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Application of PAC adsorption for improving TCE and
PCE removal by UF membrane process

Min-Su Kang

Department of Environmental Engineering, Graduate School,

Pukyong Natronal University

Abstract

With the contamination of water supply sources, many new water qualily
parameters came under consideration during purification, This more stringent
regulation lead to the conventional processes being replaced by advanced
ones. Recent concern over the presence of TCE and PCE substances of public
hcalth significance in drinking water has led to the development of innovative
water treatment technologies for their removal. Adsorption onto powdered
activated carbon(PAC) 1s one process that is widely used to remove organic
compounds from drinking water.

An activated carbon adsorption was to remove TCE and PCE under the
variable influent  concentration in PAC-UF  system for drinking water
production. The activated carbon adsorption process is affected by the
characteristics of adsorbent, adsorbate, and operating conditions.

Several design and operational paramcters affect the performance of PAC
for potable water treatment. Important criteria for selecting the point with
addition of PAC include: (1) the provision of good mixing or geod contact
belween the PAC and all the water under treatment, (2) sufficient contact
tune for adsorption of the contaminant, (3) & minimum of interference by other
trealment chemicals with the adsorption precess, and (4) no degradation of
the fimished water quality. The application of UF membrane process might be
a solution to fullfill those criteria for the PAC adsorption to remove PCI and

TCLE in groundwater.
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The conclusions of the PAC adsorption and PAC-UF studies are as follows:

Tao evaluate the performance of PAC for the adsorption of TCE and PCE.
the equilibrium capacity of the carbon must be determined. One of the main
factors affecting the equilibrium capacity of PAC for TCE and PCE in
groundwater is the presence of background organic matter. The Freundlich
constant K and 1/n value are 0.2467(ug/mg)(ug/L)""" and 1.09 for TCE in
groundwater using composite PAC. Also, the Freundlich constant ¥ and 1/n
value are 0.5879(ug/mg)(ue/L) """ and 1.2049 for PCE in groundwater using
composite PAC.

To determine mixing intensity effect, kinetic tests were conducted for the
adsorption of PCE in groundwater three different types of mixing intensity on
composite PAC. The optimum mixing intensity Wwas determined
100rpm(G=150sec ™).

Experiments were conducted to investigate of effect of PAC size on TCE
and PCE adsorption from groundwater. The smaller PAC particle size showed
considerably faster kinetics for TCE and PCE adsorption from groundwater.
Also, the carbon surface i1s nonpolar or hydrophobic; therefore, PCE faster
and larger than TCE on carbon adsotption.

TCE and PCE Removal efficiency of PAC-UF system is larger (30%) than
only PAC system(70~80%) and only UF system{30~40%).

- vii -
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2.1 Trichloroethylene(TCE)?—} Tetrachloroetylene(PCE)}2] &4

Al gA Sl 2 MAEe] ol FIAE Y, =4 FH g, M
A 5 Ao AFToAA FHHYSA AL HUurdow nlHo]l v FHudelw
d

e}
=8 ols T T8V Bu #AY EWdg FRd EARE FrI19a7 %Jﬂli
A A A2 TCES PCE7E Atk o] B2 5E & #7184 na] gho] =

data gl Agee] ¢aahn] <lalde]l (lvh wWie] MHA GAE o Hshe
RE A 2bs A i AR Sl ARy JA, w2 gaAA el gugA

Uo#eledel FEEA seow gy o5 A (Ensley, 1991, Westrik et al.,

1984). ol5 B4 IR 5 28 fudo] o gekd As FFefel odA
G

wrel 5Wa el daddol Avislel gk AR oWl fafgetE g de i
#7stel THERZ2Rddd 9 raFaddde] wa BenE, & Adsin
PCES} TCE®) =
dabstrl 2 sl rh (A, 2000).
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Table 2.1 TCE and PCE water standards of various countries (unit: pe/L)

TCE (ug/L) PCE {pg/L)

Division D-water | L-water | I-water | G-water | D-water | L-water | I-water | G-water
Korea 30 30 60 30 10 10 20 10
Japan 30 - - - 10 - - -
US.A 5 - - 5 - - -
WHO 70 - - - 40 - - -

* D~ drinking, L-: life, I industrial, G-: ground
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Table 2.2 Physicochemical characteristics of TCE and PCE

. MW Vapor Ku Density Solubility
Material log Kow 3
(g/mob)| pressure |(mol/L - atm) (kg/m”) {g/L)
TCE 57.8 mmHg 1.11
77 113140 ) 117 2.29 1.46 )
(C:HCl3) (20C) (25C)
PCE . 14 mmHg ~ Ny 0.15
165.83 B 275 2.88 1.62 a
(CuCla) (207C) (25°C)

* Kp= Henry’s constant (mol/L - atm)

Kow= octanol-water partition coefficient

H Cl Cl Cl
AN / \ /
C —/————=C C C
/ AN / \
Cl Cl Cl Cl
Trichloroethylene Tetrachloroethylene

IFig. 2.1 Chemical structure of TCE and PCE.
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Table 2.3 Result of groundwater analysis (unit: mg/1.) (A E 1993)

. . Groundwater Investigation branch
Division |Contaminant
standard(mg/L) below excess
Cd 0.01 1,536 10(0.001 ~0.045)
Specific Pb 0.1 1,536 10(0.148~0.320)
harmful cr” 0.05 1,546 1(0.062)
matters TCE 0.03 472 48(0.031 ~ 83.038)
PCE 0.01 bl1 9(0.014~0.244)
General pH 56~85 1,546 42(3.2-5.7,9.0~9.4)
pollution NQs-N 10 1,375 171(10.09~56.25)
matters ABS 0.05 1546 -

* As, Hg, CN, PCB and organic phosphate were not detected,
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Table 2.4 Manufacturers’ reported analvsis of some commercially available PACs

Aqua
. d Nuchar | Aqua Nuchar WPH | Hydrodarco
Specification Nuchar . . . . 4
= | SA-20 PAC S-A PAC B
PAC
lodine number, mg/gj 800 1000 600 900 1199 550
Molasses
o 9 18 - 14 - -
Decolorizing Index
Moisture as packed,
5 10 5 10 3 4
percent
Apparent density,
) 0.64 0.38 0.74 0.38 054 0.50
g/cm3
Ash content, Percent - 3-5 - 3-b 6
Percent passing
99 95-100 99 95-100 - 9
through # 100 mesh
Percent passing
a7 85-05 97 85-95 - 95
through # 200 mesh
Percent passing ~
o 90 65-85 90 65-85 98 90
through # 325 mesh

* Westvaco Corp., Covington, WV
+ Calgon Carbon Corp., Pittsburgh, PA

# American Norit, Jacksonville, FL

1E

232 3R] A8 g

AR O & {7189 F2 4¥-3 batch test®t pilot test 3o oheFd 2=

L

(o}

o F3ko] oln ol AfEolH gri(Kassam et al, 1989; Najm et al, 1991;
Adham et al., 1991 Thomas and Gillogly, 1998},
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FoRAe oA BES: A%l Anh olAe Y gHw e TR



VA B - 88E BAe #9HE Aol

HEAG AzA) AT A8
EE %%—?91 %#—OM BEASG AzA} FF 2ASN gow, oF B

=
Aeo) ge ATt 49 Folol e BN WF B9 BA 2HAT Qv 24
ek HEAG AzAE BN ANZPE £5U FoE o)Ee] Ho} 2ol
Uojubsl, 9d® L85 AFE A A= IvHoz BHY FAR R

o A 4o a7

Miltner et a/. (1989)9] 915t W= H v]ie] OhioFo = Sandusky$® Maumee
Mo dEdye dEAe B 248y 24 45 HEeA @ AU A
Hoze AAZL ofEua R23Ech. E3 Richard et al (1975)% lowaF 2|
Des Moinesol] 3le 58 AulE o] £ atrazine?] AAo| sl Hl &3 A2 =
ksl

