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Influences of membrane properties and operation
conditions on a coagulation-UF membrane process

Tae—Jung Lee

Department of Environmental FEngineering, Graduate school,

Pukyong National University

Abstract

The ohjectives of this research are to (1) observe changes in particle size
distribution due to formation of microfiocs during coagulation process (2) identify
the membrane fouling potential on cross flow system (3) investigate the
mechanism of membrane fouling (4) evaluate the performance of a combined
coagulation-UF process for NOM removal.

The experimental results for the characterization of NOM in Nakdong river
water showed that hydrophilic, fulvic acid, and humic acid fraction were 449, 3H%
and 21% of the total DOC, respectively. However, the NOM in subsurface water
contained 28% of hydrophilic, 72% of hydrophobie, respectively.

The rate of flux decline for the hydrophobic membrane was significantly
greater than for the hvdrophilic membrane, regardless of pretreatment conditions.
The pretreatment of the raw water significantly reduced the fouling of the UF
membrane. Also, the rate of flux decline for the hydrophobic membrane was
considerably 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
otherwise not be removed by the membrane. That is, during the mixing period,
substantial changes in particle size distribution occurred under rapid and slow
mixing condition due to the simultaneous formation of microflocs and NOM
precipitates. Therefore, combined pretreatment using coagulation (both rapid mixing
and slow mixing) not only improved dissolved organics removal efficiency but also

flux recovery efficiency.
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21 A4 d4F AAd$7] 22 (Natural Organic Matter, NOM)

Aol /) &A e F7Z humic substance@ A olE EE B £ AU FAsH
Ngolul BB apdle] R EREH fgste o9 B FEs b §7] FEEl
th (MacCarthy and Suffet, 1989). 3% Humic Substancesi #H 5=l 4] DOC#]
50002 2bxlskm 9o B R oHelt 50010000 dalton®] WHAE AL 2
o}, Humic substance?] VR wi= 4bad 2gvie] Aatm wef ofsto] #5955
A aA tAE Hol EAsiv e Fag T Ao A7szr od$H s
X o aebe] vrS S Fslol DBPs ®42 FustA fet (Krasner ef al, 1939).

Humic substances SAlold pH W w2 £ SAd oo fulvic acid,
humic acid® humin© 2 Wt Fulvic acidis 28 pll &2 A Eo) §afdolil,
humic acid= AH44a e (<pH 2ot ol|l ¢Ee] &84 44olth Humind ¥ pll =
Ao A% Bo] 237 @r=ch Fulvic acide] & &2 W How 500 4] 2,000
daltong ¥ 9lo] ¥ humic acid 2,000 dalton °ol4tel & #2bEE 7Hdo (Thurman
ef al. 19%2). 2 dbA 0 2 humic substances®] 80%% fulvic acid® 7 5¥ 20%<
humic acid® T4 o] 9tk Ak olgld f71Ee] ¥z Agste W 7
Exdof wab chaFshAl vebLbs AT

Humic substance® 4 A RS ot S4el weh FAzlEopll vabad 4
A gabch Wl chere wAd Lsl gtstA 714 E3 humic substance® *
atab7) g8t A7¥
23t 2l o1 carhoxylic acid, phenolic-OH, carbonyl, hydroxyl groups =l [
T} (Thurmoan, 1983). % humic acid® W% ARl @f&c] %20 phenol?| 7t
2ol d&so] 9low fulvic acidt carboxylZ] & ¢ wWej #Hfstn ok i} 24 A
humic acid®] 4 S fulvic acidell Elahe] 2424 Aol of skl dEe) 3ol A
GalAdol urAl veptER kAl mESe 54& AWMEd fulvie acdd el
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Humic substance= cthorst pH Z A&l 4] 2o id gajel 71zsfd Z4z o
2= ogroa Upo]d gl 224 humic substance® wF% EY humic substance
=

o) R nne fse] $ov Table 215 &s)=o] w2 humic substance?] &7
= Jehga otk HZel 84 humic substance® &F= RE pH 2x1AM 43
2ol fulvic acid®t pH 2elatell Al 28492 humic acid ¢ 2849 humin2. 2
U th Fulvic acids A0 5 Folld &4 24 &8s, 1 24509 AT IR
sgsto o a Ao E ) (Leenheer er al., 1989). %2 AL fulvic acidel ol %
5] 7 (Wilson, 1959), fulvic acid:= humic substance® 713 44 A&clozn iy
ol zals Fol A humic acid ok O EL FER FA3ch Fulvic acids &
ol zped s FEofl A £ % humic substance? 90%Z AAskil WA A 10%= humic

acidZ FA%t}h (Malcolm, 1983).

f
~L

Table 2.1 Humic substances classification based on solubility (Swift, 1985)

Current designation Solubility Characteristics

Humic acid Soluble in alkali, precipitated by acid

. . Not coagulated from alkali solution in the presence
Brown humic acid
of electrolyte

Gray humic acid Coagulated in the presence of electrolyte

Fulvic acid Soluble in alkali, not precipitated by acid

) ) Soluble in alkali, precipitated by acid, soluble in
Hymatomelanic acid
alcohol

[Humin Insoluble in alkali
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19953, < NOM &
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5. T A3

matter fractions and chemical groups (Leenheer

et al.. 1982; Leenhecr and Noyves, 1984; Reckhow et al., 1992)
Fraction Chemical Groups
Acids humic - fulvic acids, aromatic acids, phenols -
Hydrophobic ~ Bases proteins, aromatic amines -
Neutrals | hydrocarbons, aldehydes, ethers -
Acids sugars, sulfonics, hydroxyl acids -
Hydrophilic Bases amino acids, purines, pyrimidines -
Neutrals | polysaccharides, aldehydes, ketones -




