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ABSTRACT

This research studied comparative pretreatment methods to reduce fouling of
nanofiltration (NF) membrane by soluble microbial products (SMP) in SBR effluents.
Pretreatment method including 1) coagulation and flocculation using Aluminium sulphate
(AL,(SO,),), Ferric chloride (FeCl), Polyaluminium chloride (PAC)) ; 2) microfiltration with 0.4
um cartridge filter ; and 3) combination of coagulation and microfiltration, were investigated. The
results showed that FeCl, as coagulant prox}ides lowest flux decline at 63%, TOC rejection 42%,
and MFI-NF reduced from 0.0083 to 0.0017 min/mlzcompared to no pretreatment. Pretreatment
with 0.4 pum filter exhibited 79% flux decline, 42% TOC rejection, and MFI-NF of 0.0013
min/ml*.Combination of coagulation and microfiltration provide 46% flux decline, 42% TOC
rejection, and MFI-NF of 0.0006 min/m!*. Mathematical Fouling Model indicated that fouling by
SMP feed water fit well with cake formation model, while the characteristic of fouling model was
transformed to éomplete pore blocking model when pretreatment of SMP feed water using
coagulant and microfiltration were applied. It can be explained that the SMP possible cause of NF
Fouling. Analysis of fouling by SEM confirmed the accumulation of SMP on membrane surface
as cake formation. This result was corresponding to that of fouling model. Functional groups of
NF foulant were investigated using FTIR.It was found that main composition of the foulant is

polysaccharide, possibly cause by microbial cell.

Keywords : Membrane Fouling, Modified Fouling Index, Soluble Microbial Products,

cake formation, pore blocking
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gy lulaseadwves e Tanaralin mawsu FadlwihAdudtussnnanelusaznsuen

wad Fagas Inseadeveslnsndiesoauayven Iada dagii 2.2

0 0
HZCI:_OH 0O H,C ¢ C// OR Hzcl: o C// ORI
HT_OH HO——ICI—R Hcllz 0 C//OR H(I: 0 c// s
H,C—0OH H,C——O0 c// R HzC—0_1/<
/ o
Glycerol Fatty acid Triacyl glycerol o X

(b) phospholipid

(a) triacylglycerol

317 2.2 g3 Tns90$190619918904 (a) triacylglycerol 1ag (b) phospholipids

(Madigan et al. 1997)

3) findlenduaznsailinddn nsafeendlsTudinadn (DNA) uay n3a
15Tuilndsn RNA) Hunedwosuesnguuousweiiifends TandTens Feilndle lng
usazwiindszaenlaldan 3 wito fe shmafifimivey 5 &1 deraals Tug (Tu RNA) M50
aeend'ls Tua (IuDNA), TuTasiuue, uay Tuanavesloawla 1ind o Indilunumdifn

=)

o v a [ v o
luwad lngmwizeg1989 0z@ Tudu lnsWoaina (Adenosine Triphosphate, ATP) 1311
@ add aaa = J 1 a =] a4 & o
wasnwalifidudgnsenaiineluwad  diudindloIndyiladu g nieeyiusues

a P=3 =) Y aan a Y 2o W g 4
tndle Indlininlud§isereendiadusdnduntsluwad gaslnseadiavesnsa

avend 1 Tuilanddn (DNA) uaz nsals Tuidnddn (RNA) faguldi 2.3



NH, NH

(a) (b)
3171 23 fiandlolnduea (2) DNA tae (b) RNA

a P=y 1 ] & a
@ nsaegdi TunazTidsiu nyaezdl ludunulvdevvnsldsaudensaneiilu

= 1 J

v o { aa [ o &
Usznaulddrenyfledduiidriyfonyaifuendan (-COOH) uaznyesdiTu (-NH,) ¥4

g U

]
o

s A a o ==} = Y =) Y o
Tdsaune wodwasameetniinsaesll TuSsedaiunaztndronuszddlng unuimues

Y A v A

{ o A o o s aaa
Tstunvimidilumadd 2 wihiindnfediy ulwl (catalytic protein, enzymes) Tuil§Azen

4 d g

Aad a A 4 = 1 9 . t 1
wiiiiaiunelumaduaz T sauniluauvesInseerdns (structural protein) 1zogludqu

yosrfaad, Teadwunsy uaziluesdlsznouvesle Tanaraiin nsaeei Tululysay

& 1 o 9 o o/ a L% ¢ o a
gnieuAanuAIswyse InauinGeniusellina de5U7 2.4

U

CH; 0
4
CH—C
/N
H,N—CH—C—}OH + /N OH
i\
CHs H
H,0
v H;C O
_N
CH—C
I \
HyN——CH OH

H

CH; Peptide bond

517 2.4 WuseuldInaluTas@u
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2.2 szunteaiions (Sequencing batch reactor, SBR)

= J . </ LY :’ & P a2

FEULBAUDIS (Sequencing batch reactor, SBR) 1uszuuihaiiudenisiininon
oy, A Qs Q . 1 / Qs o Q
TnilalaeerHenannsvesssuUnsneITe (Activated sludge, AS) dnysizdIfgUBITEUY

A dda A A d o o a 3 . )
wadeiiine WussyuueniufaaaaduLANEN-618900 (Fill-and-Draw Activated Sludge)
4 14 ]
Tastduneulumstidaiuiodennssuunsnewswuudy q fie MIAYDINIA (Aeration)
. . o a [~/ o @ Y aan = [

HAZMIANAZABY (Sedimentation) dgAuiTumsulummdrruneludulgAsoudoadu Tae

14
a o W o o 0 1 o @ [
ﬂ'l'ilﬂu53U1J1J11Jﬂu1lﬁﬂl@ﬁ‘ﬁ@’l'§ 1 'i'fJ‘lJﬂ'l'i‘VlN'luﬂdJ 4 FRNNUAAY (Grady ef al. 1999) @Ngﬂ

o
n2s
14 4
] = o A . 9 o A ;1
1) wyuantudy (Fil) duivdednszuy
v o aaa o = = o :’ =
2) ¥1MGATE React) Humsanmsounidluiude (BoD)
3) FuanazneU (Settle) hlnzneugdunsdanasfudalfase
Yy 9 Y
4) ¥NILUOUNG (Draw) s RmIUMs e
INFLUENT

4

= [ W] = H = E’ EFFLUENT

FILL REACT SETTLE DRAW

1 F4
1 2.5 szuvthdadufouvueaiions (Grady er al, 1999)

lums@uszuy  SBR  misinsandeiledesnsg  Afinadensyiaiuassssul

4

(Metcalf and Eddy, 2004) 944
a :i : Y ' o ' a a w1 a Y o 1 dyo Y
1) YInaeendnuiazmeni doelidind 0.5 Tadnfudedns Sidnhiiila

neuuaiseriadu i ldaznoumeiuein

2) mIems szdedlomismSuadweiivsidnaldud Tulaswu uasvoaviese

14 )

Tudandau Uled: Tulasinueaesa wiriy 100:5:1 wenvnilfedestiuisigdudniu

=y

a o~ o o L o qy ada Y Yt 1o _a ad
Llﬂm“ﬁﬂﬂJIﬂLmﬁWﬂﬂJ HUDUKYY LLAsIHan GlN‘VIﬂ‘H‘ﬂau‘t’liﬂﬂ’s’fiNﬂa@ﬂulﬂﬂthLﬂﬂ‘ga‘u“niﬂ

q

suuidule (Filamentous)
a o d A = ' a s d o [
3) BgAzneUaUNId Msnrugursen/feuutasdiogazneugdunsd hldlae

