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Removal of organic matter by a PAC adsorption - UF
membrane filtration process for water treatment

Kyong-Jae Lee

Department of Environmental Engineering, Graduate School,
Pukyong National University

Abstract

Natural organic mattef(NOM) which occurs ubiquitously in surface waters consists of
humtc (1.e., humic and fulvic acids) and nonhumic components. NOM in general as well
as certain constituents is problematic in water treatment. The fractionation of NOM
through water treatment processes can provide insight into treatment process selection and
applicability. Recently, in water treatment industry, problematic NOM fractions can be
targeted for removal or transformation.

Membrane technologies have recently been extensively investigated as a water treatment
process. In addition to removing virtually all particles lager than the nominal pore size,
some membrane processes (e.g., Nanofiltration and Reverse osmosis) reject significant
amounts of soluble species and are therefore prospective technologies for removing NOM.

However, these membranes are also easily foulded by NOM than other membranes
(Ultrafiltration and Microfiltration). The concentration and type of NOM presented in a
raw water will influence the characteristics of the water for a particular membrane.
Therefore, the goal of pretreatment is to decrease the amount of irreversible fouling and
increase the permeate flux.

The goals of this study were to evaluate the following factors the UF performance: (1)

-y -



effect of composition on organic matter, (2) as the indices of the perfomance, mixing
intensity, PAC dose, PAC contact time, (3} combined UF-PAC system, Thus, the role of

PAC in UF application in terms of permeate quality and flux can be defined.

Based on the results of this research, the following conclusions are summarized:

In adsorption of PAC test, the adsorption of small molecular weight organic matter
{(hydrophilic) has high removal efficiency. There was the large range of mixing intensity
on composite PAC. And the mixing intensity of 100 rpm(G=150sec’) was determined as
the optimum value. As increase in PAC dose adsorption, the removal efficiency of DOC
was increased. However permeate flux was declined with PAC dose in excess of 100mg/L.

The decline of membrane permeate flux was not effected on particle matter existence of
raw water (as low turbidity).

For determining cause permeate flux decline to dissolved organic matter, the results of
fraction of organic matter showed that membrane fouling increased in hydrophobic
substance more than hydrophilic acid.

The primary foulant of UF membrane is hydrophobic substance, so it can easily be
removed by coagulation.

Consequently, PAC-UF hybrid process improved not only removal efficiency of
hydrophilic substance (low molecular weight organic matter} but alsc DBPs (disinfect

by-products) precursors. Membrane permeate flux, however, not be improved in the

PAC-UF process.
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a ek #Fte] 84 humic substance® 53 ZE pH Z7olA a4 <l fulvic

acidel pH 2¢)18bol A &LA19) humic acid 2822 5849 humine® ydt}. Fulvic

acidiz AGd Fold §ARM E2Ashe, 1 FAER dEREe el o

[iad
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Aol et (Leenheer ef a/, 1989), 22 A& fulvic acidell sl {2550 (Wilson,
1959), fulvic acidi= humic substance? 7Pg T84 Aduwoj i gt Ad g Fof
Al humic acid Bt} ¥ H2 5552 FA80h Fulvic acide diy¥-2] 24 FolA
£ 2% humic substance®| 90%E 2A3aL U™ A] 10%:= humic acid 22 FA = o] 9}

t} (Malcolm, 1985).

Table 2.1 Humic substances classification based on solubility (Swift, 1983)

Current designation -}~ = © .~ - . Solubility Characteristics

Humic acid Soluble in alkali, precipitated by acid

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

electrolyte
Gray humic acid Coagulated in the presence of electrolyte
Falvic acid Soluble in alkali, not precipitated by acid
Hymatomelanic acid Soluble in alkali, precipitated by acid, soluble in alcohol
Humin Insoluble in alkali
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Fig. 2.1. Structure of humic acid.
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Fig. 2.2, Structure of fulvic acid.
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NOMe] s AQ Adslde] AuWE Aedy. @e Bapgde] st Axvs 5
s Al AeEan Al gAL A0 ela] FANET] 47] wiide] BEE hsAdel 34
Fou] tapgke] - AA-EE vheEsl RSl o&] AR vlelM w4
o Rk shehE e {JEBHE]H, ThEae] St g o= vt (Manem, 1988). -
cles, e FabEe] DOC FEg vl wel Absls NOMel ifside] w2 4%

of iy

gt
i
er
‘Ln

r“o

1

NOMel gt A SRl af, AT Axe Lk ARAEC] AP
AT AL :”1’"-4‘1"3& A= Fof shipelrt. A W E ARy HEel
¢t (conjugated double bond)7TxE 7Hw F71StEES 7#peld (UV)HE F56he

i

A A8 b ok wpebA] 254 nme] spAe) A @] UV-E35i1: humic substancess
st =eo] DOCHFA Al Abgatzie] JatAo]ar hebgh S olrt, UVER L v
(specific UV absorbance, SUVA)YL: UVERS (m ')/mg DOCE JEh &= gtoz A &
gl 5ANE 2 AAREE el G838 AR AREE L lY Table 2.29]
apize] vhebyk nEe} o] hydrophobic acid (53] humic and fulvic acids) Adl A2
BOE SUVAEES 2o

‘ 4
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Table 2.2 Characteristics of NOM from Forge pond (Reckhow er al., 1992}

. Charge** O
Fraction % of DOC* AMW# SUVA({ m /mg C)
(1 eq/ mgC)
Hydrophobic
Humic Acid 7 70 5-10 6-6.5
Fulvic Acid 38 30 10-15 4-4.5
Weak 4 65 5 3.5
Bases 1.5 ND - <l
Neutrals 8 35 - <l
Hydrophilic
Acids 8 40 45 ]
Bases 3 60 - 3
Neutrals 22 40 - 3.5-4

* Tnitial DOC of 6.6mg/L
# Apparent Molecular Weight as % of DOC

** Negative charge density at pH 8

SUVAGEel 4% Fate) suvagrel wistel wbe friede] A 54& dat

(o] ¥ stoich

SUVA: 4~5 m'/mg DOC

SEr DOCAE S F257 humic &% oFeiy ov Addoer 4g-yd "haEs

SR Rapgk ARg ge] gt vk DOCER7E S Al ARde] & g

vz, S ol elsk Docel Al 7E golattt.

'SUVA: <3 m'/mg DOC

FE DOCA 2 T2 nonhumic 2EE ook lon, Fuxer 244, H
Wk B An ARl dES Wol dRdlz vk DOCE X7 SRAl ARG
s dake How g olsk DOCe] AlA7F ek,

-11-



NOME| el A= SUVALEE 1,000 daltonolate] §71% dheko) wiu)ulish
v S, NOMe| Hphzparel 7ol ojel SUVAZLe] %ﬂ?ﬁ» SUVAgLo] A2
NOMS Atdls oz ARsade] 239k DOCAI A7 8olshr}, & Balegfo] I gl gHE o

-

Al Eabeke]l e ghghEe] Anuhs Eel o A ﬂ‘::}:ﬂ/l wf F-off AWl A o]
golshul. 1 ol 2A NOMS e&Ae}sd e g Ade e dRos, ug
Ak AR ARAtgor EkEle] SUVAgte]l Ao Yol e whe} AR
sl o] F7hgtct

ol dEl NOMe AeAl Anii: SUVAHT 1,000 daltono] A&l #71% Fdol db

Hldlshi=dl =5, NOMe| At tagdo] Fohshel mel SUVAgEe]l F7hghtt. SUVA#Lo]
Ao NOMS Abrfal o7 ARa] Aol 2)g DOCAI A7 Folste), =, Walgke] & 8l
el Al ok wapgo] &2 3RglEol ﬂﬂE?—‘% Fféﬁ o] fJA deEEr] el AE
sigol golstrt 1 oM NOME eF3e 3 A a5 4

VoAb AEE Al e dals)e] SUV \?Jc I diales yopx]a J1of )

i
o
ro

W o
Aed Al
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2.2 9 8g 349 e

Faejell A 9tel9-5 d(pressure—driven) UHie] FAE QoA nAE F 2] 9]
bgel o) LAl vhekdk Z A4S A AskH AR E: 2] vlERM v]Ee] sA
Hjgte] PR B (scale up)?t Golaty) HHE Fgatel 3 7Featar Abs
g W A ¥ emw fdo] Y File]l slerw b A Az Aol dis)
ApoEe the My ViR el s A, FAngos Qs frukd tiA
FAE vlEe) Hdvh dnbH o o] Abefel AlpfkRiel ukdh of o zhA| 9] vy
of ol &= glizdl olel¥ BRE L9ES sk ol Had olvAlet s
AelaEel el whab vhipolleh A Ayl Aol upeh AR vhe

o] oJodol Azk7) ] AExw glon] £ WAl mechanism #8%F (operated
pressure), ®Hel EZ (pore size), F-HF-A (MWCOY| wiat ¥ F/E ¢ ). A+
ey Aol ARg-% = Byvhe A8l ZxpEko) ubd}l g 45 (Reverse Osmosis, RO),
Lb'eof 3} (Nanofittration, NF), $kelolal (Ultrafiltration, UF), Ao} (Microfiltration.
ME) S0 b 4 gl

mi
Fz
=
r N

Table 2.3 2h3g] &9 5937 2 mechanism, 2] poresds 88k e
A9l = MESF UFSE A4S mechanismisicve mechanism)ol &8, A7) A H(ED) &
ol aurghell olal) AAH7F HelFHE o 4 glon vRo] pore sive’} WAETSE FLES

oA #HE 4 g

Table 2.3 Technically relevant main membrane operation

Membrane Operating Mechanism Membrane
operation pressure (bar) of separation structure
. . pressure )
Microfiltration Sieve Macropores
(0.1-2.0)
. pressure .
Ultrafiltraion Sieve Mesopores
(1.0-5.0)
) pressure Sieve+diffusion .
Nanofiltration . . Micropores
{5.0-20) +size exculsion
) pressure Diffusion Dense
Reverse osmosis ) . i
(10-100) +size exculsion {Macromolecular chains)

_13_



22.1 el £5

1) A=Y S} (Microfiltration, MF)

A eto] 7 Microfiltration: MF)Y 2 0.1mo A 1.0me] Z17)19 HHug 8-S Lo
AoAA S AEE T, 45 Ak A Fo] 0.01molstol V] wWlEd RE AR
| A= o] Folx] 4 =k AWl Cryptosporidium®)vt Giardiaeh #Zol A 7|7k 2
W oL A A o fFode)n Fa Lyl ol S «AE Esle] g©u
s dent WelA vAdE e 295 S AAY Aotk AA HAUE
o

