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Abstract—Experimental studies and perdictive models for adsorption rate and fixed-bed adsorption column
were used to investigate the performance of activated carbon in the removal of chloro-organic compounds
in aqueous solution. Model equations in batch-reactor and fixed-bed column were solved by the technique
of finite element method. Three species, chloroform(CF), monochloroacetaldehyde(MCA) and dichloroace-
taldehyde(DCA), were the single solutes studied and activated carbon(Filtsorb: F-400) was used as a adsor-
bent. Experimental studies for adsorption isotherm, adorption rate and for concentration history profiles
of effluent from the column were compared with the results obtained from predictive models formulated
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by finite element method. Since the numerical simulations of the model were in good agreement with experi-
mental data, the parameters estimated by the best fitting could make the models regenerate accurate adsorp-

tion rate and breakthrough curves.
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Fig. 1. Experimental apparatus for fixed-bed adsorber
studies.
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Fig. 2. Adsorption isotherms for different solutes.

Table 1. Freundlich parameters, kinetic coefficients and
fixed-bed coefficients of different solutes adsor-
bed by carbon(F-400)

CF MCA DCA

Equilibrium 1/n 0.89 0.92 0.72

isotherm K 6.61 4.60 3.28
(Freundlich
parameters)

Kinetic D; 05E-8m?%s 85E-9m%s 34E-9m%s
coefficients k, 8.1E-5m/s 4.1E-5m/s 2.3E-5m/s
Fixed-bed D; 1L1E-9m%s 1.24E-9 m%s 1.09E-9 m?*/s
coeffi- D, 54E-11 m?/s 6.5E-12 m%/s 3.3E-12 m?%/s

cients k/ 40E-5m/s 12E-5m/s 9.5E-6 m/s
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271 gasle)d 5 9les ou|gch o] 4L F
& o} Fabgo] RaellA A=l HFo] A
ASgke] wlZelAx 49d F 9ot

5-2. E3 £

324 ShHEGIeA SAH(F-400) o g A
WA SAle] JAgY §99 2o Fko] I FF S
Z2RAe Ly A7kl i wisle] Z3ghe]
B2 Fxwisgql Fig 3e4 7+ 439 27 §4 &
¥ CF7F 71 =3 MCAs} DCA: shuhgl w%7t
88 Uehin Atk o A4S FAYES) R
A Ad=E 5 sleh ek FAH YA to>tuca>
toca?l £AYeE Fageke 2r|EA e dXNEE &
4= Qlth &, Eabgke] 2be (4L v]& AF7HA
F257] W Fol FF4ko) Frishe uhd & A
DCAE v]a7)gede #abs A E3ta & 737t &
xlo] W] YyPyso =L & 5 ok

3 459 2d2ql 4 (2)-(6)& |43 FEMd
o) Fage) FARAR AFY AAT, ko A
el & A Dkl AAelh ke A (2)o4
7t 39 2AFATA=0)9 7|€7dE ¢+ U
cng 7zt Ao FAADATE ker>kuea>koea> 2
7l Aolch ol Egte B RE] Fxlafe] 22 43l A
o] EAo) gl ik o] A & Aol ol
A5 uke] FejHql @4a dX s & 5 Uk 449
Fedstga 4 (e F3A YN T2 ¥4
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(Dol AE&Fo2 ZAY YAX ol Agste 2R}
5o FRRistETE Ayl 2o Brpssicl
aejuzg A (7)-(12)¢] FEMd) 93 $aeAds2
¥ g2 Fruisle] A&she iAhA 5749

Ao A FEH TS Fig. 3 8149 Adez R4
stdeh & S ZAYAHREY 5709 Bl
A 7bo)) N’ FEste] A A3 2 A =gl od
Za2% 3ol Aole $49] 3 b ol et A
ol Za(kZ b 2% 24 J¥-of $azsHDE
7hl EAQ] dAg A § qlen, o 3d
AN FAZAE 2t A9 FEstge Ao ¥
Aol o] Walga g oFm glck Tag)Ate
B FestEst wabeAe] FASE T X
s ol WA 7S o = glrh

A e FEQAAEEANT)E JAF T wkAe) &
TR T UF] Fx ¥X 5 HAU3] oY) 93t
Akl o3k MCA®| &% 450k g3l k ge
A A 3HAl 3t2 D, gk-2 8.5E-50 4] 85E-72 7HAA| AL
W gde Fi3 &% FAF A YR Frdgy
®e 77 Fig. 49 "LE}’T-‘?—} Ze REE HGoH,
449 FrddgL Do Atal A7 YAt YEe ¥
= I (concentration history profile) = o)A
ule] #43 Eejql #4448 Jehiz gich