N
O
2

of
o

d d FAANM AEHEA TEAAY, WL o5 EHE AluR
18k F A TR st Adgrel M wAR Y £ Eoko|u} AE g o5
A AR m ok 1977 99 5% vloluju] el 23 Sunny Isles

Ao AR g8 AEaiel e uha WAz Utk A8 rbEe] Eubo
AR A FY 2 959 g A 001~73u/L7kA g v g HE 4271 9
SOCs7t E=Ade] 28wt 4 AT TOC SOCss& AAs7] &) 75, 15 -red
A 30mg PAC/LE FRistea, &8 AN oo HAeF 2o Fdaia &l 24
Aol HH AL TR SAR, o el AselMe sFe e a7 2rug

TH sl wA dEbwith

A 2

r

(i
P

-1N
k

¢
N

|

25548 (DBPs) A& A4

THMFP2| A7 THMEPE A3 ZA37u TOCE F48AM 2% 5 U
Siefu HlE FoiE oA TOCSE THMFEP Abelolle F& Aol slvhi shd
g fF7IEe] BAd e Aelzt 7] wWEd RE Bl HA&sride ¥err drh
Amy and Chadik (1982)° 9jsld ¥ L&A Fe H7l2 sty TOCK.TH= THMFP
o A7 2 9.

_10_



#H =7 fi]r%%"ﬂ ol % %‘3%94 %i—} T
L ofEgit ol A e 94 ke Fas ¥ THM
vy BEutagdeto o i Al
At (Love et al., 1976).

10
—
any
2
i
N
)
o
2
L
_'\"1_

233 PAC A&A #9 Ata

$8% APF A9 PAC ¥ 8l 2 b4 A 89 94 axst 4 vlA
=l T oFelA PAC H7hsh g 2 bR F93 /7S thest ZohNaim et dl,
1991),

(1) PACs} A e Aol a4#< uwd
2) egEe FAZ A% FES HE: AL
Al g2 e] okFol ol whai A& o] HAg)

DR S
(4) &7 2224 e FE2 A% HFT Aol 748 o8 gds

HOPAC #9 #AE T4 4, 34 Eals
th w3 PAC #4919 E o2 #Ax 3% Eax Qo xeY PERE S Py
o[tk Table 25913 2 /b4 PAC 91 442 st 717k 59 Aol 3%
e At

PACE #7122 o o8 g& T4WaAM PACe &45 38 5 U=E Fols



ofof ghti= Aotk PACY Hul FU#HS 27 A3 =27 PACE AfE 5+ A+ 5
Ha mel oz oA PACY ¥ F5F &4 ZUE) oM Addg
Sontheimer et al. (1967)+= PAC2] 712 ¢1&te] o]z &4 Algbo] 10~20% 2h4
Fig= ITAN-ROR S he 3

Table 25 Advantages and disadvantages of different points of addition of PAC

{Najm et al.,1991)

Point of .
L Advantages Disadvantages
addition
-Some substances may adsorb that otherwise would
Intak -Long contact time | probably be removed by coagulation, thus increasing
ntake .. . .
-(Good mixing carbon usage rate. (However, this must still be
demonstrated.)
. o ) -Possible reduction in rate of adsorption due to
-Good mixing during | .
. . interference by coagulants
rapid mixing and . e .
. . . -Contact time may be too short for equilibrium to he
Rapid mix | flocculation

-Reasonable contact

time

reached for some contaminants
-Some competition may occur from molecules that

otherwise might be removed by coagulation

. . Efficient use of
Filter inlet

Possible loss of PAC to the clear well and distribution

PAC system
—Excellent mixing for
the design  contact
Slurry time
contactor |-No interference by|-A new basin and mixer may have to be installed
preceding | coagulants -Some competition may occur from molecules that
the rapid |-Additional contact otherwise may be removed by coagulation
mix time possible during
flocculation and
sedimentation
FHE FEAe) WG] Fo
PAC &F&ol SloiM w3z okFo 93 e FoZ 71 &ojof &d, o+ &
4ee fol BF A4, AT AT DL, ol WAL, ol 2F el A
e BE gEES getygon gaAgeg sy A% aTes Z7147
o #A4en dihe wEon HiEd gl dsze FEEe i d4e



= FAEA Hid, ol @47F B FAF7] gliEe]vHSnoeyink and
Suidan, 1975: Mcguire and Suffet, 1984). =3F =% PACY #H7l= &@4zhs 38

te AP el FF godo] waselH s, ke olUsuae r& PAC U4
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BEE FAL 0148 £l T AEH A 0L AhAE Aelstn
bz dde] FASY BH7 ¥4 A W WA dgseler k. webA
T

2wl 098 1 e FAws FASEe 29e Fa¥ adoln AAGRA

Adsorption (Equilibrium) Isothermeolg} @ 3o},
FF HE2 £F HFAAe 39 wr

()2 4 (2-D3% gol 458 7 Uuk

A714, CoBS w9y ¥y AFAA 7o

geEAT W9 TAY AT A T

A E-De 38 e 257 dAsTr FFded, ol I FEA Wi g4

ghef A ool 2o wf oEHo)r) wie] A LmelA A (2-1)9] B
)

H2 bottle-point WX eld, oA
Freundlich(1906)°] <l |gt= vt o e 3 HEFAA] 27 ¥=2& 8
shzo Fa gAdgke] FAm)E oh2 A siA, 2h2he] bottleo] zHzZ: FEQ1Ekh i
AR EA A FEHACE golls FARAV)E Edete] Solgle hottleo] 9
P ega 2n8 fAaFaA we AAF Hae vyl 22he) bottes] A
WEE AFete, Held S T8 S S RIAIn, £F HEFHA AYE
SCHE BAME olu) #Aeld FagE uFAA e FHy e

of vhebd 4 gk,
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Crowell, 1962; Sontheimer, 1985). 1 Gl 713 o] stoji=

= g Langmuir 52432 4% o2 Aoz Freundlich 524 o]},

Mo
o
rhil
mjo
=
ol
o

1) Langmuir Isotherm
Langmuir 2219 @4y dve=ze Zagy gHodse gigol e s

HY o i stAdgy A (2-3)3 Zo] A}

AN, g §H 40 U Bere Ay FAE

a9, o) FeAe AEAZ BN Eeel #UsA v Fow FAATH: A

o rAS Y] el AA S Fawe] ot 230 B o7t gl

2) Freundlich Isotherm

a9l wAlo) wal 7hg YuwHow A8¥: Freundlich 584& d@os
Qtoj @l o 2 (2-4)n Had}

ANM, x= FA g Ao T

i
o

5 Q45 Ao ey Slaial okl log s FH e,

x|

logg,=logK+— logCp-—---onnm (2-5)

s}

A7IM, K= el ddels, 1/ns 7147
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Ki= Ceslo] 51 AgelAd K=qob Az 2ol 718718 S84 1/,ne 78 27}

