqﬂbeﬁen&ma% oo & B Ty
G WS K S o P do M R = 2 A_ﬂ ok R,
%@%.m%m_a%%lzrﬂ e & o ® 5 F
W ERoT P O il o S R = o
LTI E%iﬁ%w%amﬂwﬁﬂ BT g
ﬂﬁ%mzd%kﬁ%RA&ﬂc}m do oy o
TR nﬂm#o%M e, NS A

Mo A & ., I Gl G, T oy X . E M
T 2y AT 7 K ® N i B oy T T w o
T W W ;& Degf — o 5 =o T 5 T B

A A = A | 5. s R o o
W BBz S p o KON = ool
e W & 3 do b R e = He E %
o . s .- —_— o _ =K Bl RO —

o- 85 = B L Y o# i =S To 0

NHEEE < Ca fa— o % 0y W O

o o = O P = 7 r | o " X

N H MM s e R L mﬂ ﬂw e ,Mo e R
N ] fi — T O T o

BETT L faE g, Szl 2% 5T T

Hf7quMm% AT L/ * o4 og o

£ P SRR Lo S
W S w5 = b ars N " T R
ﬂ1ﬂ%Mq_f%wmm#ﬂwoﬁwﬂl T2 g

« M EZE ®ow e B S g o o
ofp X % ) E oo B o 3 i 2 iy iy _
%ﬂgem%%wfti%%%%&ﬂa R
T T Il T jut = X
=Tk ew A K S G
= L T T K - © R ~—

Tor g 2 5 oo 2 zﬂafﬂﬂﬂ.ylo N
o gt mo< 2 or ST NI T T £ T
%z%,myaﬁf% S 2T m oz o
~ © Qg 3 = = AF X o WS = i Be
N = ™ T — o)) o — o]

_Y Ho S ! = ™ o = oo ) o alh] By a Ho o
7 X =~ B E R o+ x L e ¢ Mo o] = a
atgomﬁgffwm?&r?]ﬂo«frﬂmﬁmﬂ
¥ oow w5 B ooy om g w

o NS

bl Ay =]

°

of ¢



el
o

ATLE A Ed 30kDa oA ®

ki3

of o

bk
R
A%
o A

=z
=
-
g

°

=

A
Fol i)
% o]
NF&

1

=

=

.

T

vis
UF 244
Aol

=
3

o
o] At Wiesner et al.,

=

Edas =

Al71H ol&
3kt Nilson?} Digiano (1996)

fex]
=i

sk FelAbbetol =g} vt 2

S

shofl o]

al

, polyhydroxyaromatics 52| 4
el

:rL

]

L

j

2 At etol

3z
=

319 tH(Maartens, 1994, Amy and Cho, 1999). —1

S

2k ol =
1992). Mackey (1999)<]

Hi

(DiGiano et al., 1994). =3l &

obn] =977}
9o UF

al
3z
=

o

Mo

=3
=

&3 AAel Atk Hol7} e}

Hel wet &

P Q

3|
pud

g Aol T&

K
e
Mo
o)

o

LOH
&

R4

ghelolst (UF) =

}

0]
yul

1

o

o 7}

o~
T

2t &

el

o)



A4 7] & A (natural organic matter, NOM)2 A5 Foll &A138+=
71 stFEEA wS B33 545 Ay Atk (Aoustin et al, 2001). 4
Aol T A4 7] & & (natural organic matter)d] AHEES Fu
(humic acid), Z®AH(fulvic acid)® 22 H 2% (humic substance)® T4

Qv oleld RAde dade BN st wgstel BT

R T

o,

il (

o
o oo FF&£I Agtstel FsidES I, SH R
FFEA BeS AN, ol A5A L 2l
e FHS dSAIE 54 A8 7k EAE dedle AL=
AtHEdzwald et al., 1985; Jacangelo et al, 1995; Adam et al, 1991; Hong
& Elimelech, 1997; Wang et al,, 2001; Laine et al., 1989). &3 F217-2 pH
Hste] mE FE&A4e &R wel BEA FHA i FRiew v
e EE pH A9 Ed BsliEar, F942 pH 2 o|ste] Abo]
oo FHe oH pH 5'\—2101]/‘15 o &3lstA E=
g o= 500004 2,000 dalton2] % <)ol ™ (Thurman
et al, 1982), ¥4k 2,000 dalton Ru} o] & A FS 7FXTh

e
AC)
1=}
o M
to
o2
>,

2
fr}
2L

?1.

ll



2.2 247

2.2.1 At Z87]

carboxylic acids, enolic

Ag71=

+
ol

o
o

%

N~
o)
Wi
olo
NI
)