° a st a ny o ny 1 =41
mathagneugaunidanuiulufmni lfanndioganeugdunidizanaumemn

o Ay 3/ 1 a = ot a d?’ a s S o = a g
m"lﬂmuaﬂm ATDRASNDUIAUNTUNISINUUINUY i;au‘n5ﬂ%zuamﬂmsmmmﬂ@qwu
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T A t d'o' s o Y a d? Yt 1 A loI ]
4) miey mferiduiu Tl ldiAasnniu arslddnfesludind 6.5 uag
1 a o @ r a =4
gelaiifiy 9 mszervihlidasimsdesamevesyduvidann
a o T Aas A | as o A 4 . o
5) gamgll ikaden1llod msiznisannvesniil Tedssiiniumuguugiiuas
aasaruny laliiiu 40 esenaidod
y i o 4 g’ v v W = d 1a
6) mamu asimsilunuededunelfinde ddudatuydunsd uaz lufa
MIANALABUYBIATADURAUNTD
o« o a g’ k4 9 de Y a s
7) sswznalumsida msthiaidesldszesnmunaweninyauniddovane

v
13919 o mnteanu 1 lda1d Tedmae lutiudewn

L 4 L4
o a

2.3 3EMIUTA 1N Ui 9AY (Pretreatment methods)

o o o” Ay - v o 1 4 o) =
m‘smuﬂmmxﬁmﬁ’uﬂaummmumsﬂ'smﬁ'amﬁ@nsmuﬂmﬂumiaﬂmsmﬂ

= 3

L4 ' I q ] A
TymmigaduuuonseaunTu fudinziimshenuaseialonseaunnnitfeuaznils

E 9
[ v W k4 t

v A = 3/ a 9 =

AN ﬂ\‘iuu‘H1ﬂ¢l’€)\1ﬂ1511’ﬂ€1@ﬂi@ﬂuWI‘NNEﬂEJﬂTﬂ"If\‘ﬂ‘lJEH’JuTuLmZLﬂu‘SZ‘U‘UhlﬂfJEJNN
9

12

v t4
o’ o a

a a o Qy Ay 9y A2 g = & A v £ ]
UsgansaIn m'sumﬂmmmaqmuNzﬂu@ﬂwmaaﬂﬂuwmﬁu% “-1)'\‘16114\‘1114’3%61‘!‘1

Yy ¥ by
o Aa A Y

Fmsanunmsthdatiiaudesdursuihudiunsnsesdietionse s Ty 2 35

2.3.1 MIFTINALNBUMUAN (Coagulation and Flocculation)
Y d :‘ . . 3' ay s
ATV INUNALA19UT (Soluble microbial products, SMP) wulutiinanniu
o w = 2 o3| d ' 3‘ '
nszuaumsthifaniadinim Feeudumsuvinaseunsnenassaazarseglui laol
3‘ a axa g
awsouenoananiii lasitanayneusssua1d 33 ldueneymnaziBeauaznonnon
d a ¥ . o g Hq 1 =)
ponvINudERe NMITI199ENOUIIN (coagulation) Muail iunszuiumshldarsniiasly
:’ = A o @ 1 =] g' o EY LY Y Y
Turudeiesharsusandnsznineynaan q Tuih ldeymasnsanlnaduuazyy
v o 9 v A4 v o = 4 ! < oo o
faruld oymamartiliesudaiuazlivinalnadu Sendwaen (floc) suiiininazun
& v dyvg 4 4 « o ¥ o Jduy
woilozanasuazundreennntih Idluiigadauiiunisiildaonnsed liuvauasyluiinld
9 o = J e . o o £ 5 3 o
A2UNTNDUTDYTNINVDINDD DDA (Destabilization) (WUHY, 2539) #9911 14 lawenffuna ln

A
4 1YY Av
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1) MIAAANUNUIVOIFUNTLIY (Diffuse layer) Tnemsildguilszysovoynia

o o ] a a I &
AvBAABEADALLULAzUALAY lasnisiuaisazatedianlas laandnududugs e

= I A 1 =) o o
asasatedian las laddidn 1dun TmReuanelsd (Nacl) TxReusama (Na,S0,) uazinde

=] -1 a A =3 I
vosunakten uuniliFen egliifioy uazindemessn

= o J . . g
2) mIgafaunsiatedszy i wesoyninneaaoen (Charge neutralization) 1y
1 @ 1 3’ It a
MIBIWAAUTIHANITENINATNEUMINI uTeYsznov liArenoaaseaniidszgay a1siAu
§ o 1 o A P =) <
counter-ion N3Ys9g9 1y Tangegliiflon (A, TavzuamGon (Ca™), Tanziman (Fe™)
unTanglaiRen (Na') wonNIINIzeI8anT2o2v04 diffuse layer U1AUT39A ldT0MNUTS
2 Y Jd v Y [ = o 9 g Y 1
asgaloymaneanssaihlnduiniueisusndsauiavnsi l¥nenasedinzswuiueg
4
14
9 XK a Ada 3’ o J o a

3) MmslgwanmsetunsdimmhminuazvunvessynInneaaes WumMsiums
v @ 4 ' <A e
AndueynIAneaneeAsErINNIAnaznonvedlans leasen loadeTanzseglifion

) o o - @ @

(A" WTeman (Fe™) ansasiunylaasenlyalosou (OH) uazaudrasumioudum

o 9 Y d‘ A a o :’ a aan @ dyo.t
UNIANDAADIATINIAWAU !Nﬂﬁ%ﬁ?ﬂmﬁﬂ@@’muEJ?JTLI‘u'l%Zlﬂﬂﬂgﬂ’iEJ'Iﬂ\WI’E]Ulﬂuﬂ\‘iﬁﬂJﬂ'l’i

[
=3

n @210-024
Al"(aq)+ HLO —— AlOH”" + H' 2.1)
A"+ 2H,0 —— AIOH)," + 20" (2.2)
?A13+

+17HO — . AL(OH)." + 17H" (2.3)
2 7 17

.3+ +

A"+ 3H,0 —— AI(OH), -+ 3H (2.4)
¥ a ads a 7 A I'4 a 4
4 mslymsdunid ndwesfuazwiudovoyninnonases  lagIndwes
° ¥ 4 g ' & a 7 ' o ¥
Amihiduaemuseniveynn  dalndwesiduairs luanalvgauisasunldsu
a oy v aa & o3| a o
aznouniuaii 18i5end1 Inadianlasad (polyelectrolyte)  Fao19iiuInfwesfiniain
Py 1 A a o 9 U & a Sl ¥ ] 4
55507 19U Waad s Tdonutls nglaa wazemsie nSe Indwesi ldnnmsdunszy
} 4
U (synthetic polymer) 18un Tnaezasaan lud (polyacrylamide) Tangaueu Tudionlooou

(dodecylammonium inon) dud U

2.3.2 m3nseaunylulasiamstu (Microfiltration)
a) o o '4
ﬂ'ig'U'J‘LIﬂ']'inlﬂJIﬂ'i‘V\lﬁlﬂ'i‘lfu!ﬂuﬂ'ig‘lJ'Juﬂ'liﬂ']ﬂ!ﬂﬂIﬂﬂllﬂﬂﬂiﬁﬂ’]ﬂﬂﬂﬁﬁ@ﬂﬂ Uag

=] A 1 t v g’ Y
YouduYIuneY Felvuiaeynialugnimiemiiny 0.1 lunseunasiiiminlwanags
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1 & 1w £ 9/ 9/ [} 3

NINITBININY 500 kDa 99N1NVDUNAN “IN%3@ﬂﬁﬁl‘]ﬂﬁlﬁ'lu'luﬁ']ﬂ"ﬂx‘ﬂ']ﬂ'liﬁﬂﬁZﬂ@uﬂ\ﬂ
¢ o o L
UMAABDANDUA LLﬁzﬂl@\ﬂllﬁ\ﬂﬂuﬂnuﬁﬂﬂﬁluu?‘ﬂﬂ

A a Y ] o %) ] A

LfJ'?Jﬂi'?NLL‘U'UleIﬂiwﬁlﬂiwuuﬂﬂ@ﬂﬂlﬂu 2 uyy ﬁ?ﬂﬁﬂymxiﬂiﬁﬁi'l\ﬁlﬂﬁg 1113

[~ a

Screen filter flIﬂ5\1’sT%l’l\‘i‘*lJ’rJ\‘igl‘ﬂuWNﬂiz‘iJ@ﬂﬂ’i\‘i (Capillary-types pores) it Depth filter U

Tnseadwosgia lden (Tortous-type pore) Tawnalnnmssnfueyninveutonsouiuy

@

El v
TuTnssiud 2 Snuaedadl

@

UNDBY, 2547)

(1) $reymafiduunalngnimieniiuuiingues Sereen filter symnvzgain’3
Taoassuufanthusaionses daueymavinalinnivuagvzimdonseseenluldg
fimsdaaaiiiosnnannniley (nitial impaction) HAgMsFUWIY (Diffusion) Y0sYAA