5-3. %5 B¢

FAA A% FATR A F2F Az JY
&9 oo} F3 ol 2y 3} S
AR Frsel g AL €3 F e
A5 Wolul viw HYF2Ale] Fatyhdle] F-2tA)
A7k EA-FAA(19) e 235l 9l W Eo) F3
T EAE el s3] x|} g u
e P52 wisHal -3—’31’%‘%, K¢} 2 x,
1/noll HAA Q) 3-& g ¥ut ohz} FAZYRE
s 29(HFAD Y i}‘_ A(Dy), BelAe 2
A-A A 7ke] AoAl (k) 225 2AYARAF- ik
AF (D)ol o)sled ofgks wech

A eH(F-400) 2] 33 F23dol A CF, MCA ¥
DCA2] &42] Fato] gt FEN9 FodGE T
Agel g 2AdloE)Ql Fig. 5ol A &2 E35A
A (13)-(18) =} &Adel]]ale] EA42]4) (19)-(24) 5
TR Y37 $iEte] A4 A D AgaAa
[23]o24 A4kl on, Fatzhie AEA LA
T ke 2 SxdAM 7 kot dA3ge) el
k>kd AHolm R k= Williamson E[24]el 4] ) 4ks}
gk Al 712 $349 FEARdA (1) FFHL ter=
2804 >tuca =200>tpca = 1602-2] Z7]olt}. o] Hko]

et 32 A1E 19944 23

o 1.2
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Fig. 7. Predicted breakthrough curves in particle and fluid
at different bed length for MCA.

$A F283 Kyt /9 4L Bgeke] oA
Fo] 7] Avh} egEet dA s £ F
T8 F Adert & FHAY A9 sy fdge
olu|ghe}: (2) 44@0“*%—3 BYH7A o] s}
SXL 50% F=AANA 77|24 Mg 4 ok
Z 714719 =27)+= CFe} MCA#K:= v]2:51 7)1k DCA:
7V Zt o] A {3 ko) F7)9} dxFEE B

3 9le}. Table 1ollA4 c}g-2] & 7}x] #AH2 wbi
& ok (D 334 ke §3 45 2l 4
AR Dot AEE S §99) 520 23 F
A AbelA 2R D, A7 Y zlole
Ee|3ql dAae g ¥ol D>D,Y AHolmg AJek(F-
400) ol 2|3t 7+ -84 9] D+ DB} 10733 A5 ke

< 7hck (2) (D3 22 o] vl k&= kxc}
12k 2be g 7RAldh; (3) 7 £39) Fawe &
uyako @ HAAS, Dt A9 ulsedt ghg sl o)
42 FdFEEY §9& YAFPoE FAZE &
2|2 A §-29] Ealgfel uje} thio] A s} oS
¥ 2t 839 D2 ved FYS & 5 Uk 7 A
A Do} k3t dl& 2d 2 3leF FrAddETE
AYA A 5 QA sedck

3% 2d4e 5] WeE F3ae 2O A
Zrolng Zupae] ydgE¥E dA AARY
A =& F31Ee] 23cmell APF3lnz FAF 7o)
2=23, 138 % 20.7 cmel] I3k L] sz
o] Ma}pIAlo Addhe ARG Frdy
+X& Fig 7ol mapsieich F3F £ Ao A F3H4
AR e FEEZ]) Fig 39) MCA9} F38 ZAlo A
FAA A e F=EEQ Fig 739 vlme] 4 o4}
7Vt Eeld < @4E D>Dyolt)r 2 ol ALY

»

N le lo



£33 F3FAE o]438l= Finite Element Methodel] 2%t

G54 mubel] % thF-3hake Fx42] plug BF
o3 djF-gatrc) Al A& of go) FaA]7]7]
o Folt}. zejez Azt ko & gl A% DS F
7l dA WY = FEE QiR o4 319 &
B2 Ao dAEA sk 9w F219] plug EFel
23t k,>kA= D>D,E Al 3t Fig 73 28 ] A U #-9
FEFIERE FFY 5 A s & MCAY
D,=85E-72.2 XA} Fig. 49} MCA$] D,=6.5E-8¢l
o yxd9E %2 Fig 7& F34 2] 4t
$29] gtol ztem L= Qlxl W] F=vt wlAl
FEYE BAFr]

6.8 £

F A9 FAvH(F-400) o 213+ CF, MCA % DCAZ2)
£20) g F2 TR A AR E OS5 2
2 s 45 T Uk

(1) gAgtell 9% d4 $7133EY #2352 4
A= Freundlich #7143} & A3t o (Fig. 29}
Table 1).