2412 & B9 9FS vA= 2ds
a2 Aol G vAE ABdE FHAL HWA, TF Av|Eg oiug

9 24T ERe 864 S4E §4 284 902 oA 244 o0
e Eulel Wsh wlme] oE BHB FAwe] ZavUR 29 tHSnoeyink
et al, 1974). 211 & pHoIM S Fae we piolAel §aud 9eiad 9t g

ol A2 B #7] e@E50] okFE Wil o pHAlA el oz EA A

[& o -

e &

weh FJagdos welslz] gfZo) Fae] @A eFetHFox et all, 1973). g %
o Frlehn gAdetel Fabo] 43E viAsd #4g o222 fulvic acid &0l &3 A
srslol fulvie acid?b ®oh F2e] 442 web#FthHRandtke and Jepse, 1982 Weber
et al, 1983). Ziely Holu W2 FHES FAES HAstUM &b 53

Hol FHe e & vk

ol YR FAPEE A A Afolo] FR FHATHo] o] FojR Eof
SuEs Habo g, duAon Ea) o) §y] fHML ol
Aale) A Aol doiur Agd Tl FAAS WEEY o wrpahy

3

o] dejubA  drh eog H

kineties)2} ek M Fg Aol BARe) FAHE SRt FHFY FAN AT ¥
A Fed S Do Qo gy FIA A% AFARA AAS

5 =AM Mass Transport)dl 98] #4 "ok A& 2o gt a2 4 F
]

WA s o) wobe BAS dRe o) A P o

A Bulk solution transport: 3} & 24l bulk solutionell A1 A g 9z =g 9]

4algl olvbs EaA DAY EWoR S
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€4, Film diffusion transport: 97dolx &4 date] upgpZo g Fatxcoh o
GA A GHo FAEAM Y A Freh ud A L AloldEe &Aoo R
Fo] ol Fo] )i 7pAghct.

AR Intraparticle transport: F2babg]ol w3l w74z A g 9abe] RE E3)
#2o] Zikghu}

Hel A=2F AguW EHntraparticle transport)-& Al M3 T B2 Surface

Diffusion)3 A& 34HPore Diffusion) 2.2 1= 4 Q)T

2.4.2.1 Film Diffusion

s 2ol Ay-dn 28 F9 £49 T8 Fick's lawdl 93l BA}

o oodnh we A wel wiAd a 52 washis g1 % WEee o
2l 2o
Rate(M/L*/ T) = k{C— C,)——————~~-~~~~ (2-6)
oA7IA, ky = ek B Al
C= 8o £ 3 B
Co= #yge mue] 7o Ao JFAA 55

kis ot SAO) whdstied e 9% Ades wA0 58 gl oF
o, Ak ofvhe] St FRlEle oluik o] srle) WheldlEtE R AR ks F9E
Coelu A W) delain,

2.4.2.2 Intraparticle Diffusion

Bt wedeladel eabs Aduslr] glsle] dRrd oz AlgsE g2

HSDM((Homogeneous surface diffusion model) ¥ PDM(Pore diffusion model) e] v},
HSDM > shywre] migh glel M u g atde] #3520 248 29 s Abolof
i ow ugﬁgow TR S ERVERE O 4 #ERA} S

=l
PSR wbdel, PDMe BHE 240w & 3

}
N

e

OI'J
JH

el F, SEE

HEE weh ol A FEE T Bvlclde g FAA Evh 231

it
lo
ku
o
ok,
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of &

=1
ﬂ‘ﬂ

dehchan g,
HSDMel A & wizol s a1 %49 BEds=e] Wad@e ae FHozy

Ele] Amel Al AzH s Al A (2-71=2 B8 do

b¢ _ e 2 day -
P G R ) (2-7)

PDMell A 3 & 2A12 mdEte Had(e 449 Fgozge Aulir)olA
A EA A (2-8)7 B#Fch

P oy s P y ar ' (2-8)
VM, p= AT UE
Dy= &= i Al
Co= 8AT 734 a5 A4 Ay 5
243 F4&5x: 24
dubdon FALLE HdSE RdFold ddEdd g3 FAEEFE ey
2] & A homogeous surface diffusion model(lISDM)& ®o] Al&3alm, H35 2 o

2.43.1 HSDM (Ilomogeneous surface diffusion model)

HSDM< Crittenden and Weber (1978} of#l 2¢tgl modelz &% £ 522 i}g
ol g Aolch A&l T4% FHAGACIE el uoked oy ooy 2
el e H gtk HSDMe| oa] 1A dde o R gde gus s

=
HFHEE Fig. 229 go] mald oz el 5= Q) Fig. 22049 &2 zhatd

[.iquid Film diffusion

FARS Felais G- 3 Be el BUE Fick's lawo] 29 HA



B4 olrh w9 AR we WAy i 29 Eaisis §40 3 e o
Al AR 4(2-6) £t
Rate(M/L*| T)=k{C—~C) -~ RGEEE R (2-6)

Intraparticle diffusion

dqg _p (0% 298¢y .

gt = Do+ 50 (2-9)

at (=0, 0<r<R’ g=0-----—-————--—mm (2-10

at r=0, t=0: —gg- =0 (2-11)
14

e (C—C. ko
at r=R, ¢=0: ReLC=C) Z—GIU qrdyr----- (2-12)

n, at

at =R g~ KC/" ——mmmm e e (2-13)

2 @20 A AR A F =8 A (el e Bl ZEs
ST dhERNITE A 2-100 A (2-0)8] m7laelr) A=Y o, 2
oA fhE fdel EAdA @EvhE AE dehiia, A @D @123 A (2-9)

oAz det. Y G T At wE go WS EE AR 0
0

.
of elaf O olvh 4 (2-12)3r Hube %o FaLvol FMeg At og 2ANE
SAEEE Q& Ao AAEAh RS Adel WA pe Bur) ATolrh 4
(2-13) ZAEE qlabe] upgk EwelM o =7t2¢]l B L Freundlich & &40

olal vl A= Ao w shE A g 2% iAo uigk Forol el -t

dAiel el g4 g priejch
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Stagnant Liquid Film Layer

..

giiifrl :?fhf

L

Fig. 2.2 Schematic representation of adsorption on a carbon particle with the

assumed adsorption profiles of the HSDM.

o] HSDM vh&3} o] o] gaia 2 57} vk,

1) Closed-batch reactoro} A}&

gshadvel tle Fa wese §hg ¢lal A1 ol sol wwo] e
g71e] ol golth 271 $3 FR(C)E ETsR AL FF folo] Hrhsv ww
Aol HOIow UEhd 4 Atk £F £4 FROY BAEL MEIldAY A7

&+ g l'% A E2-14 # 8 S ol

oC _  3C,
dt Rp
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A @142 8B wgslel e dw FRAel 4 (2146 da %)

at =07 (=Cy—mmmm e {2-15)

AR =0 Al gER-v1e] 4% v R V] B RS FusE AL Jehdo
A 2-14)7 (2-15)5 HSDM 4 (2-6)~{(2-13)3F @A Ajzkel] disA 43 420

SN AMNE T v

2) Completly stirred tank reactor{CSTR)®l A} &

TR CSTRE 54€ 849wt wgr) DAY LAsn wglold 2

iz At Crank (1956)9F Skelland (1974)% 4] (2-3)2 943 AAFHoR
oA By FEAD rold we BAW VAgrel EASE & Sael do wa

N g (21602 AR

22
a, 6 ol D, it
e D [ 7Y (it ok ) D ST
G 1 1l !Z][ lg XD( Rz )]
A7, ge= DA e FdoM Heo] Tt FEE HEe Ay 7
N T %
g ol®l AzeIAel SaE PAY Fad