2 MsfnfueynINUe Depth filter vziiluAnbaTN1TQAFY (Adsorption) HAZMSI
7A@ (Entrapment) Feoyminvuiainozgniyi3nmelurenvoaonses sndusuiaeynia
Aoudelng 1ilesnnn1sfniueynInves Depth filter ﬂzﬁuagﬁummﬂmﬁyﬂwmzﬁ'uma
mslva Ssmunsadnduoymaifvnadnnmnagngu1dsndae

msdszgndidalunisnsesunyluTasflamsduiiuldlunugaamassumane

1
A

Uszian 1esnnnishisnsuvmalvaniubensesyiindu q saiwn 1 luaunenTdsdu

3
¥ 9 o
do’z

1 a [ P J L4 <
yutane wengdunsdnahse uuafiFe 1lunisnseudiosnio 1 uazusnvouds

= o ' J
LL“U’J‘L!a@UﬂLﬂuﬁ1LﬁﬂﬂJ@Gﬂ31uﬂgu1uu1

2.4 WU anHu (Nanofiltration Process)

2.4.1 HADMINTOINIUEBNTO
Qs ' 4 3 = Qs oo 4 o é
nann1snsesuenseiu ldinmsAnyvinnanmsvesnseea TuFarunduy &
Qs v 1 a d’d Yy 9 9/ ] 1 d’d
owfauliamsuns Tesdndmsazaeilianudududesnitozuns lumasazaefidianu
Yy ¥ oA & oA o Yy 9 9 =T A4 A '
WNTHNINA HuAe WinTemisazargilanudududeosasuns sui1ugoaenfIY
. s 3 Aa Y 9 oA o Y a 8 '
(semlpermeable membrane) l1‘1]’&']ﬂﬂ1‘Ll‘1’13Jﬂ’J’lllL‘;lJiJ"’IJ'L‘!ﬂJ’IﬂﬂiﬂL‘WE)‘mﬁl‘}”iLﬂﬂiﬂ’JHJfTiJﬁ]ﬁ L3N
4 ] T
A3EUINNITBRE JUFH (Osmosis) wazifaussinsad luAnifadn Wotlounssanfitorruy
¥ ) [
usednead Tudn Hhld luwanavesiunfoufidrumenudunszuiunisood ludd uay
1 1 ¥
asafniumshiianududuinnniuieusntheenut fuSendinssurumsess TuFariy

ANY (Reverse osmosis) ﬁ'\‘i’gﬂﬁ 2.6



dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenansianubidniunislynuienisfnewniu lueygsinillydsslesuaunisan

lunnsdllagsau Snvinudlvdaulauilon waznesedaiuaivetenarsynasminisinluly
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' 9 Yy 9 @ o o
2412 mslverugngy Teoldnnududuvesdiazaouazdagaazae
A ' v A 9yt -3 a A
melugensewiriunasa maazmeziubonseslddumnilsdeserforuiagnguveade
[ v v W o ' T
nseudludafindumsazats minmsazawiouialuagafinniigwgues e lvaru
IWIUMNEaTINs Inaudvminaisazarelvuialuanalvugaiignyuvesdenseses

' A Yo q ¥ S a w a Y A
ﬁ'm'l'iﬂIl“r’iaN'lulfJ'E)ﬂ'iﬂ\'iblﬂV]'lclﬂﬁTiuuﬂﬂﬂ’NUuW'ﬂﬁu’llﬂ@ﬂﬁ@ﬂ

2.4.2 AnumMMNsaluNsnIaanetiensasuly
g/ A o Hq @ Qs [~ Y
nIzyIUMINTsIRegensoauuu ludunszuaumsuoni lda nuandlus ety

Y] Y a 1 ) ca P 9 o v A 9
auldinanisare Teunlams Femsilounazinesiend 181 uveunan anuaunldog
] o
114939 3-10 V15 MT9 500-1400 kPa ¥50 50-200 psi (Kilduff ez al. 2000) ATEUIUNITATOIAIY
wensewuy Tuadredunszuiuniseoa IuGaiunduLIn LauanNd 19 UasIT
a & . ‘ EAR
anueuselunsuen leesuauduiia (Monovalent ions) 14 aas'lsd 1y Henseeuuy
9 1 v
ulusanueusalumsdnduiios 50-90 % miu Taedonssauunr Tuszeenldars it
9 v ¥
dmiinluanatesndi 200 daduriulylld Tevenldmsnani leseuruaudniis uaz
a ~ o ¢; ' ] 1w o { o : s ] YY)

msdunidluanadt iy wnueanu 18 uadnsuasifidivdn Tuegauianit 200 Fadu
& ' A a ad o A d 'l . . a ad 3

Yu 'l 15 infeefiunIdursdandlularuausi leseu (Divalent ion) @158uNIsNINA1a

a ol a ada Y2 g oa @ °
nglae glase nsadunsd uazassunIdnmetulutiifia Sealimswauninszuums
TuRamsyuu 1dlunisusnasfluldidumsuenindeeenoinalsAdesn1suen
A YY) A =l a @ A "

AnuamIaveatenssst lulumsiadumsilfeSouieusubensewwvers 1e (RO)

LazenITeuusand1 (UF) uaaslusensied 2.1

a sa o v o A os A A ’
AN 2.1 Lﬂ'ﬁ]i!ﬂﬂ«lﬂﬂ’liﬂﬂﬂuIﬂﬂlﬂ@ﬂi@\?“ﬂﬂ@’lii@ LU@ﬂi@QLLUUNTIu UAagoniadiyy

fand1 (Funes, 2547)

Uszinnuesms RO Loose RO NF UF
TxRounaslsd, Nacl 99% 70-95% 0-50% 0%
unaFounae 1sd, cacl, 99% 80-95% 0-60% 0%
uunfliFvudama, Mgso, >99% 95-98% >99% 0%
nsa lalasnaesn, HCI 90% 70-85% 0% 0%
ﬁwmaw;nim, >99% >99% >99% 0%
ﬁv"lmaﬁiﬂ‘iﬁ >99% >99% >99% 0%
A3A8dN >99% >99% >99% 0%
e 99.99% 99.99% 99.99% 99%
Tas@u 99.99% 99.99% 99.99% 99%
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2.4.3 ANHAUTMIAUIZVVIEDNTOY
o a & ] Y o A
ANYAULNITIAUTTUVHONTDI L9 IR 2 LUV AD

1) PMINIBIVVBAAMI (Dead-end Filtration) umstloumisazaraluiieanig

14
(Y o

nemnfugensesih lfifamsazauveseyninuuAubionses RSeniudn (cake) Msazay

Y 1 3 Y a dg‘ v 1 < o a
sU'f]\‘lLﬂﬂﬁ\‘lWﬁ1ﬂﬂ31u¢]’]u‘ﬂ1uﬂ15llﬁﬁlwumu Llﬁgwﬁﬂcﬁﬁﬂﬁ\iﬂﬂ']ﬂi']ﬂﬁ? ANHUSNITIAU

Y

g v A& Y d - Y g o
531]1]“1]1]uﬂ'Ji1“1“1"0?“5agﬁ'lﬂ‘l]igﬂ@UﬂjﬂﬂHﬂ']ﬂun']ﬂlﬁﬂ LAgUANUIVUTUMN ﬂ\i?ﬂ‘ﬂ 2.7

4
wudszuy (Cp)

WoNIoy — »

vy

ca
INDSULON (Cp)

11 2.7 MInTRIVUBONTOWVVEART (Dead-end filtration)

<] Y
2) 71905991%av319 (Crossflow Filtration) (T un1stloumsazatsvuiusy

4 QS’I v oa da d
Lﬁ’ﬂﬂi@\i ﬁ?'ﬁ)ﬂ\‘lﬂ'lﬂﬂﬂ‘ﬂﬁﬂ'l\?ﬂ'liIlﬁﬁ‘llﬂ\‘ilW'E)'iﬂJLﬂ‘ﬂ ﬂﬁﬂ@uﬁﬁﬁzﬁ'lfJLL‘U‘Ullﬁﬁ‘U'J'l\ﬁJNﬁ‘U'fN
= o 3 = v A =} 3 @ Jd ot
UIIRDU ‘Vl'lﬂl‘ﬂ?f'l'iﬁ&’ﬁ'IEJﬂ'J'Iﬂ'f)l,}ﬂ'Iﬂi’]'f)ﬂ%'lﬂﬂ?ﬂl!ﬂﬂ’ﬂﬂi'ﬂ\‘l Nﬂﬁﬁﬂ.ﬂ'liﬁﬂﬁ\i‘llﬂ\iwﬁﬂcﬁllﬂ