]

o]a

ol o},

=
=

hydrogens, and the phenol pair

7} 74 E-2A 2 (Carboxylic acids)

X
L=

R4

gt} 71

] 90%5 A4

()

A A

]

A=}
=%

A

3

o~
T

i~

3}

]

=]
] 2kl

o
i

A% 500-20000] wEA BAS

b 2

S

=M FTL&

e

tH, BRElEfolr Ats)

S

o #71%elA 79

71 A0 3 el

=]
=

& =

e
e

st ek B 8244 (Ka)

XAl
¢l

o

]

o}a)

-
1

R-COOH < R-COO +H -----=------===--=(2-1)

Ko © (R-COO )(H)------———===———====(2-2)

Al (Ka) = 49 gl dig

4

S pKagtil &1, pKas A==

ki3

o 2age 3

KeX
1=
s

o

A wlag 5= A

+

ol

t}. Table 2.1

29 pKax 1.2-1.39|t}h

ol e}, A<157]

=42l pH 7o]2 =, pKa 7 ©]

A

)

= o3 A o,



pKa
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Table 2.2 Characteristics of Membrane operation

Process Mechanism  Exclusion | Regulated solutes rejected by process
Pathogens Organics Inorganics
EDR C 0.0001/m None None Most
RO S,D 0.0001/m C,B,V DBPPs, SOCs Most
NF S,D 0.001m A3 DBPPs, SOCs Some
UF N 0.001gm C,BV None None
MF S 0.01pm CAR None Non

Mechanism: C=chage, S=size exclusion, D=diffusion
Pathogens: C=cysts, B=bacteria, V=viruses
Organics: DBPPs=disinfection by—product precursors, SOCs=Synthetic Organic

Compounds
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Activated Sludge

Reactor Sedimentation
Tank
Influent — — b 7 —Effluent
‘ Remmed Sludge
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(A) Conventional Activated Sludge System

Actrvated Sludge
Reactor Membrane Unit

Influent ——> | — —* Permeate(Effluent)

T Retantate

(B) MBER (Membrane Bio-Reactor)

Fig. 2.6.2 Conventional activated sludge system and MBR process.
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31 555 +454 4
2 Ago) AlgH 55 945 2RO, Hydronautics, ESNA-2540)2 ©]
&3t G5 dTE 5% s5TE ol&sdt 5T AxAHLS 274

g 9] polyacrylonitrile (PAN) A2 F=+¢ =Z7]E= 0.01meo]w ZHAHE&

ot WAL 74mPel ™ GujAl &S 99.4%°]th ROE AR HEFE Wi
W st sz ol oAl MFE A4 RO 2HO% §ste] ke
FE2 FEHAG 559 AFE AR S ASHA,
Table 3.1 Characteristics of raw water
Item Unit Concentrated waterl Concentrated water2
Temp. (¥ 18~20 18~20
pH — 7.2 7.2
Turbidity NTU 0.5 0.5
UVas4 cem ! 0.612 0.314
TOC mg/L 25 10
SUVA m~'/mg/L 2.45 3.14
Alkalinity mg/L as CaCOs 45~50 45~50




32 w71€9 A8E EF

2 AFA= F7IEZEINOM)S 42544 292 humic substance®t 44

o

E 29l nonhumic substance® #2]3}7] ¢35 Amberlite XAD-8 $A& o]
stk 2t FAE ARSI A AAe] DOC7F - 7] sl (¢
1,000 mg/L), ™A F=A1¢] dAAe A 7AAof gt 2 Aol AHEE FA¢
cleaning ¥4 th&3 2

i}

O AE 0.IN NaOH o] 24A17F o)A @7} Fo},
@ Soxhlet FZ4XZ o]gd 3 v eEe ofHEUEY, tooH

2 Hgscoer 74 s 2443 &< Soxhlet F=3H F 59 St

A g

@ FEA FAE HEE T+ 0.IN NaOH |Yof 1w s},

@ ZHl AA-2d FAE SRt

® +9, 0.IN NaOH, 0.IN HCl®] w22 Zd F=5<9 DOC7F 1 mg/L
olstz E wi7tx] 23 @715 FFHAIZIY (Thurman et al, 1981,
Leenheer, 1981). ojuf Z

of A FAE dxE HHT Fojy:
7%

Aol bed F-+#o tha] 1 bed volume

AEE %3 %Xﬁlﬂr. I3 FAVE S Aoz o] Alg9] T3}
£ = Aml/mine.2 A A FAAZTH

Cleaning ZIHE A ZHd AFE SHAZG. FHA7]71d AFE
0.45um membrane filter paper® o] ¥} A 715 A== pH 22 2HA3A 7] o5
Amberlite XAD-89] E3A171t}. Amberlite XAD-8 Ao &F&w &%
0.IN NaOH 250mL= € AlA, 7 &5 0.IN HCIe= pH 1= 4HA4
Al A 2417 WERE & 045um membrane filter® o] ¥3ste] 1 o H-S fulvic
acidebal st d L, oA 9o F& IFHEL 0.IN NaOH 250mL= &3
AAA 2 &Y4ES humic acidebal E7F3F9t (Yeh et al, 1993). 2E 54
A FEL dmL/mino® FAEAH. ol d 2E {UE EF ABE