- A A (sieving)oll 28te] dlBE-9] qlapak B Aol Al AR

2) 39} o] I (Ultrafiltration, UF)

FATHUR)IE drdd FollA Ewe] At uldEe] AAE T3 HHoR
gt elnbd o 2 10,000 ~ 100,000dalton?d 2] Fr7)Eof thgh B3 Eapak(molecular
weight cutoll, MWCO S 7 22 o] 2o} ik

wgoluh wtelef A wEl ool 7 RE FF IR

Fmelnd giabEel wg A A A= shssht FAHEO S 2

o Evheh # el ol &84 Bdue AU A AA A mshh UF

¥ 107~ 10 mel 27 WS Al 24 AASheH olg s 1 glou gt
Q

ul A7 42 A A e olg e Wy EFE Fhx i)

3) Y=o} (Nanofiltration, NF), 94+ (Reverse Osmosis, RO)

ool (NF)sr gubgos gdo] AAdeut vzt F2 4% fAsh o
A AR R B2 SEE (5~ 20bar)olM A E delefatrn W Ye LA
d AR R W2 ol wiAlg S el FE T, vty 4, 49k 59 ol
o] (multivalent jon)e|t} Ax3-4He A A5 (disinfection by —products) @] &
o vl frlee]l AAE feke] asky ggeln. sl sN-E] dE Askol o
L5 ALY B F)1EE (SOCs: synthetic organic compounds)@] Al A 50| vf$ Holu}
o A mechanismS A7) 2 (Sieving), 24H(diffusion), WA (size exclusion)ol] ¢}l o]
ol g A -‘Frifl?l Jo] 5t A7 E ek NFi= 10 9 me] 9474 ‘”H‘J‘ I BEHE
AASH=H ol gE o, RO oA 10 melslel 44 He g 710 BdE
A7 5 Aok

Gapreldt (RO &4el Sl Eaha7la AR AZe] Sdot Fe wAsE

"U_,
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i
Fial
iz
i
2
a3
i)
1o
L
oo
Ol
el
g
A
L
ol
o
Al
~
>
=2
ol
ok,
o
o
o
[s3

2+ o 10 ~ 100barolth. 2

ol Bl Eae w2 REd el Sl dduv 2FS S8 potential®l
olel ola] AFLEZoA mipLFoFol Ho| File] FHaule] e o] = sl
WEgtol #ad

R e Ee] gl A gk B8 4xetr] fJEAE ould AR R U
AU ARk g eme) ol Zl'%ﬁﬂt# shar ol el AAAE 97) el

Vo Aojm AHESEel 2w ofdke]l HvIE 7hAeb Strh dwbAoe s gl EHE}O%
50~80bard =e| grell A EFHL ofuw] 95~99% Hiiel Aol AA
(Mallevialle er al, 1896).

o] Abel ubR o) gAel EAS Awwm ROV NF: £34 71249 A7 7}
watel sl 2 4o %—’F?}OI] Ug) o) 853 9on Asuae RS olE
itk FAe UFl 29 axdel $48& AAs 49 oy Fuie)a] ROV NFe
Wa A Al v o R Bt uAEWT ofulel £ fKr)E e Az golstrt
oL A glvh Figs 200 32 MWCOe) aidels 2hah=pel A4 4dn 2he] Fipel] wE

AARR o] sl Al b 9,

poemaTNG w % 0 s
'y
MOLECULAR
RANGE, Daltons® 200 1,000 100,000
- 1 1 1 1 T T
pm 0.001 0.01 0.1 1.0 10 100 1,000
RELA VIRUSES
SI1ZE Agt&m_?sus S e BACTERA -
OF —~— _ ALGAE
VARJOUS HUMIC ACIDS o CYSTS S-A—ND
MATERIALS - | -~ —j- -
N o ST
CLAYS
WATER L
@ SBESTOS FIBERS -
REVERSE
SEPARATION OSMOS [ racorLTRATION |
PROCESSES FILTRATIGH l CONVENTIOGNAL FILTRATION
|0me,mnonl ] PROCBSS‘ES l

Fig. 2.3, Schematic comparison of selected process.
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Table 2.4+ Reverse osmosis (R(), Nanofiltration (NF), Electrodialysis reversal (EDR),
Ultrafiltration (UF), Microfiltration (MF)2| oAl 71+ =+ Ba FH e v[Edel 54

S ovhEbiE gl Hles FESlA sl Sl 7S BERA Hddnle

= 2l
(pathogen), 7] 4% (organic solutes), 57]% (inorganic solutes) 2 7teFs] 315
FE ARRE F 8EH 1¥®E (ThS), F4%, do&y o2 7] 29854
N} §718 AREE ANPAE (DBPs) AEE g f71EE (SOCsH)=
Lol wERQITE A RhbEe] A9 NFRF ROE Fste] AlA & & = MFeh
UFe] 749 waabgdur s AL 8o s A5 AES A + Aot (Hung et al,
1988). 24 M mechanism2 size exclusion (sieving), diffusioni} charge repulsion®
A7EA 2 1A Bk zelan UFek MFE MWCO7F 383 2lsirhd, S84 3

A 7
o YT W APTR REES AAR 5 Qem eu vgE vy w98

4% A ol Hol & 4 Yk
%o MES} UFE 4 +42 4854 9 A8¢0 ddd 24t §A48 5
Aol g,

Table 2.4 Characteristics of Membrane operation (Taylor er al., 1989)

Process Mechanism Exclusion Regulated solutes rejected by process
Pathogens Organics [nerganics

EDR C 0.0001m None None Most

RO S5.D 0.0001xm C.Bv DBPPs, SOCs Most

NF S.D 0.001m C.B.V DBPPs, SOCs Some

UF S 0.001 2m C,BV None None

MF S 0.01m C.B None Non

Mechanism: C=chage, S=size exclusion, D=diffusion
Pathogens: C=cysts, B=bacteria, V=viruses

Organics: DBPPs=disinfection by-product precursors, SOCs=S8ynthetic Organic Compounds
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2.2.2 o] A3 w2 E e
1) e} AR atg E4
3

sl e

o] £t} om%!,eﬂolfa FTelaEa e B4 SR Az feolnd S

S wde] el EAlS: A9 #B20 s g8 5N Feu ooz

o = - 1= - - L8
sle EelsEelu HalelHl s Fa e Ade]l asa o) sl phedie] @ 9

ofupiz 5ol alrt

vhel el wpE SAE duwnd vhgat 3

(1) Polysulphone(PS)
b oA on AT stel AREA pH 11374 Be Mol A Abgol b5
g w& oA yEdo] st gt Alsbalel digk A dde] et 1~20nm

1o oglel #2e D e dAl AgetEa P B RA4Y Y

21i= 1,000~ 500,0002] #3LE 7p« i Q)

(27 Polyamide(PA)
o] A Aol BEAL AgA BAS zhy glon §Y]E A whAlFo] Hojuhr) It

3 kol @17] telel dig

o
2
o
o
L
o2
olr
i
=
bty
i
2
=]
s
ol
-
oo
i
2
o,
i
o
=
=
=

ated flux Aabgel keon ye &5 W gwe] vHeatu)

(3) Cellulose acetate(CA)

AREH 7L sk g el SAE AYal ol ¢ A (chlorine)dll tH3E AgH o] gle

up, iwe] go) o vjnigo) ie|ul 24 pHiT 4~72] B E Agkse] slem 1
gl AR FolA i oF Hu, HA Ll 4skelol Uk

FUTEA DT A8 M g 0 Aey e Aol gHe
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Adar olev], kel fuxdibas
2MPa fioln] of 140°C Aol meelMle Aol dstv] i pHE oAl 4o

75 stk

eb obelol] dl@ @AMSIE

Kim & (1996)8] @ 7ol4s whe] 4@ael 5o ueh AAsng s 2ol
Hao] shepd Al sivl A4a Ao vl wiale] a4A Azel vy AATR

1
urh e BA ACE 54E Ha e olde 3 54wl v %

flux #4a7b 254 Ade] dela o =2 ebdoha sk ol AgA el
whol whulzlsl 4o w¥A Ealel vld SAFAHCl $5a) witeln dwAom

A AE shel A9 AlA dabE el vel EHelA FE AANE ww afA

1l (o)
Alde] whellAliz whe) wwiap Feell M F Aol ool kY] wlile] Mg Fet 3R
ol Mz e el sho] v prai AA iR e] Al aadet v
o] -4 2 veh} gt

r
L
.q
)
rE
adrt
i
e
ui
i/
-14.
\:I
Iy
i)
LU
=
=
it
X
y
il
=
X
O
il
2
i
)
gl
-~
e
o
S
rr
lol
o
Ol
o
A
<
o
I

oS Hash @ foglolok Pk wak fAlel Bl e hHEds st
AR BE U S 58S Asle] $ANE AAE FHYSE FA4

“a o] AbE5= SEe @Eli= A4 HPY (Plate and Frame),
& (Tubular), =2AF (Hollow—fiber), -22] 31 YA 3 (Spiral Wound) 528 Ux

ol AEE g Gaeg hage] F pgel FE ATl o] 2

(1) ¥3 (Tubular)e} 3348 (Hollow—fiber)
o} Buo] th2 v WA (surface area/volume ratio)e] 2L, frd Y-alio] W&
ul i ®E AREre] A vjgo] Weo] Har vl Raef T3l WMEVE @R HE B o
el "lsha Vi B sk Bl 7id
ol

PA

|
Goglom Al de] Selshm ohglel g Aol glol oleld wEe HEY &

-18_



(2) v}48 (Spiral wound)
o] gl 54 Maprt 47 Sk AdiHog A Lte] vlhde) %]C‘lur%
cho] 9lvl, dubalel 5.9 F7F (feed spacer)2- 0.25~0.50 mol®, §¢5=2] e

1 NTU e]stofojof zle) 7hgsint

(3) H84 (Plate and Frame)
FRIL e oF 100004 400m/mAdelo], dutAg o felae] 9bw o]

5~20 bar® A &xlo] Ut}

=
111 Q

2.2.3 UF<t MF =23 9429 &4
1) UFer & MFY 33 99

o] uhe Aol A & dEtE H s Tyolm RS Alolstr] el Sxlst
S AV glen vhel gete) Az gage) whet Aate] Fvkstme ylE ol

o Aazk Rasklv. ole gt LAl s|AE el x| Aol wEte] ke RWT S

7} -
A vl Atze] vke xadkgto 7 s Ad 4 9)AvH(Noble and Stern, 1995). FEFF
ube] Fea B4 daint MFel A dlAlgxE v 9o Hakse] AA=
AHEFNA o] B vlM Tl A A HTE FAEE GoEeE AHIS s

w2 sk oeke drh UFSE w7 deba el of ihals} afo] b glon
ofelgh W lem™d FuiANe] sFE /AL Gk

el gE BeE 3 A% arE nEgesy pdd MWCO (Molecular
Weight Cutoff)& A UFera €& 4770 $loh MWCOS] i &8 soigls 3
o) EAZel 54 MWCO oldel wtelq wjals = Aow 54 4% &=
of ol wepy §34 frlE ol walsa gelsh AL folEEe Fadnh
MWCO®} shastabe] FhAle vhe Ao fhetab) Alibal 42w sl

d=0.09(MW)"* @b

o] 714, d = =12 A7 (nm)
MW = F3=(Dalions)

ghed gl

!

