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Abstract: Fixed-bed adsorption of metal ions on chitosan bead was studied to remove heavy metal ions in waste water. Chitin was extracted from
crab shell and chitosan was prepared by deacetylation of the chitin. The chitosan in bead was used as an adsorbent for heavy metal ions.
Freundlich and Langmuir isotherm was determined from the experimental results of equilibrium adsorption for individual metal jon (Cu®, Co™, Ni¥)
on chitosan bead. Adsorption strength of metal ions decreased in the order of Cu” >Co™ >Ni* ion. Breakthrough curves of single and multi-
component adsorption for metal ions were obtained from the experimental results of fixed-bed adsorption. The breakthrough curves were analyzed
by simulation with fixed-bed adsorption equation based on LDFA (linear driving force approximation) adopted IAS (ideal adsorbed solution) theory
which can predict multi-component adsorption isotherm from individual adsorption isotherm. The behavior of fixed bed adsorption for single and
multi-component system could be nicely simulated by the equation.
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Figure 1. Schematic diagram of fixed-bed adsorption apparatus.

Cu* o] ¥EE 800 nmol A, Co® °o]€9 5= 510 nmol
A EFste ¥5g Agsigdond 2 FRoA e ojLd g
TAEFHE e 2tk N&° o129 A% 305 nmolA =3
st 52 ZAs00, 510 nmolME e 42 Holx @
%oyt 800 nmoAlME %3re) F47F Uehdth mEba Ni¥ o] o]
g9 goA Cu* 0] €9 == 800 nmold Ni¥ o] 29 7+4
E7E 12% Beer-Lambert ¥2¢ ol4std 279 g A
Aatsict.

3.4. 1¥E g5 A
13% 4% FAE Figure 1] Jehi ok 484 F4 o

% ¥ 12
e g9 E: 34 011 EUEAS tIg AY A2 o3l
A of 4AF F4Q cm¥/min)o 2 T3 By
14 %ol glass beadS o] &3l 2 g9
2

%9 FHE FL £8z2E o4l
2:) = 11*17"4 F3%¢ 34 £ AAF N e
2 AF3t UV-visible spectrophotometers 449 & =3

sttt

5 2 4

Azd 71EAES 1 wt % 24 F8d%0 05 wt %7} HEE o
£°| Brookfield viscometer (model DV-II+, LV spindle #1-#4)&
AHgEte] 30 CollM HEE 2439 7184 golhesirs
Maeda §{20]0] A|AI% toludine blue AAeFE o] g3 FZolc
AAYPoz ZHsg)

7193 71E4E AN E3F=A(BIORAD FT-IR spectro-
meter, model FTS 175C)E -Er’i*‘o}ai E“—"Ji At oH,

Azd 7EG v

=
5% %Zé%}‘la 0}01 A% 354

e S 45 240 158 e
Hst 2718 2

4.1, 718 Y FEM H|=
1A Axe 71”9 AxA el AA %
FE 2o o W BAZE A WLLEs} F9F W
ks Aoz deiA AUo10] AFPlA dojr B A
Brookfield HE=AZ 248 A3} ok 420 cpsolQLk. o]= At
Aoz 48sd aTHE FEo 27 300~500 cpsS HEA)7)

d=o] =2A

rr X of



B v 9% $7% ol2

Figure 2. Optical microscope photograph of wet chitosan bead.
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Figure 3. FT-IR spectra of (A) chitin and (B) chitosan.
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Figure 4. SEM photographs of (A) particles and (B) surface of
chitosan bead.

Table 1. Parameters of Freundlich Isotherm and Langmuir
Isotherm for the Equilibrium Adsorption of Metal Ions on
Chitosan Bead at 298 K.

Freundlich parameter Langmuir parameter

Adsorbate
k n error (%) Vi b error (%)

c” 718 778 476 85 2% 347

Co” 590 440 258 778 071 434

N 48 221 189 511 029 401
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Figure 5. Experimental (symbol) and predicted (line) adsorption
isotherm of Cu®, Co”, and Ni*' ion on chitosan bead at 298 K.
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Figure 6. Experimental (symbol) and predicted (line) breakthrough
curves of Cu®, Co”, and Ni* ion on chitosan bead at 298 K.
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Figure 7. Experimental (symbol) and predicted (line) binary break-
through curve of Cu?/Co” system on chitosan bead at 298 K.
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A surface area of sorbent particles [m?]

b : Langmuir isotherm constant

C : concentration in the fluid phase [mol/m’]

D © molecular diffusion coefficient [m*/s]

Ds : effective surface diffusion coefficient [mZ/s]

k : Freundlich isotherm constant

ke film mass transfer coefficient [m/s]

ks  solid-phase mass transfer coefficient [1/s]
: bed height [m]

n : Freundlich isotherm constant

Q : amount adsorbed [mol/kg]

R ! radius of particle [m]

Ry : gas constant

S dimensionless bed height (=z/L)
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T : temperature [K]
t : time [min]
U : superficial flow rate [m/s]
vm  Langmuir isotherm constant
Y : dimensionless concentration (=Ci/C,)
Z : mole fraction in the adsorbed phase
z  axial distance [m)
azjola 2%}
€,  bed porosity
€,  particle porosity
A dimensionless group defined in Eq. (15)
As  dimensionless group defined in Eq. (16)
Py packing density [kg/m’]
py  apparent particle density [kg/m’]
1 spreading pressure
T : dimensionless time defined in Eq. (14)
8 : corrected time
¥  dimensionless amount adsorbed (Q/Q,)
7 A
o] #E2 19973 FeAEAde] FRIAA dA7ud o3 A7
HAFUD A del F4 sedTA9A s gy,
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