Fig. 3.2.1¢ ztefs] =28} 59T}

flo do

)

=
==
q

>

o
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1L water sample

l
Filtered by 0.45pum membrane filter paper
!
Filtered water sample + 2.5 bed volumes of pure water rinse
!
Amberlite
XAD-38
Resin
J
Effluent water
l
Acidified to pH 2 with 2N HCI
|
Amberlite 5 Desorbed with 250ml of 0.IN NaOH
XAD-8 {3
Resin Let settled for 2 hours
l J
Filtered through 0.45#m membrane filter
l

Effluent water (A)

| Hydrophobic organic |

| Hydrophilic organic | Filtrate Residue
J J
. . Dissolved in 250ml
Fulvic Acids

of 0.IN NaOH
|

l

Humic acids

Fig. 3.2.1 Analytical procedure for natural organic matter fractionation

_37_



tejod 3t (UFR)Y &4

<]
«

3.3

ko) o 3} X

Il
gl

3.3.1 433 (Dead-end flow)

e 2 Fig.
7 disc ¥ H 9

(¢}

batch type UF membrane &+ 433

B g0 A

3.3.1%

2

ot AFgE 2 MilliporeAloll A Al ZE Ao ZA @

4y

)

%0

+

.Z._

50~250me] k. UF9-2 100kDa, 30kDac] ™

o] FA=

=

o

ol AA]

el

oy

_—

X7

X
il

34

Fao 53 fluxe

5

}A UF celld] 5

Xg 3

sl 4

&

247

=13
a}

9] o 3} (UF)

ki3

3.3.3

N
N

o
A
Ho
il
(-

o

~o

1o

|

!

=
~

XAD-8 4

5%

g

s

ZE

DOCs%=¥& 25mg/L¢ 10mg/L=

—
fite)

ey
el
R
i
:Al
.F_H

el
file)

I

.U_H

i)

B

ar

Bt

=
fite)

ol
el
!
=
i)
nfy

oF
)

o

0
.F_H

B

—
fite)

\.—_mﬂo

.F_H

7 A

A7

]

=

)23 ute] A

A g3l

2 2 bar®

T

oF
H

.F_H

)

.F_H
)

.F_H

AAAA 2t A

bl ot

S

_38_



3.34 & J(UF) T AlHEH

g3t W AAHS At on whe] 518hA Al H 2 do] FEE I xkESH
= F71E2 AAE 98] 01N NaOHE o] &3to] 2417 A= d7lE F &

S8 ALgate] 3ol AH e,

Pressure
gauge UF Cell
H—HI
]
g'gg — \ permeate
I =
Stirrer d H
O O Electric :
Balance =
[ ]
|| || \.". %.I

Fig. 3.3.1 Schematics of batch type UF membrane filtration assembly.
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(1) TOC/DOC (Total Organic Carbon/Dissolved Organic Carbon)
FTol A Frl=e =5 AEsey] A& SA4sRen, A9
g SAE 9t TOC viale A4 AlFAo g & {F7]E AES &
£ A" b FRsZ Addsd st wAe
CsHs5KO4(anhydrous potassium biphthalate)®t Na>COs(anhydrous sodium
carbonate), NaHCOs(anhydrous sodium bicarbonate)S X+ &

o o
6@4441CQKP1@%@%ﬁﬁﬁﬁiwﬁﬁﬂéh%“%éﬂﬂﬁﬂ.
H

o
Ru) il
N
2
b
e
i
N

>

BAe FA 44 sgor] adx 28 4

2 sto] 4T WaolA wAg .