D=3 B A
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12} 32, Freundlich 4 o] g.& A4tsl7] &) Are4 5 g}
= KO e (2-17)

e, 3ol Y o qF Adsh,

" 6 &1
lefff[l_ o2 Z_‘,l[?exp(— R2
QAde oA CSTR t$ mass balanced] #38F A&

QI(Can Ce[f):Q.s“Qi ************************************* {(2-19)

QO CoF 23, A (2-18)el 4 8 4 (2-19)9 thdshd,

6 o D 2 2
Cor Cor C- KCY2[1— . 2] exp( i )]]— fffff (2-20)
Hel 4 2200 ol BAM fEFe) FE CyR 7T 4 9
2.4.3.2 IAST (Ideal adsorbed solution theory)
daell A= WA F71E d(background organics)® @A g2 F2H(Adsorption
site)ll 4w F2kAlet FAdT, e E FHTeA 8 FA4YS g8 oW no
AR Be FaAEE woldl g Aotk ojda ARFEY sl Buny
el FAEE 2] 9siAe AE @At Ay Hxo| wE Blge o Zo] W
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o &3t A9 e fd0] wiio e Exdtuo] BAtE mol o= 7Aoo
e AAHR) FRAEAES v Auded BUsA vt sitiE A W
ekl ok WAFAEE S ol B3] EgHo 2dejA zhzte] FaS A g
ARE dolob &7l wiFd IASTE A4 H&s81717 @54, Crittenden ef al
(1985) = wWdEde] A of vFFrEed oigd FRTEYEe FHA5g Tl

%8l Equivalant Background Compound (EBC) MethodS 71 8{th, EBCE ¢ g
o]

2 7F83te] EBCS A&7 &8 TASTl A&sts wholel o) F&dad sl =
Fet el Me] SEEHLHEE Falo vfgo oA RAl 1ASTY B4 28 FEoly
EBCH| digh Fa74E A=t
Fy= Cy—C,q,— (% M TRy o)
1 i,0 o] q1+q2 anl
Fo= CoymC g, (—de @1t ads gm0 oy
2 2.0 o 2 01+Gg ”2K2
o7 A = A A K718 H
2= EBC
Cm T3¢ 4ty 5
K n= #old g3 44
Cro, Cog= 13 22] 2718 %
g, qz= AR F&E BHFEE
EBC2] Aol Sitseld 2 TERA5S 71 b [AST 2853 )
A2l iz AN HARFI R 27l% 0t dPARHNE FA5L48 Q8
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25 Tie] A4 s

Faig)oll A e} 2 E A (pressure-driven) Y] 2A-L QBo|A mA R ol 27
7HA dE BEE AAS T AMEE s 2l vlEolt gAY rel BrE Ar
stol A @& stAd Al 9" 4 A HAdn Ha gAdE A= FAo ﬂiaﬂ)ﬂ
Ee e Ao vlER 9k Be fdd, Sdnge s eld f3e dF
Hel il HAv Aol et Ayl wel ofel A wEo] o]gi-d)
AL LdEs Bk o Zad oAt ayEE Ao SR we Uy
Adr, dvbqon S de HelE Ao wel Agus e g ofde] A7
A 49k (operated pressure), #el &3 (pore size), ¥ 8%
A (MWCO) met /9 5 ok A4 -y Abgsle 2yue 2
w AR e}, A% (Reverse Osmosis, RO), Y=o 3 (Nanofiltration, NF), §-2]
o 3} (Ultrafiltration, UF), @3 (Microfiltration, MF) 522 ¥ 4 ¢t}

Table 262 +a% 2tie] F49 7%¢2 F8 mechanism, %9 pore size® 7

3 Avh Fig. 23% 7% Q98458 AAT &= ds o 248 A=

Ao wofgar 9low Fig 233 o] egB9 27 wet AFEEE o] 2
ul, otiz v& o] glo] whie] F4WE AL wolrh, G2y 3R duke) A
2 EdE T oY Aol AR R Y utekd, Ao 4L 2929

[=)
019 g vhe] 70 upe) B@Adnm 29ge ReAUT e SR

N

i)

i

a2

o}o

1; J
:c _EL
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Table 2.6 Technically relevant main membrane operation

Operating i
Membrane Mechanism Membrane
. pressure .
operation of separation structure
{(bar)
. . . pressure .
Microfiltration ) Sieve Macropores
(0.1-2.00
o pressure -
Ultrafiltraion Sieve Mesopores
(1.0-5.0
} ) pressure Sieve+diffusion )
Nanofiltration . . Micropores
(5.0-20) +size exculsion
) pressure Diffusion Dense
Reverse osmosis ] ) ]
(10-100) +size exculsion (Macromolecular chains)

Fig. 2.3 Size ranges

MF % \

-

.,\\/

Suspended

particles

UF___ %

Macro-
maolecules

Divalent salts

% Dissociated acids
%
NF h Sugars

Undissociated acids

RO

Monovalent salts

‘ Water
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251 %o FH

1) ¥ o3 (Microfiltration, MF)

A 2o F(Microfiltration: MFY& F2 0.1mel A 1.0l 27]9] R {0889 2o
A AAs = ALgE e, 95 daE 2 ol 00lme)dle] 7] WFe) RS §late]
AHz= ol Fojax gt AR e Cryptosporidiume| Y} Giardia®dh o] =717}
oS AAsE d 2ol AdeAete F2 g datgela 2
| ool of g A g e s dxe]zM dalse] Foro] Ast x4

SFggol WS DES i AT FHow o)

o -

rio

2) @2l o7 (Ultrafiltration, UF)

gk o 2H(Ultrafiltration: UF)& 5 ZZeolw T
AES AASI dl 2oled MFWa o] UFuty: F2 AAUA 989 179
Hefoll mer APt Sheloivtet alxdAEE Zebe) shejodabub A) Aol o)
w82 2 e molecular weight cutoff) 2 A5t 9lom, o] A& ste|odule] a7 &}
T e9Ee] A7E YeET digkdd A ®IF fvk 100,000 MWCO7E @) Eke A
O Aol Wabge]l oF 100,000 Dalton?) E&E #grEo] Eakuo] 9)e w, o
str=2 Ae EF welA Ay 5 vis AL dehlE Aolvr EAo] g <

lA7)E o gdel BAUE dF el £ QY] 0fe el e 2L %

oX
°
by
>
il
]
i
e
4z
i
>~
>
2
N
o,
oo
N
o

2718 ¢ vk crefuh, A2 g BAE vad wes 2
Blrh dlg5W, tkgo] dHES lkg9] AEZF] wla g4
el AHREECG of & e B8g shRd aseg, i
AL MWCO): vl dig e s AR Axar§ FYske gyl

EA oEmelmA QA (W e] et e wgale]) f1E Ao 9wt

AARG el gre $ERYRE e g EoE & gid, ol 4

[on
o
B
=
!
—
[an]
="
=
22
o
N
o
N
L
e o
]
2
)
o]
o
Il
o)
5
0

L T
e R fuka 14 1 MAES 22 SHEAS AT = ey, 4
ghooj kel (UF) 2} Zé"a@lﬂ}‘” (MF)& 9 A getdo] MF7F 0.1 ~20barel 1, UF7}
1.0~50bar= vi¢ Y gfele] g-45o] vE ol s AAdel ok MF UF
o] AA WINYELE AAE (sieving)ol]l 28] fiFEo Adaygd Aol APt £3
MF&F UFsd & e 2 &5 40 fFabsle 2 4¢tn #taedd 2 A0A47F fapehct.