WIAIINMINTBWVUBAFT AS31/91 2.8

Applied pressure (AP)

Feed —
| » Retentate

Permeate

11 2.8 mInsesvuensownD IMauI1s (Crossflow filtration)
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2.4.4.2 dnyaEMINamsgadutienses
= Y nﬂ' a pY [ v 1 dy
mM3faNsgaduBanses o1aina 1A ludnyuzase 11
d LY U . . .
1 Unngmsamanriunsdulnailsiydu (Concentration Polarization)
o o o g o< o
Usingmsaineumuasdu Twan lswdu (CP) iWuisingmsalniwumialy
UHPoNI09 A NMsTzauoynInuaz/M3 e luanavesdignazaieiusnuilveulieonses
3 A g Q’l’ o = 4 a
N0 ludu Boundary Layer ¥ailusud lndiivivestionses Tns P aziialumisazans 1y
2 da 9 A 4 o 4 & oa o A ¥y
uganiimiigenses deluduilsziudaszuazdavnens markubonses anududu

] Y ] v
vinaHmiubenses (C,) AllanudnduginiSnafisgvueen’ly (c,) szl 2.10

o &
watian Eauen  Funaum

bulk

Gy

|
777

517 2.10 msiAaneusuasduTnar lsdu Saun, 2543)

2) M3NATUDA (Gel Layer)

q’: I~ q’: oo 1A 1 a a Y A

Funailutuvesluananivna lngiazavegluusnauimihveuts
n309 nuwnlunszuumsdansiamsdu Weanududuvesasasnannfvtiubonses

F4 v E4
geluendsliadiiavesmsnzmefiansanzaield (Gel concentration, C)) vosa13dITUA
é b v Y d’ o Q’l s q o
Fefrgnazaiseraldnyuzadiedumaifaduuuimiugenses fldnnuduniums
9 F4
Tnanugainuinndudy Sas1ms lvavesasazarvaziisannsninaudy uazdari 1¥a
J i a 3 o 1 v 7 a g

Recovery 15¥0u0onsout/asuasdie madadumamuisavi ldamdndmuiuldlae

| 0 & vy o & g Ao o yye o o
Mslasuan1Izn1THIIUYSen15a 191 msﬂuﬂixmumwNuﬂaullﬂuumamgﬂﬂ 2.11
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Wwaillan lﬂl_ﬁllﬁ-}u Fume Fuzoum
G
bulk
J.
N Co
N\)S T ot
G, AR, AP
>xosdo ol b__ x

[ ¥V [
51 2.11 mafadumauwbonses Faun, 2543)

3) MINATHIAD (Cake Formation)
a & v g o Yy o a 9 1t
msinasudntunalaniinnulndifvsdulunsifavesduna uad
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'EJ'I"l]"l]glﬂEJ'JEU’E]\‘]ﬂ‘l_lf’f’Ju'V]Lilu‘U'ENLL‘lN‘V]Lﬂﬂ‘i]'lﬂL“]mﬁ!.LﬁzllﬁJﬁZﬁ'IUu'l“ﬂ\? EPS uyutlu 2 Uy A

J 24 o vg ' a o
bound EPS ﬁ@ﬂﬂ"ﬂ'lﬂ‘].]ﬁ'ﬁ)ﬂﬁul“ﬂﬁﬁ, qaﬁ'umaamimmuumﬂuma ﬂ?'ﬁ)ﬂ@ﬂJW'ﬁ)ﬁlﬂJ@'ﬁ‘ﬁLﬁU
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o A ' s o ba '3 ¢ a ad A
WUTY LAY soluble EPS ﬂam%mmumﬂumaﬂ ADDADYAUDIHEANIAUNTEY HIUUINIRDY

. . [~ ! {y 1 £ o T I
130 inert biomass (HUnGUYBY bound EPS 71 Wieusadesaans ldFaiunguiradfioneuds
Park et al. (2005) An¥1BeANENINUBINIEAAUNINEINTHLWEENTBIILUUI Y
a 1 o & A oy’ o == a8 @ I g’ Y o
¥iiad19 q fu FuderdessunuaiGonazarsFiduainozareds (smp) Tagldsins
Qs 4 = o U]
FUA51LY 715 SMP VINUUANGTHA Flavobacterium lutescens MMTAAEINTITUNTHIUYDY
13 SMP UwieNI8q 2 ¥ila e ESNAL-LF uag HL Wu318as1msmda (R,,) voutienses
14 ]
ESNAI-LF tfufidrgendmuy HL  uagluilensequuy HL membrane HAnumaninlums
b4
o ' é 1
Tihdurild (p_=7.53x10° cm/s) FagenTwuy ESNAL-LF (P,= 6.48x10° cm/s)
2 d‘ [ a8 @ s :’ A o a td
Huang e al (2000) fnyuferfumsiataunasareriieglussuudslgnss
&L a v ' 4 [~ [V
FINTMUNILTY (Membrane Bioreactor; MBR) Fuauszuvageaaiisauiunm 250 Juaeg
a 4 s v o g’ o a 3 s
aznougaun3d 20 Juuazldafinnuiii 8.3 43 1ue TasAaduuuiusHLLUINAT 910
MmNy ImMuUiAnIsta cob, BoD uay Toc Tiwantimelafiedesns 90 95 wag 94 210

1 a a 4 4 3 @ o U4 s o o
myazauvesaTuiasunidarsueutnualudelfnsaluazmsaarsdivesgaunss

v b4
ndanniAuszuugaAnymuhiissifiiminTumgawinnd1 100,000 &a $evas 34 uay
14

1 a o a a ¢ 1 da 2 9
senIeMsanaueslSinsmsueuduniowu Narsitimin luanage nandneseeny 14
i Aa :’ Y 9/ 1 3 a dg’ 9/ g Y &
daumsfdiimiin Tuanatesndi 3000 msduInieeas 33 Wusovay 52 Femsaseu
a a :’ . . v s a o a a
Y9a158UN3 Baza11i1 (Dissolved organic carbon) ogludsnsaizaniw wazlaniwaly
1 1 1 Y a o
AuauAeMMITURTUYDILI T U Tud e §nsel
b1 Yy v [
Shon et al (2004) fAnuISMsthdalipeduvesihisfimnnnszuuMstinia
P=3 ac o @ ay 9 ] 9 a a o 4
meFanm Bmahadedy 1dun mssuezneudeiimaifumessnanelsa (FeCl),
w 1 v o o )
aAFUAIBEUAUTUA (Powder activated carbon, PAC), MSTINATNBUAINAILMIQATL 910
] ) ¥
msnaaesnuIIsnsimunzanlumsihdadesdufe  mMssiuazneundnudlonsga
) o w a =94 o 3 Y A o :’ g a1 o @
U Iagaunsamiamsdunsomiveunavualdos 90 % uazlotinhineanmiumsiinie
dy Y 9 g Y 3 1Y 1 A )
e udeiTsmneneundanudlomsgadiy linseswuiensesuuy UF §4 NTR 7410
¥ T d' d' a 9 :’ a o o @ nﬂy 9 9 add”d \
WU M1 contact angle VpuPBNIBIMUAUITUVAwIIRTIMITTAlBIRNAIETFHNM
Tndifestutionsoaazern AsliAumNy 64 (Bon589aDIATIAT contact angle WAL 69)
9y
uaasiemsaanvesensgadu Tasmistiniadody
Kim e al (2005 finyunsaiuanududuvesegiiioudamanldlumssa
AZABUMAUATITAMT N 1, 10 waz 100 Hadnsudedns wuhfnnududu 1 Tadniude
a = o Y a a Y 1 =1 .é’ 1
fas Iwarh 1difansdsunlasdnuazassoynmiamuuia Jvuialvgau (280 pm)uagan
. " ' -4 o w a add VA Aoy gy
zeta potential AU -13.5 udiedifudmssidamsdunidiliogainariilodds lilvnad