Uk A gdA Bleo] A rldse] AAE 59 53

<
MWCO 10,000~100,000 daltond 2] f7]&el that AAS FHHor sy o] o]
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SRR AT Bobsatar Fig 2400 ek vhsh 7ol srabEdelnt up
T = Q

olef s, WH ok R el nAE, F/9U% el A} st

Suspended
particles
Macro-
molecules
UF ‘g
Dissociated acids
Dirralent salts
NF Sugars
Undissociated acids
‘«L, Monowvalent salts
RO =

&
"i Viater

}“’2’6 o

Fig. 2.4. Species excluded by membranes.

2) UFt 2 MF 349 &4

UF 2 MFZ-ge] &4 =LA %83 (dead—-end flow) @t A3 (cross—flow)2] 27}
A e viyle]l H G Sk Figo 2,50 2HE g A s Zh2E el
weld s fAe wgel el Byl pReR siu o] gulelAd BE ¢l
wol AA ol FHRo] dejuhd F} o] B A A AR FHAE QAHEL AlThe] A
oA W2} cakeT S FASHA HH b iAES WAE cakeFolA AAFTIE gL

DR ?HC':ET ’Zéoﬂﬂ“ s o A el §AHE A" pogloh &gk el A
AN E GH 5 olste] oA e F7RAFAL vl A Eg shEe] dAMsHA A2
A T flux #AAE ek =1, T fluxk s A FEE A AEshE
of F7lekAl Hrh 1 AdzaA w3y Hez FHT A el dAE

A A 9halAl FrlF o ¢ FAA AL st thgo] v} olv]g FAS 3

wabsl el Ak et aeksRlidl AlaE e85 Felis vele Folsh ve)
fAel Ee vel mRle]l FEo2 BERA fAl Aol vhe Fxsl Wl
Sk shel wAA FAZE BE W AW FED AASRRE e dgo 4A%
#AEe el mweld B2d b HrE QurHew ge cakedol FYHA

Ak o]eieh Hatd el wol oFle] AAHY EAo] HEW ure) HAAA EI1
T snEiol A o #Hole] waE Fx4g £ 2} (Noble and Stern, 1995).
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Raw water

Raw water Raw water

<Cross-flow filtration>

Fig. 2.5. Individual fiber filter flow pattern of dead-end flow and cross-flow

filtration.
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2.2.4 2 FAA flux o] &
D 5 fluxs} =48

Anbriel MFLE Ursh &2 st ohe] FeolA izbse] B ute] g5
) £ A9ois WS Bl fluxyt Darcy's lawodl o8] the3) b2 sEo] Al
(2—2)7% el 9 gl

]___AD_
a /1( Rm+Rc) (2-2)

o714, 7 = %3 flux
ap = T FIAL bR ARSI D) (N/m)

p= o A5 (Ns/m)

Pz §Ae] mheA, BEw 9 Foheke] HA¥W T 2 whe]
& a7 sle] vhe Eabehs Fab fluxh gaskal gk Agte] el ubet

Al
b flux s @AA s 2 BrAe] 582 Aad "1k 59 fluxst 358

A szl Aty o g Az (gel laver)? 4 AF (boundary layer)®] 2|5 284
2 abol| Al by, AZoA] fae] whvt IS5 whadeA g2 A= AT

| dofuiAl det geldo]
5:‘7}’ %‘O}x][\]‘l UH‘?‘ Lﬁicr %LQ;}OHHE Er“_'} flux 71%?? ‘;'1L ] ]%E]L Olé;]roﬂ Nk
WA kit qbelo] Fkehd geld & tlST FALAD Unis obs) Hizd o

o) F/hEM 2] fluxt E/bsheh Al7ke] Avbel whel Fal fluxiz vhAl 7has

s A3k U mobx Al slizdl o= Q8 Wt mrego

te w

—

olifat T3} fluxdAE d|Ael7] et 7)ZzolRon AEUTHE (Osmotic pressure

maodel), w2 d (Boundary layer resistance mode!), ARt dl (gel polarization

model) Fo] AAIETZ Qizrh ol Ee] zte] A4S e o g

Osmotic pressure model

wol uxE A7 FRRE Akl vhel olsiel A" §ad e



gz g mide] 42 FYEnEtl Ao s oy s heu wel Aol

RIS L —i;—x:mr}. ob ftdel] % e Go) RahEe daasy ole

W oolalal AL viel AAwlA Wl 2 Ael g7E ddlwn v she] vk
M9 ke gaalvle ATedel muy Tab Eele b A0 EFeadl Jud
g S E SRR detel g 4 (-3 gol 4% &

= (ap— 0,010

T 4R, (2-3)

o714, g, @ AT

AT 0 AR [N/l

Boundary layer resistance model
ol 4 wjAE S vl mulel FHEL Alzko] Aol wel FHH g4 ¥
B b es g7bebl Av hRwed] 442 HHe §94 bulk £¥eF
ghrbop dojubit AAFE Ajfbe] Ayt whel kA G AelE o] k. we] ¥
] e ]

WoAel PAE wrwe ¥k AAF

Ei2 vke] g A bulk
2ol fluxell eolale} S o]54 ¥}, ®

SEOETTE s o 518 Ao

ofo
13
-
3
2
1o
18
ok

FFL

{boundary laver resistance modelye]at s} 1
FEAAF FACM GF BulkEel $AFE, Cud THEVOM §A9 ¥R
thdch RS mhabalol iAol R, AATAGoR Hddch

Gel polarization model

AR-r Bl (gel polarization model)= AAlFolZe A Ams AAS eyt of
FARsheh AR 2l URellA] Fiewtsoel 54
el i g 2 gdsE Coll o] A #
B,oole) vhEsteko] @Al b Aol mdebA ks JHeltt &, Fig. 2.6
CoxZrt Ay Ceoll ol & =i RN J.5= g Fabed 1.7 o o] AFE
Fig. 2,790 230 wgl malwef vpepyl vpel gho] whial fluxell Al 74 432 R,

©OARSH W RA: AT Aoz iy
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Ch
» Feed stream
Bulk flow

Boundary layer

M embrane

v Cp hd

Fig. 2.6. Schematic representation of boundary layer resistance model

(Merten, ef al., 1964).

x Ch
. Feed stream
Bulk flow
13
Boundary layer
. Ay
s,
. Ie
Rg -"\\ 0 Cg=Cm
Gellayer
AP Membrane
Rm e
I'/.’
*—F

Fig. 2.7. Schematic representation of gel polarization model(Denisov, 1994).
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ol el 4] Q5iak wpsp o] UFTel oAl Fab flux At A olEomi

gl N AAZAY weln AR ww, v ARte naY o

A

Sobuwl Sof olvh T flux Al VRRWI FFlAl wERiIs WA, Aol

THRE S - e ©
A cakeF2 Ao 2lste] Al dubdo g wAlSHE luxd A HAE Fig

2.8 Yep ek Howell and Velicangil (1980) = UFAelA 271 flux o 7

Qolub iAol whuld Fabel Aol elgh gleln 7] flux Pz wlg- whe

A oolgolA AlSHow vl Fy

stel fluxgh = AlSEvha Boashgiv,

Fane (1983)2 39AL "toe @4bo] wrasivhu AGksiglon] A WA Al 2

o2y vhejalole] 9 ke odo] ubala AL}l ko) elo o)l wRAIFTE S oW
] o

A F7] HE Apelo] wbgstm o] WAl AAlF

=
1o
pal
i}
1L
2
X
o
)
jas)
==
b

W=l & atke] 9 F monolayer?] FEAlo] ¢

A OGHAlL: s EREFe
Gelel ofghod o] H¥t fluxsl 2k pEAT wbAtel A= Mhe gl o)sted vt g aE
(o]

& neolm ALk B flux TAE Be dabso] BAlof #g5ke] whAlsHA ¥ A

E\J Jv)-
{
It
1
i
of
O
-
1
—
o]

vk et flux Aol FutAY] of g El o] Foiin). A A o
AeNA]l fluxe] F2% gl =er2g #@aog osk zlolrl =1 fo] WAls=
flux gHhv dabEe] AAd ostd 25 sy ozt ¢ixtel HALE 2V
monolayer Fzbejur] HWE S A5 o] F Zoju}, npxvl vhAl flux FHafo] Hd
8] dojrfir AR A FAIRA laEe dilolvt vtedd Feo ;A witel deolyt

T}

pure water flux

Stage 1- Flux loss due to concentration polarisation

J (flux)

\ Stage 2-Flux loss due to protein deposition

Stage 3-Flux loss due to particle depasition or
consclidation of the fouling material

60 120 180 240 300
Time (min)

Fig. 2.8. Various stages of flux decline (Fane, 1983).
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2) veiz} wjzh
UFZAeIA el Fab fluxic @ R350 vel maAsel ol@ Felsty 2] o
spof Alojslol rkn A gov] Aol 4 (z-4)uo] Hrkx 49l F7h

g]o} Mo}z 2t it} (Fane, 1984).

