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Application of UF membrane pilot—-plant to slow

sand filtration process

Sang-Hoon Wang

Department of Environmental Engineering, Graduate school,

Pukyong National University

Abstract

Membrane filtration technology is widely applied to drinking water treatment in
USA. However, the disadvantage of thisl method is that the components in water
cause fouling in membrane. So, pretreatment before membrane filtration 1is
necessary and has become an important aspect of membrane operation for its
reducing particle and organic matter in the feed flow.

This research focus on Application of UF Membrane pilot-plant to Slow Sand
Filtration. In this pilot, to remove efficiency of dissolved and particulate matters,
Coagulation Performance, PAC performance and PAC-Coagulation Performance are
applied as pretreatment techniquesbefore UF membrane separation process.
Applying coagulation process before membrane filtration showed not only reducing
membrane fouling, but also improving the removal of dissolved organic materials
that might otherwise not be removed by the membrane alone. Results showed that
membrane performance was improved when the pretreatment process added. In
case of Coagulation applied as a pretreatment process before UF membrane, the

UF membrane Performance i1s 55% and 71% removal of DOC and UV



respectively. In case of PAC-Coagulation, the UF membrane performance is 73 %
and 85 % removal of DOC and UV respectively.

The permeate fluxes is from 29 LMH (L/m’hr) to 26 LMH (L/m’hr) with
pretreatment added while these values are 25 LMH (L/m’hr) to 18 LMH (L/m’hr)
for only UF membrane performance.

When combining coagulation with UF membrane, the flux is better than using UF
process only. So, Coagulation Performance, PAC-Coagulation Performance are

suggested as membrane filtration pretreatment process.
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Aol HIbEojoF gk AAA FIEE o] Foj A A Hrt

Durham (1997)2 RO¥AolA AAeTHLZ MFEA A& F 9 3
H]-go] A7ES W19t} Pickering?t Wiesner (1993)¢] el A v]&& who] W
Aol oate] ArEEE F fluxel oste] AAHUEH 2000 m/dayel & e
AXE UFet MFS A% @A Ao vlatel Aol UL
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st A2 T vgte] UFs 49 A5 Bt B2 H&o] =thil B s 3
gk Fdg 3 7HA] §HES ol&sle HAHFAHLE PAC (powdered activate
carbon) F4& AL A5 AP FAel vt 4000 mY/day7tA Al Ak
3 B33kt (Jacangelo et al., 1994).

Wiesner et al. (1994)°] <A el = wl=9] DeltaZd ¥ 7Hutthe] Ottawazdel o s}
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Table 2.2 Typical operation parameters for membrane process in water treatment
(1. Cote (1995), 2. Jacangelo et al. (1999), 3. Wiesner et al. (1994), 4. Nystorm et
al. (1995a), 5. Clair et al (1997), 6. Ericsson et al. (1996), 7. Odegaard and
Thorsen (1989), 8. Hagmeyer et al. (1996), 9. Pickering and Wiesner (1993), 10.
Chellam et al. (1998), 11. Sethi and Wiesner (1995))

) Total )
Flux Operating Permeability Recovery Capacity
Process . ) Cost 3
(L/m°/h) pressure (L/m“h/bar) (%) s (m°/d)
(US$/m”)
2,000—
Convention - - - 0.15-0.85 380-17,000
10,000
Conventional
+ O3 + = b F * 0.55-1.15 380-17,000
GAC
0.10-0.11
68-170 0.30-2:1 8,700
MF 60-250 90-98  0.21-0.49
100-1000  0.20-2.0 4,300
0.03-0.27
0.20-0.45
68-170 0.5-2.1 380-17,000
UF 60-250 90-98  0.10-0.20
50-200 1.0-5.0 2,380-55,200
0.04-0.14
25-34 0.30-0.85
5.2-8.6
NF 20-50 = 0-20 5-10 75-95  0.34-0.96 380-17,000
10-100 ' 0.16-0.53
Low 12-25 10.3-103
<5 50-80  0.23-0.92

pressure RO  10-50 20-80
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225 ¢4EHTFF I FAHAANY flux °|EF AHgrd
MFY UF¢} 22 48158 ute] oA 2e T3s= 59 fluxis Darcy
Ao o8 e FIsE fluxE vy 2L FeHeo Hom yeid 4 9l

t}.(Noble, 1995)

tlo

(boundary layer)®] <=e] &= A FEgh
2 o] fFol¥(convective transport)et¥ bulkd o= &
o dojuA "ot ol A olFdYES A5

gabA s o W g4E A% o4 §3

ot

=
pressure model), & =% =52 (boundary layer resistance model), A% =524 (gel

polarization model), o] 3} # 3} % @l (resistance in series model)%©°] AAE 1 ¢l

olsel Azte]l 54L AWuw thed 2y
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Fig. 2.4 Schematic representation of gel polarization model.