] d' d' 3 9 a a w [ =Y o o a =) 'y dy
IMNAIT (-10%) NANUINIU 10 1ag 100 Naaﬂi11G]’E)EWIﬁ’d'llﬂﬁﬂﬂ']‘i]ﬂ’s’f'liﬂu‘l’litﬂﬂw'lﬂ‘lm
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8

a g g o o o @ =] a A A =]
Anlu 64 uag 83 WeskrudmudIAy Anvazveseymalmsi/dsuudas Aellvualvgdu
I ] Qs [-] Qs é ' Q
(415 LB 734 um) A1 zeta potential WANAY -12.2 1AL 1.7 MUSIAY FaAMNUAUMIUTUNE
£
YOIFUANTIA UMY 25.4, 6.25 1Az 1.84 Mud1AU (x10"kgm)
3 k1
Abdessemed et al. (2000) ?fﬂyﬁ%ﬂﬁﬁm"ﬂyﬁmé’ummﬁmwwuﬂauﬁmmm
9/ A Y =Y o Y v ) Y 3 da
MINTOINWITBNITBWV BRI INSTUAIIMITINAZNEUTWAUMsgady  Tauldmessn
o a a o 1T a o U v @ ¢ a a o 1 a <] Y
ane l5a 40 dafnfusedasiumssonazneuuaznasuiuiug 20 Tainsudednniiudge
FUNUI WUNTAINNUYUIRES 3.50 NTU foih L ubensouiuudans Hamssunying
MANUYUINABINGS 0.50 NTU
) = P A A Y a o
Boerlage et al (2002) AnyulSouifeviorudonsossnsdanmuizaulunis
v
[ Y Y [ Y 4
narouAriFiani1sgadu (MFI-UF) Iaald Inddalnu @s) fu TndezlasTalulasv
{ 1 LY :’ 2 v a o =
(PAN)NATDUNAT MWCO 1-100 kDa fuU1i 11521 Fawu31 PAN 9 13 kDa ¥ 1¥isiuna lnwes
[:] o é 4 = L% - . .
daumsnsessulienanes 1 1ddszun 15 b 1HAN15QARULLY intermediate blocking
Y 3 a a A a :.: a o 54 1 q
NAINTUTUAAUVY cake filtration M3a120 b FamsiHadniugnitguilfiiuiuiionas
] a o a 3 { o ° ~
anTmsznde navdlsuas nudSuestiu ldnsWadluduase enseianuazeiaiio
3 o (] 3 4 o ] a T a
asudeIfn ImdonleTianelsd dau ps ulerhinmsnenswda ldauisaiignildiufa
na lnuuudniiavhmsnaass lUuds 60-100 42 1ue wazmsinnuazoindosldasnizng
Y
nae 9 A9
Dong et al. (2006) FAnvufvIiuKAvEIRIRTRTIABNTRARUYWTENTBIILIL
LY 3 o o @ :l ] :l dy 9/ 1 a ] A LY b1 s/
oans1 Tagiinisthdaiinumiiudesdunesuisgnsesriiubensosuuudaniilaegld
a s 1Y a o o T a g =2 A A
azgliloudnma 4 Naansudedns 1dlumssiunznou uazdnyfiafiesy 7.5, 6.5 uag 5.5
v v 1
MURIAY 1NMITNAABINYININTINAENOUARLEY 7.5 ausasIdaa1sBUNS dn19
a sl S A ~ ° - o w a -4
535A 18 27.1 1Wesidud eanfiesd1asf 5.5 cnusoiidaesdunsola 44.4 losiFua
A ) Vel o o & o a LY
FITNTNNANTEARULUVN1S I8 uahfewifamisad lfifansgaduldaninmsnanes
WUNNROTAIAI1IA 7.5, 6.5 402 5.5 M IRAIANUMUNIUTINABANUS UM UTONT DY
1 v
(R/R,) W33UIN 1.92, 2.44 uay 2.78 MUS WL
1 Y k1
Chen et al. (2007) FnyuAeI UNAvEINITTHTRIIALIINITISUIIRA0AITI I

¥
A 1

azneumMuAliniinademsgaduubensswuudani1 lasiinmisauayneumaniiae

a

Y by
agmuﬂummwm 4 Hadnsudedns wunmsthiaiudesdudienmsanazneuszifensida
1 g ot 3’ . 1 ~ 3’ e v a s d
dmd ldseyti (Hydrophobic) p9n lUandmfreuii (Hydrophilic) ¥94NQUA150UNTENN
a @ K = a :l o ' o :l 1 g' = b4
TITUYIRN (NOM) Lmzmﬁﬂ‘yuﬂEnfmmﬂuﬂTmaQaﬂu'eNmumaumuaz"lwauumuﬂﬂ"1@
a =4 a v 1 a g' ~ gl @ A g 1 Ay 1
PINAITOUNTINNTITUFIAN WU ’cT’J‘Ll‘ﬂ‘K@UﬂWﬂJﬂ1ﬁMﬂI§JLﬁQﬁ‘ﬂLﬁﬂﬂ’ﬂ ADUDYNN 1 kDa

T v v
uazaui lreuthwuheziiminTuanasglusas 10-30 kDa
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Y J oy
Nuengjamnong (2005) Ainy1unumvesansddasiazarwild (a1s sMp) lums
a o A = o a o' = 3, o o =
amsgaduumbonses  lagAnyvindelgasaiaimmmusuiiondh il 3 69 @
v g 3 A 1 o 4 Y o o A = = '
serznamIsnnuvedsiuanaleiud 8 3, 20 Ju, uag 80 Ju enfSeueumany
¢ a ¢ g 4 '
Wauduves a3 sMp Tugduesensmsveudunidazmeihld (Doc) wasldsdu dawuh
o a o oy Iy o
anududures ms sMp lugtlesmiveudunidazmeiild (0oc) livufusseznnms
v < 't I S 9 & o
Anfuveands uadtlsenouvesllsfiuly s sMp Nuwrlduanauiieszeznmmsdn
& s A 4 ' o . .
FUUWTARVAY LHaZNAMIMIMANNAMUNTUYBUANSUNIE (Specific cake resistance) VD4
3/ [ 4 1 [
Fuiifiamsgaduiennazneuveavadluduljnsaliledfiseni HazINAZNBY
& o 9 9 LY J 3 v 9 ] £ 1
younadntmdedeensazmetivilesaenss wuanumumulszinunarilsueem
o a & ' [~ ' LY
anudunTanuAfann @15 SMP Fwu ms sMP Wudiuilszneundnluasnou
1 d [ 0’: q W 1 Y 4
YeunaLasUAURANT I fatfu a3 SMP Tellunumdvyrenisgaduuuensed
{ @ @ [ 's o’l 3
Jiang (2007) Ay 1UNEINUANYAUYRIETTINUNDLLUSMP) NearpulUY (UAP
{ o a o a o o
iaz BAP) M ldandelfaseiFanmmmanysy 91nmsuansianyasyes o135 SMP uull UAP
14
1 | [ d o a o
AaurumMInIatasnaINnsoe Jenslunguldsauuazihaanaily 14.6, 10.1 wag 12.3,
3.5 fladnfudedas 2w M3 SMP UUL BAP ABUHIUNIINTBILASNEININTOY Tm3lungu
gl A q a a o 1 a o o < 3
Tsaunaziihmanadlu 22.8, 93.4 uaz 13.9, 62.4 Tadnsudeansaudey uaaliiiud
1 ¥ 1 v [~ 1 ] 1
a3 sMP Tungu UAP feurumsnseatlsznaudioaslungulsauiiuaulvg uazngu
g o I .
BAP dlumslungquihmaiiudming
. = v a A =) ad a %4
Jarusutthirak ef al. (2007) AnyUNEINVBNTWAYOITTOHUNTE AT EITDUNTE
v ] }d
MessIUNANTINadomIgaduLBonsesn Ty nuhivegiuduiuveayleseu (szy
o 1 A v AR 3/ o a o P=%
fey  uazilszyg)  FegruuumsgaduifinuidisuuuiasanadamaasuouaarEeN
o o @ o Jd v d =
FamauazuuniliFoudamanaiuuselszy 0.01 uaz 0.05 Tuars mldndusanarouanas
s d 1 Y4 = e v d s
43 woe 43.9 Wesidud uazAwdndvesunuuBenliamdndanas 40.9 uazal.8 ulesiiud
v o o 4 3 o 4
T qtiuumsgaduiiuuuy pore blocking wiemsgaduiidauugitonses sliimouibe
1 ¥ b4
nsssanauilesnnifiamianagnoutuRatonses uennniinisdnydidnnavesilszyay
- 'd - o - [ - { 1 [
voarlomln (PO, Anolsd (C1), miven (CO’) uaz Famla (SO Nilwadensgadulay
s [ v 1 v d { - T4
IHszquandadentufeunadon nodimeanialismdngaaaunnigade s1.1 wedigud
l& o d' o' S ] a d'
Falemmiafiamsazmeidminiinadensgaduunigonsoaut lu
Jarusutthirak and Amy (2007) AnyUAEIRUMTANTIT SMP 58¥I19NITUDAY
= o [ = o 4
MaFamwuesaisdsznounedunidludalfnseinwm (SBR) Tnuldinies HPLC-HPSEC

a '3 Qs =] 1 '3 4 ]
lumsimsermanyasyesats naugaslimiuhaslszneumiveuiileuliunszunly
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& ' o ' a' a
snglae dswunldnanlsanm 2 Frlusdumsdesaarnglaa Wasugdidlumsdunsd

a4 4 : . E
¥iIAdY 9 A9QNiTun1 biomass-associated products (BAP) @13 SMP lungu BAP 91n¥17is