Lp
=ul R,+3R] (2—4)

/1

AN, Rz AR bR adselAE g AF¥ger g AT 3o AT

Miz Riz wERSs, 4394, 34, 359 adw aAselAdm: 4sta 3
g% g9 yas

Uh (Zeman, 1983). ey} o|g A H7ls A8 pE =] +£F,
g B, Al AankSe osiod Axr)e] Hu) ol HAAEL fluxHa
b A AabAQl AlzElol A g xloikfiz 47FR| o] E A el kinetic R Elof o]3}

of Aixe]d = glom 47hx o249l kinetic B2 Muiny Thgu o)

Complete blocking model &=t2| =179} a3t =719 YAEe) o)A FiEskA A
ezt shue] §iabrp Tt webebe] vpE kel A gle] TFE ulolyE=

Intermediate blocking models- “FAZF & 2o 2ldle] vrepdth, Fobol] gl rfs
el why #@Ae fslu] xS olu] PHE IASe g2 A4} thA] #

sle] TEL welnel Ao},

Standard blocking modelZ F=7°0] ARG} #2- glAE o] gh=ke] Yol Faly|o| Hat

MO $iF AFe] el Fori dalel),

Cake filtration models- &= 7100 & A=l date] 2o HH YA o

1 XA g o] cakeFol 5“*&]0‘] Foe W len AdHow Fa5 9
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2.25 % ¥

A TAH

oZi

el B 1wl SEo] ofF folvpxnk ol Algket Al & A upel
foulinge] WA 4= di=df o]elg vH9] foulings: Wi 7142 F2¢ flle g WA
= Fio) A vEo 9 (collnidal), 2AIY Y (scale), M AE 7o A (biological), -F7]A
e A(chemical) ©] k. =] fouling2 e "] FFl Qo) s Al zbek
wAE ol o oglowm fEE Rl AARS vEa, FAUdES Fo duyA
ARE D4 grEch SEA R foulings Azl gpstAlel Jup, AAzAde] $HS F
st asdo Aojst 4 Qlrh Colloidol 2lgh fouling g o Aagle] =
I s B e B ) A ‘ﬂx} R R s I R I B AR e o B e e

olele YARALE P&, Belsh Fokd FEFNRTN fo4 PRE ol Qe

o
ol dAbwm A G vharA el o] A GE ] AAE ARgEe aEeR A

o] & 4= 9t} w3t gealeel 28k foulinge £ QE Fgro] wEA A zshe] v A

st Ao, oleld Weje] wawe 7bdE S p7leA washi: sAlge] WA
Ml Eah soele AmA o s whAeR o Geke] Shabay wHEAEE 24, AE

SRS VIS o BT SR ALY A i Beg ARl o)
el Atabslo] o) @t vhige] Aol WA ~Ade Be) pHE Wil
T ohel WA EA AAY wAAE Rell BaRae dse] akdon A

ofgh 4 At

calar AR o3k uteode MlEstd o o] 9= Y4} H2 odgR

o]

Ah7E AAF AlzdlofA] Wil vAE vie g vixe] A]sHel] o] shAR
Adarg vl vigpdHel nl A Ee] S4% el wel Sepd2 #@dste] vho] e o)
SEE doyli=d vhelglole} HAH Zepde AW fo] AAT SE vlA
Ao izt abEE e AAAE HAAgA FAAdE Q) mAE e e dae) "t
e 24 o], WA gzlen aelg 4 ok

Ford vieglel A Qo ekE S wldy fo)hrwe] whapyel] FabmlA
U 56 Q4o Tad e 245 woee WS, £2okul (polyamide) A1)
2bof FEREl Seole AU, Ez|o}ZHlol: fouling WA A FH4 SO 1tH
PG S HA Gl AR AANLL dE & ootk 54 e e

A 7kAleE vhel AH AR AR S Feled avtHor Aejd 5 qlrk
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2.3.1 24Edde] &2 #H 3 (Adsorption Equilibrium)

g4 oo g BRI} ) Alolel BAZ Ede] tgel Me AL Baol

A+ B AB
A 9 EFE w3
B & a4

- [e) [e] [s s} -

% Sl el e e e el 9aFasl wie s ofEd
- oEaEde @aoln wAle] weelA WA Wtk oA mAe WA
S EAE A wgekel By A ob spasbolt gozyy v

i) Babag arAl mwle] Hol Ho) wAlshA Hid 1
WAEe] i fdog vhdbel 9lis S AbEe] FRu A ) ol
£ E2adsorptionyolefal 3l gelo g tE shad £ HiE adgs FAA
(adsorbent) 2} 8™, 31ao] oldfo] FEAx} = 7} e &2 JF2HA (adsorbate) o]} -
~o},

il

dutdoz EFays @42 AA =23 &2 (physical adsorption) ¥} 3ptH FF
(chemisorption) 507 B3#F¥ 0 glon Baj# Fae Fabo] o)y w4 wFAsty

GAE A Aol B4 wgel ofelel gRAe] FRA FA
gH(binding)3k= Ao} ofvle} Vander Waals, London Dispersion Forcess

o
gloll o)&te F3to] o] Fo)x] = vFH & el k-2 (reversible reaction) o] T} sbek# & ak2



WA EFabe vrel Al Fabelelar B2 Sty gy el S E B FEw
ghet A & o] Aol Aol Summers ef 4/, 1988). Table 254 = 52|18 F2b9

shEA e Abe] HE vk alelvh

Table 2.5 Characteristics of Physical and Chemisorption

Physical adsorption Chemical adsorption
Temperature Low temperature High temperature
| Adsorbent An-selectivity Selectivity
Adsorption Heat of condensation Heat of reaction
of heat
Adsorpti S .
sorp I_On/ Reversibility Irreversible
| Desorption
Ad i
sorp.tlon Fast Slow
velocity

Agel P-iiate Ao FaAel F A Afolel At
Al & &S5 (isotherm equilibrium)o] 851 =0 %}f‘c}kz}ﬁ] Fxe gAelo) Y&
A gt ekt S Fabdlel SaAdn abe] spebq g a2,

0

A A vl FRAS Sl cldel Agsw Agelde] §A FE, LR

pll gt 20w shebAel xglne] AdHlME f 3k whisrh

ofuigl wilirel elste] gAdwiel Fabe] 5A4E ww shAdelel guAn ¥
(100~1500m/g)el &ste] Fats= A7t LLﬂ}*]”ﬁ e B L P ) e R Y
arege] =10 whel micropore, macrepore® FR-3kod AL &3T} plAl S (micropore,
2nmeo)sh) el A $- phenol, THMs® 8- Fajako] 2o o ol zlo] g 7|ef AlR o] *
& <F(macropore, 50nmo]7d) el ZA-2ell+= humic acid. fulvic acid®} 7L Expako] &

NOME S AAF ASNA AbgE BT guie] s el webd FRe 4R

7} hebalise] Sadvkel wule] dishsh AAEY d58E FHEe gaghe

w9 3 F3 ) %@011 e AT st e gAY fo
b otsE gakee hadto) gele] pHel webd TR Qe wA=d pHY}
S A9 BRE A Il BA AL st oldle §ASA
o owl Bdel el BeHel HEARA LA s MR e s FEAg
of 274 HFol Aolhr] old AgEL AFAS BAZel FAPE, B
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S EHE"%} TE A=t A Akt

[s¥]
jon
2
-]
—
=
=
=
=
jas)
2ol
o
R
o
N O

capacity) ¥} F A& 5 (

stz shiz A B AN GaAE o] dAEL, Wil ket #A4
Elol Babg)i= oF & Taks to]Eld: Z 8| "adsorption {equilibrium) isotherm”e]g}
H=u}

o V(C(}— Cc)
de ™ 1000M (2-5)

o1714 V1 AF L)
Co: NaolAe) HEAEE 275 = (myl)
Cot NEAMe) 7 g2 2o Py = (mg/l)
el A% (mg2 s S /g

=

Qe © ¥ &?
M Hrodgh #hAdele] k(g)

%”1‘34’5}3{5 st el oF M 27| E(C)E Watete] dojxlit o] HE s
I & E (qe) ol e & %"%%?Lﬁéﬁéiﬁi'_(isother model) o] o]&) LA ET} o]ejdt vl

e O]?:-Zﬂ] T ARld TREAM R A E A (single solute) ) 3 5-EH (multi
solute) o] A5 ozt ©d B2 (single solute)o]l ™3t isotherm model
Freundlich, Langmuir, BET &2 %o 2l om 48 A(multi solute)ell dlg isotherm

model extended langmuir, Ideal Adsorbed Solution Theory(IAST)YEo] vt s+ AR

-30_



of F-abol oiE vhg gheket FERRE A2 Henry's law % 48 X (linear model)

it o] g
A R
714 q = GHRRe uelA FHEY FE
C = gl Slabel N Fadel b

B4 ol8W Loldne] FAEEE EAaE AL WA AR A (lreversivle

)
model) T3 A8 2 (linear model) & o] 8-3tH Rosen, 1952; Suzuki and Kwazoe, 1974).

shAgk 1ol 7 Ao zXE FERAHEAS FAHSA mdoi= A7t denzg 912
= A8 wpelto 2 ogled 4k ek 2 Langmuir mode! (2-7)7 Freundlich model (2—-8)0]

A2 3t 9li=d) Langmuir®t Freundlich?2 &3 gk},

. _Qbc
q 1+ be (2=7)
g = K Cl-"" (2—8)

AZNAM, g = BE Gl A i Fabdde] g
C = @Fgulelal o FR49 5
A} 2

b, @ = Langmuir °

K, 1/n = Freundlich %4

Langmuir#oll Al Q3= FabAl el @bl at 3ol o] w el 3|3l Fat@adw

(O7E S7bE e whel FAR QS HAas vebdh 45 b SAteldH e ¥

~k
-

Ao FaEel A7) AR S bils @2 A0 Freundlich 2 Ao
A FRH ANt Fateuix| e i%e‘ﬂ% FHE 7kl FE AL g ojEe B

Wo7bA| Al gl o] A& A A 2 Langmuir® Bt} Freundlich?lo] & & &3t 37
7 dou) ne FakAu g zba Alole] FHabav)el wel THAWWA, 1990). <lut

=]
0.2 ngkel 0.1~0591 A% FHel 7] oy 4 2lom, ngke] 2ol4 U o x
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Freundlich2ie]l A C

} O = k=] [o]
5 B el e nyd FAAEY 5 S &1t} L9¥ Kzkol 13w gk

ol ngkel AEFE FAAE F5 ngkel g Al FAAL Kb Cel
JE WA Ru B ZHE B A Aok 2w gAY 2Rzl §
R Ao AR TAS B5RASe 457 ZAH TR s olF A4
4 gaeler yw oleld FAH FHow wadde] GadRl FRAY yEi
Gashe] meyi sEEel Bvlswel Wabs EUEe GAvedE AL e

