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Abstract 
 
In the present study, the use of low cost, abundantly available, highly efficient and eco-
friendly biosorbent copper pod flower has been reported as an alternative to the current 
expensive methods of removing of malachite green dye from aqueous solution. The 
objective of this study was to investigate the removal of malachite green from synthetic 
wastewater by the biosorption on biosorbents. Batch adsorption studies were conducted 
to examine the effects of initial dye concentrations, adsorbent dosage, temperature (30, 
40, 45, 50, 55 and 60oC), contact time and pH (2-12). Experimental tests were conducted 
in a batch process. The experimental isotherms data were analyzed using Freundlich, 
Langmuir, Tempkin and Dubinin - Radushkevich isotherm models. It was found that 
Freundlich isotherm model fit the isotherm data better than the Langmuir isotherm. The 
dimensionless separation factor, RL indicated that the biosorptions of the malachite green 
dye onto biosorbents were favourable. The pseudo-first order, pseudo-second order 
kinetic model, Elovich and intraparticle diffusion model were used to examine the 
experimental data of different initial concentrations. The adsorption kinetics of malachite 
green could be described by the pseudo-second order kinetic model. The adsorption 
process was found to be exothermic in nature. Surface morphology was also examined 
using Scanning Electron Microscopy.  
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_____________________________________________________________________________________ 
 
Introduction 

Water pollution has become an environmental problem worldwide as well as local. The most 
concerned environmental pollution is wastewater pollution [1]. Wastewater pollution comes from the 
industrial effluent and also from the domestic sewage. Water pollution is the contamination of water 
bodies such as lakes, rivers, oceans, aquifers and groundwater [2]. Water pollution occurs when pollutants 
are directly or indirectly discharged into water bodies without adequate treatment to remove harmful 
compounds. Water pollution affects plants and organisms living in these bodies of water. In almost all 
cases the effect is damaging not only to individual species and populations, but also to the natural 
biological communities [3]. Decolourisation of wastewater has become one of the major issues in 
wastewater pollution. This is because many industries used dyes to colour their products, such as textiles, 
paper, plastics, leather, rubber, cosmetics, food and mineral processing industries. These dyes are 
invariably left in the industrial wastes [4]. Since they have a synthetic origin and complex aromatic 
molecular structures, which make them inert and difficult to biodegrade when discharged into waste 
streams people overlook their undesirable nature. The presence of very low concentrations of dyes in 
effluent is highly visible and undesirable [5]. Malachite green is one of the most toxic dyes must be 
removed from wastewater due to its carcinogenic and mutagenic effects on life organisms. Several 
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 The mean free energy of adsorption E is determined from β using the following equation 

                                   E = 1/ (2β)1/2                                                                  (10)                   
Based on this energy of activation one can predict whether an adsorption is physisorption or 
chemisorptions. If the energy of activation is, <8 kJ mol−1, the adsorption is physisorption. If the energy 
of activation is 8 to 16 kJ mol−1, the adsorption is chemisorption. The activation energy of adsorption 
decreases with increase of temperature from 30 to 60 0C. E is > 11 kJ mol-1 indicates the adsorption of 
malachite green onto prepared activated carbon is chemisorption in nature [20].  

 

 
Figure 7. Tempkin isotherm for the adsorption of malachite green onto prepared activated carbon  
 

 
Figure 8.  Dubinin -Radushkevich isotherm model for the adsorption of malachite green onto prepared 
activated carbon 
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 Conclusion 
The adsorption of malachite green dye from aqueous solution using copper pod flower as the low-

cost adsorbent was investigated in batch process. The adsorption process was adsorbent dosage, contact 
time, initial metal ion concentration and pH dependent. The equilibrium adsorption isotherm data was 
best represented by Freundlich isotherm model better than Langmuir isotherm model. From the kinetic 
data, it was found that adsorption of malachite green dye using activated carbon is explained well by 
pseudo-second order kinetic model. Kinetic data results indicate that intraparticle diffusion is not only the 
rate limiting step of the adsorption process. RL values indicate favorable adsorption process. From the 
experimental results it was observed that the optimum pH was found to be pH = 7. Kinetic and 
equilibrium data revealed that dye removal by the studied adsorbents proceeded through physical 
adsorption and chemical adsorption mechanisms. Finally, the results clearly indicated that copper pod 
flower could be used as an alternative to highly efficient low cost and abundant materials for removal of 
malachite green dye from contaminated aqueous solutions. 
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