OL
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e Y ¥ S5 SHEd 01 NTUelsl2 Al7lshi-dl AbesE Aoz wasm 9

vl (Olivieri et al., 1991; Laine ef ai., 1989: Jacangelo ef al.. 1989; Jacangelo et al.,

3) Yxo3} (Nanofiltration, NF), 94592 (Reverse Osmosis, RO)

Heodat (NF)= fdbqe= gdo Ardelvt Az &e irs fAE o
Al SRR w2 gt (5-20banel A FHE e e B g Bajbakn
S HET v o)l g wiA S-S zhid, R e, vbadley, H, 9 59 tirlol e
(muldvalent ion}olut &% 24k8 A E (disinfection by-products)®] AFE Ao} H
woul e AAE Hted ietdl FHoln) g2 RY FLe AAs=H o) &

HAV AR 718 d (SOCs: synthetic organic compounds)e] #}#]5o] o] §- #ojr}

oh AlA W7 EE A AE (Sieving), 4 (diffusion), WA (size exclusion)ell 2] 3]
o) Foj A HEA FrIEHo] Fu AAFCH NFE 107 me 974 Hdeg 71a &3
S AAGE ol 8x Iz glow, ROY FEAA 10 hmelsle) 994 wWys sa 22

S AR oA Ui ibelAlis grp ol 2 o] R Al AFHA ) 17} o] 29
A EL 20-TORAHEZZL 90%04) dabsodate Fd g G718 ek e R
gl 200~500dalton L2 W@ Rabako] 10,000dalton ©] 42 st)d i (UR)9 S
AEETE (Mallevialle et al., 1996).
HHAFd# (RO £Ae] Suiiz 594470 HEAF Sdov} G wAs-
5 owkEoldl vhE ol &ste] Felate Aste e 4892 10~ 100barelth 9%
©

Cwd B2 REd g Yol ALy A sty wade] wod

AHE S
W D A e Aol 1E~‘€J9l 2”H OVJ% A7l Aok Bk ditA o de
ol thated 50~80bar g = arghell Al f s o o)wf 95~99% A xel el A7st 7t
“aktk (Mallevialle et al, 1996).
Table 2.7& Reverse osmosis (RQ), Nanofiltraton (NF), Electrodialysis reversal
(EDR), Ultrafiltration (UF), Microfiltration (MF)2] tiAl 7F=x) 2 Bz FRe] 7| &

A
.
EAS UENE Yt Aotk Table 278 $84eld i Ase] 9= NF HAw

b=4

Al AP A E (pathogen), /718 (organic solutes), ¥7]% (inorganic solutes)®
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e FRsgon, $/8 Ag2e ¥ 24 2 (TDS), $4E, TF4% o
2 %7 292 P9t f71% AHFE AELUE (DBPs) ATEAS ©4

Fo1EE (S0Cs)e =2 uvvo e, 43 wia mechanism size exclusion
(sieving), diffusion® charge repulsion® A7}A1&2 24 BH¥d, 2293 UFS MF
™ MWCO7} 2483 2Estd, S84 o 9452 dyEs AA% 4+ 3oy

S v gu s aud QgEAS AAsd o) g Kela @ 4+ g

Table 2.7 Characteristics of Membrane operation (Taylor et af., 1989)

Process Mechanism | Exclusion Regulated solutes rejected by process
Pathogens Organics Inorganics
EDR C 0.0001m None None Most
RO S.D 0.0001m CBYvV DBPPs, SOCs Most
NI S.D 0.001m CBY DBPPs, SOCs Some
UF 5 0.001¢m CBYV None None
MF S 0.01m cCB None Non

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

Compounds

252 UF¢F MF 7Hg 4o g &4
1) UFat @ MFv}l g9 ¢l

el vte Aol 08 g5 BEolm 4ES Aeles] s & Ha
i glomn wel 3398 Ar|7r Zage] wel Mo FrEinz FuE S
7 dastdrh oleigl EAle dZ2L Wl AxFo nistel gt ywES
A AR Fxe] s Ao w sAY 5 90dd (Noble and Stern, 1995). ©]
of upel =] PpxA S48 oA MFO 4% HA+23 M vl Base

A mETelA ol T} o v BEY AAFE AL AR ALL 2

ich
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diaew 2t et AEE ghoh UFWE v A x4 dubdel o zhAeh ahe]7t
glev} oleist tte lem'yw sHutsiel 71 E& kA itk olHd WY A T A
UFelAl= 4o ZUFE 3std 98 FA4dvdn 3 5+ gloey ol 39 #
wWE YAGGA FASY fluxE =4 FAT 4 At (Blatt et al., 1970).

el Av]E Beld Fs obxe aviE Ao toksk MWCO (Molecular
Weight Cutoff) € Ald UF'LGE & 71 Atk MWCO8] ¥Hc & Hogls &
Aot Eabel 548 MWCO o] de] el Al vl ok B4 A& $7} gl #
el die mebA BEAFTIEO] wAsy Soe PR JFrEAS S}
Fig. 249+ MWCO(molecular weight cutoff)oll &3 &bz 2t-&=o] = Aw oo =
iroll wh Al AE Aab gfRlel] disle] AbAEk A veld a9l MMCOS o o] 3

AL B o (Al ANE Sl

L

d=0.09(MW) 4o (2-23)

A7NM, d= WEF9 AvHnm)

MW= &2} 2 (Daltons)

UFE 4534 Fola Buel dAd ud2e 4748 58 240z a4 e
MWCO 10,000~100,000 dalton® o] F7]wof td AAE FH40

Vb g el AAY Wobsstn mEATACY sholes steelol § wE
el wAde FUl9A Tel AATE st = 8 gk AAE Hﬁﬂfﬁ UF& %42
B 5SS 0INTUelstz A7 skizdl &5y Reg wxm 2
16989; Jacangelo et al., 1989, 1991),

i
o
1}
i
ol
3o P
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Approximate | ~ S >
woo il | S @

Pore size—pim . _ — —
‘ L 0001 0.0t 01 1.0 10 100 1,000

t i ! I | I I

Dissolved organics

Relative size
of various
feedwater
contaminants

Viruses

Microfiltration (3 to 40 psi [20 to 275 kPa}, —3 to ~12 vacuum)

MWCO or U|trahitratfon (3 to 40 psi [20 0 275 kPa}, -3 to —12 vacuum)
pore size - R

range (and Nanofiltration (50 to 150 psi [345 to 1,034 kPal)

operating s |

pressures)

for membrane  |FESHEENER

processes Reverse osmosis (seawater 800 to 1,200 psi [5,515 to 8,273

kPal, low-pressure brackish water 150 to 300 psi {345 to
2,068 kPa], standard pressure brackish water 50 to 150 psi
[345 to 1,034 kPa])

Fig 2.4 Removal characteristics and operating pressures of pressure

~driven membranes.

