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ABSTRACT

In this study, in order to remove Cd(II) from aqueous solutions, strongly acidic
cation exchange resin(SK1B) by Diaion Co. was employed as an adsorbent. Experi-
ments were mainly performed in two parts at room temperature(25+57C): batch tests
and adsorption kinetics tests. In batch tests adsorption equilibrium time, pH effects,
temperature effects, several adsorption isotherms, and finally desorption tests were
examined. In differential bed tests, an optimum flow rate and an overall adsorption
rate were obtained. In the batch experiment, adsorption capability increased with pH
and became constant above pH 6 and adsorption guantity increased with tempera-
ture. Batch experimental data found that Freundlich and Sips adsorption isotherms
were more favorable than Langmuir adsorption isotherm over the range of concen-
tration (5~15ppm). The desorbent used in the desorption test was hydrochloric acid
solution with different concentrations(0.01~2N). The degree of regeneration increased
with concentration of desorbent and decreased slightly with the number of regenera-
tion. In the continuous flow process using a differential bed reactor, the optimum flow
rate was 564mé/min above which the film diffusion resistance was minimized. The
overall adsorption rate for the removal of Cd(II) by cation exchange resin was found

as follows;

r=1.378 C1;2421 —92.0907 x 100.07460; qe0.0lZIC.-—D.OZiOI

Key Words : Adsorption, Cd(II), Cation Exchange Resin, Desorption, Differential
Bed Reactor
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Table 1. Properties of resin(SK1B)

Property Value
Superficial density (g/¢) 825
Moisture (%) 45
Effective diameter (mm) 0.5
Average diameter (mm) 0.7
Uniformity coefficient (-) 1.6
Specific gravity () 1.23
Exchange capacity (meq/mé) 1.9

—
+
(2)

(1) j

‘ E |(8)
(6) (7)M

(1) constant head tank  (2) holding tank

(3) pump (4) overflow reservoir
(5) reactor (6) flow meter
(7) drain (8) effluent

Fig. 1. Schematic diagram of experimental
unit.
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(6)

i — 15mm ¢ (1.D.)

(1) clamp (2) silicon rubber plate
(3) stainless steel screen (4) adsorbent
(5) glass bead (6) acry! tubular reactor
Fig. 2. Schematic diagram of differential
bed reactor.
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Fig. 3. Effect of pH on resin adsorption.
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Fig. 4. Effect of temperature on resin ad-
sorption.
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Fig. 5. Adsorption isotherm relationship.
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g. 6. Plot of Langmuir adsorption isotherm

(r =0.7196).
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Fig. 7. Plot of Freundlich adsorption isotherm
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Fig. 8. Plot of Sips adsorption isotherm(r? =
0.9374).

Tabie 2. Parameters of Freundlich, Langmuir,
and Sips adsorption isotherm

Parameter Resin
Kr 269.1143
Freundlich /n 0.4135
isotherm
% deviation" 8.8387
Qm 439.9824
Langmuir KL 2 . 5745
isotherm R? 0.0449
% deviation 20.3620
] 252.9889
b 0.0114
Sips isotherm
B 0.5543
% deviation 8.3667
Y 95 Deviation = IM x 100
exp
D po__ 1
1+ K,.C;

Table 2°1A4 Freundlich &#&%249 1/n
(0.4135)% Langmuir JF3F22e Fedx
R(0.0449)¢] 13t} Fo} F 2 BE FH (favora-
ble)d FEIYS & & dlen & 5229 o3
¥4 A7 Freundlich ¥2524 3 Sips F2452
2le] Langmuir F&Fe4R}t %A o A2
AL ¢ F AU
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Fig. 9. Corrected effluent concentration on

bed(Ci=7.31ppm, W=1.0g, F=653.67

mé/min).
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Fig. 10. Determination of optimum flow rate.
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Fig. 11. Determination of initial rate on

corrected effluent concentration for
resin(r® = 0.8531).
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Fig. 12. Caiculation of ge(Ci=7.31ppm, F=
653.67mé/min).
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Fig. 13. Determination of reverse reaction
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Fig. 14. Degree of regeneration as a func-
tion of number of regeneration.
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: Experimentally determined
exponents

: Constant determined by experiment
in Sips adsorption isotherm

. Concentration of substance A, mg
adsorbate/ £

: Effluent concentration of substance
A. mg adsorbate/ £

. Influent concentration of substance
A, mg adsorbate/ ¢

. Equilibrium concentration of Cd (II)
in solution, mg CA(II)/ ¢

. Corrected effluent concentration of
Cd(1I) in solution, mg CA(I11)/ ¢

. Initial concentration of Cd(II) in
solution, mg Cd(II)/ ¢

. Corrected influent concentration of
Cd(ID) in solution, mg CA(I1)/ ¢

: Flow rate, m¢ /min

: Adsorption rate constant

. Desorption rate constant

: Constant determined by experiment in
Freundlich adsorption isotherm

: Constant determined by experiment in
Langmuir adsorption isotherm

: Forward reaction rate constant

. Reverse reaction rate constant

: Weight of adsorbent, g

meg/mé : Volume capacity expressed as

milliequivalents per milliliter
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aa

Qe
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: Constant determined by experiment in
Freundlich adsorption isotherm

¢ Constant determined by experiment in
Langmuir adsorption isotherm

: Constant determined by experiment in
Sips adsorption isotherm

. Quantity of substance A adsorbed on
solid, mg adsorbate/g-adsorbent

: Quantity of Cd(II) adsorbed on
adsorbent, mg Cd(II)/g-adsorbent

: Separation factor

. Overall rate of adsorption of Cd (II).
mg CdA(II)/min g-adsorbent

: Overall rate of adsorption of
substance A, mg adsorbate/min
g-adsorbent

: Initial rate of adsorption of Cd (II),
mg Cd(II)/min g-adsorbent

: Time, min or sec

: Weight of Cd(ID, g

. Weight of adsorbed C4(ID), g

: Constant determined by experiment

in Sips adsorption isotherm
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