2.1.2 Z*"E'Tr/lg*‘«l 54

Humic substance®| F2s 72 8ha) 22| &gkotl carbonyl, phenolic, alcoholic,
hydroxyl, carboxyl. methoxyl #8715 7b3 WIS slet e s A A ok (Edward
et al. 1995). 4& humic substance®l F¥ 2871+ carboxyl acid, phenolic,

hvdroxyl, carbonyl group®. 2 FAE D 20om (Thurman, 1985), %% AR5 2

sulphonic?] 2] Z#A % A2H3aolch, Humic substances? humic acid®t fulvic acid 7
A= BaAsk HEEE prZ hAn e oEa sggelth oo EA e W

spE a1g) pzel ghelAyl ol A Rel miab dejelar, tirf phenolic#t carboxyl

ae AUy 9ol th&y o] pHell WalAM protonationol -} deprotonation®] &

Carboxvlic — COOH = —COO™ + HY - (2-1)

Phenolic — OH < —0 + HY e (2-2)

et w9 pH o ZAAE el A (2D (2-2)2] ®bgel wek
deprotonation® & @ 4] ol 24 @HlE =i ol¥ thrhEelE(polyanions) 2 & =)
Eig=y

Humic fulvic acide] 4t &7 739 52 352 ¥4 48 waE A
A8 geelth o8 5o, =& Al (IO~}5peq/mgC at pH 8002 7F# fulvic
acids e AFT T (5-10pxeq/mgC at pH 802 7F% humic acid &vh A kel
of 9|8t zp&a 2@ol o] ol@th £3] hydrophilic acid®l A S pH 8 A 454
e/mpC 2] ¥ e Hu Aol S¥ ofs AV A ol =l 2]
Zpxpe] AT 7ol humic substanced) #HEE WAT FFel EASE
DOCE humicd nonhumic substance® ol5o]# ¢l2® humic substance %-ie] U
sdolm Fatolul el ¢ A7} ol feo]stl Nonhumic substance
(ex, hydrophilic acids, proteins, amino acids, carbohydrates)® ™ 31474 ¢] it L AlE
Ahx] A2 e de A i AditelA Al F AR eekth (Douglas et
al. 1993, Zelvh, #2 nonhumic ¥ % humic 58 Ml A& & olH Bl A gh

DBP.2 A4% 4 ottm =usa vk 28]3 nonhumic H-#-2 A del st



wE ek webAd nonhumic B 2L FEAde] wEEel A4 FHolAd A
Aol sz 9lth 1@ 2R humic R olue} nonhumic HEe EF KR
Zog ood 712t} (Leenheer, 1985).

Mol ol NOME 2Ae 7249 s #87) Bxo 24 9% il
Ach g g4 el f712 WA Fo sus 2FE Alekst HhEjeke] AAWA

W, Fg AWEoR lgning A9 THIHA a1 WEEH Higee

T4 o QEe A eige Ego i £&d F7E2
1] ol E & |ignin &eFe] Atk o] w9 lignins W3 =

Ioh wabA], Egkeld £2F NOMS £%e2 NOM Roh 335 stgeEs wel
o3 Uttt (Edward et af., 1995).

Table 2.3& humic acid®} fulvic acid®l =45 etk Table 2.391 et
227)¢ EAdd w2 humic substance®] ¥4 ¥l #& FaE @ drAEe
Al olel sEESe Tx25 o F odfsled B

o
Ip
i)

%

MacCarthy 9} Suffet (1989)% humic substance®] T2 4§ 5719 oo ul s
tpaodrdoh Aba AR gko] o % humic substances A 548 & 7HA
o Z&vje] Aol 711/ Frh Humicd fulvic acide] 24 AEel &3 4
gH o woh Humic acids @9 227 % 7d A el da AxE FFSD
fulvic acid™ w9 2atw " Aol v & el Fas Fado (Malcolm,
1985). & 2z #@o Fag A#EeR fulvie acid®l "y A EAA e

CaoHa:OsN (mol wt = 1230002t 2& AorElul ¢le 0 (Abbt-Braun er al,
1989), T &e] Suwannee River®l fulvic acidel ¥2b2 o] CrlnOxNoz (mol wt =
1.70000) 2k Aol AletE vk glch (Thurman and Malcolm, 1933). Hydrophilic acid=
fulvic acidel 9181 sugar®t amino sugar?b 2A8E HFe] Eow fulvic acid=
humic acid B0 %o AsUES 7hx 3 elen Exlate] #How carboxylZlel T
o] Lo} S A weale] BelAst 7] o@rh Humic acidE fulvic acid 2o
e =7|7h 2w 9aEdol ok Humic acide] 74 #72h= C, t, O, N, 8, Pe]
T, Bba shEro] 50% o] doln, fulvic acid®E 4HAaE el gfska Atk O N, S ¥
e 7= mey (1, gFRES 2 @A FADA ligands #HEFeh ol

fulvic acidet humic acidel 7127 x& Fig. 213 Fig. 2.20 eI



Table 2.3. Characterization of humic and fulvic acids

{Ronald, 1981}

Composition Humic acid | Fulvic acid
C 20.94 H4.56
H 4.13 497
Elemental O 3652 38.20
analysis N 1.27 087
(%) S 0.93 0.74
P 0.25 0.62
ash 1.13 0.86
0~55 ppm (C-C) 23 36
50~65 ppm (C-C) ) 8
Carbon ‘_
. 65~95 ppm (C'-C) 12 16
distribution )
095~110 ppm (anomeric) 4 3
CPMAS L.
13~ 110~ 145 ppm (C=C) 21 12
C NMR _
(50) 145~ 160 ppm { § -O) 9 5
’ 160~ 195 ppm (COOID) 16 16
195225 ppm (C=0) 7 4
Carbon Aliphatic carbon (0 - 110) 47 63
(%) Aromatic carbon (110 - 160) 30 17
COOH (tiration) 47 6.4
COOH (*C NMR) 6.8 6.8
_ Carboxyl ('C NMR) 3.0 1.7
Functional .
Methoxy! ("C NMR) 3.4 34
groups . L3 P =
Alcoholic OH (°C NMR) 4.3 5.1
Phenolic OH (titration) 1.9 1.6
Phenotic OH (C NMR) 39 2.1
Molecular weight 2000 — 3000 650~950
(radius of gyration) (~10A) (~6A)
Carbohydrate
v 10 ©o|35 o ©| &l
%) |3t o o3t
Total nitrogen (as amino acids)
gen 95 ol 5 20 ol 3

(%)




HO

;

Fig. 2.1. Structure of humic acid.