Resistance in series model

21d o] 744 3 5 dl (resistance in series model)< sieve mechanismel 713
24 o] F Rdo] gt o Ee ALY =6l T3 d T 3HE H8 3
7h el Bl @%0393‘94 Algro] Ak o] HEoA = A(2-3)°l YEduiet Zo]
# flux (P HAGEAE (Apeoll A& sk, 4o aAfAZ (R I FHF T

218 =

o2 i e pg

of o AF (R, HxEWel Aolazel o AF(Rr)el T HA(we] ol
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B35S olF v 529 EZALEAS(mass transport coefficient) ]t}
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=R, M+ R.A8.(D,..0F Ry ) 23

Alolz Fel o AFR = AolaFTY FASL AclasE Pt =ddd st
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J (flux)

pure water flux

Stage 1- Flux loss due to concentration polarisation

Stage 2-Flux loss due to protein deposition

Stage 3-Flux loss due to particle deposition or
consolidation of the fouling material

60 120 180 240 300
Time {min)

Fig. 2.6 Various stages of flux decline (Fane et. al., 1983).
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@ oA g &/

XAD A= 44 humic substance®] ¥#FE 93] standard method=A] A<t
= (Thurman and Malcom, 1981). Humic acid®} fulvic acid, hydrophilic acid:
XAD-8% XAD-4el| ¢]3) et =, Hydrophobic acidi= XAD-8 A &2
L, hydrophilic acid= XAD-4 o F#s= 4d& ol&ste] wed +7F vt
(Malcom, 1985). =#lo &2 71222 NaOHS o] &3} FAoA &2k AU
&S BYHCollins et al, 1986). ©]=nl g o &gt

AsHAl ARG EH L ot o] 2o oF WY W
SuFAE ALY B FAE FHlskE 7]kl A7)
o T A Aol osle] o] 27}

of Abgol WE 3E&o] &%

QL

Y

A,

2
oX,

>

[

FFol EASE #7120 BAY 24 AuTAY FALA 5ee A=
_]

7} AtHAmy et al, 1998; Chadik and Amy, 1987). =3x8 &N

3% Ax
71 BAHIV = AAEZEd AFHe =z PGS v Wt Humic® fulvic acide=
3tetd &3, FAE &2 nanofiltration 53 2 F o o3& AA3 AAL 4+ A

ow  AslFA(ex; ozone, hydrogen peroxide-ozone, UV-catalyzed ozonation,
UV-catalyzed hydrogen peroxide)o] 2]3}¢] A &AL B2 A3 o] gAhelo] dHg
ol vrol DBPs, S AAAZIH AEE AA fF3ekA @v(Sierka and Amy,
1985).

F71E4e ExH Ay EFc 2RV A% EX (Apparent Molecular
Weight Distribution: AMWD)$2] 7d S Ab&st=d #4447 2XE A2 & 2
Aol 7t AP EAe] A7)l 71 &38H7] Wil ‘apparent’ = A °]¥lth NOM
EAe] Fx= pHSF o] A=t 2 wAet §9o A #HEUY] FEE X
ek B A= otk o] AMWDE @9l 2 daltong AM&-eth. Dalton®] 7
o= Abxe] b JbEa TR 59 449 09 AFe 1/160% A o
A, HZol FdAow mqlE Ao ooty mebA 4bAo] EApFe] 15.99490] 2
2 daltone 09997 A= @9fe]l &gttt =4 humic substance®] A2 500~
100,000 dalton®] el ow o]l FR et 27 W 9+= humic substance®]

% 3

[e)
A 57, humic substance®] F3A 57 AFgd EAYYH wo]tH(Thurman et

¢
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ol
rir

al, 1982). dRkx o= ek &

B\

]_

ultrafiltration, vapor pressure osmometry, freezing point depression, small-angle

X-ray scattering 5 °] At (Thurman et al., 1982).