A da

A 4 a :’ Y = o
vasszuendorysznoy ludrwmstunsdnfidhminTuegags 9 deermmnmsuands

14 v
a AT A o

4 4 1 ° o a
YOUBATYAUNTE (Cell Iysis) ms‘luﬂquuummﬁ@ﬂﬂﬁuummw\ns (SUVA) A uasuansme

Q
14

1147 (Hydrophilic)
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3.1 asaRnlglumInaned

¥
1) 1Ha1ansie (C,H,,0,,), NTAN1AITA
2) nsngasnueda lululawsa (CH,0, H,0), n5a0A512H UFEN Ajax Finechem
3) nialelasnaesndudu (HCD), nsainszd USEN MERCK
4) unaseunaslsa (CaCl, anhydrous), IN5A3tAT1¢¥ USEMN Fluka chemika
a J a d o o
5) Tasiden lansonlad (NaOH), INTAAUATIZH UTHEN Lab Scan
6) lalwdeonlelasinunemmla (Na,HPO,), insaN1anIH
7) Twunaioy'la laTasnudomna (KIL,PO,), 1nsan1en1sm
8) Tnwdogiiflvunan’lsd (PAC), 1n5aN1971581 UTEN An ISO 9001 Factory
o 'd = d a o
9) e3inAnelse (FeCl,6H,0), N5ANATIEH USEMN Carlo Erba reagent
10) uuniiFendama (MgS0,.7H,0), 1n5A3AT1ZY UTEN Ajax Finechem
11) egilifondaima (AL(SO,),.16H,0), 1NFAAUATIEH UTEN Ajax Finechem

12) won Tuillenaia (NH,),S0,), 1n5AR51¢H UFEN Carlo Erba reagent

¢ : a ¢
3.2 gunsalazinsesliednazvinldlumanaans

3.2.1 gilnsal

1) ganazouszuuu Iuinnssu J5u1a3 200 Tadfas Ju Amicon 8200
YTHN Millipore

2) 1Wen399341 TH§u NF 90-4040 155 Dow Chemical

3) UYNNIBIULIA 5 TUATEUTIA Polypropylene §%® Water quality

4) uenseIVLIA 0.4 TuRsOUWIA Polypropylene 5o KARE-T 34 AP-04-250-
DOE

5) Seumuaanunnududm i USues 10 3as

6) AIUIIYPLNINTOI (Housing Filter)

7) Lﬂéaqi’juﬂau (Stirer)

8) InsesFinnuaziBen 2 Sunss

9) WIRMITLLIAN
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o a 4
10) o3 luiinos
11) ®19819%a Iay
12) N52ATENTOY DT 5C VSN Toyo Roshi Kaisha

A Y
13) IATDILNIN 9

322 1wSeaiiodnsey

D Lﬂ?@ﬂ’?ﬂﬁ’lﬁm‘v (pH meter) 1/5%% Denver Instrument 5:1‘! 215 ﬂﬁxmﬁé'aﬂqy

2) nSesSaanmmsti v (Conductivity) 80 InoLab 155N WTW
szimeeasiy

3) Lﬂ%‘m UV-Visible Spectrophotometer ’;:' 14 HeAdos (I (Double beam) UTHEN
Thermo Electron Coporation

4) m’%"eﬁﬂmmaju (Turbidimeter) 1/5H% Wissenschaftlich-Technische
Werkstatten 3zimenensiiu

5) 3osATE S INa5BuN359 (Total organic carbon, TOC) U
TOC-V gy USE Shimadzu tszinerdiu

6) Lﬂ?ﬂﬂ Fourier Transform Infrared Spectrophotometer (FT-IR) ';;'u Spectrum
GX 158 Perkin Elmer 1/521n#169 11135

7 m?m Scanning Electron Microscope (SEM) ‘é‘ﬁjﬂ Leo ’q': 1 1450VP 1lszme

WOTNU
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3.3 YUADUMSANHUIIUIY

q’l’ o @ [ s :’ :’ Qy o 4
Tuapulumsinynmstiiiamsiatadasmeihluhiuieanmsgaduidonses

e

W Tuilaed Ao (3U% 3.1

U

1. M3AUsEUY SBR luanzmadueinis : ngadue1nie # 3:5 2 luaua 5:3
o ° a s °y ny { ¢ o a a o1 1
lus  Mimsimsigdihnefidiumstiiannseuy SBR - dremisiwmesaee 1dud
v
A1 TOC, Mmsganauues (UVA), A1m15311 I#1 (Conductivity), fitew, uazAidyiiuegnig
Qﬂﬁu (Modified Fouling Index, MFI)
2. MsANYINIRINIUYDATINTDIRILTZUVA1TNTBILLVSART (Dead-end filtration
R Y 4 J 1 ny <] [ SR N ~
unit) Tagldnnudui 60 doudaon1s1eids uazanu1lunsnywmidy 300 soudou
o a o 4 ! @ J
Anw1dszdniamasiinuvesdensesu lulaenadsunisanasveeandnd uag
Y a o
ANVAWIT0 IUMIANAUEITBUNTY
=% a a a o @ dy Y 1 a A )
3. mafSeumeulszaninmmsiadesdunedsedniamnisyinuves
A o o aw Asl‘ kY aa Y 1
®onsasu 1u Tagimsiadosdu 3 35 laun
- MsTNezneuNIuAlifesed1ufe)  aeE1TTINAenauTiaa1e q 1dun
a A o o’a 4 = a A 4
aililoudaima, essnaas lse, Indeglitiounas’lss
4
-msnsesRwdanieslulnsvuin 0.4 umwiiiu
- mM3smazneumuniinaug lddumsnsesdedinseslulnsuuin 04 um
a o Y 4 a 4 LY
4. M3AATIZHNMIPAGUITENTDIA Y FT-IR 1az SEM Lazms Ins1z¥in1sgadudie
unpaeantndamans ileefurtednuazaisgadu uazlSouRounavesnistda

¥ []
ifinsdudonmsaanisgaruibonso
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OTYUNUTYTIUATIEN

IAUTEUD SBR A00A1IEAISIANSINA:NYARLDINTG = 3:5 1B 5:3

l
I I

4 .
A198619111 SMP fign1ag

£ 4 ]

35 53

#2961911 SMP a1

| |
I

E4
Answnudnuniziiifieg1989e : TOC, UVA, Conductivity, Uag pH

b4

14111 SMP

R |

b4
Y

aEeEN MU UAUTEULEoNT 091 U Ineliituand19fu 4 LuU

WULA 1

I [
WL 2

UL 3

Coagulation
-AL(SO,),
-FeCl,
-PACI

]
WU 4

& «:ld'
wenasAlf
wuzayly

A1IANASNDU

I

Filtration 0.40 {m

Filtration 0.40 lm

AUTTUU NF

160 psi

WAUTTUU NF WAUTEUY NF

1 60 psi 11 60 psi

IAUTZUU NF

160 psi

¥
InTevanuazrenidiedt : TOC, UVA, Conductivity,ita pH

An1L¥N15gARUITBNIDIAIBAT MFI FT-IR Liag SEM

Ans1zdmsgadiu Mouvusaesimsgaduuaziuuiiassaudun

@Hﬂiﬂﬂ@ﬂlﬁi‘]ﬂii‘]\‘i

I

‘1.]581]’]&7’1leﬁ&’ﬁiq‘ﬂﬂﬂﬂ"l'ﬂ’]ﬂa@ﬂ

v 9/
310 3.1 Yumoumsduiiuanisy
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° I w o Y] <
MsMIuvessEUUeE TS aNYULASIINNILYEaUITIUANE (Sequencing Batch
v ¥
Reactor) lagvharusevaz 8 $21ne uazihad 3 seudedu lumsdnwiiiimuaszeznaly
=Y a | v a a (Y
msidvomelasngaRuemeiiy 2 an1z TAun szesauAneIAe : HgARveINIAMINY