Fig. 2.2, Structure of fulvic acid.
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Al(H,0)3 AICOH)(H,0) 2"

Fig. 2.3 Deprotonation of the aquo aluminum iomn.

aluminum hydrolysis (Letterman, 1991).

Initial step in

Table 2.4 Equilibrium constants of aluminum hydrolysis

Reaction log K (25T)

() AP + IO — AIOH® + H log K =-4.97

(2) AP+ 2H2O — ALOHD): + 2H log Kip = -93

(3) AP + 3H.O — AIlOH); + 3H' log Kiz = ~15.0

(43 AP+ 4H0 = ANOH), + 4H' log Ku = -230

(5) 2A1" + 2FLO — AL(OH)." + 2H' log Ko = -7.7

(6) 3A1" + 4H,0 = AL(OH) + 4H' log Ku = -1394
(7) 13AI° + 28O == AluO(OH)s' + 32H' log Kis » = 9873
(8) AHOH)3tm = Al" + 30H log Kun = -315
(9) AOH) — AP’ + 30H log Ko = =335

" From Dempsey (1984} : others from Baes and Mesmer (1978).

_11_



AOH),
AILOH);

log [Al] in moles/L

S 1 2 3 4 5 6 7 8 9 10 11 12

Fig. 2.4 Solubility diagram for AKOH)s, Monomeric and polymeric Al
species in equilibrium with AIOD. (I'rom Dempsey, 1989).

Fig. 240] byt uhel o] F=go golxjel @Fulg sehgel 2EE pHol w
o vz ushdoh @FuiEe] olukEQ SA4& pH 45 oldkek pH 8 olFelM T
ronomer Eo] F@e o] %3 glch % pH 45 ol a4 AH0N, ANOH(FLOY ™
CANOHN(ILO) 7+ 3 & olF1 ol AP, AIOI", AOH). & EHH7I% 3t
pIl 8 e]4re} 7% AlNOH), 7t & F2o= & sttt (Baes and Mesmer, 1976). &=
s pll 60 oldtelA SalmEm A gastel ALOHRT # & Feld
polymer %o $Alak7] Uelyich elsk 2ol 7k pHe A erFulE g T
o elate] ol STk =, polymer dElel Al F& HA HE el A
zo] ol HEgHz Ad=E M AddE daFosd FdEdH

ANOID; s Aeolshs oA A7le ¢ 448 delth

0

Fig, 25% col&ja 7txeae Aze 7heid 448 vpebd Ao E FEHY
o ANIZ 283 o 7hergk 729 mononuclear F-2 polymer A aAe AA
A% 7p4=R a2 ANOM, ARog dolgrk ofskitel Al(ID® e ®

2 A (precipitation)e] #AUFl #F ol & H el EA FP8aYe &

ok g aqlolth B3] AN $RAe 4 2UelA Tha il Wgol F
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A
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s
okl
o
off.
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ril -
Y
ok
=
1o,
N
A
ME
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ofy

o 7bv] thE SAEHE ey wEelrh dzA hER F FelM Ee A
Wel AME %& odsts wu Y1 FHAol web vy &dstE Wi A=
4ol qua ZAe Al Wold b HE A bR Fow WA pIass

(Pouillot and Suty, 1992).

Fig. 250 melzl 7hswal 24zE Eated polymeric ANIDVE AKOH)s
preupltatt/} ‘ﬂ“!ﬂ‘r‘ W L w2 ol Fow Aol sivistd
Fgshe AMZES 370 vy
@ ol t), Table 25 7t HFoF AFRaEel FAATE e e Theed
e Ao ANOH)w precipitate’} 37 == A7k} polymeric Al

P
ES
(MEo] WA Aad Awgs —evhs 48 & 7 2l

AI(H,0)¢* aquo Al ion
I l hydrogen ion
Al(OH)(H,0)** Mononuclear species
[ ——
Al;0,(OH),,™ Polynuclear species
I l hydrogen ion

Al(OH);q, Precipitate

]t —————* hydrogen ion

Al(OH); Aluminate ion

Fig. 25 Aluminum hydrolysis products (Letterman, 1991},
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Table 2.5 Formation time of aluminum hydrolysis species (Amirtharajah, 1937)

Hydrolysis species Time scale (sec)
AT monomers < 0.1
AT polymers 0.1 to 1
Aluminum hydroxide precipitates 1to7

&/ L(DO(,),M%H o apakel ZRol=el 2uts AEF Aelrt gtk ojdimer

)
Grlgde $Re +aT gyale SRS olstel AA et

olulst LEA S/BRLe e AAdse] pH 204 olelA Feol@AE W
glom A (2-1)F (2-2)e] Ephuiey Ze] Feleel Hats T carboxyl 2k
phenoliceh & A£72 7hx 5 9la pHel weh oleld #4&7)e wstsh ol Fdn.
gopal fEolA pHZE F7hgel web gole] AgaHs stel ol% kAP deh=
glov gomel Mzt Frhshe Ao2 vehdoh o)k #¥lstel Narkis®h Rebhun
(10T e f7128% BEapgko] #& fulvic acide] A7 vl el 2 humic
Fogo] dakE wE ez Hasdch

a2 Ade guAss= falo] pHel uwel W3kA =Hd pH7F F74E) whet

51ome] A (2-1)3} (2-2)0] Wi oE®o 2 Asbw guste] A7t H2 7+

|

A Bk g2 o) o)Lty Aol F5E FAHE wliL gl 2R 3

@o] K2 Z7babal olel web of F£F) rd 4HE wA vk = #E3B

z Fuv 2Ae o g mz o 2AL skd 7%, F carboxyl, phenolic,

hvdroxyl, keron®l S74del mel =304l A F2 2d9] 540 #AAd F9 &

Ao gl ol dt B fr)E W S WHEAS WA wE ol o}
=

kA e FAsHA doh

2
olglet 7122 A7 o] tlE mechanisme Fy Ao FHEAE A3 A
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zosith Al ZERG dolM fr1Eel A B SRz Adel 7HA
o 27 mechanisme] #&atm ofwW ZAgol FrlE A7 el F71E A7
mechanisme] M & F2E7]|= kol