W& gel permeation chromatography,

Gel permeation ‘ﬂo“?.j% B SARds 249 2715 F4% Bl 7k
Ultrafiltrationol] 93 W2 3~5 mg/Le T& HYdA &34 A&3FY 15 =
©] humic substance® 7]-{] |HE AA BAF FExRY JA SHEH vEd F
Atk

Small-angle X-ray scattering= ¢#*| %] &< humic substance® 3|4 W73}
def B FF stekEe] did dd wAS nHlugo s dojxitt o] &4
WS AREStel B3 4 humic substanceol €3] fojx Aol wm=wW humic
acid Aol F2o|= Aola fulvic acid AAE°] 500~2,000 dalton®] 2% WHE
A= AS Yeh At (Thurman et al, 1982). 4 humic acid:= $4 fulvic
acid Bt} ] & Bx %S 7FA W polydisperse system(3kt} o] 4] 324 w4 S 717
system)S FAST o]AE vl & =79 phenolic @ hydroxyl 28719} carboxyl
2- g7 25 E ZeEttz Bol 2t Monodisperse system(te 32 W3S 710 A)
< FA fulvic acidell EAlstal A= SASEA o™ 22kl JFA FAH2 pH
9] gF=oltH(Wershaw and Pinckney, 1971). pH 12.591 4 carboxyl®} phenolic 2}-& 7]
© ol&stHa, webA o] #§7]E Abelo] FA ZAFS Wejgitl. Humic substance

o
A= o)A AT A O Ze B =)o 2zto g Ha"E 2= qluh
o

i

=1 (Leisinger et al., 1981). &A@l & P& a4-Fvjs 7}
3 Al HrollA o 2 A sgtER EdEH, s £
h(Manem, 1988). Z18jm = v x5k DOC &S ¢ ©o] A= NOMOJ
AsAgdol =2 Aol Adrt.
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® UVEZEY 93 27

NOM ¢ s}eh# 42 SHe &
P v A= Fag I F9 3
3F(conjugated double bond) 7% & 7}A = F713T¢ELS =
Ae 7 A vk weka 254 nme] 3o A el UVEF =
frgk &9 DOCEHA 4l AR&at7lol] &apAolar ghekgh SA WMoty UVEdE H
(specific UV absorbance, SUVA)E= UVEZE(m )/mg DOCE WERUE #ozA &
71Ee] EA4Ws 9 AAAEE el E §83 A X2 AFEH I Stk Table 2.4
2ol Yehd vkel 7o) hydrophobic acid(53] humic and fulvic acids)E= A3 o
2 =2 SUVAZ#ES zH=th Reckhow et al. (1992)0] M2 $3 4o osto] =2

of
ool

humic substances< 3t

SUVAZrS zr= humic A& 70~80%9 DOC7} A4 % ¥bA hydrophilic neutral
o] g @A 10%<e] DOC7F A A= L. Van Benschoten ¥} Edwald (1990)+= t<F
=9 SUVAZEY =A& E3slo] SUVAZEY wHYd wWE 71549 Aur EA

s thest 2ol BReAG

SUVA : 4 /mg DOC
£% DOCHES 2 humic 222 of&old o, Arjdor ifi Wi
243 nEAF RS wo] 3sta g e DOCE =7} S04 Amo] 2 e

n X S-Fo 23 DOCS A A7 &o] st

SUVA : <3 m Y/mg DOC

% DOCAES FZ nonhumic & o|Fojx dow AgHoz 44, v
weks B4y A s wol FdRsta vk DOCEE7F - A AR ol 1

AE g Hom, o] 9 DOCe AA7F vttt
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wel dwrgom  witx  $F]Al(monomeric  coagulant)9}  F-7] AR S A
(polymeric coagulant)® Y th @itz S3A9 F/REZE dFvEA SHAA
A2 1] F(aluminium  sulfate, Al(SOy); - XH0)3 HIAA AL o
(ferric chloride, FeCls - 6H,0), A 3tA]d E (ferrous chloride, FeCly), 32HAikA| o]
(ferric sulfate, Fex(SOQy)3), SAAI DA (ferrous sulfate, FeSO,) %5 ©] ATt ¥k

A SAARE EFvaA AL EY9stYF v E (polyaluminium - chloride,
PACl), Z&g4<2m 5 (PAS, polyaluminium sulfate)® ZAA 4A< Z& 43}
A (PFC, polyferric chloride)s-©] it A AAHoz 32dFulF ¢34 o] do]

e - B S e R T

SHAE F71E AACd dFS F= AR T o ARy Folxl Ao {Ul=E
o dFE M. g=E AAG7] A& FAA AMEH A= BE SHAE
NOM<E AAsteHE AFEHNY. RS AAs = 2ol v e85 AYx
Je= SHAEC]E EATE NOMS A= s oAM= v AolE Biln
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_28_



Z

3
1=
g

E

=

2.3.3 E2EA =& (PAC)
(1) EZEAHS(PAC)Y

%

Az e o
L olE, ZE R, ok A Sel

i

HH, L SellM AeA g

5|

Gl

i

o

o)
poS

i~

_Eﬂ

s

XY
iy
i~
_Eﬂ

F AT Aol 9

3]
pud

e

P A= F

24l

sfo .

[

oh(&F, 1994).