3:5 1@ 5:3 ¥3 109 aauaaalunisian 3.2

Y H o ¢
ﬂ1§1\1ﬁ 3.2 ﬁ'li']\ulﬁﬂ\i"’uuﬂauﬂ'ﬁ‘ﬂ']\ﬂu"ua\isgﬂﬂkaﬁﬁa'ﬁ

. 53020 (2 109)

» . 153195

PUADHMITNINIU (509) an1azf 1(3:5 $2lu9) | @n1azi 2 (5:3 Hlug)
@i sz uY (Feed) 5 0.15 0.15
ANDINA (Aeration) 10 3 5
anNaznNay (Settle) 10 5 3

Vv .

quihaulasen (Draw) 5 0.15 0.15

o d - a d o - E
Yesendnurlunsauszuy Aeseosm AN IMALLHYARNDIN A FI013UHA
detSuaazdnyazues SMP uazdanaremsgaduveulionses ms1ed 3.3 uaasileieh
[ a 4 :' {1 o o J
Fnvuaziladvarugulumsdussuueaiions dhfidumsiiannssuueaiienignnses
2 1 o <] 3' o 1Y 4
denszamnsesdavinagngu 2.5 luaseu newi llfilwhdeudmivszuuidenses
A v A o w dy 9 v a ot 9 a 4
wluiefnyimgadumonses uagmstiadiesdusde ) wisilmesildlunslinsey
@ - 3‘ e J 1T a J d o T
Snvazihinanszuueadens 1ldun massunidmiueuianua (TOC), AMsganauLas

finnmenanau 254 i Tuwas (UV,,,) Afites uazaimsi Wi

d’ [ o AR =4 o
maadi 33 edvauguueziladentnulussuueaions

Padonrugu  fesufivhmsfnmn
91gAZABUYAUNSE (SRT) : 10 Tu $2ELIAMTIANDINIAILULLIN
COD:N:P : 150:5:1 HgARNIMA (Y
ATNOY : 6.5-8.5 3:5 42 Tu9 uaz 53 Falu4
AMDONTIUALAY . 1-2 Tagansunotas
gangl : guvgilfies
mafimidesel (MRT) : 8 Halue
MANudNUIBIRENIU
J0UN30 (MLSS) : 2,000-3,000 Hadnfunodns
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=) 5 A o d o (Y =y d

3.4.2 mamssidsFuasRdmIUsTUealens
3’ a o 4 s é’ 913’ [ ] o 9 1 a a
Hidedunsizvigmseniulaldihaaglasmluundemsvouliungaunsd
o ' a a a J d q,.:’ P a a o 1 a A o '
TagfmuamySamsdunIdnsueuianua (TOC) 1 374.5 Nadniuneans Funeuini

Y 14

=) 1 o ) = W 1 = = g ‘é
FumaTeRuniny 1,000 Tadniudedas Ysualulasou uaseanesadeldidumsoinis
Ao o ] a a a o a = 4 =
fsudludemsnSadu Taveagdunsd wSvunuenTuflounaslsd Twuneadonlalasiu

1 1 LY A
Womwa uaz lmReonlalasnudomua Taonruguida1 CODNP Wiy 150 @ 5 @ 1 &9

Hq 9 a Y a o o o
505N Il umswsS s udedunszvnaaalunised 3.4 (Lee et al. 2003)

= a Y a e QY a o  d
15190 3.4 ﬂimm’mi611415‘[1?)\1‘11!1L’chJ€NLﬂiwﬁﬂ%ﬂumimu58‘1J‘1JL'E)EHJ?J15

13l | ﬁymﬁﬂimaqa USmadild

(n3u/Tum) (nFu/ans)
Sucrose (C,,H,,0,,) 342.0 0.891
Ammonium Sulfate (NH,),SO, 53.5 0.167
Calcium chloride (CaCl, 2H,0) 147.0 0.019
Magnesium sulfate (MgSO,.7H,0) 246.5 0.017
Sodium hydrogenphosphate (Na,HPO,) 142.0 0.227
Potassium dihydrogen phosphate (KH,PO,) 136.0 0.231

v v @
W o . a A 9y

3.5 MINUAHINAUBIAYU (Pretreatment)

3.5.1 mss‘mmnaumqmﬁ (Coagulation and flocculation)
o A a adqy A e o v o 2 4 g
mmsAnymdSinamseiinlfuesmmerimingaylunsihiadnalewnu
ot o g & = ~
Tagld3R915mad (ar test) (Fauarassoazidealumanuan o) ssainldlumsadauas
ae g a [ da 4
sawazneumuniiluauiseilne eglidlondamia (ALS0,),), Messnanelsq (FeCl) uag
a A 4 = 4 1A ) o o o
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3.6 MIAUSTUVEPNIBIMUVMTY (Nanofiltration membrane)

3.6.1 iensesnlilumanaass

4 | o 4 a a o 1 .
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. é !t ¥ ’ i

90-400 Nanofiltration F3gaianiian1e q veudonseuadlunsied 3.6
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2) &redensalasuglumsazmoniadinin (CH,0,H,0) Anududu 0.0001
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M3aN 3.6 Aadnyuza1s q veubenseew Tunildluauide (www.appliedmembrane.com)

ARANYE Joya
Uszianveatonses Thin-Film Composite
SaniilFitudensos Polyamide
VUIATHTU 150-300 A1AAY
gangiigegaiinuld 113°F (45°C)
armugegaiing'ld 600 psig (41 bar)
ANUAUYBIMIAUTUMNS 70-300 psi (483-2069 kPa)
PO BUDINIAUTHUNS 3-10
Fasfieriildhnnwazea Gowd) - | 112
ANNNUNMUADAADTY <0.1 ppm
71 SDI qaqmmifwﬂauswu SDI 5

363 msAnseszIIMATeEonseLLSAND

msiauvestenseauu Tufimusyuudensosdada (Dead-end filtration) 19
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. =2q a 4 o dyo a a & a a 'Y [y
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3.7 miﬂﬂ‘H1m5U1Uﬂ!ﬂ0&ﬂ1&!ﬂ@ﬁﬂm5Qﬂﬂmﬂﬂﬂiﬂﬁuﬂu
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» Yy 9 9 ] ]
gaRuveubensoan Tu nisdnymstnimbnadesduieanmsgadunansisnine 3.7

d' o o Asl’ 9 A w A
13190 3.7 ﬂﬁNﬁE‘}Jﬂﬁﬁﬂ‘B1ﬂ15‘1J1‘1JﬂL‘1J'E'J\WluLW’t’]ﬁﬂﬂﬁq%ﬂﬂﬂl&l@ﬂiEN‘LHI‘H
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o 2 v
-3:5 9219 -5 lumsunau 300 sou
-5:3 42 a9 g
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3.8 MTIATIZHNIBE

3.8.1 #d0eg
Y 1 g’d' 3/ o @ g’ d. = 9 = 4 3 1 o
C*‘l'JﬂEJ'Nu'WIulﬂ%']ﬂﬂ'li‘iJTiJﬂuTLﬁEJV]'N‘If'Jﬂ']WIﬂEJGl‘IﬁS‘Uﬂlﬂﬁ'ﬂﬂ'ﬁ NINBDULASHUAN
a S J Ay = o v A 9 o A
ﬂ'lim‘l.l53‘1]‘”5'JN‘VNH'WIGl‘Ifrluﬂ']iﬁﬂ‘lsl'lﬂ'li'ﬂ']‘ﬂﬂl‘ﬂi’)\WluLLﬂSﬂ'ﬁ?gﬂﬂulflﬂﬂﬁﬂﬂu'ﬂu an

a Y a o A A LY P
AATIZHAYWITIURDTUASIATBIUDAY ] ANANT1NN 3.8

d' a '3 d' A QY a d o t :’
197199 3.8 W'li'mlﬂ’E)iLl'ﬁSLﬂﬁNﬁJﬂﬂﬁl‘lfnluﬂ'liﬂlﬂ‘i'lzﬂﬂ?@ﬂ'lﬂu'l

wmnfines w3esile
ATNLDY pH meter
anmsii luih Conductivity meter
NS 9 AN UV-Visible spectrophotometer
alSunaiensdunidans’ uau‘ﬁ”wm Total organic carbon analyzer (TOC)
?1'1m1mjummﬁy1 Turbidimeter

3.8.2 ﬂ1§ﬂﬂﬂ®ﬂﬁ1ﬁ%ﬁﬁd§ﬂ1i§ﬂﬁu (Modified fouling index, MFI)

fntsduszuuiensosgendnluiadedt 3.7 dsuwesdond Idufiuanm
USuasarzau (Filtrate volume, V) uagfuramidasidiuszndng nm ae Ysuasazau
(time/filtrate volume, 'V luniie uriseladang) aonnthnisuas azay (V) 11ag 1
foUSinasazay (V) mwasana 1w ilomanudy ﬁ1ﬁﬁnﬁﬁe§mﬁqmﬁu (Modified Fouling
Index, MFI) 143191nANNFY Saaasswazdoaluuni 2 W90 243.3 (Boerlage et dl.