Table 2.6 Comparison of alum coagulation of dilute caly suspensions and humic

substances

Dilute clay suspension
- H}H&FH pH 65-75

- #x 2F g pHel ejE4el Mtk

i
o] clay ¥Ee £ SHA FRE daE Y
oA 2ol 2223 pHi humic substances7t & &el wfet Eiia=

Humic substances
- HH 24 pH 56
C#HAAF TOCE pHel o &EAel At

LTOCO) F7he aagA FUE FHE FU
CexAl FU@n AW pHE clay® EAF - ¥l el gl
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93 9o 3 (UM A9 54
olukal 0 & MFE (Microfiltration) @2l S4& wo] A+ sloj# o 2]

f1s]
ol 2EAL wfg dofsltt (Belfort et al, 19940 To and Sirkar, 1992). tiE-& 2

—u

wo gelzold Sd&E H- Tzolnm 4RS Aosy] dsd FHsE A4
gow ote] el =ssh gamel we Agel FhaER EUF FA HA7
Qastnn old® FAL AR el AAF wEd @e EHFE A oA

Tee] wre gatato 2 sjAdd = otk (Noble and Stern, 1995). oo whef %o
pxA sge Adew MFe] S dATEE HAS 9l @1} UF (Ultrafiltration) ¢

of, UFete wlolg a2 kAl oldAel aolrh glow ojHd e lem 9

cmiael e b4 s e ol M AT UFlAE Sl EUFE

r+o}ua sg mmatn @ 4 o ol FHe R AdFstA fAS luxd
sl R 3

1o} (Blatt et al., 19700

wro )= HglE T ok®e] Av|E 2FForAM thgFdF MWCO (Molecular
Weight CutofD e 24l UFSH S 94g 471 ok, MWCOel #ie &EHeus & Bz}
of Ratero] =% MWCOel4rel wrol A aiasle Ao SHAE 71 ek 552
Ao med fE4e7 o] uAEI Rojet AEA FrlEEE gt UFE
g ol gl a7 mlalmel A7® Fia SFHos ok =il MWCO
10,000~100.000 dalton@ 2] &7 8ol thdt A8 FEHOZ SR o] Zoji} 7|
hoolTo) WAL BAwEy Fig 260) VEbd uheh Ze] ngAsEelt el
o ubgElel B RE EF olAE, EAAR Fol AA 7biestet, UFE A&

A7k 2 (sieving)ol 2labed 10'~10 mel 279 8& Azt ol&H 2 9
wa BEAAS daA UFE4e 953 0INTUosR #Astsd Agse e
= w5z 9t (Laine ef al.. 1989: Jacangelo et al. 1939, 1991).
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seleted
UItrafil‘[ration macromolecules
cells, colloids,
suspended sclids

WMEMBRANE

water salts

Fig. 2.6 Excluded species by Ultrafiltration.

23.1 @9z (UMY FA4 &4

UFzAe ¢ne 27 9438 (dead-end flow) AAHE (cross-flow)el 2747 53
gz viylel A 4 ok Fig. 2790 walE gl Azbe Hel S 2 JEp st ok
Helis fAe sFo] weo Fue) £HoR Fav Tl UK EE Az 5ol Al
Arle] Zalo] dolubAl gtk ol#@A A7Hel FHE YabEE Mol Al u} 2}
Aolz = FAeA Hv e dA4ES FHE Aol Zo A AMARZE Frf 2
slLb arial A AE wAAA FRE A% AAR 4k olduet uhof| A
AAE fAse) ool odatyae A7 vhel H88 el A S !
Ho =3 flux pAE  ewstA #Ho, T3 fluxzt DASHA FA2 BT R
o] Z7tstAl "k Ay N
A7 e YA Fridor £HS FAAAG s Al eith (Vigneswaran ef
al., 199D, o2tgk FAE

Zrals) e A Heprh agkeglc A 2E ¥

n%

2

jz A 49 weld 248 WSS

fu‘\rd

e iy "epe) gel fHe s§L e Huld vRow saUA Fael g
o] ure Easid Ak wd Tel HReld FHZE 25 W AAT F=T =] 8t
1

wg utel oj3le] Al7E SAEe wel mwela TEe] Wbl snE ddses

gre AolmZo] FyHA Dtk upzhd uel EudA =¥d nER 20| A
el 2xo] zA Uojulx] grom wrh =S flux® AT & Atk olee HA

9 s vl olstel Al7E Zae] Agd wel WALM FnF FEHI o

Hojel F3e H43 4 2rd (Noble and Stern, 1995).
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ULTRA- ULTRA- ULTRA-
filtered fiitered filtered

Raw water
<Dead-end filtration>
ULTRA- ULTRA- ULTRA-
filtered filtered filtered
Raw water

<Cross-flow filtration>

Fig. 2.7 Individual fiber filter flow pattern of dead-end flow and
cross—flow filtration.
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Membrane - suppori plate - membrane assembly

- Concantrate

Feadin Be

Raw watar S, «.

