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Abstract

This study analysed the competitive adsorption of multicomponent systems onto coir
pith, readily available and environmentally friendly adsorbent chosen for the study. The
efficacy of unmodified coir pith as an adsorbent as well as its physical and chemical
characteristics were studied to analyse single and binary systems of nickel and zinc
adsorption onto coir pith as well as the effects of temperature, concentration, adsorbent
dose and pH to determine the optimal conditions for adsorption.

The equilibrium data for the single system adsorption of nickel and the single system
adsorption of zinc at 30 °C was analysed using the Langmuir and Freundlich isotherm
models while the multicomponent adsorption was analysed using the Langmuir, the
Freundlich, the competitive Langmuir, the non-competitive Langmuir, the modified
competitive Langmuir and the Langmuir Freundlich isotherm models. The single system
adsorption data for both nickel and zinc fit the Freundlich model which showed the
adsorption surface was heterogeneous. The multicomponent adsorption system data fit
the Langmuir isotherm model the best which showed the adsorption surface formed a
monolayer.

Most adsorption occurs at a higher pH value. To decrease costs and possibility of metal
hydroxide precipitation the adsorption should be carried out at a neutral pH.

The kinetics of single system and binary system adsorption of nickel and zinc was
studied using Lagergren pseudo first order model, pseudo second order model and the
intraparticle diffusion model. The experimental data showed all of the systems could be
described using pseudo second order model which shows adsorption occurs primarily
through chemisorptions. In the single system the coir pith had a higher capacity for zinc
than nickel. In the single system adsorption of nickel the adsorption increases with
temperature which shows the adsorption of nickel is an endothermic process. In the zinc
single systems the adsorption decreased when temperature increased which shows zinc
adsorption is an exothermic process. In the adsorption capacity in the binary system is
less than either of the single systems which prove in the presence of competitive species
metal ion adsorption is hindered.

The data was analysed using the Intraparticle diffusion model which showed intraparticle
diffusion in the nickel single system and in the zinc single system at 30 °C but little to no
intraparticle diffusion at higher temperatures or in the multicomponent system

The FTIR analysis of the surface of coir pith before and after adsorption shows that
adsorption decreases the presence of hydroxyl (-OH) bonds. This confirms the results of
the kinetic analysis that the adsorption is a chemical process which breaks and forms
bonds with the functional groups on the coir pith surface. The metal ion forms a complex
with the polar surface functional groups during adsorption and the metal ion remains
bonded to the surface even when the adsorbent is removed from the water and dried.

This confirms coir pith is an effective adsorbent for the removal of heavy metals from
aqueous solution. To optimise multicomponent adsorption of nickel and zinc it should be
carried out close to 30 °C in a solution of neutral pH and allowed to reach equilibrium.
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