1
transport)&5 el 9lste] Ado] szt uFaHEAe g4t AsE T4 HEHHIm
transport )3 Al M intraparticle transport) .2 F5 522 A3 EARS A gkt
(pore diffusion)®} A& FH &4 (surface diffusion) 22 g

eBe] BHTNTR FATE AP

wﬁr
I
fa

Q) Bulk solution transport
(2) External (film) resistance to transport
3 Internal (pore) transport

4 Adsorption
gy e) M bulk solution transport)< 3] & &ao] gdllo E5lo] S2H4 A}

o8 W) olFoki WAz olfd 38 FUEL GACTH HUM W =
q

Soh e FEEHG PACE B4 Tt apgeld] Fursi diageld. ot 3
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\O

AHexternal (film) resistance to transport) @82 ¥ FaE2e] SFHAS Eo{4 3 gl
BRT(FAGsEA ] ﬂfﬂ ) FAEES Fete olFsh: Al S wihA
J g Aol FAAE ol Fsh= ele] Wzt Av)=d fAe s AW EFF
9l F AL F AR O]“E}é}f Al

transport) - TPEARS F3le] FAE ARl AU EE A AFAEe] FAA e ¥
rox o] Fshis WAlEA FAHAl Y el Ferela o] FApEatel ofste] I FAE A
OoolEget AL FEA me] gt olslo] aE] A et

& A (adsorption} 372 olelg I FaAEAL] o Fol ot I FAA} FHALD

of AghElis B ow of GAelA Eel A FHE WP WA 285 v (Adamson,
1982) o8 H4e Fee] golule] eQgNe AA Heh oA nee ®
A S o) wgeld RAno el FEe sadbdelt eggdel A7

el mate] Ao A AL oy T dREe Bd 98 49

{mass transfer zone)2} 222 M (hreakthrough curve)d] 98k8 o)t}

2.3.4 PAC-UF5-2] 332 A&

Najm e/ al, (1993)2 FE@4ghe] 54 o 2= Purdgdere] 1A size®] #7100
wpeh A AstaRE e Bl st FaAEe] s 7lxn dukios PuribA o
A Ao A& ot wste] A sk L EEE e 1WA
Wl B gy edEde whaA FaAA A dvka sl

Lin et al, (1998)2 UFuHElo] g 97 glejad NOM2 AlA & ohe) MWCO
Crsldge)el mep depge] fFo12e] AMWRZR Y] Rapeb)d et wepan ui
gl o] &% A Mo membranex 2 VAR A4 L YxpdEEe] HAHdT F
Tttt 0.0Lmolgtel A7)E ZHA 9l BEA FU1EY AAT AY olFoiAL
LAl Gvtal dtginh He] BEFAbge]l & 9 AREES e ARYAE dEE
of Al A7} olFolxx ¢kg ¥k ofufi} A2 WAskS P i
AeZ A el o]ee e
SERAE ApmAe A7 wTb g Wk ofufz} who) g3 & Babebs 2
size®] WS 7R v RrlEA disk 4 SE AA SAE Rgdch w2

WRGATE ARFoRM $3 W v @R TAe AA A 2 A
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roapere) ahali o) 47k s uk olulgl 4= wizo] algk wAloAle] A A

Furgaeialg o obg el AL Fudt = o FHE I Q) ghAnt o

2 TOCAAF T9igh wdshdere] ehwlgh Ao ofeFel vt (Sontheimer,
o

1976), wok Hubsbadele vz A7 FAA T} AASE

NG v el glow] Bwkabders whRal Fae] A2 S He NOM ¥
SOCs2] &ulH Q) AAFE A Wyt olvel Felx 9 FE F9 & ¢ don
A edEdel dst Bostdet FAAAYE 55k wWEeoloh(Lebeau et al,
1998; Matsui ef a/. 2003). 2831 MF 3= UF@R o} 340 BarshAdels Apgsto
T vkl fouling% Serels BEAS 3 AAZ oA "ol B3 fluxE I AIZ
Goolom edu g AdAl = 9low 53 humic 26 vig wo FA 5L

7FR] AL kAL é}i’iq (Tomaszewska et al, 2002).

oleist sHguhel FAL AR 1@ F71we AAS @A Ul FLEH 2o
AUAY G Wl B90) WG T YYE AAA A 259 A3l 4
45 24 vtol wskel Mol foulingS Wl FUA G oadvh olRe A AR
of whol wjstel g Al Hela AARAL G el FH A 542 0
A3 gleu] olelg g S WP vhel T flux gavk A5 Alze] o)A

o]

el A vhehdel e shevh ol A el who] whwpdal e i #30)

ol 8 34”*01 $psk7l wlelw Awbzos ArA AW vhel A9 AA s

SV A A AARE U Aey A el Al vhe T F)

ool 7] Wil SH% F# A nBelA A5 D o] thh §
¢]

FEh AA O A AANE AFael vl 958 Ao veht 2tk (Kim ef

b S (1995)8] Aol vhEe s olge Frale] Alagle] HEol glojA £
ghdere] Rt fluxMskE vhdel Al BubEageie] Abg oy <lsbel el ¥ flux
Wehis rghgthel o)t wre] @& ddEte] 2oy Wi dE ek AR
Ag Rl Bl flux @l 7&.’\/} 7halod ety vkl A8selE AS &

elAel AARe R E 52 T lux ANES 9% 5 Qv mustslth 2eln
Chang % (1998)9] @l o) 4 Rurareiel a5 vte] a4 54 9 ¢4
of olwh A f71% L AAstuA s B AARS] AL

PAC—UFSH ol glola] 998 F1- dases Qa3 305, ool 33 sise. 3%

7t gl wxel weh o AlAES Rde) Jere Felh
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3.1 PACY S25& 4¥

3.1.1 52&& ¥ (sotherm test)

2 olto] AREE PACE Bebd A o] ShAgEbo & T1 BAS Table 3.14} 7roni,

FEEANYL A8 AHAZ sdho] QBolA 240 o4 Ak F xETTE old

i

5
el slurry A2 stock solution(1000mg/L )2 Al Zste] A% o Alg-slelv},

Table 3.1 Characteristics of PAC

. ist .
lodine number-mg/g ;;lefel;ri(;s Ash content-% passing 200mesh

1.050 4 1.7 96.8

A EFAdE S tEhr] flske] Aol AF Al E bottleo] PACE 25, 50, 75, 100,
200, 400mg/ Lo 7}7h #Qlate] 4o AAEYTh 185 PACS] SAEAS 876
1 $3 20C &AM shakerE o] €3t 10rpmel L7 kS A#A T on, A
Bz AP R 57 A st BBk AlEe] 8412 0.45um membrane filter

E ARESEe] RS AAY £ UV 9 DOCH HA S A

3.1.2 Batch 4% 33|

oLgke] A7 Jars) 2.54% x7.6%m 1712 paddle(iwo—blade) 2 ol#le]& A} &3}
of PACS] =5 #17F 12,5, 25, 50, 75, 100, 125, 150mg/L7bA] hA| o2 9 3hA 7]
o PACS el obd 23 AulE w87 98k 100rpme] wurEwg it
dAa R 20T R d24u8 g8 & F3S 9k wnkA ke 5810
WO15%, 204, 403, 60, 904, 1204 24049 tA 0w A H YHePGow, A
F g Aliiis 0.45um membrane filterE AFE3lo] Ratabdels 443 & A|lg 8 BA

stttk Aol AH8¥l jars: Fig. 3.14 o

e
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21lcm 10cm

:
.

el 2.54cm
e
f.6cm
- — \ '
sampling

port

Fig. 3.1. Schematic diagram of jar and paddle used for the test of adsorption kinetics.
3.2 "R A

2ot AREE e milliporeAlol A Al Z g UFRHS A&l o, uke) Sy
o}
B

212 76mm, "FH A 1.54x<107°m?Q 3§ w3 9 o AL

=2, AR A= 0.1~1.5me]

SH %=1z e] FAE 50~250melth 2] 1 2] pore size¥ 100kDa 271 7pAH,
Ardat s Ade e 42 ApEsksich

ok 2 Mgl AlE-® batch type UF membrane &3+ 233 ez Fig, 2.29
o, AL Aarkag o] &Eke] lbar YA A UF cellell F4l8ksla, %
Fofluxis DA QAT AFEE AL Fapge] TG :;,233}04 A4 &

g shel Al wAlehs ZelW Ao Jae 2Alel] 9t YA Al B

= i

Fot fluxd 4§ tbar 4 st M Fabgo] 10% k] 558 o Rato] M H e}

ELI =y
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39
o
=

— Pressure UF Cell
gauge
[ T
Ry B o~
I el
N2 — — |
gas Reservoir [ 1 permeale
I T
Stirrer

Computer

[EsssEs o —— =
L} L 8
Electronic
Balance

Fig. 3.2. Schematics of batch type UF membrane filtration assembly.

3.3 959 7B £

AP E AR7IEL (NOM)SE 294 =49 humic substance ) 244 &
#%1 nonhumic substance® #-efst7] 915kl Amberlite XAD—83 XAD—4 =45
shalch 0.IN HCIL NaOH, 5% cleaning *Hg8 7170 #gldl Al4& S3AIT A
- ]
Amberlite XAD—80l F2}A]71th Amberlite XAD—8 F%]o| &alyl 542 0.1N NaOH
250mLs DAAA, 2 FF5E 0N HCI2.R2 pH 12 4H3E A7 22417 w33 &

J

) 45m membrane {ilters o 7pste] 7 A NS fulvie acids B89 1, ofpx

o

0.45 um membrane filter® oAl 3 A& pH 22 AHASEA
(o]

—
RN

FO GBS 0.1 N NaQll 250mL=2 &aA17) 4 7 8% humic acid= ¥¥atgoh

8
(Yeh er a/, 1993). 1¢]3L Amberlite XAD—4 48 3% #EFFE non—acid
hydrophilics® #7389 T, Amberlite XAD—-82F XAD—4 #4]= F3}3F G294 78 2}
o] Z hydrophilic acid® #F3FF ™ (Croue ef al, 1993). = 532 23 A 52
dmL/mino % §-# 4},

olgat e F/% WF HAE Fie 3300 0 243 HGh

v—|("
r‘,o
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Acidified to plil 2
Filtered by 0.45um membrane filter

l e [Jesorbed 250 ml, 0.1 N NaOH
XAD—-8B
Hydrophilic (a} l b Let settled for 2 hours
Adjusted to pH 1 with HC! v
} Filtered through 0.45 um membrane f{ilter
v
XAD-4  Filtrate Residue
} }
l Fulvic Acids | Dissolved in 250 mL of O.1N NaOTlt
}

Non—acid hydrophilics (b)

(a)— (b):Hydrophilic acids

Fig. 3.3. Analytical procedure for natural organic matter fractionation.