Permaata

———= Paimeata
collactor
— Mambrane
Faed sido
space’
(h)
Raw watar
Concantrate

Concentrate

Faed : Hollow fibers

Perforated slaave
Potting resin
@)

Fig. 2.8 Schematic representation of the four principal membrane modules
(a) plate and frame: (b} spiral module: (¢) tubular module; (d) hollow fiber.
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233 275D @ FANAE] flux °]E
MEU UFS 28 gt Tsa thel fejels @g ks fuxt Darcy eq.l

ojef ot Tabshe Muxd ohgst & Felel Moz dekd £ Atk

Ap = 2 E3hA e 7 trancemembrane pressure drop, TMP) [N/m’]
7

- e A A4S N - /)

R, = 7133t ghe] 4ejehA]l A 3 (hvdraulic resistance) [1/m]

sbEele) giw Ry EHA 7L S8 FHA JoRoh g =29 F FAYH
ale] war oo o) AN
(Ap— 0,011
J= 72 (2-4)
H m

of ek ks 7le] WA gkomm ofE FAI

oz ojERckd UFe MFolA =&l 7%

T gagon A FEe TFEE F34%e] Poiseuillie

&=(Laminar flow)xq =93 2 5 vk UFep MFe A FEFZ, Vel
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where, f: “rEHel 3 (open pore) AHEE
i

g . T2 I8 A pore tortuosity factor)

-5y A gbel Frl7l zrastd FAEAxst $YRE & 5 A =23 5
ey wagtdd wldau gose §EEAelt FrowgUe] FAY W
spejo] ZARozA Arle £ Sz Algahs okiel WA 2 Atk ¥

S opass) Moe wrpAogs Rasdsl wgd & Aok

. g LY
2 2 of 1} #] & 2. dl (Resistance in series model) e Sieve mechanismoll 71 zste ELH
2 ore] 5 wdo] gtElo] o FEAf bl 2o dd 5 aAE A& 994e

AAe] ua Hgedede] Aste] Ak o] RddAE THEAHFR(] IS abzkel 9h ¥
e Aolazo ol HE Roo FHI AmCwe]l ¥l dkd] & 3toh (Cheryan,
1998). el o7)M §.% cakelor gel &8 FACIIL, ko EERIEE olFE F

21 0] 27 W< 4 (mass transfort coefficient)e] .

- (np— 001D
TR, D)+ R.(8.(H,..0F R, (ED)

Flola zol ol@ A R.& AelAFel A 5.9 AclLE st 24

o} & specific resistance® E @ H U Kozeny equation®] o/ sfM S dAE T4

% gpecific resistancess Th& el vEbd 4 8l
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2
ME C) ,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (2_7)

2 3
¢ dp " 'EC

where, €, = cake®] porosity.

oA ww Helazg FAsts Artel A7k Hebyel weh H4d Aol

Sxo odt Zahio] W AMdo] AWE ddE & vk ROU NFUl 2 A &
o zag mzolma Bdolu HolmZel od Azbel wls] ul g =LA Qg Bt
o714, mial B old A Zgel laver)el A4 e A4 ol A g fue
gl ot Aol Z(cake layer)ol /g 4 ey 7 o3 %2 AAsH: ¢ A particle)
N ure] % Ql7urh 2 ASelE URY MFelAel Azt nlned w2 Aol o
§ 2k
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diffusion TFo @ TETlol el gy Aot ZEol=4d S olF e BT AT
aricl= A7 goh. MFu UFg 22 Alzglel A= Frol=a waY A4
Bdel o5 iy T2

Brownian diffusion 424 #7122l AE£7 oNgAd Fas wWFFoiH,
Shear-induced diffusione oMtk & =4 542 HAs =d 83 #UFEL
sagtch, Jela 444 DE Brownian diffusion F Shear- induced diffusion®l %

o uvbEhY o]= oh&uE 2 Ao GERE T o]t} (Sethi and Wiesner, 1997).

7M. 1y = el Eelde] Hek g#(shear stress)
pg = 2d AEAE

7 @)

1l
4z
=
o
2
=

(a3
o
E

ol
ot
rir

o B AL

Brownian® Shear-induced diffusivityell 2el4l =4 mel U7Ae 7+ particle®]

back transport7b & 47F & AR 3t flux7b A 47t A Hel dAskach

Fig, 262 Uaslis oA wgel doiA AxAde g5 Y o Brownian

diffusion ¥ Shear-induced diffusion®] 25 el = 24k Alg DI L0 'm2) size

g 712 QAR 2HEAM HiAw PS vrERHL gl rEelv L, o) g A
% | o w motA A Fab Sy avh HaspEch ®F

wol olele FTakavlel AAWeud o v 2 YANAE vbde gdel 28

f we By Zzxas A4 (Fane, 1984, Wiesner et al.. 1989; Lahoussine et

Il

N

5 717 5o 2ROEAF
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235 ol @} WFY S

UFa oMol B3 fuxs A ¥337 el afAsed o s A go]
olste] Aolgol Atk wred A #th (Nakao et al, 1979). 24 o= 4 (2-7)
obprol @rpAl g1Eel F/HH dolwloj A itk (Fane, 1984, Nilsson and

Hallstrom, 1991).

A R sedas, Azad A4, FE5e A dAseun dasa 9l
t} (Chudacek and Fane, 1984; Zeman, 1983 Hanemaaijer et al., 1988). 27

sodvbe Qe R el PR, Bolg g TaEe s def HRA g
oo oatel AAs A oleld WAES fuxtavh s AwbAcl AL
4 AaslelAE 47h4 o) 24l kinetic ZRol elstel Mysioid & glvk (Hermia,
1087 McCabe et al.. 1085). Hermia (1082)% wroql @148 sialstr] sisted of el
AUz Dadgsd o RAEe T dead-end o HAelA FEstA A&
Ut ol#j @k 47kx] o] Z A<l kinetic BEE Fujny r} o3 7ok

Complete blocking model& &= 2 avisl $ARsE mole) dAgel QoA frash
A Hasolan, shtel At whell = chg aarel AAglel g Topy
gl daez ohost 7ol vEbE Futh