1

L4

=

GG v

5= 2rgave] 65~95%7F 325mesh(44um) ©]

o)

pul

sltl. PAC

7}
&1 Lol A

N

o
,_Aﬁ
_Eﬂ

PACe] F

=

e

I Fol A

L

=& 036904 FE 0.74g/cm’7A T}

H
=1]
=

2 AMEHI 9low, AWWA (1978)

Ell]’
H7]

-
3t

]
Al
(2) EZEAE(PAC)Y FAH H&

Go
Nd

o
=0

< batch test?} pilot test 59 t©f
gFth(Kassam et al, 1989; Najm et al, 1991;

e

2

SEREE

Adham et al, 1991, Thomas and Gillogly, 199%).

.EB

93 FA AHg s

=

=

Gebel A gt wal Aol

A&

i

i
ol
s

kel
gl

i

ol

ol vl

1) st3 A 7% =2 o

|

i

A

No

Ge)AY 2A ol

%=1, 2,4-dichlorophenol(2,4-DCP)#o] =}
5 7]

>

AL A webA oA &

T
Jo
,_Aﬁ
_Eﬂ

ol

_29_



ol

ol A FHIEHA HEIA Y, W2 o]E HEHS AR
2 Qlste] AAdfel A BAHAY, T By Askg b
Ha ook 1977d 9¥ H5ZF wloloju] swe] $1x$ Sunny Isles
&l A SE&TFlA AFAt 2wty WAL dohE avREe] Bulbel
AATh A7 B4 A L5 Aol 0.01~73ug/L7HA 9] g ¥ 42714 9
SOCs7F EAgto] =ejyth 4 AxF TOCS SOCsE AAs 7] 98] 75, 15 12
il 30mg PAC/LE FHataia, &% &4k A9 FHAFHE FdsiA Aol 24

e gE AN FAL AW, o A7 AnelAE /e te 97 dvun

3) AZEAE(DBPs)Y W3 A&

THMFP¢] A|A= THMFPE A% SAst7u TOCE A 2488 5 Ut
g v 2 Folzl 5ol TOCS THMFP Aloldl= £2 A#Adol vta o
T {7129 At A7t 87] HE RS 2o HEerlde F27 UTh

Amy and Chadik (1982)°l °¢]st® ZZ&A e FH7t= <léto] TOCH Y= THMFP
ol AAZF Atka &St

Aoz Ada A FAAFTAANA TE ot 27 A A A3
A FEEY o A9 2R Tl de THM 34 wkgo] Alztgrth
Soll= &xte) THM AT E4, THMs, 181 <&
Aot SR HH Atol 43 - FY WG
J Z

k.,

_30_



71#e 423 2 (Najm et al., 1991).

ki3

7HA T8

A =

7}t

J

Pz
=4

(3) EEZEAHH(PAC) HEA 79 A%

g 1 Fo A PAC

N

[ .rl
T

!

g
No
)
oF
ol
,_Aﬁ
_Eﬂ

ol

B8R

of

4
o

o)
olo
NI
o

fri
ol

2] ofFel <

i

=
T

ol slel A

S5 e

oJATY a7

o}
()
ol

)l

1o
,_ﬁl
_EH

o)/

w

M

)
H
_&o

u}o)
7 el

L

R

L

R

AAEE
A A

L

R

A A

ZApep)el weh Eet

5t

[e}
A2} sized] =]

Rl
71 & 9]

Aol NOME
=]

=
ar

=T

43

Ao},
MWCO(R 8 B el weh gepdu 4712 AMW (217)

ko1
=

Q
a0

=

)
UFE-E-2) o

PAC7}

[e)

o} O
s
L

o] &3 8] membrane

HA Bt
(1998)

o

FEA] AAT o]FIAA §
g2 AALL vA e

4

Najm et al, (1993)