< Standard methods (APHA, AWWA, WPCF, 1998)¢] utgto

S|
o] o) ARgE= R A B 2 A BA7]715: Table 3.33F @b

{1) DOC {Dissolved Organic Carbon)

Eel EaAskis 1T weg d@stey] dsl ZgetRon, 4ad %4
T 9lskd TOC viale AFA Aﬂzl og AFE £7E AYe vE 4HE e

i~

=

Frz AdFERste] A8, BAE CeHsKOs  (anhydrous  potassium

biphthalate)® Na.COs {anhydrous sodium carbonate), NaHCO; (anhydrous sodium

pERN o Ab8ste ZhzE TCe 1Ce] A3 A4S AARAR A
gt Ay BAE 0.45um membrane filter® o wsled A A5}
T

A
Pou @A TEH A9 Wi dvle] wEeA WEF sel 4T ek A

o

Lijwrt

bicarbonate) =
[s]

Lq,w
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LR
(2) UVyss (UV 254 nm absorbance, cm™")
o) & et gt Lol =20 Al lignin, lannin, humic &3 Y2 Fefz2 A3
2 200~400 nme| A9 M dod Hd FHLEE

g% 2} 3 5 A (arematic substances), HX 3+ 3} 3E

vl olefah §7)ehaslE

el o) el Apa e

Lm
i

o

# (unsaturated aliphatic compounds), ¥32wr= 3}sbE  (saturated aliphatic

compounds) 5 EhAa et olF A ol AHE 2 U 2FE0 BE

Taeki Alell rAg, o) ef# o] wiE-e] UV-254 nm7k UV F3EAS 248
el FiEAde] BsbdEE Rl on SAded Bol of&rn vk AlnE

Tvpe A/E Glass Fiber Filter (Gelman Science) ¥ AFEde} od3tdl & 1—ecm A9 cell&

A1-g-ske] it 2654 nmell A spectrophotometer 3 ARS-3hal A &9 o)

(3) Specific UV Absorbance (SUVA: UV454/DOC ratio)

Nozpok zab ubabss A Rol} Batol = A S (conjugated double bond) 22 7F4
§ 71 a RS- Aol (UVIW S F48 AlalS 7h 3 9ok welbd 254 nmel I3
o] 4] &] UV% 4% humic substancess FHH3F A9l DOCHA 4l ALEstr)e] &

WA o) ghuigl bt ole) w2l UVE % M| (specific UV absorbance,
SUVAM: UVEHSE (m™ "Vme DOCE YeEldE gro=A] §718¢ BEAdds 2 A
EE el 83 At A 8da vk

(4) ¥§=
HACIL 2100P ¥ A2 AF838l9) 0~4000 NTUQ) siFgdoz Hede A3}
a2z siEes el F oEtnE ZAsiela vl cell Wof AE A F
elsh ¢ ETo] F ol¥ HEE FHsloloh
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Table 3.2 Analytical method and instruments

Item Unit Analytical method and instruments
Jar-test - Jar tester {Phipps & Bird, Model 7790-500)
pH - pH meter (METTLER DELTA 345)
Turbidity NTU  Turbidimeter (HACH, 2100P)
Combustion/non-dispersive infrared gas
TOC (DOC) mg/l.  analysis method
(TOC Analyzer, Model TOC-5000, SHIMADZU)
UVasy em”! UV-Spectrophotometer (UV-1201, SHIMADZU)

Particle counter

Particle sizing system (Model 770 Accusizer)
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4. A 2 .z
4,1 59 EA

2 oadgel ASH UFE YFDOR SR i B H FAAN A AFstel
AEBROm FALAE Table 419 hehin,

Table 4.1 Characteristics of raw water

ftem ' Unit | Range

Temp. T 13 ~ 22

pH - 6.8 ~ 7.4
Turbidity NTU 2~4

UVas cm’ 0.043 ~ 0.052

bOC mg/L 25 ~ 34

SUVA m”/mg/L 1.64 ~ 26
Alkalinity mg/l. as CaCO; 40 ~ 55
Hadel Age et SasE TRl 6 We s §18 $RE

veldlgl e Fig. 4.17 o] {7158 B3 d3 A4 (hydrophobic) 71 &R}
*]*’“(hvdrophlhc)"qﬁol ‘f{‘?ﬂ viebutel 45 2] NOM-2 humic substance(Z=<=4) 8}
= 9], humic substanceiz 4ol 4t
el El ) obu) s 4kt ZS nonhumic

A7} ook (Edward e al. 1995).

—-4—r

substances? ?]'F del et Sl 2lEe] =

Humic acid
15% Hy drophiic acid

48%

Fulric acid
37%

Fig. 4.1. DOC fraction of organic matter present in H reservoir water.
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]

4.2 PACY &3 E4
Ao AFEFE Y9l PAC 53 548 dolu ] flshed 52544
test) ¥ 52598 (kinetic test )2 8-S AA ST PACY F3%E A7 IEEAE %
of Tt E AT FAshz o] olyr] wiRe], F& 53 43S ¥so] Yol o
PACS §254& Hrvistoeol st}
4.2.1 PAC 5285344
Freundlich 525242 #Addte] 3350 S8 A7IE d7sbed 78 de) Al
felo]x)ar leu] th2e Hoz vpepd 9= 9ok
XN In
a.(="7") = KC, (2—10)
AN, x= F2 oy 2] FabE
m= 5#Ae
= Beel 48w
K = 527 A5
Freundlich W42 A8 2 Age] o zleolam, 4 (2-10)3 A¥o 2 vlelhy7]
13l log BElEE whEo} FE=oh ool logZ Helw A (2-11)F 99 7 Yok
logg .= logK+—L log C, (2—11)
of 71, Ko eAle) ARelar, Ine 787
K= 3571 Yelld c=1¢] = 14 K=qg7} ¥51, 2lde] 7|87 8 B8l oa
& 78 47 v

Fig. 428 959 PACY B23a4% dielrh, 9459 UVeslem ) %
s 5= 242} 0.048, 2.860) %) o Aol ALRF PACY FYske 7h7} 25

DOC{mg/1. )7
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. 100, 200, 400me/lL.o 2 &
2V Freundlich A K¢} 1/n jo

Freundlich #lolA] & K@ S5 @sh, 1/nd A RS ovlshizl kit

o] F7kelH FEw I FrholAl vl S I/ne] ghe] AMW SR EE SolEA

1 H Letterman, 1999). whepba B A5 o] Ab8 958 PACSS] EAHAL 470
E

Glow, 20T a2 x2ofA 120 A7) H2 A4S @
i 1

EAF G Ve fEduel AR AAHeE el Fas)s) i se
e Rugge s obF e AA asg Mw} Tl AR F
Qigo) vistel f/1ES FH AA: FEA FSE D 5 Ak

100

qe = 0.0374C, 41

10 A

Amount adsorbated {(q, ), (mg/g)

1 T
0.1 1 10

Equilibrium concentration (C ), (mg/L)

Fig. 4.2. Adsorption isotherm of raw water using composite PAC.
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4.2.2 S&%5 338 Ad(Batch type kinetic test)

PAC-URu ] Hedo]l @Al 215 PAC F18S mEFsty, PACY Fd& HE
P obolnv] flsle SRewes AYS Fesigich WA PAC
A& wE @ayA] wekgeE w&st7] flste] PACY F#E 7 50,
100mg/L5 shal wWEHZ4EE 50 ~ 200sec ' 02 &on  HEHAzLS

paCe] o@ f71%el BASAL wlash shoin,

*ﬂm

Akl WE FAEY

Fig, 432 wybeo] mE JFEHAES LEpA Ao wibidnrp F7hgke| et
PACe] % 57180 Fabo] EHshs o 4= glrk &3k Wbt 100sec | o4
ol Al TRt AR vlste] gk TEel g el ubdh ARelA vk wrhdt

whebal o dgo Al PAC ¥ES = ol Al ido] delihx] grow A AFSo] ¥
WA e PAC FolEel mE fr)Ee] FERARE e Roe R PAC FYUE F
Jpell whip whi FRAERE Kelon 53] PACY gl HEAIGel e f71E
A AT AupEFig 4.4, 459 VJERRSLTE

Fig. 4.41 PAC —?%}%FP HEA e f71=e) AAGEE YERA ler F
£ PACeEel BEAIZTNA sl AASel #7Hde ¢ 7 U e Fig 459 2
lep 7ol PACTIHe F7bel wel frlEe BuEgee] mep mE FERESEE
tehli?l o] PAC F9l3ko] 150mg/Lol Al 7hd 58 UVesy 2 DOC AAES 230t

00 ofke] HEAlfboll Al Fodadwt Fake] o gk Al AEe] HFAL 30%elA A
Afp Aol gt A vhebstth

ojeigt Ruh Fhagte]l FUlE AAHEAHL PACY FYHEol TUIEFE f7E9
HAFE Frrshh YA A7 ojatel BrdE A el flgete) HEAIZFAME 1 AA
fro] Wahrh ey kel 1 5(2000)2 oA Al A ESd)

s PACE o] 83 frjEel SogEs s e e
AS ARl soRolYlel A fFlue]l Fake] 419

1B Hgor PAC-UP el 432 FHs9ch

olel® e el & 4 gl
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80
— = 5Omg/L {(DOC)

S 100mgll (DOC)
———p———  50mg/L (UV,,)

50 1 - 100mgIL (UV,,,)
———y———y

uv,,, & DOC removal efficiency (%)

O T ¥ T i T
0 30 60 S0 120 150

Mixing intensity {sec™)

g. 43, Effect of mixing intensity on DOC and UVass removal efficiency of PAC.

