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ABSTRACT

Biocarrier beads with dead biomass, Bacillus drentensis, immobilized in polymer polysulfone were synthesized to remove
heavy metals from wastewater. To identify the sorption mechanisms and theoretical nature of underlying processes, a
series of batch experiments were carried out and a mathematical model was developed to quantify the biosorption of
Pb(Il) by the biocarrier beads. A series of mass balance equations for representing mass transfer of metal sorbents in
biocarrier beads and surrounding solution were established. Major model parameters such as external mass transfer
coefficient and maximum sorption capacity, etc. were determined from pseudo-first-order kinetic models and Langmuir
isotherm model based on kinetic and equilibrium experimental measurements. The model simulation displays reasonable
representations of experimental data and implied that the proposed model can be applied to quantitative analysis on
biosorption mechanisms by porous granular beads. The simulation results also confirms that the biosorption of heavy
metal by the biocarrier beads largely depended on surface adsorption
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Fig. 1. Biocarrier beads prepared by immobilization of dead
biomass in polysulfone matrix (a); SEM images of a biocarrier
bead (x70): (b) surface and (c) cross-section.
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Fig. 2. Equilibrium isotherms of Pb(Il) on immobilized biomass
biocarrier beads. Conditions: bead size of 2 mm in diameter, bead
dose of 2 g in 50 mL, 20°C.
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Table 1. Adsorption isotherm parameters for lead biosorption by biomass-immobilized biocarrier beads

Isotherm parameters R?

Langmuir isotherm model

Gmax=0.33 mg/g

K;=223 cm’/g 0.87

Freundlich isotherm model K=0.1535 (L/mg)"" n=2.8716 0.71
Table 2. Kinetic parameters for lead biosorption by biomass-immobilized biocarrier beads
Kinetic parameters R?
Pseudo-first-order kinetic model k14a=0.0018 /hr Geg=0.18 mg/g 0.96
Pseudo-second-order kinetic model ky44=0.0177 g/mg - hr Geg=0.19 mg/g 0.90
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Fig. 3. Biosorption kinetics of Pb(Il) on immobilized biomass
biocarrier beads. Conditions: bead size of 2 mm in diameter, bead
dose of 2 g in 50 mL, 20°C.

23519t (Redlich and Peterson, 1959).
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Table 3. Model input parameters for numerical experiments

Parameter Value
For batch simulations
Initial dissolved concentration of lead in the bulk liquid, C;, 10 mg/L
Radius of a biocarrier bead, R 0.1 cm
Effective radius of a biocarrier bead, 7.4 0.075 cm
Particle density of a biocarrier bead, o, 0.29 g/em’
Langmuir sorption constants, K 223 cm’/g
qmax 033 mg/g
Pseudo-1* order kinetic parameters, k; 0.12 1/hr
Geg 0.18 mg/g
Surface diffusivity, D, 49x 1074 cm?/hr
For column simulations
Average linear velocity of flow, v 5.0 m/hr
Hydrodynamic dispersion coefficient, Dy 69x107 m?/hr
Porosity 0.37
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Fig. 5. Comparison of model simulation to results of from batch
experiments for sorption kinetics of lead by biocarrier beads.
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