1ﬂ]L:—'kbl(+ 11'1]1,‘0 ******************* (2-8)

o714, k, £ Complete blocking e ky=of, 0% EREM 0w HE 57

ro
or}

Zmel ool Aol ofstel whl mrel WAoo g vehi® [ Azl ohE

S35 flux, J,a &7 flux, £+ A 7r2 et

Intermediate blocking model®- A %F & #el 2| stel vpeldch el =ed 9
Zpr mae] wel @A fwste QlAEE ofn Hdsl Al thE A oAl
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At

qael B3 gobmeln #ao® et gol B

AN, k= ko= 0 Joo0l® HEatel vtebild thEat Wk

Inf,=—FkV+InS - (2-10)

Standard blocking model e 57r2] 27|12tk 22 Nz Eo] FEel e FAbxo
o,

QapHow T okFe] gl

iy
2
n
r\l(
)
ox
o
it
i

Juo

1A, k=t Ay T by ool Ags AL k= Ege o Ce g el ¥
s ewale ae)d Aug Adel Rulelw Le FFel delw ERHM Al
08T el Uehd 4 ek

J e e By JYE % A% Ve emmme e (2-12)

b oolel Are] cakeZol WAECl ¥EE wn e APHes FIL HE &
ol g BAo® thedt gol tehd £ dnt
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]}‘O B T (213
A7), k=2A5 Fo ko ol ARee g g

f 1 kCA%)
—= = Ve mmm oo 2-14
Vo Juo +( 2 21

37 A, k= cake filtration 45 “HERHTH
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}. 444l (hydrophobic) A2 el & 4 =3 (hydrophilic) #17d2] el ulsi

emel ebgmer Aeiatn ool #ojurh UF el A4 48R s ofdHel

(1) Polysulphone

olubx] o w2 A4 x|t urol A ZA pH 1~137h%] W& weolM Ab&e] 7t
ate] e enoqw Wddel stk sk AbabA o] gl Adgel Fas 1-20
mmel WA we wWele] FEE HAL olow A FEEHL de L3 WA

w9l 1,000~500,000 dalton®]l #¥E 7HASL 2t

(2) Polyamide
wef AAM el SA4& 4% 4 (hydrophobic) &44 i %ew, F71E4d WA Gl
wojupe, wak kel @] qrdel dig Mol et dael Rizkeich. o2 A

ol e Wlatel flux AEol wom We R EeA &del shgsteh

(3} Cellulose acetate

2% A (hydrophilic)® £4& Avx Q3 &l W@
oo Uit mj;eloh ey &3 pHE 4~79 W Aste)ol 2o, Az %
o SolMi obgle) AM xmis AeEo] glow] Azt # Al ok

)
o%
it
L
;2
_E.
£
8"
)

O
2

s Eaae Aue maAg v vaE W deiel g wdTAels YL
Aqua qos theel fux 4SS 28 & otk Ew Edl dw wAuAS
oObard o™ o 10T Awel meelds dAgel vl W pHEsldA £1el
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gAe amzes 44& Sruth olfY AFAA AL Azt A

oH CHOA:
OAc
o) O
CHOAC OH a
Ac DTOCTHK,

(OO
Aok

=

Qo AbgE 2 e =2

Cellulose acemte {(CA)

Poly(m-phenylenc isophtalamide)
(Mormex)

Polyetherimide (Uhem)

Polyacrylonitrik (PAN)
Polysulphone (PSF)

Polyethersulphone (PES)

Teflon

Polyvinylideaefluorde (PVDF)

Polycthylene (PE)

Polycarboaat (PC)

Polypropylens (PP)

Fig. 2.9 Molecular structures of main organic membrane materials.
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Table 318 A@o] ALER 2747 FFel A%e £ 54 vehdn At 4E
B N4E 824 f/ERe NEL 28 dste] AAHEA dBS Ao

e ubebula alth UVewsl @€ ¥ sEE s A9E shgEdel uvale §
sstenl mAstel §71% ZAel A ARE ARFHelAvh el aE =HEY

8l2= 0] SUVA (specific ultraviolet absorbance=DOC/UVus) Zhel SA4A 2 Hat 123

o we gke woly &S & F AUk
Table 3.1 Characteristics of raw water
Item Unit Nakdong river water Subsurface water
Temprature T 1322 13~22
pH - 74~18 76
Turbidity NTU 1.5 3.62
UVosy cm 0.061 0.062
TOC mg/L 421 166
SUVA m '/mg/L 1.21 3.73
Alkalinity mg/L. as CaCOs 45-50 72
Conductivity £ mho/cm 198 274
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311 F71Ee A Wi
B oAso] A A GV ZAINOMIE A4 29 humic substance®r T4 &

2)0] ponhumic substance® Felst7] 948k Amberlite XAD-87 XAD-4 Fx& o]
s 7 A& Apgsi7Idel #A A2 DOC7E ohg =7 wEel(eF 1,000
me/L), 1A FAe dAe] FHE Axot sl B AFo] A1&% FA 9 cleaning

@ Soxhlet F =]

et oz 7zt BolE 24413 F<t Soxhlet Tib]’[r'] 59 b Aot
e 01N NaOH &ofo] H a3t

4 et AHely FAE FAE

% 42 01N NaOH, 01N HCI®) #®o2 ## §%FF¢ DOC7F 1 mg/L °|%

2 = w7z Az 9715 FHA 7 (Thurman ef afl, 19815 Leenheer,
I

B FEAL 43

n
2
wu)
o

a

1981). oja) Zelo) ZE £E FH2E HHZ FolMs ot 7} w o A
Hal= Zob #Ho]w bed H&ol oiz | bed volume Ao E HE23] FA S

o, aes £AsF 2dE #Reze] Afe FEEE aml/mine® €

Sl FAA T

Cleaning A& #AZ Zde A+ AT 2771711 ANFE 04oum
membrane filter paper® ol#AZ1E A5 pH 2% AR 8 A1 7L GFe- Amberlite
XAD-8¢] E 3 A 21tk Amberlite XAD-8 e FztEl EA & 01N NaOH 250ml.