2) UFdr @ MFY A9 &3

UF 3 MF&4del 82 a4 83 (dead-end flow)? 443 (cross—flow)e] 2
4 el gl 4 4 vk Fig 250 welRst 448 F3us 47 dedsic
2o uho] fHoAl BE A

9P Feli g Aol 550 wte] ®We £Hoz wavn o
49 YAES Aol Ay

Lol 75} &0 YojuiA| geh eigA A7

wep AolaEe wWastl EHE e YAEE G AclAZAN AL
shoh el uhe] G e AAel 23 848 AAE £ Ak ol
sol A AAY S50 osled 4TS Fa1A7 T ool AEE gree) UHaA
AR Ze T ux FAE skl s, Fo oot QASA FHE 49 A
Esrdol /el drk 2 Ased wed gee £48 2% A @59 9
AEE AR S FoEes $dE FAAACr e @Rl Uy
(Vigneswaran et al, 1991). o[l &A1& IF5317] 9lslM dxra defs wersel

_@, O{f
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o Azt 5 & dde 93y e @
Il 9g EslA Fo
L RS FASEE o ofatd AAEH 23
= Alolazol YA ¥ olyd Azt iz whe o
of Aol A =i
4 9

AT+ (Noble and Stern, 1995).

o8]

Raw water

<Dead-end filtration>

Raw water

[T
"o‘i"r"i':i'i'o'i'i'a SR
s ioiaﬂieiﬁiiﬂﬂ
Sy
2

A )
oo
)

g

<Cross-flow filtration>

Fig. 2.5 Individual fiber filter flow pattern of dead-end flow and cross-flow
filtration,
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253 7 QA9 flux o] &

D 57 flux9} A4

ARbA Q] MFU UFSt 22 93153 e el datEe] 2% g gaw
i dde Bg 53sE fluxs Darcy's lawoll o8] thex 2o FHeel Al
(2-24)= ved 5 9l

AZIM, J = F3 flux
Ap = B A rEAEHE A=) (N/m)
=29 AAAF (N-s/m)
R, = A% %] AA a4 4% (/m)

R. = Alelz2 A7 (1/m)

FoF fluxss o] 2hal, mEY @ gk FAHW $TITL dAY e 73
AV Ho g et B3 fluxol A3 Fhs] Ak R A gle)
WaskA woh £
fluxz} gFA3hH] &3 A2 dvrd oz A= (gel layer)?t 2 A% (boundary laver)®
Tl e ey A fEch AEe)A g FEY) woHE wEdds &3
of M Adt¥e A7 of WolrA e o)x 9l A5 wedde] oA H
vh gl Rl wobAlw o] gEldME £ flux AEL oo H&uE
Steel B&E A etk gl Frked 452 2y F4 ]

A s el FrkehH £7) fluxE F7hE} Alzte] A el whel F3 fluxi
AL ghaskA #d
oleg Fi flux@gas
pressure model), F 8
(gel polarization model) ¢l AA =3 i=d olFeo] 2tzte] EAHL dHR™E o

o 2o

A
ol
2
R=)
o
)
~m
Ao
=
=
e
o
[
\-\ T
e
)
o
A
B
5
Bi=?
2
A
ofr
e
r'p
%

Astz] #ek FlFxel8oz AES @A (Osmotic

=25 (Boundary layer resistance model), A&R T
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Osmotic pressure model

Fob fluxs FAaA e 2RI A4 vlol olste] AlAE A ue Ex

stv &rl WEel 33 FUYTERG Foioe F 52 E ARy gte] 4A e
1

A FEE Fe vl FAES daAIIE olx
o

FEEREO T AW, Re2 M HIAD BYol mele] gyl £9eA 9
Woole @ @ye vtel AWl Rl B AHEY, AIS Eehdch 2w ue] 7%
2ol el gadzE awgtel adz Fab B b §30 Tese Lug

A AY F FASEEA ] gav A @0/t ol £HY & o

Boundary layer resistance model

atefl o wiA® 31 vl e HH¥m Agtel xge] wek 48 49
ve ARHe R gkl Wik wEaed 2o 48 f98 bulk §eow
elebtbol elofub} Qlgal Agtel At weh ohg@ AU oA Wi ot ¥

o Aol Aol a5 v HdolA pulk §ArntAe] Agtay nhe Eabsis &

Aol fluxell 28te} &3 o) FA @rk WA IHe P4y nFlie ¥R AAS

(5 £3)0e REsael d Fbd Adwen 449 wdg AAE AY w9
(houndary layer resistance modeDele}t $ef. 0 A T2 Fig. 260 YER S}
6i0 w4 FA CF Bukde £4%%, Cpt TFEHAA £49 =5

@ WERILE Re® stARA 9] A fA el R, AAEARo R FHEE

Gel polarization model

A= Bel(gel polarization model}e A A Zol2oda Hma AASE v} mfo
TrAbERTH AR EElE UFelA Fhitste] 2413 AS vgwioMe 838%% C,

o el 829 W FYEm ol o) mAl Hof tuwel §42 Azo] Yas

™, ool URIeko] A B dge wdaA dos sbgojrt & Fig. 26904
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CoF el A% Coll o274 W wtegad [ & 34 S92 .70 g9 o
& Fig. 279 AP 29 B0 Jetd npel go] R F fluxollAl F71 4
) Re& AE3HA Ho Ry A% Agow pdEdAd

* Chb

> Feed stream

Bulk flow

Boundary layer

Membrane

Fig. 2.6 Schematic representation of boundary layer resistance model

(Merten, et al., 1964).

x Cb
—-——_’ Feed stream
Bulk flow
5
Boundary layer
A
RE
Gellayer

AP : : ; Membrane

Rlll|

*——1

Fig. 2.7 Schematic representation of gel polarization model(Denisov, 1994).

_34_

i)

ofp

2
ol



B4, caked el FAol ofste] LAy dirAH o WA

fluxZt4 o] @45 Fig
280 et A T Howell and Velicangil (1980)% UF&EAAA 7] flux Ay &
Fetolut Fa Ao A T gakel Ao ok Aol Z7) flux Has o)

23] olFojAm A&Hon v Fuid

g
A
g }or}
it
oy
M,
2
lo
ol
g
S
=
=3
jab)
=
@
-
ofk
o,
2,

ojste] fluxie AlLdota Bl

Fane (1983)% 3515 "red Aol wAdria zctstgion A WA dA= 2
2olrmgt wrelgjole] ogh Wo le] WAL vl obAte] olsle) wAlgT) F oW
A Tl wEEaEe d4oR Qe v B stold] Maan o] WAl AAE
Bdel olste] o Z9 fluxsh gt whAul ghAie A wo el 2] & o TaE
S Rely A&, B flux AT Be d@4Es0 B FEste wAgstA X

S flux 2428 Addssd o] 389 FERLE &A3 ojFojzh H ¥Ha
Aol A fluxe] w3 i sEETSE d@gdoz 3k Aoyl o o wAEE
flux #ae dase] AYd gate x&mu ol2fd date] AL 279
monolayer Fatol® HHFE %35 o] Feolvh v dAE flux ThEo) H

A

=
Hal doluis A BARA QS Aheld woed o #4 we Ao

s\

pure water flux

Stage 1- Flux loss due to concentration pelarisation

J (flux)

Stage 2-Flux less due to protein deposition

Stage 3-Flux loss due to particle deposition or
congolidation 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) B v E

UF&gaiMe 3 fluxs A #5337 we ufAgdol o3 =33 Mo ¢
3lod Aojxle) M At gk (Nakao et al, 1979). ey} 2 Zols 2 (2-26)
kol E7FAl 20| FriEe] duye]x il 9t} (Fane, 1984).