UV,,, (C/C,)

——&—— PAC12.5mg/L
,,,,, Q- PAC 25mg/L
~-—-y-—— PAC 50mg/L
—.—g-—--  PAC 75mg/L
@ -~  PAC 100mgiL

‘.
. o ...........................
_______________ - ——— ]
T — T — ]
_________ - _ ]
T T j
500 1000 1500 2000

Contact time (min)

Fig. 4.4. Batch kinetic for the adsorption of NOM using PAC.
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uv,,, (CiC,)

DOC (C/C,)

1.2

\ V—
i v
056 A N T
. T
— .- e _
0.4 e
— e PAC12.5mglL -
ceQeee PAC 25mgit
024 ——-w—— PACS50mg/L
——y— PAC 75mg/L
— 1 — PAC 150mg/L
0.0 T T T T
0 5 10 15 20
Contact time (min)
(A)
11
— - T~
a3
0.7 4 ———@&—— PAC 12.5mg/l
Qe PAC 25mg/l
———y—— PAC 50mg/l
0.6 — - —7-— - PAC 75mg/l
— " — PAC 100mgil
05 T T T T T
0 5 10 15 20 25

Contact time (min)

Fig. 4.5. Batch kinetic test for the adsorption of NOM using PAC
(A} UVasy, (B) DOC.
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4.3 PAC-UF &3 349 4&
4.3.1 PAC-UF =g FAA PACYE 53 fluxdl] vz g8

PAC-UF=rE 2] Age] oA PACAAS o3k %) fluxe] A3k #olsls] §) &
PACY] %2 7t} 50mg/L, 75mg/L. 100mg/L. 150mg/L% stel =509} AZAIF 30
Bl Fok i ARSI Fig 4.6914 03z vk} @ol PACS] 913l 50, 75,
100mg/Lell A= wreb seol fouling® fFEob4] a1 &5 F3 fluxsk 7o fAbst
Al vrEbE UFEREE] el glojr ¥

2t} PACS] 9lako] 150mg/Le] AS
ol foulingo] Be] 2} fluxe] FAT AL A0 Vepdeh Gebd PACS
Folekol 100mg/Lolate) #esh Rl mial A Z&S #FAY: Woew @
b o] <o) 1] fouling FEEkA G T =]] 50, 75, 100mg/Le) - R

TRl s B oAgel 4 gskel Qs

_,..
o
S
=2
off
ol
L
F2
[
\J
] o}
5l

= kx| o2

1

e 9 PACS Fgow B shaelA

-\"
e

1A

1.2

Fraction of initial flux {J/J,)

0.6 Pure water
0.4 1 —&—— wioPAC
EEEREEN © e PAC 50mg/L
——-—¥-—— PAC 75mg/L
0.2 - —-—%r—-  PAC 100mgiL
— ~#& —  PAC 150mgiL
00 T T T T
5 10 15 20

Operation time (min)

Fig. 4.6. Effect of flux decline compared with PAC dosing rare and pure water.
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4.3.2 98t PACO] AZA|7to] o2 fluxH| W

oA AT GeFS Aol PACSH slarebe] S Alzte] wn ge A
Q1 303 efulelbAl PACe] o7 & frlE T3 AAEE Rk Fig. 477 482
o ggeg UF 2tee 30 HEetdE 49 Azl mg 3 fuxdss
Qobny] stel AHEAS 77 104} 304 Bt %fﬁ?} ek F 5ot fluxst fr
7lee] AAEE R

HAEA b w2 F3} fluedshs 27] 532 fluxel M 40% Zadh F-x17ke] 24bzh
1927 30 o2 et o) HFAbe] 3079 A PACH 9J3te] f7]&=2] F

59 FA0) Siold T ol A2 ABen 0kl A9 eigael ol

o4

d
71l FEbe] Fate] ol ol ol vt flux FhAv) wiwmA ] A slo
stobebelnh crej A EAIZRe] 10 3080l PACTI R wE Fa} fluxe] W
iz Al vlERbA gt e dFHAR] i {71Ee] AAES Awnd
Fig. 4.9¢ A e} 3ko] 4 ZA1zbe} glel H8-81 o] o3 3082 A7k 108 v]st
of frlEe xﬂﬂéirol A vheERELE SR PACRE fgrebe) fEAI7Ro] 2] A
A Adgels sl pACe FEbgol wWeld FEAREC] uA dvElrw S
{Campos et al, 2000).

wheb ] PACSF 9sbel A2 Alzhe 30505 dlo]  olF el Hale H&E e,
Fig. 4.10+ PACe] 1ol wpis Saf8 A4 F 59} fluxs vlwgt Z2atojuk PAC
of F8lgel wE Fi} fluxe] Mehs e ekten FAARE 60Vl ST E
ol &3 EajHl AFETIenL: o FH&S Horh oL 2 HF e Ag¥
hvdrophilic A2 =“&Ae] 7]elsliz Aew welw, A (2002)9] AT 9siw
hvdrophilicA & 2] vke] AR =k Fdd F2E friEe] AAE o575 o &3 S

A Ao w2 Fat flux?] w8 25 &S shxlivha eheleh

et
JH‘
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Fraction of initial flux {(J/J,)

Fraction of initial flux {J/J,)

1.2

1.0 1

0.8 A

0.6

0.4 4

0.2

—— @ PAC 50mg/L
-------- O PAC 75mg/L
——-v—— PAC100mgiL
wio PAC

00

T T T T T T

10 20 30 40 50 60

Operation time (min)

70

Fig. 4.7. Specific flux variation during PAC-UF membrane operation

12

(with particle, contact time 10min).

1.0

0.4 1

0.2 1

——@&—— PAC 50mg/L
~-D- PAC 75mgiL
——-v——— PAC 100mg/L
wio PAC

0.0

T T T T T T

10 20 30 40 50 60

Operation time (min)

70

Fig. 4.8. Specific flux variation during PAC-UF membrane operation

(with particle, contact time 30min).
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DOC removal efficiency (%)

Fraction of initial flux (J/J,)

80

60

40 A

20

I contact time 10min
contact time 30min

50mg/l 75mg/l 100mg/|
PAC dose (mg/L)

Fig. 49. Effect of PAC dosing on DOC removal by PAC-UF process.

1.2

0.2 1

—&— PAC 50my/l
=0 PAC 75mg/l
—-w— PAC 100mg/

0.0

T T T T T T

20 40 €0 80 100 120

Operation time (min)

Fig. 4.10. Specific flux variation during PAC-UF membrane operation

(Physical backwashing, contact time 30min).
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4.4. £FA F7182d 93 UF 99 fouling mechanism

4.4.1 PAC-UFHEE] F4¢] oA A4 EdY 4%

PAC-UF gtg] 2o glo]A d5Fo a8k a4 B4 E5 fluxel] vl
1= Y8R mhelsl ] ¢lste] W2t 0.45mm membrane filters sk Eo] Rt fluxE

# okl

Fig. 4.118 0.45im filter & prefilterd A48} 952 %3 fluxe] HEE Jepd 2
AAZF 304 o =3 fluxe] Wabsh bbb 9rop F e (ANTU) oA ] 4
A E o) foulingol A= 2 A2 dox sty upebr =k} F3) fluxel

Age viAE 2o A Bae slek A §E4 f/1Re o@ kel © A

n
r-qo
|->~‘

A AREghchar viekE vy 2o fouling S fdbehis EELE £E54 R7)E, pH, ol
A, by o) flen) 58] 28 f 715 F hydrophilicEUE hvdrophobic & @ o} )
T893 hydrophobic S2e| A 1L fulvie acid2 U humic acid’F 52 flu o Eol

Ak WoarE a1 9 cH(schafer er al, 2000).
Fig. 4.12%= PACS] #9122 7b7F 50, 75, 100mg/l & dhed 959} o a}4=9] §7] 2
AT Ve ow asigel 4% fael Mald g% A7 da F

e ok el

[ SR T
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1.2

—&— UF alone {with particle)
1.0 1 ‘O UF alone (without particle)

0.4

Fraction of initial flux (J/J,)

0.2 1

OO T T T
10 20 30

Operation time (min}

Fig. 4.11. Change in flux of UF membrane with and without particle under raw

water condition.

80

H Unfiltered water
60 filtered water

DOC removal efficiency (%)

50mg/l 75mg/l 100mg/!
PAC dose (mg/L)

Fig. 4.12. Effect of PAC dosing on DOC removal efficiency(%).
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4.4.2 TRA Fdol 23 T flux

0=}
2]
o,

B Fowel Wk b fux P K1) ANEL BEF Adt e
$% gl ale) PAC-UFS 29 & f71%s 47488 ki, e 5
sl B PACE A8 A9 Hua B e 489 WE Aok b
L) ekt Al ol weshavel S8 ool fouling® o7 Bl AL Ak

)
Ao o] Folx«] gieky] wiiroletn s o] T

=
[N

okA] Mulstgszo]l vwhe] [oulingS F9she 2382 hydrophilic® o} hydrophobic®]
U] wWe owS v A1 hydrophobic HellA T EREFo] AFHA o % 2 humic acid?}

o0 flux AskE SRETha el vk shAu eleld BASe gildl oe

v 1
*3'0] shAl AA 2 4= b webA] o] 2§ hydrophobic S4doll o3k vko] fouling 4 &
o dotry] flstd, S TAEE HEs & ey A¥E e
o i1 5 Vel St i ks BESE el XA jar—testd AATSk alumel w1 E

zVz} Smg/l., 10mg/L, 15mg/L 25mg/L, 30mg/LE 3to] &3 292 AAistgct §7)
SHAZE 30mg/Le AfolA Y 50 B85S ¢on olE wiyg
5 TUFE el T fluxg gEetvh Figo 4138 alum £ HAlIE AHE
stod S T o2 £ flux #dAE JeRRATE SRAY FaES 2kt
Smeg/l. 10mg/l., 15meg/l., 25mg/L, 30mg/L% &ﬂ"}%oﬂ we Fit flux W3
213 15mg/Lell Al 7HE vk Ba) fluxe ZHAE wmoo) o= alume] 93 F
g ow gilule] vhe] spwel floc® FAete]l F o fluxel 4AE FA4E o
ghetslol Ae] Smg/l. 10mg/le} 28 A e Folw oAz SR Ald o3 #7|
[ Sxle] AR om offo] Az] ¢Fop Fit fluxe| #ark F7hsk A
2k 15my/Le)del 79 ‘%’:Oﬂﬂ = L8l SEAe] e egle R Q% it flux7h
askdi=dl, o)iz Bl A TA el fouling® ©F/18) precipitated] e
A HYon AF Aow AzrelAt. 4 (2002) wdlA S AHe] FLSE
#3549 AR precipitate Fele] AU Fo] t] Wol £A3HA =0 o) uhE
Al v 7 oflux 4A4E Bt g bl A
Fig. 4.14% 342 Fq=kel u} & DOC, UV, turbidity @) A28

e
@ ogdAel FAFel somgl W Adel A FALAL ¢ 5 gglov] wE

\6

\O
'n‘J
T
‘-'0
AL

H
of de A Fgahi: Adaglel % AAEE vEh L Qlvh
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2
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@
S 40+
[}
£
]
72
20 A o L
N & XE UV25‘
—¥— Turbidity
0 . [ . | | |
0 5 10 15 - - - |

Alum dose (mg/L}

Fig. 4.13. Effect of coagulation dose on the removal of DOC, UV;ss and turbidity

for coagulation UF membrane process.