2 oEralbA A, 1 §F4S 0N HCIeZ pll 15 Abd s A

3
J
>,
o
Oﬂ:

FalEl F 0.45um
membrane filter® ol 2hao] 1 ol 48 fulvic acidZha ¥R, A3 g0 W2
A2z 01N NaOH 250mL2 ##lAl#4 1 &L humic acidehit

(Yeh et al, 1993). 2831 Amberlite XAD-4 +A& Z33 FE&FE non—acd
hydrophilics2 T 2589 51, Amberlite XAD- 87 XAD-4 £#AE B3d §&+ 7
o] #}e]E hydrophilic acidgtst #F 52T (Croue ef al., 1993). BEE F4 F

2o Aml/minS 2 &A& G oldH e {r1E vF AAE Fg 310 7HEFS

w45 3k
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1. water sample
|

Filtered by 0.45 42 m membrane filter paper
|

v

Filtered water sample + 25 bed volumes of pure water rinse

!

Amberlite
XAD-8
Resin

W

Effluent water

}
Acidified to pH 2 with 2N HCI
!
Amberlite — Desorbed with 250m¢ of 0.1N NaOH
XAD-8 ]
Resin Let settled for 2 hours
) L
Effluent water (A) Filtered through 0.45um membrane fiiter
| |
Adjusted to pH 1 with conc. HCI | |
} Filtrate Residue
Amberlite i !

- Dissolved in 250mé
XAD-4 Fulvic Acids| oo ™
Resin of 0.1N NaOH

J |
Efﬂuentl water (B) Humic acids
Non-acid
Hydrophilics
Hydrophilic

* A - B!

Acids

Fig. 3.1 Analytical procedure for natural organic matter fractionation
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1o scaleo] HIAWA SR mardE Aol we Apelzh A FE
= wo @A 2o osn, ERxdel SRagdd uAE dFE F o ApAlst
A oA scale-up &9 18L reactor® F Y Ao fasdrt Fig. 3.2 4
181 reactore} ol®ule] @43 AL Jebugivh A2 A8d SHAE EF
rlgA LAAL Alum(Al(SCa)s 16H.0) 5 A Al zalgt @rle 22
polymeric aluminum ol 82%%) PACIS Ar&atdt) (Kang et al, 2000, &3 A
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UEEA}e Age 9 dazsdozs &4
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Agle] UFY| H&8t9th (Slow mixing+UF). 53 &d-# AeHE HANE UFsA
o Hastadrh (Sedi+UF). wliddoz SPvsgdon $dF 45 d5-A4FW
s HAvge Agen AL 028 =3 il
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Fig. 3.2 Schematic diagram of Jar and paddle.

Table 3.2 Experimental conditions for four different types of processes.

Process Conditions

UF alone UF process alone

Rapid mixing+UF  Applying UF process after rapid mixing (Imin)

Sedimentation+UF ] . )
sedimentation (30min)
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Fig. 3.3 Schematics of batch type UF membrane filtration assembly.
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Fig. 3.4 Schematics of cross flow type UF membrane filtration assembly.
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2 oAse] wE A2 Standard methods(APHA, AWWA, WPCE, 1998yl whak

o WA ALSE s 2AREy sk gl uhia B4 ]sE Table 339 2T

(1) TOC/DOC (Total Organic Carbon/Dissolved Organic Carbon)
szo EARE #7159 ¥ FAssy 8 FHsgion AR 54

9ste] TOC vial& 2L ARz B+

(‘.I

o

% 4Ee LE AHE Gg

=moa QA Hste]  Agstdn ¥4 CsHsKOslanhydrous potassium

biphthalate) ¢t Na:COslanhydrous sodium carbonate), NallCOslanhydrous sodium

4o

hicarbonate) & EEE@ o2 AL&sel zhzb TCe ICe HAFME AAER A

e & mAe AARATh AR BHe 34 @A sges aWA RY AF
W diole] wEHA GRS ate) 4T WebaelA 2astash

(2) UVusa (UV 254nm absorbance, cm D)

odz] §-7)Eba 8BS0l #3004 lignin, tannin, humic 8 Fo deE &4
S olelat SUleha BT AL 200-400nmel AL A At BYEE
Lhebich olelsl A e w3 5HE A (aromatic substances), Lo

&} % 2} (unsaturated aliphatic compounds), = g} =) vl &= 3} %} &(saturated aliphatic

T
o

compounds)s  ® 4 37k )F AT oldE& starals SAdg0 45 Fodts
Ao 7 th ol g o] fulEel UV-254nmzt UV &F#LxE ZAsh=dl 7=
sol wgdes rgden EHRsled ol ol s UG ML= Type A/E

Class Fiber Filter (Gelman Science)® Ab&3tel o33 F 1-cm Mo cell2 AEs)

o @7k 254nmol| A spectrophotometer & AH&akel FAasiTh

(3) Specific UV Absorbance (SUVA: UVas/DOC ratio)

BATRE WES R &5

xt
p_\r‘

o] 2% (conjugated double bond)FEE 7H
= oedslgree A M (UVIHE FFshe 84% 7h¥a vk ©@ebA 254nme ol
ol 2] UVEZEE humic substances® FH-# A2 DOCEE thal AH837]el
Falzoelm 7heksl Zwwbwolrh olejmbel UVEZE Ml (specific UV absorbance,
SUvVA)E UVEZEE (m Ymg DOCE JeEpdl:= Fte @A F71 % EAuE 2 AA

e el 8% gL A8Hn Atk

.

Gl

1_,
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Table 3.3 Analytical method and instruments

Item Unit Analytical method and instruments
Jar-test - Jar tester (Phipps & Bird, Model 7790-300)
pH - pH meter (METTLER DELTA 345)

Turhidity NTU  Turbidimeter (HACH, 2100P)

Combustion/non-dispersive infrared gas
TOC (DOC) mg/L analysis method
(TOC Analyzer, Model TOC-5000, SHIMADZU)

TOXFP ng/l. Organic halide analyzer (Dohrmann, DX-2000)

THMEY ug/l. Gas Chromatography (Model HP H390)

UVos em ' UV-Spectrophotometer (UV-1201, SHIMADZU)
Particle counter - Particle sizing system (Model 770 Accusizer)
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Fig. 4.1.1 Seasonal characteristics of organic fraction for Nakdong river water.
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0.0 01 0.2 0.3 0.4 05

Permeate Volume (m*/m?)