Lin et al,

71
(4) 222 Y&(PAC)-UF F£d ¥4

A
=

el

gl @5 f4A AA

=]
a2

<0
Ho
o

kel shekEe A AV 7}

=]
RN

e A

s %

_31_



oy
— Jjo
R Mo o Mﬁ .
o & oﬂa - X X
OF OT_ __ﬂmM oi%&i 0)1__/l .
o Q#u‘m_oﬂiumﬁ A= o 2 TR
= " i~ _ U] ]I R
HH mﬂlgovawo 4uanzn7p|ﬂ
%mwmwuww W@@ﬁwgﬁﬂi
q%loa?ogao.ﬁﬁ E_ﬁ%%?aggwlﬁw.m .
b3 Pidey 5 SEAES T
_x T Ow N T K o)) G+ X ol p b T © gy = Ma oy
L H - { = = = - w R
or o B TN ot fremt H o T N = B ox X =y X =
—o = —_ V = 0 ,ﬁ ~ T T b = &o OT iy OT_ iy _&_u
I o T B + o %o o ) Efmrﬁo; )
TR P2 X ® ¢k 5w | w0 & o o}
o N e = ol . ol 2 T o= o) o oK ) R
T OB oz 2 R e N Ol o< = _ n o iy - T X
ﬂaqqﬁg44l ﬂgﬂa Lo T ~ & o & @ﬂm 59
x o %0 lm ,Iq R o < = il ‘WVI i . &o ]U ,m.M 7! On*
woJ T o e o Tor I N B o M X7 W o T o N o
aae_hafuo%ﬂac iﬂ%u.%%ﬁﬂzwx 5 o @Eqkalo o of
= N l | moE T = — X~ sa ™ 0 ~ No
a1 ny 100 U g N = zf B % e 7| o o = 7 B o oF
H B b mr mﬁ =N X Gl = i Jm o A bt mt = [T B < —
lSoOalWﬁhmmﬂwao_uoa maﬁ.mﬂ“? Noﬁuaﬂd.zﬂn% ﬂw
5 W = P ) U_dzg o0 wam. ) é]o]oT %ﬁ% = T W &« T
i J7|n_rm%ﬂe Eﬁoﬂwu o 43 B b ﬂ}1u~.mAL o
;T%ﬂﬂ Equ,ﬂ Bz ﬂaiq%w ﬂA_a ;T T T T
m o = .éﬁtowé Wmﬂﬂngéiﬁa ?ﬂﬁ%?ﬂﬂ#ﬂ.uﬁmﬂ
0 o) X = g 0 © e qp < A& X A o) g e X0 —_ <0 x
= T X XY | ~ X Nlo g ~ = <
T._ ﬂ_l M — < ;OL ) mb ET— n_AlO = A‘.ﬁ - Mﬂ o) —_ n_mo O#E i ‘Mﬂ ~ MM OT._
o = ) o ap ° S o oy S X\ i 9 - - AR o o o W Y L? X B N =
T B =% w R R m jod =07 mh o B o R o s _La o 0 )
ﬂzsg_ga%?mﬂ fmm?wniﬁﬁ 4 %gﬂ%ogg 5%{%
m>¢qqlbg%@gqqqtqhﬁ o%%bgg%iﬁﬂa
s 2 T X0 3 s g i #r W - S A oy T | o W To yp B° %0
> oy R WS TN E v Ho <, il oh k. = I gs = . = = ur H
1@o&omg%T _ - Wm bop @n1q1@
oy % S W X i 3 WV e X 1k % n AT
) ) oF ™ woe = K. B TR T R L,_ o _— M il ™ KR wr
xmoﬂam_xﬁlﬁ oﬂa%mﬂmnméghlﬂyﬁfx uﬁgmﬂ7ﬂma1sr50tz§
g o o S P o A= ==l B Wy B Njo TG N {
mLmiM1tg&oo%ll£§ i a o™ ﬂ.L7 _—l
1t7 OMe.n1 Ho]dd G ?15 T T N ﬂoouﬁ
N 2w o . = = M il = ) of- ~ X et N il S ) Ir il o}
@rﬁmzN?mw@u.%@ Mﬂar1p1ﬂmg ﬂ%_s% Hm_xaoﬂpw?
L oF oo £ B ooz P o B 30 = o = N o N o) T o X -
oTzaMmﬂﬁo»ﬁﬂ?mﬁﬂﬂoﬁefﬂm @ﬁﬂﬂ%?%%l%l
S w Mo T o T g B T 5 T = i)
o] ® o X = 5 ~ o D o = S H = o
N X ~ T X = .= ) = it o = o) ° "
—_ OT = = o o X o0 ) = o o o5 =)
= b o o R T o= LB T B
T ™ by R K 5 el ol =
TR v N + & S T T 0 o o w
X s o sl 9 - =) = ! = T X
fuy 0 jojp "o i > ™ =
e ?LEW%&.MOW%E%‘u
e e} v
A oTam_m%E,A gogw%mmm
f Yy o
aemb%mﬁ mb%wmhm,%
e < g AMM G o
S5 & 9
[al ~ T
N 1o1wE
0

- 32 -



)|

e

iz
o)

A

_33_



A3F AR R TH

31 44459 454

& Al AHgE s A BAsAe] AR o
A=A Table 31 o €] 545 debldo. W74
A om wate]l i Ao s ded
TOC w7} vt 53] @gemrh e #2540 st

Table 3.1 Characteristics of raw water

Item Unit Value
Temp. C 16~24
pH 3 6.5~6.8
Turbidity NTU 2.01~5.1
UVas cm 0.030~0.051
TOC mg/L 2.02~34
SUVA m '/mg/L 1.32~2.42
Alkalinity mg/L as CaCOs3 10~12
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311 #71€9 A48E EF

