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ABSTRACT 
The advantage of using biomaterials as adsorbent for the removal of metal ions is that it provides additional economic 
interest to the technical studies. The batch mode analysis is not sufficient while designing a treatment system for 
continuous operation. Packed bed columns operate with short contact time and not under equilibrium conditions. 
Problems such as uneven flow pattern in a continuous column, recycling and regeneration cannot be effectively studied 
in batch experiments. Hence it is necessary to analyze the adsorbate-adsorbent system by column mode. The accurate 
predictions of breakthrough curves for specific conditions paves way for the rational design of adsorption systems. 
Continuous operation is influenced by equilibrium (capacity and isotherm), kinetic (convection coefficients and 
diffusion), and hydraulic (mal-distribution, geometric analysis and liquid hold up) factors. The performance of the 
column can be analyzed using the kinetic models, Thomas model, Yoon-Nelson model and Adams-Bohart model. Research 
in biosorption facilitates good understanding of biosorption mechanisms, desorption of metal and regeneration of 
biosorbent, formulation of new biosorbent materials suitable for separation application and evolving new methodologies 
to facilitate the quantitative separation process description, its performance evaluation, prediction of effectiveness and 
optimization.  
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INTRODUCTION 
The study of sorption potential of biomaterials in controlling environmental pollution in natural waters 
or effluents by continuous flow sorption tests is the recent trend in Environmental Engineering [1-6]. 
Metal ions represent a major class of pollutants introduced into water bodies as a result of various 
agricultural and industrial activities [7]. Metal ions depending on the angle of interest and the impact of 
different metals, could be divided into four major categories: (a) toxic heavy metals, (b) strategic metals, 
(c) precious metals, and (d) radionuclides [8]. It is mainly categories (a) and (d) that are of interest for 
removal from effluent discharges based on environmental threats. Common procedures for removing 
metal ions from waste waters include chemical precipitation, reverse osmosis, ion exchange, 
oxidation/reduction methods, extraction, leaching and solvent extraction [9]. The search for an alternate 
innovative treatment method has evolved the use of biological materials for metal ion removal and 
recovery technologies [10]. A number of patents also exist in this regard11. Biomaterials such as coconut 
fiber12, eucalyptus bark [13], maple sawdust [14], waste tea leaves [15], rice husk 16and Neem saw dust 
[17] have been studied for the removal of heavy metals from polluted waters. Comparative studies using 
various bio-adsorbents were also made [18,19].  
The result of adsorption kinetic studies and isotherm studies obtained in batch mode determines the 
effectiveness of the adsorbent in removing metal ions from its aqueous solution. In the design of 
continuous column mode treatment system, the results of batch mode analysis are not sufficient. For 
instance, packed bed columns operate with short contact time and not under equilibrium conditions. In 
batch experiments one cannot study operational problems like uneven flow pattern in column, recycling 
and regeneration. Hence it is imperative to analyze the adsorbate-adsorbent system by continuous 
column mode [20]. 
The major characteristic of continuous adsorption is the history of effluent concentration [21]. These 
concentration-time curves or their equivalents are generally called the breakthrough curves. The 
breakthrough time is the time at which the effluent concentration reaches the threshold value. The 
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accurate prediction of breakthrough curves for specific conditions paves way for the rational design of 
adsorption systems.  The analysis by continuous mode is usually complex though useful. Continuous 
operation is influenced by equilibrium (capacity and isotherm), kinetic (convection coefficients and 
diffusion), and hydraulic (mal-distribution, geometric analysis and liquid hold up) factors [22].  
 
CONTINUOUS FLOW BIOSORPTION TESTS 
The assessment of sorption dynamics in continuous flow mode is carried out in two different contactors: 
the fixed bed contactor and the continuous flow stirred tank contactor. Both the contactors exist in 
different configurations and with suitable modifications. Perhaps the most efficient use of reactor space is 
associated with the fixed bed contactor arrangement [8].Using these systems, very few biosorption 
studies have been reported because of two practical reasons: the limited availability of granulated 
biosorbents and the proprietary nature of such process design oriented tests. A cadmium biosorption 
study conducted by Prasetyo by 1992 in the continuous flow fixed bed arrangement describes the 
procedures involved, resulting in valuable data that can serve as a basis for the scale up of the system. The 
process parameters like the minimum theoretical bed depth, operational saturation metal uptake and the 
bed service time are derived from the bed breakthrough exit concentration profiles. Needless to say, there 
are several approaches to carry out the sorption column dynamic tests. 
The Adams-Bohart model, Thomas model, and the Yoon-Nelson model are the kinetic models available for 
analyzing the performance of the column in removing metal ions by biosorption. 
Thomas Model: 
For column performance modeling, the Thomas model is generally used. The derivation of Thomas model 
assumes Langmuir kinetics of adsorption-desorption and obviously no axial dispersion. The Thomas 
model equation for adsorption column [23] is given below: 
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where kTh (mL/min.mg) is the Thomas model constant, , x is mass of adsorbent (g), qe (mg/g) is the 

predicted adsorption capacity, Q is influent flow rate (mL/min), Ct is effluent solution concentration 

(mg/L) and Co is initial solution concentration (mg/L). The equation in linear form of Thomas model is 

expressed below: 
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Yoon-Nelson model: 
Compared to other models, Yoon-Nelson model is simpler and it also requires no data about the 
characteristics of the system such as the type of adsorbent and the physical properties of the adsorption 
bed. The Yoon-Nelson equation [24] for continuous column sorption is expressed below: 

                       YNYN

to

t ktk
CC

C



exp                           ----------------- (3) 

where kYN (1/min) is the rate constant and τ (min) is the time required for 50% adsorbate breakthrough. 

The Yoon-Nelson model linear equation is expressed as below: 
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Adams-Bohart model: 
The assumption that the rate of adsorption is proportional to both the concentration of the adsorbing 
species and the residual capacity of the adsorbent is the basis for Adams-Bohart model .The description of 
the initial part of the breakthrough curve is given by the Bohart model25 and the equation is expressed 
below: 
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Where kAB (1/min.mg) is the rate constant of Adams-Bohart model, Uo (cm/min) is the linear velocity of 

influent solution, No (mg/L) is maximum ion adsorption capacity per unit volume of adsorbent column 

and z (cm) is the bed depth  . The linear equation of the Adams-Bohart model is expressed below: 
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CONCLUSION 
Many biomaterials having very promising uptake ability of metal ions have been identified as a result of 
the steady progress in the study of biosorption of metal ions. In several key academic laboratories 
research addressing the fundamental as well as applied aspects of the biosorption process is being 
carried out leading to the better understanding of biosorption mechanisms, metal desorption and 
biosorbent regeneration, formulation of new biosorbent materials suitable for process application, and 
development of new methodologies to facilitate the separation process, its performance evaluation, 
prediction of its effectiveness and optimization Also to note is that the commercial interest in the 
exploitation of new biosorption technology is on the rise. 
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