Me Rie %’—Ev‘i"%@r, AZ3
o (Zeman, 1983; Hanemaaijer et al, 1988). -1z} ol= A A7ty Ag, R wte
TE, A & Fxet 359 Ed, deAH Y3wdel ate A4 A
ool FAEE fluxdavt B s duE AladdA A L5 E 47)3
o] &<l kinetic Rdlel| 2|3te] My=old 4 9lt} (Hermia, 1982; McCabe et al,
1985). Hermia (1982)= #2d A4S #h4st7] Hated AAualss AL s
U 7 Z22E2 ¥y dead-end HAFFMedAM Fassdl &t ol dt 471
ol 222 kinetic L2E& Ao by P}

Complete blocking models &9 A71ek FA 2272 AAE glofx
A AREoG. e YRzt Hell =gate] v glate] HEFHgle) B
2= @dbol ),

oot

Intermediate blocking model2 7 A3t zZholl ojsted vElRGTE T o) =g
YAt FFe) e WRe G YABE oo AR 49 BE YA o

N ARl 3o vlepulals #dolrh

ﬂN

Standard blocking model T3¢ 271Rth 22 s

of dAAez F5 &g AFo] Folur ol

_,_

il
5
ol
1
1o
E
=2
o
B
in

Cake filtration model> T2 A7|Bcr 2 Axpgel olsled o] Ew o] 9x
7k olr] FHE O cakeFol A §FL T glon AHPHog o ‘j}% 2

ol gl wabolr)
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Membrane Fouling
Fouling= +&3 =38 38 9o 713 Azpsk Saolct @9 fouling e -f %
gty AALEE @E5n, FPUEE &9 oduA AxE 2A e A
Fouling2 # Az}, #stae] H7h Hdzgde] $4& Bote] 8408 AT
At} =el fouling Wl 7hAe]l F483% WUclog wAlsl=d EZol=ag wod
(Colloidal), =7 H(scale), | W& =

r}.
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514
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Colloidal fouling

P2k =HFEFE g o S Yol A st A g

g Eel PHUAt WEatel Fasul ol AABARE HE, A}, 43
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ek, oleld YAEAEE HEd Ao o
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Scale fouling
2AdE B FEA dHol EEA s DA e Aog, ol dHee I
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HHqeE ol &ote] watzhg, viE R, g AEERES AT w wgsd
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A AN el fetEd s Hrtelo] R840 AT £ Ut}

Biological fouling
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Chemical fouling
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A3 F Ar R P

3.1 PACY 5&5& A9
3.1.1 Bottle® o] &3 S 2322473

el AgE PACE S84 Aol #4ddos o 542 Table 313 22
H, SEEHLEE A dAels =dhe] 224 24417 ol HEY T x¢TE

o] &3t slurry el 2l stock solution(1000mg/L) S A Zsle] Ao ALR& )

Table 3.1 Characteristics of PAC

Iodine moisture as .
Ash content-%6 | passing 200mesh
number-mg/g packed (%)
1,090 4 1.7 96.8

WA FAGes Fetl #sted AZeol AHE bottled] PACE 5, 15 25, 50,
100mg/L.5 a4 #9489 en, A4 didEaEsl PCES TCES
ke Eebaae] Fstdnh el PACY FHEALS fAE) 9
20T F &2 shakeE o] &3lo] 10rpmel £ 5 wyhE A AFYoT, AFE A
boA s FolA 5 AlHE e BAskn AlEe PAS 045w nylon

membrane filter& AHE3lod BdE8AGe 4% £ Alg=g §

e,

AN TR B A

T s

) o] N-hexane®
AHESte] 53 § GC-ECDE AM£3lel PCE® TCEY ®52 2AM3sgc)

3.1.2 Batch 23 &3
OL82H254% « 76tem)e] A ZFE wbe 7ol paddle (two- blade)?] olsla)2 2143
o batch ®7e] FHFGsr A9 QAsiglon, BHgxo Huji= Fig 310 ‘}e

Hdoh Zi8 a1 kinetic A&l Abgy BEwaadeie] A7 R T Table 329 2ok g

dERe]l 25+ 400mesh(dom)E F3tele A3 ¥ oo Hoz BEIE 1, 45m

Boh e 3 FAAE U wAs HHee BHS Tad 28 5 A9
L@ FARTe] WE $eER WL A TRes Ases o

PCESH TCE2] %% o 500u/L7t $I55 &4 2 al4o] 77 Fsteleh 2o
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4 5 o9n FRAUE SAAE] gsol 100 pmel £EZ wwEon, £E:

LAIZE, 2A13F, 3413, 4413, 54122

rd

gl

_,4
lo
K
>
%211
il
é
4
ol
41
|
)
2
a3
o
>~
[l
r'h-
N
M

72 0.45pm nylon membrane filter&

t

2
AbEste] 2R E eSS AASYGe RREdAGS AAE AB(OmL)Y FTYE
(A0mL) 9] n-hexane® Al&de] E¢L A7t a2z n YA n-hexaneE
A
[o]

Z‘l;
GC(ECD detector)ol] $13tod TCES PCEY ¥ +x & BAMalgrh(l-ol =)

A
P . Ve
. LA
21Cm E “"'..‘ "':" E 10C|T|
N 1L
| : | }2.50cm
s e
| 37
I P 7.6cm
N sampling
port

Fig. 3.1 Schematic diagram of jar and paddle used for the test of

adsorption kinetics.
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Table 3.2 Different size fractions of PAC used in experiment

Sample PAC particle size
composite 3pm~ 76um
small 20pm ~ 25um
medium 25pm ~ 454m
large 451~ 76.4m

3.2 wr&e 4=

& AT AR S milliporeAtoll A AlZE UFEHE Algstgon, 9o Sefs
A1E 76mm, TEA 454x10 ‘mfel @ds el wo g 4FRe] Tl 0.1-15mels
FAE 50~250mol k. 1e]ar me] pore sizew 100kDa AZ7IE 71
2 A g Zhzh Arg ek

w3 2 Adde] AM&® batch type UF membrane #33= 23 s IJda Fig 32
o} gon) gt e BaAAE ol £3ke] 1 barw UAS A UF celle] #abaln

Tk fluxs dAAEN A4 PREHE AN R vARE S Ads

deh el eeld wgehn B A8 YRg BAS) A LAY AL F
I fluxd FAF T 1 bar % sl A Fahel 10%e] oFel £4E ol §tko

A 2 &kl et

_41_



Pressure

UF Cell

h——
el
I <
—

I

— permeate

Computer

a

EEEEEE F:.l'_‘D _

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

33 4
2 oAFoM AA " =484S Standard methods (20th, 1998)0 = 3}e] 48wl g
thoFEEA Fue gg 2om, AR g 2wy 2 7]7)E Table

=
3.37 340l ehA

(1) TOC/DOC (Total Organic Carbon/Dissolved Organic Carbon)
el EAEE FrEd w8 dHEEav) A8 i gded, A &%

[el <
= & TOC vial& AFL Axgdes #F F/)8 AEE V5 A H¢ oo

N

T A A AtEsgo. BAE CiHsKOsanhydrous  potassium
biphthalate)$t Na,COs(anhydrous sodium carbonate), NaHCOs(anhydrous sodium
bicarbonate) & EF 8§22 A &dol 44 TCS 109 AgHe APz 7
dah & F4E ANEdn AR BHe Ha A slgon ngx BE AL

A 7)ol wEHA Ky e 4T Yo HHEd
(2) UVasa(UV 2544nm adsorbance, cm ')

ofel frleha BgESol £5oA lignin, tannin, humic £4 59 delz A
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oboelE g §rlEbA 3EE A2 200~ 400nme] TR dEolM A FREE Y
v ok oledgt Abd e WS 3 FE A (aromatic substances), B E B} A E 33
& 4 (unsaturated aliphatic compounds), ¥ 3# %% 3} $+2(saturated aliphatic
compounds)s EtA 27 o] F A o4 sl EAEo AgH WS F
Fatyr ol =A% ol @ o] fuj Eol UV-254nm7t UV

fF7iede] RHEHHE R FESEd ®Wel ol&HI gtk ANFEE Type
A/E glass fiber filter {(Gelman Science)& AM-83ta] o 38 & 1-cm MY cellE A}