B oAgAE 4easel FRE A

p
2

F71EA(NOM)S 454 E#<l humic
substance®} 4 E#9 nonhumic substance® ##]&7] 9ldtel  Amberlite
XAD-83 XAD-4 o] 2u&sA S o|gstdtt. 24 FAE AHEshr|d e FA A 9
DOC7} w9 =7] wjFoll(¢F 1,000 mg/L), WA Ao dAe HH& AFop o)

B A A8 A AR et 2

&

O A= 0.IN NaOH & ol 24717+ o]} 7} &
@ Soxhlet FEHAZS o] &3

14 8, vEe, ollEUED, teldeE 2, vEe
_ir

co 7 7 gulS 2447 5t Soxhlet st & 59 Fe AAjgth

@ FEAZ FAE WES E= 0.IN NaOH € o wsc)

@ ZHd AAYE FAE FHlen

® 4, 0.IN NaOH, 0.IN HCI®] o= Zd 552 DOC7F 1 mg/L °l&=
2 w7tx] A3 d7]S F3A 21 (Thurman et al., 1981; Leenheer, 1981). o] w
Zo 38 FAE Ax" FHE T = At wEd A Tt A
A% bed Fiol 3l 1 bed volume AE+ = #A71A FAgo 181
FAF S8 ZHerY AT THAEEL dml/mino 2 AAGA FAAL
o

MHFHRALE AR Do) AFES EHA7]7] A A= 045um membrane filter
paper(GF/C, wattman)®Z <%A]71 & A|FE pH 22 4H43 271 thS Amberlite
XAD-89 S #A 71tk Amberlite XAD-8 Ao F2¥ &2 0.IN NaOH 250mL
2 g2A7IY Amberlite XAD-8 F#]9] &2% & Z S hydrophobic fracton ©]&}il
- 53}al, Amberlite XAD-4 Ao &3 Z & transphilic fraction, XAD-4 4]
2 =233 §5FE hydrophilic fraction#til 539 tHCroue et al., 1993). o] A3}

zZo §715 EF H$AHLS Fig 3.1 75
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Acidified to pH2
Filtered by 2.0um membrane filter

oo 0.IN NaOH
XAD-8 |

i Hydrophobic fraction

| 0.IN NaOH
XAD-4 |

Fig. 3.1 Analytical procedure for natural organic matter fractionation.
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o BEFuHe 37 Parallel Ultrafiltration®} Series Ultrafiltration®] 2

2t} Parallel Ultrafiltrationt® A 52 Ab&5 = 242k UF dol o] 7} 5

T FU7IE 4S A= WHoly Series Ultrafiltration® 3= 9]
Sl

o7 FF9 AV|7F AL UF Yo ez o

ato] fr7lE FS FAste Wt Series Ultrafiltration Al &9 WHEARE O 2
ol 2de 7lFsAo]l o022 Parallel Ultrafiltration S dubd oz wo] Alg
skal ok

§715e) Babg RExAE Ao AlGE 045m FE 2 ojghate] Ao AHE39
] A8 & Togan and Jiang (1990) ¢]&lo] Aotd WHo =
St MWCO (molecular weight cutoffs) 1, 10, 30, 100KDa ¢| 42 UF4
ZF B SP9S SABTI
UFes o83 ZAx% FIHFS 2o wAl(rejection)®] FIFs A3
Logan-Jiang® S ©]&3F%t(Logan and Jiang, 1990). 2 119 vjA= 2
L3 Folt), ol o}t dojitE EoF o] o (Retentate)d] FEF
Zhek & WM §de] FE SR Qldte #e] MWCOE W 22 #AE52 cell
ol A sFHAY F3 ¥4 X@oh wetA Be) MWCOET 22 #2529 A 44
A FEE T3] oE Y ZEsk wEE Fo7] HAEAE = wAlE 3Lt of
gt ZF Al meF AR E = e of 3 A (Permeation Coefficient) P& a3 2

(o3

oARpg 2 Ak vel dlal AAsa 7Y fm. ohe] MWCORTH & %
Ase ojubgelol s EolA7] Wil ourt AWALE o3 FEE B}

ot webA o] wel BHe Agdo] whe] MWCORTH & Zry| BAgs 7}

o AAsert vk webd AMWD  (Apparent molecular
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weight distribution)= AH&-¥ = 2He] EFE MWCSH A|5=9] ¢, 7F 24€ Fol ALt
otk Logan and Jiang (1990)2 ¥ 79] Fx9f o34 HIE o] &35l o3
dFE(pPst C, & 2As] 95kl 4 (3-2)5 A AT