12

Fraction of initial flux (j/j,)

00 T T T T T
5 10 15 20 25 30

Operation time (min)

Fig. 4.14. Change in flux of UF membrane under various coagulant dose.
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4.4.3 €F-PACHZ F UFY 3% fluxe] W3t

%1—“:} EAdErs UFvHEY] g4l 28351202 49 PAC RIS Z7A% A
ebol St flux ®ste] s #ol7} gllon FrlEel AAZHNM Tz PAC-UFZHE
f-g)’—'»gﬁ} A9 kY o) 2l PAC-UFEHEE] 4dl ol {89 A4 &5

i) vkel FEa fluxd A7) s A2 AT o] FH A ol 2he] fouling
oAE frdskeithar dabslol itk b P oAl §H-PAC-UF 34
mgdstel mhel Fat flux®istel f7)=e AAES dEst A Shginh A AFe
Fig. 4132 4,142 A=z 5H 53R 37 UL 156meg/LE o] &4 -PAC-UF
2 RS ARt K3 fluxe] WatE fasioic

PACe] S 25mg/lot 7Tomg/Le® Fe] 9R9F $31 -PAC-UF=HE2) e‘%‘%
gk A3t Fig. 4.1590 A1} 3Fe] PACS T=jiwe] 7omg/LelAl T3 fluxs] i
b st vhebeke o o dle, & F dsE e el £ fluxst 8 -PAC
2omg/Lel A5 T fluxe] zboliz vhebubA] skt o) Tt fluxel F S elAT
wEol gyl o3 floc#H A om Qleto] Wi ol cakeFS 61“3}04 T fluxe] 7t
Avb EoliEdohar ghaslo) Ay PACH] ©)d T fluxel AdES miA: Bl A
/1= vlgstoia Alzbsfe] ok

Rk wr/lEe AAES S U5 SH-PAC F4E vEE o &3] wHET

PACS] Fdol 25me/Led Wl UVasits UFTHE] 958 40) Hato] $4-PACe) 7

7

-

r}:! L
S7F A E] v A A veb o DOCe) Wbz vhehubA ekgho) sk gk PAC
o] 9k 7omg/LE S9L AS-olE UVt Docel A AEe] 2+2t 78%, 48% 9]
AAES ep A S, ol STEddvte] olg Fa 2 S ot {122 Al
/1 7F ol FolHthar yhotx|o] o},

off

o] 7zkz} 50me/L, 75mg/L, 100mg/LY of &
AL°1 FeleFo] 75mg/LY o fluxel 7+

o
e v foulingd Fdshis &
A

Alum®] 9% %X 15mg/L3% PAC F U5
¥ oflux®E SAS A3 Fig. 4162 2sto
A7 7hd A A vher kg S 3 HAH N E

—

D'_E.

-

01 A2 elahed B3} fluxe] 7HA7) 24919114, PAC-UFZ A3} &U-PAC-UFTH:
o] B3l [luxE ”TJT! A8 S AAEE AR Fig. 4.170) el gl 7hel
PAC-UFYHe] FAo Az SddAdele] ol d 2ol foulingS f4¥sh= hydrophobic
wEe] A AT ‘%E]’ W92l T3 flux E3E7F VhERLEA] kAN &3 FA e A &4
kel Fat flux 7HAZF @438 el

we)A whe] fouling S A 7] 42 PACE A AH7F €9} hydrophilic 22 H
v g ow AP 0% hydrophobic 245, PAC-UF EHold B3} flux 4%

R A
Flafids &3 s H&o] ayEofzin.
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x 0.8 g 70000000
.5 a v Vo
: ‘VV-V
) VVV‘VVW,
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£ VVvey
L
o
=
L 04
'2' ———&——  Alum
e BERC LIRS Alum + PAC 25mg/l
0.2 - ——-%¥-—-  Alum + PAC 75mg/|
——7-—-  Raw water
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Operation Time (min)

Fig. 4.15. Change in flux of UF membrane with PAC(Alum dose: 15mg/L).

1.2

0.6

0.4 +

Fraction of initial flux (J/J;)

—&— Alum + PAC S0mg/l
0.2 4 ‘O Alum + PAC 75mg/l
—-w— Alum + PAC 100mg/l

00 T T T T T 1
5 10 15 20 25 30 35

Operation time (min)

Fig. 4.16. Change in flux of UF membrane with PAC(Alum dose: 15mg/L).
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12

Fraction of initial flux (J/J.))

0.4
—&— Raw water
-y PAG 75mglL
- —4@— Alum + PAC 75mg/L
0.0 ' l '

10 20 30
Operation time (min)

Fig. 4.17. Change in flux of UF membrane with and without particle(Alum dose:
15mg/L)

4.4.4 53} flux A3EL BA 7

9ol foulingE Y e¥|= A% DOMY i 5AS <oty ] 93ld {718 BHE
APz, olete F71E 4

s] T
del wed 1A dFE uvlA7] wilolth. el -{F71E2  hydrophilic

substance®} hydrophobic substance = i+ & 4= 9121 hydrophobic substance= THA]
humic acid9b fulvic acid2 B57F & 4= glth. 54 Zdoh) A4 B2 BiEs

wol W@ Hmeel web wprelsn) gy Bdel 4% S Wi SH olsjel

| S
AA 7y & EI-E et R = HlE Sl Sl 9 et AH717P = ¢

el d 4 H 2ot A
ohoolul sk f1pol Aol whel =F vy ";1:—'}101f LA ie] o] foulingg frRtel7
AR UM'I ZH Hol e ofeFs = Ao elelyd ¢dvhJones of af, 2001). 4 (2002)
ool e Aatglel Al 715‘0] 3‘13{;"3 F7l=oh Hlste] ol gk wE

(r)r
SE B4 AL vhal Rasilid ol 2 WARS b 1% Q5] A

FARS 7E ol doh niste] el wwlelAl o] 2 A 498 5 2l ¥
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223 A Aldel ahap 4] fH o] who] ot flux®els A AR v
ol A Y} (luxe] TA7F o] 234 vpebergkar S9iot (Kim e 2/, 1996), o] A54A4
A Ae] qbo] g AAe] Tho| n|Ele w2 vkl AgtelS SpX I glo i f7)

= Qlsto] o) Fut flux @Aa7b g shthar sdvidof o)

w7l fraction & Zbzhel &zl djgh vrel b fluxel A4S T AEAS
sperabr] §)ste] FAUg size? vl fractiondt ZF7be] AlFE B 9AA QuxE: 54
A0H Fig 4199 vhepic) 2He] foulings et E 3 2= hvdrophilic 25
r}= hydrophobi(, E#oly o hydrophobic &3 o A% fulvic acid 2 humic
acid7b ©rel T2 fluxe] 7Zhart 7 A JEeRsi

Fig. 4.2000 M= A59 PACE 3097 kA7) 3 fraction 6‘}0% PACOH o) sto} #
e R AASAES vl e ghel]l oEte] &
“hydrophilice) hydrophobicell Hj&ed AR o w& FHx B0 E’.‘ii.‘?ﬁ] oie] gt
FA 5o Qete] FagAgdRrS o] 8¢ PAC-UFYHEl el A9 Tt fluxe
Favh Frh Aen stebdant wElA PAC-UFTHZ el 288 o] &3 Aoz F3

fluxe] a7t flapoll Miste] A4 &5& o ¢ Ak w3 9448 fraction & UF

otell F A7l Z ot hydrophobicE & 2] AlAZF /b SiAl vhepwbizdl, o)is 2tel i
ol 4 hydrophobic®l &ab#iel AA7E o] o] H 3 FA|ol 2kl foulingS F&ski: F
¥l el ol hydrophobic substance®!-2 221 & 4= iAot Jucker (1994)i: 254

Agtate]l el AR fulvic acidol BlSFe] humic acidzb 9re] 3iwdd) v] wh= 2 &zkskc)

= humic acidell sk w}

>.,
u&
=2
X
ui
O
N
)
-
=
T
m
=
<
HN
—&1

Table 4.2 Removal of organic fractions by various treatment methods

process organics Hydrophobic Hydrophitic
PAC 30% 68%
Coagulation 76% 18%
PAC + coagulation 50% 45%
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DOC removal efficiency (%)

Fraction of initial flux

——&—— UF alone (raw water}
-------- G- hydrophilic
0.2 1 ——-v—— fulvic acid
— humic acid
00 T T T T T T
5 1¢] 15 20 25 30

Fig. 4.18. Change

Operation time (min)

in flux of UF membrane for the NOM fraction.

70
60 1

Wl Permeate membrane
50 + PAC 75mg/L

hydrophilic

fulvic acid

humic acid

Fig. 4.19. Effect of NOM fraction on PAC-UF process.
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1.2

10

..... v

0.8 A

0.6 1

——&®—— Raw water - 1st membrane

Fraction of initial flux (J/J,)

0449 .. oo Raw water - 2st membrane
———r——— PAC 100mg/L - 1st membrane
—--—y-—--  PAC 100mg/L - 2st membrane
0.2 1 — % — Alum - 1st membrane
— -~ Alum - 2st membrane
0.0 T T
0 10 20 30

Operation time (min)

Fig. 4.20. Flux decline of raw water through sequential hydrophilic membrane
(Afum dose: 15mg/L).

Table 4.3 DOC and UV»s, absorbance from sequential filtration test

Sample UVasa(em™) DOC(mg/L)
|
st membrane 0.042 2.526
feed
Raw water Ist membrane 0.032 1.845
permeate
2st membrane 0.028 826
permeate
[ st
st membrane 0.024 1 368
feed
+
PAC + UF Ist membrane 0.018 112
{(100mg/1) permeate
2st membrane 0.017 | 08
permeate
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