&3te] 23 254nmell M spectrophotometerS AM&8ted A 591 o}

V gdEAE ddeted

fr

(3) Turbidity
HACH, 2100P ®=7AE AH&ste] 0~4000 NTUS #F8 9 (formazin) 2 H#FA

& Ayagn 2 EFAoR He $ HE YAt GEE clyd] 7T A
o owA g Fosun Bwg Hqsg

(4) TCE® PCE®9] #4

GC-ECDE o] &3 TCESt PCEZ ®43t7] flaixe Alse) Axgrst L7507
o AAE Wy oz Ligquid-Liquid Method{<d-8 &&=
Trape] vt S3&] oo 34 & 2}
e 7Hg el REw o s nlE S B(USEPA), w4 BF 71 FHISO) 5 2e
sE/N oA o] B Q) ol - FHHE il
FwAl sk PAHs 9 31y folatge e 248 ZAsted ue fé8
A AREE 2 Qo el oA To e liquid-liquid method( 2 - o =% 1)
Abgetlon FHguzs #abg oldste] AestEa, GC-ECDe 827
Table 349 7t}

e oA Aol o
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Table 3.3 Analytical method and instrument

Item Unit Analytical method and instruments
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)

UVasg em ' | UV-Spectrophotometer (UV-1201, SHIMADZU)

GC ve/L | Gas Chromatography (HP 5890 series II)

Table 34 Analytical condition of GC/ECD

Item Condition
Injector Temp. 2307T
Detector Temp. 2507C

Initial Temp. 45T
Final Temp. 45T
Total Flow 1224 mlL/min
Column Flow 0.61 mlL/min
Gas N»

Detector ECD

. SMS(Crosslinked 5% PHME Siloxane,

Column

30mx>0.25mm=0.254m)
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1
BoATel AgE A4E R gEa A3l A AdSE A5y Adsden,
.;

a4l FUEHS Table 4139 2ok ol A& siel 52 542 ¥4

2= ey g AR 4

Tahle 4.1 Characteristics of groundwater used in experiment

Analysis item Unit Groundwater
Turbidity NTU 0.3~0.7
UV-254 cm ! 0.003 ~0.005
TOC mg/1. 0.07~05
pH - 75~80
Cr' mg/L 115
Total hardness mg/L as CaCOsy 30
Ca mg/L. 305
Mg mg/L 05
Fe mg/L
Mn mg/L 0.017
Na mg/L 15
K mg/L 023
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42 PACe F& 54

Astael EASE SPGB E PACH EFH 54 Loyl A% 52 &3
Aye eaMoz HANFHAG PACY FH delse FAGY BRe A%
Fol w2 AR EAsts el ohdrl W, & F2 9L B AA G
FAEYS o 5+ Qvh mad B A7n A%y Fo FAsE 44 2a5e

1
FRaAS Hrsty] dstel Askes £58 44 olfdel FLEH vu APe

H
Freundlich 5& &2 A& @dddo 453

5oz glow poll A HE A@2-4)9 ot

110%

4 A28 Hokshed by Qe A

2
=
>
>,
e
B
19
foh
N
a
)
(]
T

Freundlich #7242 23 3 43 g FHelx, A 2-4HF H¥dez ved7

A3AM log GalE wrEo] Fo ol Jogg FHsH 2 2-5)8 A& 7 gk

logg,= log K+ l L (2-5)

A71M, K= 4o d#eln, I/ 7187

K& T8/ 91814 Cmlo) sl RolA K=qot si3, 54 7] 278 S5 Ln
S 7E T oL

Fig. 41 #9k Askreol 9499 552 PCES

ddteltr. waoliM e PCEl 27] % Cov 468pg/Lolil, olgf PACe| Y& 24
Z} 5, 15, 25, 50, 100mg/Lo= sgom 120 Alzte] g8 Adge @& A7

sl e &4 A9e @
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Freundlich 44 K¢t 1/n&
Z] g} 5ol M o] PCE ]
2 o}

=

7] ¥% C,o 453ug

Eut o Atk AE vEbdnh #2859
7hoetdet vge] §71E8d 9 Frjol&a g&
A FEHEC Najim ef @/(1991)8) A fFolaw
Bl 2slol A Fastta BuEgla

e AT E wrolA] G

3 9.
=
o)

o Fazo)

24
- &
52
[< N
h=]

olaf AlAs LA st

457 WEel AN ZagEe FAsol HuA

47 314 (pg/mg)(L/ug) 18F 10396 22 veldo £d
o] ew Freundlich 4+
0.5879[ (ue/me) (L/ug) ™15 12049 2 ey
dubao g Kglo] & w Fa%o Aty 2y

A9l Kakel f B¢ & 71 A3, o w40
7

K¢ 1/n&

E4e°] PCE ¥

ol g ) oltt

. Gillogly ef al(1998)2] MIB 2 o] & # o

‘3 E el A o]

%A g

uste] i

i)

Table 42 Comparison of equilibrium and kinetic parameters for the adsorption

of PCE on PAC

Pure water Groundwater
K[ (ze/mg)(L/ug)""] 3.1402 0.5879
1/n 1.0396 1.2049
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a
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Fig. 4.1 Adsorption isotherm of PCE in purewater and

groundwater using composite PAC.
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Table 4.3 Comparison of equilibrium and kinetic parameters for the adsorption

of TCE on PAC

Pure water Groundwater
K (ue/mg) (L ug)"™ 1.29 0.2467
1/n 0.7608 1.0§

100
q,=1.29C.° ™" (pure water}
g
- 10 4
@
£
2 q,=0.2467C " (ground water)
®
-
1=
3
14

£
<

01 T T

1 10 100 1600

Equilibrium concentration (C )

Fig. 4.2 Adsorption isotherm of TCE in pure water and

groundwater using composite PAC.
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Fig. 4.3 Batch kinetic test data for the adsorption of PCE from

groundwater under different mixing intensity.
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PCE initial concentration: 446ppb
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PCE concentration (C/C )

0 50 100 150 200 250 300

Contact time (min)

Fig. 4.4 Batch Kkinetic test for the adsorption of PCE from pure water

using composite PAC.
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PAC dose: 10mg/L

0.8 1

-—8— PAC size: 45 ~76:m
Q- PAC size: 20um~45m
- y— PAC size: 15:m~20m

0.6 1

PCE concentration (C/C )
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Contact time (min)
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Fig. 4.7 Batch kinetic test for adsorption of PCE from groundwater

using different PAC size [ractions.
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1.0 (a)
Contact time: 10 minutes
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Fig. 48 Effect of initial PCE concentration in pure water on PAC
adsorption kinetics, (a) constant contact time: 10min ;

{(b) constant PAC dose’ 10mg/L.
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Fig. 4.9 Effect of initial PCE concentration in groundwater on PAC
adsorption  kinetics, (a) constant contact time: 10min ;

(h) constant PAC dose: 10mg/1..
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4.10 Batch kinetic test data for the adsorption of TCE

from pure water using composite PAC,

TCE initial concentration: 340ppb
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4.11 Batch kinetic test data {or the adsorption of TCE from

groundwater using composite PAC.
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Fig. 4.12 Batch kinetic test data of PCE adsorption from groundwater.
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Fig. 4.13 Batch kinetic test data of TCE adsorption from groundwater.
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