Fig. 4.3.1 Standard blocking model as a function of coagulation
conditions (Hydrophilic membrane).
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} v Rapid mixing+UF(0.05mM)
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]
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Fig. 4.3.2 Standard blocking model as a function of coagulation
conditions (Hydrophobic membrane).
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Intermediate blocking mode!
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v Rapid mixing+UF (0.05mM) ‘....
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-4.95 1 ®  Rapid mixing + UF (0.1mM)
]
-5.00 ! ‘ ‘ T
0.0 01 0.2 0.3 0.4 0.5

Permeate Volume {m*m?)

Fig. 4.3.3 Intermediate blocking model as a function of coagulation
conditions (Hydrophilic membrane).

-4.4 77
Intermediate blocking model
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v Rapid mixing+UF(0.05)
v
[ ]
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58 +— ‘ ; , . ,
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
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Fig. 4.3.4 Intermediate blocking model as a function of coagulation
conditions (Hydrophobic membrane}.
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0.030 < Sediment+UF (0.05mM)
v Rapid mixing+UF (0.06mM)
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0.028 - | Repid mixing+UF (0.1mM)
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Fig. 435 Cake filtration model as a function ot coagulation conditions
(Hydrophilic membrane).
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Fig. 436 Cake filtration model as a function of coagulation conditions
{Hydrophobic membrane).
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Tahle 4.1 Estimation of kinetic constant for each filtration model

K: (m7)

Coagulant

hydrophilic membrane

hydrophobic membrane |

. [
(Doset mM as AD |p 1000 lRapid +UF| Sedi+UF [UF alone|Rapid+UF| Sedi.+UF
Alum o
0.025 0.020 0.014 0.205 0.189 0.084
(0.05mM as Al
Alum o 5 _
0.025 0011 [765=<107| 0.205 0.058 0.092
(01mM as AD ‘
Ki (m")
. hydrophilic membrane hydrophobic membrane
Coagulant
(Doser mM AD |
oset mM as AD g oone Rapid+UF! Sedi.+UF [UF alone Rapid+UF | Sedi.+UF
Alum _ _
0.571 0.428 0.308 2.051 1.714 1.527
(0.05mM as Al
Alum _ _ -
0.571 0.226 0.162 2.051 1.132 (0.936
(. 1mM as AD

K. (min/m®)

hydrophilic membrane

hydrophobic membrane

Coagulant
(Dose: mM as AU 5 0 p0 Rapid*UF! Sedi.+UF |UF alone|Rapid+UF| Sedi.+UF
Alum . 4 : )
) 0019 | 0015 [955x10° 0188 | 0.108 0.081
(0.05mM as Al
Alum ; _
0.019 0.012 14707107 0.188 0.053 0.042
| (0.1lmM as_AD | \ ]
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Table 42% wwbz7lel W2 urod u7luE e dastel 4 4@ w0
wroe molsr A4E Fotel Eh ik AbgE e ey A e R !
om oFgAE alumS AEaRon SPA FUFS 005mM (as ADR FUFHA o}
Table 4264 oF %= glzio] ureql WAl o2 EFA #iol FEargsta it
luxZ 470 JEIGT 9l 22 o vk 435498 #&s 4% UF d5FHel
Wiste] wroel Aavh ol Jeldn des GEmiet HHAFel ghel zelE
S Ve grgdh, wek webgne wE P MuE An G=550sec,
150sec ol A S Abar Agke welm glon pRbdse) wE odgbd AA vehtA &
I dgich

Table 4.2 Estimation of kinetic constant for each filtration model

L* K (m's) T

hydrophilic membrane
\ Mixing Condition
UF alone Rapid mixing+U¥F Sediment+UF
G=150 sec ' 0.085 0.020 0.019
=350 sec ' 0.085 0.021 0.019
Ki (m")
hydrophilic membrane
Mixing Condition
UF alone Rapid mixing+UF Sediment+UF
G=150 sec ' 0.54 0.103 0.113
(=350 sec ' 0.54 0.104 0.115
K. (min/m")
hydrophilic membrane
Mixing Condition
UF alone Rapid mixing~UF Sediment+UTF
G=150 sec ' 0.193 0.027 0.031
L (=550 sec ' 0.193 0.028 0.031 J
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Fig. 44.1 Comparison of UF membrane flux after coagulation
pretreatment by each coagulant (MWCO: 30K, Dose:
(0.05mM).
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Fraction of initial flux

Fig.

Fraction of initial flux
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451 Changes in flux of UF membrane for subsurface water

after coagulation pretreatment (MWCO: 100kDa, Dose:
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452 Changes in flux of UF membrane for subsurface water
after coagulation pretreatment (MWCO: 30kDa, Dose:
0.05mM as Ab.
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Fig. 45.3 Changes in flux of UF membrane for subsurface water
after coagulation pretreatment (Dose: 0.05mM).
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Fig. 454 Changes in resistance of UF membrane for
subsurface water after coagulation pretreatment.
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Fig. 455 Effect of the coagulation preatment conditions

on the removal of DOC and UV (MWCO:
30K, Dose: 0.0omM).
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Table 4.2 Changes in coliform and turbidity after each process

kA Al T MPN/100mL Turbidity (NTU)
Raw water 5-3-1 110 3.62
Rapid mixing+UF
0-0-0 (-) < 0.1
(100kDa)
Slow mixing+UF
0-0-0 () < 0.1
(100kDa)
Rapid mixing+UF
0-0-0 (-) < 0.1
(30kDa)
Slow mixing+UF
‘ 0-0-0 (-) < 0.1
(30kDa)
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