InC,=In(PC,)+(P~1) - nF (3-2)

AN ¢, t du BE

Dl atE AR/ 2T AR

Pt C,, 9 &S In(CHsh n(PE AFHo= dehe 78 + Qo
(P—1D7 W(PC,)E= 27 7127t Adow w@ddd. Fal ¢, @A ol

A& o] gste] B BXEE AAS
C ; 1 Cm(lMW)_Cm(]MW) 7777777777777777 (373)
22 Indtial sample concentration
718 BAE Exado] QA x5 Fol 4 AdAnt FUs Az
o2 AN flete] AgdHEAE g2 o] AAEAY

D ASE 94 B4 AAS Sske] 045mE o] §3te] o BT pH 72 24

Ir

3) 160mLe] AEE AHst=d v 20mL A FAI AT} 5mLE A dG o] RO v
2 16m=E DOCE =A%t} 7719 156mL A 87F Rola 5mLA REobx 35mLY]
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32 433X % U9y
321 &3 4%

o] AAe R HA o = AU S Sl AAsEA A
|3 Jar-test AA7|71E 6719 wWHbARE ZE Ao F Phipps and birdsAte
Jar-Tester® Ab&atglon], Qdae): paddle F2 024 27 75Y x 25"emol %l
Aol AFEE Jars 11.5em"™ x 11.5cm" x21lem”9l A3k 2L Abzt JarE
stttk A= PACIL PAHCS, Alum (Al(SO4)s - 16H,0)S AFE-3F Tl Alum
& 0.25M9] stock solutiono = ZA|3 & 10g/L2 dosing solutions #|Z3dle] A&
393, PACIS AlLOs9 &30]11%, PAHCSE AlLOs9] o] 10%=2, FYds%

E2 01~1ImM 7HA @AA o= Zo’o}"iﬂ} SHADANA FEEstet d&HES}
o] WA EE Z+7F 250 rpm (G =550 sec ! at 207C), 30 rpm (G =22 sec ! at 20TC)

2 A 4583 18, d4528 10822 it HHe 3002 HAo] &

d 5 BAS 9% ARAA AQe Fuokd 0emlA A4S Az

o
iin)
ol
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o
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off
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Fig. 3.2 Schematic diagram of showing Jar and paddle.
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322 PAC ¥&&F9% 4%
2 A 28"l PACE A eAI(F-400, Calgon) #3&

Table 3.2 ¢ Zom Q=X E Fig. 330 UYeEbATh tif-& 5um 7)o & 3EE o
AR AA R =eho] QA 24A13F o]} AxT F 2EFE o83t slurry
Aol stock solution (10,000mg/L)& A Z3}e] Aol AF&3t3dth. Batch 23 %3
+ Fig. 32 9 #Zo] Jar-test 48 AXE A48, PAC F=& 25, 50, 75, 100,
150mg/L7FA F=4stlaL, oluf PACS ¢ $hd&dt dHE FAF7] #st]
G=100 sec ! o WWAER wulagi 2% 2 exa9gch wur
A7 58 10% 20+ 30% 60% 3

Ao
0.45¢m membrane filterE AF-&3}o] EdSdebS A A9k

e

1o,
ie]
o,
a0
[o
fru
[
Jm

Table 3.2 The characteristics of PAC used in this study

Item Unit values
lodine value mg/g 1,016
MB adsorption mL/g 256
Specific surface area mz/g 1100
Total pore volume cc/g 0.548
Mean pore diameter A 23
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Fig. 3.3 Particle size distribution of PAC.
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323 &4 & FX
2 Ago] Ab&% batch type UF membrane “4*|(Millipore, U.S.A)& 233 &
HZ Fig. 349 #th AFgE 9& MilliporeAtoll Al Az Ao 2A HI disc FH <
o g AFL 76 mm, WHAE 454 x 10° m'o|W AFH FAE 01~15 melw
A A 9] Polysulfone
S AHgste] AdS Atk bHAEE AaTkaE o83kl 1.0 bar= AA S
[e) =

AAAZS olgste] SHF & ves 1L08= 714

Pressire gauge ' UFcel Detacdllection

fe s —
Mentrane
E? Pemeate
XX o
b z it
[ ]
— D LI1]]
Nifrogenges  Solution reservoir Stirrer Balance

Fig. 34 Schematics of experimental setup for a batch membrane cell (dead-end filtration).
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3.3 Pilot Plant UF % o3} FX

2 pilot plant= F-AHA] AAle] B A5l ARgte] sk, AHEe UFY o
o Ao FAEE Fig. 3500 dEtidh 2 o3} FAo] HE] e 0.5m/day ]
TRl AFE AMEHE WI7|FdA 942 100 me] 39 pre-filters: AxA
FRHAR AGE F 74 FHoE EwjEch 24 ¥4 21 A9 Table 3.3%
340 YEMAS o™ Fig. 3.6 @l Axd Ha 28gS vehydo

with pretreatment

Fig.3.5 Schematics of experimental setup for a pilot-plant.