2002)

d [y 4
3.8.3 MIfigoMIRARUMEENIEY
a o & { aw 3 { Y] 1 4
msAgaligenson Tuildluauidy wawuilduduazdd 181 wefnmn

A LY a a 9/ 4'! s/ 4'! - d'
L‘]EEJ‘UW]EJ‘Uﬂ']i’Qﬂﬂu‘iJil’Jﬂ!N’Jﬂu'lLEJ’ﬂﬂi?N 1#mTouoaens19h 3.9

d' a o & A G Y a d @ A
A19199N 3.9 W15 UINDT uazmimuawh‘lumﬂmﬂzﬁmiqﬂmuwaﬂimuuuuﬂu

a < A )
WIFINDT (AIDIND

a dta 4
MIBUNIINAaR U UDBNTBY Fourier Transform Infrared Spectrophotometer (FT-IR)

=y oy

MweeLaz MINANBEUUAUIBNTBY | Scanning Electron Microscope (SEM)
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3.9 MIAATLHUVUS 1IN IgAMULENIBY

amsanasvesdndioduizuudinidieens TS e sunidivnams
ﬁwﬁﬂﬁwﬁamﬁamw&uﬁﬂﬁ'tﬁﬂmsqc-nﬁu“luﬁﬂymzdw 7 Femsaansvesddndernia
nanalnmsgaduieuluuife) nienae o LIRS IT15 197 3.10
TumsTianednsgasu hldlamhamEngd 1dnnmsmaneslundazanidzin
Mmsfnaunnauns fuasdluasied 3.10 Taeolddsunsuleaes (Solver) ¥olums
MUsHaLaEAIUIUNIAINASINA 189609 (Sum square error, SSE) céﬁwz”lﬁ'fhmmgms’faaﬁ
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Y a A o & £ =2 Y = Y :’ a d‘Jg =
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M99 3.10 FUUVUMIPARUUDLAN wazauMINMeITee (¥aD AL, 2548)

siluuunsgadu aumsihedo
Complete pore blocking model aJ, =—k, ( Jv) k, = -%LA;DC”M
dt
Pore constriction or standard blocking model @ =k, Jvo.s () ky = 2apareAm2Cbu1kJao'5
dt s 0 5m
Intermediate blocking model ﬂ"_ =—k.J,(J,) k c Am.Cbulk
dt Fo i e —
(R, +Rc)
Cake formation model ﬂ =k, Jvz J,) | k,= @ oot bt
at JoR,

A o S Y o 1 jaw_ dAuy @ o Y P
dethmsnaasuaswduihvidndgn lduaaziletomndmwandisaumslumnsin
o = 4 Y] 4 o 1
3.10 ¥wa lUTinseimsgaduuubensesu Tu TaeldTusunsuleaes (Solver) ¥olums
UHAUR LA IR HAT INANURANAIARNEI04 (Sum square error, SEE) aun1siif
' 3 Y a a o A 2 o o A ~ 9 a
Aanugnaedlndifeasiinn SSE Aiiga uerastdnuzmsgaduiiiensoslinnulndifes
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funuudmesiuuniga
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Frwmsthiahtalesduitan 9 1dud mssweznoumaniidis AL(SO,), FeCl, uag
4 r
PACI Tauvamsnsesdeianieslylnsuuia 04 luasou Anwnlsedniammevinide
= v o o :’ I v @ a ad ) [ ddy
nsoanTu Taefnyimsanasvessmdnduosiuwesien msdndumsdunss fnuAsila

* Vv ] ¥
Samsgaduuitonsesnlu (MFINF) veuhdiedieilirn uazriumsiadiedtu

3 [ Y 4 o ) 4
53Nﬂﬂﬁﬂy1ﬁﬂﬂm$ﬂ1'§'§ﬂ9'1ulﬁﬂﬂ'ﬁﬂﬂﬁ?ﬂllﬂﬂ%'lﬁ@\?ﬂ'lﬂﬂmﬁﬂ'lﬁﬂ5

4.1 fdn¥zvYeRMIREN

a oA

) 1 a X =& Y :’ s W a'lnlsl 1 o A
fregea1sounsonldlunmsdayr  lavmntiufedunsizy laurasmsvounin
:’ a1 A da’ 9 a A @ [ =Y T o 9
nmhaaylnse Taofisd Tedisuduiszana 1000 Tadniusedns uagrhumstiialaely

1

o @ o a -4 . (Y
szuvihTasiudenadinnuuuealeors  (Sequencing  batch  reactor, SBR)  5¥AU
9 a wa =Y Iy 1 Iy d‘ Q.I é d'dy
foalfiiams Taeflanzmsidueinid de ngadne1mean 3:5 uag 5: 3 $alus deluhil
198131 “@nne 3:57 uaz “gn17e 5:37 MURAUMNUANIIZAINEID A5 4.1 uEad

a 3’ @ v Hq 9 =& A o o A
ﬂﬂ!ﬁﬂ‘Hm%“l.l'ﬂ\iu'm’J'E]EJ'N'Vﬂ‘IﬂNﬂ'Iiﬂﬂ‘kﬂ LW'E]‘N'lnl‘ll'ﬂﬂﬁ'ﬂ‘Uﬂ‘ULU'ﬂﬂi’ENLLUUN'IIN
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A anniy 3:5 aAMNL 5:3
wisiines , , , ,
mniala | mae SD mndald | wde | SD
ﬁ!’ﬂ“]f 6.40-6.90 6.50 0.18 6.50-7.15 6.85 045
amsiin vl

753-1565 1102 225 753-1370 1093 249
(Conductivity, pS/cm)

a = o 4 3
AITOUNTUAITUDIUNNINUN

8.54-26.04 | 14.82 | 555 | 6.86-19.88 | 1030 | 3.52
(TOC, mg/L) '

fmsganAuLas UV, 0.089-0.445 | 0.230 | 0.218 | 0.079-0.340 | 0.156 | 0.12

54nm

AnIUYU (Turbidity, NTU) 6.30-14.57 | 1230 | 230 | 3.00-731 | 550 | 2.10

AmsganfuuTsduwe

(SUVA, L.mg-lm'l) 1.15-3.80 .| 1.63 1.07 1.04-4.3 1.50 0.79
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' - 1 a o'
alofgenhianig 53 o1wAANINMIUANTAIYBUYAN IUAAIZAITVIABINIT UAZYIA
o ] cL =) o o :' a d' sl:‘ Qy d.l o a Y
2 IMANE NN UIBA TumsiAuszuuihtiadudeme vihnshrumsthdaunii
a a d 1 o o 4 ° [ 1 o a
PSunmmsdunidegluszdufidsuionmsihinduinldlvd - Ssmashimsalugumsidussuy
PSinamsifveinasiraninzauliunszuy
g’ 2 = o s A o ot ' T o ' [
inennszuueaiionsneaesss Ui lod, Mowsuas A1ANUYURTLUANAINY
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- - é ' Q L= o
UAE 1.5+ 0.79 Lamg 'm v0ean13g 5:3 Faoandedfiu Shon e al. (2004) wudrfiarIndifes

@ A

fuAD 1.66 L.mg 'm

4.2 MINATBUANUUNUEIVDITLUL (Reproducibility)
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Water Flux (LMH)
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