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Abstract — Simultaneous adsorption of phenol and copper ions on CAC beads were investigated. The chitosan solution was
prepared by dissolving chitosan power and PAC into 2 wt% aqueous acetic acid solution. Then CAC beads were made by this
chitosan solution. The average molecular weight and the degree of deacetylation of the chitosan used here were determined to
be 4.5x10 and 91%, respectively. Adsorption equilibrium of copper ions and phenol on CAC beads could be represented by
Sips equation. The diffusion mechanism could be explained by pore diffusion model. Consequently, CAC beads could be used
as a adsorbent for simultaneous removal and separation of phenol and copper ions from aqueous effluents.

Key words: Chitosan, CAC(Mixed Chitosan with Activated-Carbon) Beads, Deacetylation, Adsorption
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Table 1. Various isotherm models for single component

Isotherm Equation Parameters
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Fig. 1. Schematic diagram of experimental batch separator.
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Fig. 2. Schematic diagram of Beads manufacturing process.
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Fig. 3. Flow diagram of CAC Beads manufacturing.

Table 2. Physical properties of Chitosan Beads, Activated-carbon and CAC Beads

Washing with water and
dropping in ethanol.

Property Chitosan bead Activated carbon 0.5wt% CAC bead 1.0 wt% CAC bead
Trade name Chitosan Calgon F-400 - -

Sieve no. 16-20 mesh 16-20 mesh - -

Mean diameter [mm] 14 14 2.92 2.92

BET surface area [ffg] 258 1114 516 640

Porosity [%)] 27.54 56.12 36.93 62.00

Pore radius [A] 27.32 54.17 15.4 12.82

Pore volume [cr#ig] 0.352 3.017 0.397 0.396
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Fig. 6. Adsorption isotherm of copper ions on CAC Beads with ratio
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Table 3. Adsorption equilibrium isotherms of copper ions and phenol on other adsorbents

Sips eq.
Adsorbents Adsorbates
Om b n E(%)
Chitosan Beads Copper ions 7.815 0.349 11.756 0.8253
Activated carbon Phenol 3.647 0.933 2.695 1.0983
0.5wt% CAC Beads Copper ions 150 6.266 2.851 3.7283
0.5wt% CAC Beads Phenol 2.651 0.310 2.785 0.6045
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Fig. 7. Adsorption isotherm of phenol on CAC Beads with ratio of pow-
der activated-carbon at 25°C.
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Fig. 8. Single component batch adsorption of copper ions and phel
on the other adsorbents.

Table 5. Effective diffusion coefficient and film mass transfer coefficient
estimated for other adsorbents(RPM=400)

Adsorbents Adsorbates ky x10f Dpx2108
[m/s] [m4s]
Chitosan Beads Copper ion 16.3 6.67
Activated-carbon Phenol 0.92 0.47
0.5wt% CAC Beads Copper ion 3.48 1.48
0.5 wt% CAC Beads Phenol 1.69 1.27
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Table 4. Adsorption equilibrium isotherms of copper ions and phenol with ratio of powder activated-carbon
Sips eq.
Adsorbents Adsorbates
Om b n E(%)
0.5wt% CAC Beads Copper ions 1.500 6.266 2.851 3.728
1.0 wt% CAC Beads Copper ions 1.281 5.680 3.003 0.945
0.5 wt% CAC Beads Phenol 2.651 0.310 2.785 0.605
1.0 wt% CAC Beads Phenol 2.222 0.677 2.380 0.366
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Table 6. Effective diffusion coefficient and film mass transfer coefficient
estimated for phenol in terms of RPM

Weight of 0.5 wt% CAC RPM k, x10* D x10°
Beadsx1t[kg] [m/s] [m?s]

5.0 50 1.03 1.36

200 1.54 1.54

400 1.69 1.27

500 1.61 1.47

Taloh Az ek FAE 24 Sip e & BARE F 319
CAC Beadd] W3 7e]9| F3 Asl=rf Hzin ¥ §5
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Lot 4& oAVt 2 YA TS & T} CAC Beaddl digh +
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I ST v & g} AFEZRE f71EF 5715 A AA
o 5 e AR FEAR AzkEr.

W o
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a : surface area of sorbent particlé]m
b : adsorption parameter
CAC : mixed chitosan with activated-carbon
Cy : concentration on the fluid phase [mofjm
C,, :Iinitial concentration in the fluid phase [mofim
Dp : effective pore diffusion coefficient [ffsec]
D, : effective surface diffusion coefficient ffsec]
k : Freundlich constant
ks . film mass transfer coefficient [m/sec]
n : Freundlich constant
Om : amount adsorbed for monolayer [mol/kg]
t : time, sec or [hr]
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