Table 3.3 Operating conditions of a UF pilot plant

Process

Direct filtration (A)

Pretreatment + UF(B)

Condition of pretreatment

Coagulation
Coagulation + PAC
PAC

Dose of Coagulant and PAC

PACI: 17 mg/L
PACI(17mg/L)+PAC(10 mg/L)
PAC: 75 mg/L

Operating condition of

membrane filtration

Operating time: 20min

Backwash: 1 min, Air-cleaning: 1 min

Backwash pressure: 2 bar

Table 3.4 Specification of membrane module used for the pilot plant

Item

Specification

Type

Module name

GUF-3025ES

UF, Hollow fiber

Filteration method

Out-side in, Dead-end

Pore size 0.01zm
Material Polysulfone
Filtering surface area 2.3m*

Module size

3 inchdx 600mL
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Fig. 3.6 Picture of pilot plant UF membrane filtration
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= F713gES UV 4e Fsts 84S 7FAa vk whebA 254 nme] 3h7gel A
9] UVE# X+ humic substancesS &3k A9 DOCEAH thil AL&38t7]o &3
ol ksl EAwWwolt), olo] uwel UVEFE H](specific UV absorbance,
SUVA)E UVEZE (m )/mg DOCE dvehll= oz f71&9 54¥st 2 47

Fe AXZ AEH Yk

_46_



4) ¥ ¥ Particle count
B HACH, 2100P SE=A1& AHE-38he] 0~4000 NTUS| #<&
AAdetgla 24 ez A9 F FA T HEs cell Wel V2N 5

S celle EE0] # olF GuE Z43d

oo
2
o
fr
o
ot
S
tlo

Particle count: Portable water particle counter (USfilter, Vivendi)S A}-&3}31 <
] o]= 2 m7tA] particle sizeE HAHT ¢ Jdon Ho A =S 9 AZ A

A A% = S459.

Table 3.5 Analytical method and instruments

Item Unit Analytical method and instruments
pH ) pH meter (METTLER DELTA 345)
Turbidity (NTU) Turbidimeter (HACH, 2100P)
TOC (DOC) (mg/L) TOC Analyzer, Sievers 820, Sievers
UVosy (cm Y UV -Spectrophotometer UV-2401PC, Shimadzu)
Particle count (counts/mL) Portable water particle counter (USfilter, Vivendi)
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Table 4.1 The properties of NOM using DOC, UVasi(cm '), SUVA in raw water

Fracti DOC (mg/L) UVass(cm™) SUVA
ra cm

cHon e 4 ™ G L)
Raw water 2.52 0.036 14

60

50

40 -

30 1

20 1

Organic fraction percent (%)

Hydrophilic Hydrophobic Transphilic

Organic fraction

Fig. 4.1.1 Distribution of organic fraction in raw water.
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Fig. 4.2.2 Changes of turbidity, DOC and UV under
various PAHCS doses.
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Fig. 425 Effect of coagulation pH on changes of UVasy
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Fig. 4.2.6 Effect of coagulation pH on changes of turbidity

under various pH.
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Fig. 4.3.1 Changes of permeate flux (Coagulant: PAC)).
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Fig. 4.3.4 Changes in fluxes of UF membrane under various
PAC doses.
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Table 4.2 Comparison of pretreatment conditions to UF membrane process for
the removal of UVay

Item UVasa(em™) Removal(%)
Raw water 0.05
Raw + UF 0.041 18
PAC 75mg/L + UF 0.015 70
PACI (17mg/L)+PAC (10mg/L)+UF 0.009 82
PACI (17mg/L) +UF 0.013 74
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Fig. 439 Change of flux under various pretreatment

conditions.
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Fig. 44.1 Effect of pretreatment conditions on the changes in flux for using

pilot plant.

Chemical cleaning

07 : ‘
I | —e— UFOnly
I I @ With preatment
0.6 1 ) |
I I
| I
I I
05 | I |
- |
© |
2
o 041
=
- 1
031
| I
el " '
0.2 . Coag.+PAC | PAC
Flocculation 10min | Flocculation 20min I 9 ‘
|
| I |
0.4 . — . . —_— !
0 20 ) 60 80 100 120 140 160
Operation time (day)

Fig. 4.4.2 Effect of pretreatment conditions on the changes in TMP for using
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