= ]
i =
o
a

&2

(2) UVas (UV 254nm absorbance, cm™)
g8 F7184 3FEE°] 5ol lignin, tannin, humic =2 59 3E
2 EAgT olglst frlEA S REALR 200~400nme] AL o ol A
A FFE=E etk ol AR S WS 3 gHE E (aromatic
substances), & ¥ 3} A H# = 3} & 2 (unsaturated aliphatic compounds), ¥
8 A W= 3} 3 & (saturated aliphatic compounds)s  ® 4 3127} o] 54
2 R 7401] g o2 o]
of UV-254nm7} UV F3=AE ZAAst=d w7lede] HstdaE 14
Jtt. A&+ Type A/E Glass Fiber Filter
(Gelman Science)& Ab&ste]l o #g & l-cm MY cells AR&3to] 3%
254nmell A spectrophotometerS Al-&3to] =43 th

(3) Specific UV Absorbance (SUVA: UVsy54/DOC ratio)
A e AdREoly BgolFs A% (conjugated double bond)T-%
g M= 718t g ES ALd (UVES SFete 4dS 7HA a2 o met

A 254nme] T A e UVEFEE humic substancesS 3t A49



DOCE7 thil Ab&st7lel g@pdela 7hast SAguiolt, ol umel UVE
3% 8] (specific UV absorbance, SUVA)E UVESE (m ))/mg DOCE g
e #oe=2A4 fF7l1Ee 54N 2 AAAEE e e F8&3 AxZ A}

S5 gt
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(20000l ] 3 A|te 4 (4-1)= ©] &3t

Table 4.1.1 Estimation of adsorption rate ratios for different organic matter and
membrane properties

a Adj. Rsgr
Membrane . . .. .
. .| Hydrophilic | Hydrophobic | Hydrophilic | Hydrophobic
material
. membrane membrane membrane membrane
Organic
Hydrophilic
bst 0.010 0.016 0.9873 0.9803
substance
25mg/L Hydrophobic
0.033 0.077 0.9770 0.9823
substance
Hydrophilic
bst 0.008 0.012 0.9762 0.9718
substance
10me/L Hydrophobic
0.026 0.063 0.9573 0.9567
substance

* . Adsorption rate ratio

_43_



0.75 o

Hydrophilic organics

Hydrophobic organics

Adsorption rate, [c(t)/c(e)]

® Hydrophobic membrane
V  Hydrophilic membrane

0.00

40 60 80
Time (hr)

4.1.1 Adsorption Kkinetics of hydrophobicand hydrophilic membrane

on NOM fractionated water (Initial DOC: 25mg/L)

Fig.

0.50 ! Hydrophilic organics

W
Hydrophobic organics

Adsorption rate, [c(t)/c(e)]

Fig. 4.1.2 Adsorption Kkinetics of hydrophobicand hydrophilic membrane

0.25

® Hydrophobic membrane
A Hydrophilic membrane

0 20 40 60 80
Time (hr)

on NOM fractionated water (Initial DOC: 10mg/L)
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1.0 . Jf/JO
BB after backwashing
B after chemical washing
c
o
= 0.8 A
o
©
=
£ 06 -
£
—
o
=
o
o
™
0.2
0.0 -

hydrophilic organic hydrophobic organic

Fig. 4.2.1 Changes in flux of hydrophobic UF membrane for the
concentrated organics (Initial DOC: 25mg/L).

60

Bl Rm
I Rc
Ri

50 A T

40 -

20

Resistance percent (%)
w
o

10 4

hydrophilic organic hydrophobic organic

Fig. 4.2.2 Series resistance calculation for hydrophobic UF membrane
(Initial DOC: 25mg/L)
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1.0 . Jf/JO
I after backwashing
after chemical washing

w 0.8 7
=
=
S
£ 06
—
9]
c
Ke]
T 04 -
o
L

0.2 4

0.0 -

hydrophilic organic hydrophobic organic

Fig. 4.2.3 Changes in flux of hydrophilic UF membrane for the
concentrated organics (Initial DOC: 25mg/L).

60

BN Rm
I Rc
Ri

50 A

30 +

20

Resistance percent (%)

hydrophilic organic hydrophobic organic

Fig. 4.2.4 Series resistance calculation for hydrophilic UF membrane

(Initial DOC: 25mg/L)
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1.0 . Jf/JO
B after backwashing
B after chemical washing
0.8 1
c
K]
S 0.6
£
x
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L 0.4
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hydrophilic organic hydrophobic organic

Fig. 4.25 Changes in flux of hydrophobic UF membrane for the
concentrated organics (Initial DOC: 10mg/L).
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Fig. 4.2.6 Series resistance calculation for hydrophobic UF membrane
(Initial DOC: 10mg/L)
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BN after chemical washing
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Fig. 4.2.7 Changes in flux of hydrophilic UF membrane for the
concentrated organics (Initial DOC: 10mg/L).
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Fig. 4.2.8 Series resistance calculation for hydrophilic UF membrane

(Initial DOC: 10mg/L)
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Fig. 4.3.1 Adsorption kinetics of hydrophobic and hydrophilic membrane
on concentrated raw water (MWCO: 30 kDa)
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