(2) 4 5= AY9 FxA9 dojele} 4] (DA
73 &3 3y o5 S o] £% Rl o2 E 7
rradste] dxgde g Re] F3 459 BRALT A
=9} qlz} W39 gabA| ) FHAgE 7 5 Adt
(Fig. 33} Table 1).

(3) ¥ 4= Agdoleld Aske FAALA W
Bol gel rrdo el it Al A dYE
3% 4 AddcKFig 4).

(4) A% F4T & 449 FEI94 FF 52
wi HEE o) &3 #e) mdale) FEMe o1& 43
Babe) Ao 2 Re] o Hut Ago} glAf e F
F FHAFO1FE4D Y HHgE FHE + A
(Fig. 58} Table 1).

(5) F&e o2 wde FEMe| o 3 RA
o] 4 2312 Zo)al #o] Fubdke) FEAY L E} o]
ALEe aAY R PR EE ZAE F Ay
(Fig. 7).

o|Abe] Axjzye] mdAe] FEMol 93 &34
RARs A Aol A da)stglen, o) Ao 2 HE]
ARGt ASEe] HAgE 7E & AdS 2
=2 FEMo| &3 $a534e) AstAda) ebdid g o
28 4 qlgd7) dFd ez Ao {A-ZA A
4% Q7 FAge) Ay Hotel R wishEse 7
% (parameter sensitivity)¢t Zulz4Z 2H&7](pac-
ked-bed catalytic reactor: pseudohomogeneous and
heterogeneous) 2] =@l 4]ell thdt FEM €49 %4

%9 FA-2H4 4 111

(flexibility) ¥} chokAd (versatility) o] {F 714 47
o] £ A9 HEo|ch

# Al

€ d7e TEFgeAFATY 19929 A7H)A Y

= i"i‘%_}i"élil*}i’—l FEAq Ao gk o

Ty © AL eSS 2 A4
ﬂ%“ér] 3 Aol 7&4-—%‘4'4.

AEY|2

C :concentration of adsorbate in bulk liquid [M/L*]

C. :concentration at equilibrium [M/L?]

C, :concentration in bulk liquid at start of adsorption

run [M/L3%]
C, :adsorbate concentration in pore within the parti-
culate phase for fixed-bed column [M/L?]

C, :concentration in pore within solid at radius for
batch-reactor [M/L%]

C, :concentration in liquid at outer surface of parti-
cle [M/L?]

D, :axial dispersion coefficient [L%T]

D, :total, effective diffusivity in fixed-bed column

test [L¥T]
D, :total, effective diffusivity in particles in batch
reactor test [L%/T]
: average particle diameter [L]
: adsorption equilibrium constant [L3/M]
: mass transfer coefficient between liquid and out-
er surface of particles in fixed-bed column test
[L/T]
k, :film transfer coefficient in batch reactor test
(L/T]

L :length of fixed-bed [L]

m, :mass of carbon particles per unit volume of par-
ticle-free slurry [M/L?]

n :Freundlich isotherm exponent

R

Pe,, : mass Peclet number

g :internal concentration in particle at equilibrium
with C, in batch reactor test [M/L?]

g, :internal concentration in particle at equilibrium
with C, or Cp [M/L?]

R, :particle radius [L]

r :radial coordinate in carbon particle(assumed sp-
herical) [L]

S, :outer surface of carbon particles per unit volume
of particle-free slurry [L]
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t :time [T]

u :interstitial velocity [L/T]

z :axial distance [L]

a2|0jA X}

B :modified Sherwood number, ref. to Eq. (12)
B* :modified Sherwood number, ref. to Eq. (24)
& :porosity of carbon particle

& :bed porosity

x :accumulation capacity by Freundlich contribu-
tion in adsorption rate, ref. to Eq. (12)
x* :accumulation capacity by Freundlich contribu-
tion in fixed-bed, ref. to Eq. (24)
t :dimensionless time
p, :density of carbon particle [M/L?]
p. :density of solid phase, true density, of carbon
particles [M/L?]
¢ :dimensionless concentration, C/C,
¢,* :dimensionless concentration for batch-reactor,
C./C,
¢,* : dimensionless concentration for fixed-bed, C,/
G,
¢ :dimensionless radial distance in particle, /R,
© :dimensionless bed length parameter, R?u/D,L
¢ :dimensionless distance, z/L
v :parameter, ref. to Eq. (18)
AR}
*  :particle
K|
b :bed
e :equilibrium
f :fluid
L :longitudinal
o :initial
p :particle
r :radial
s :surface
t :total
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