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A B S T R AC T

Natural adsorbents such as shells of unmodifi ed wheat (RW), and modifi ed wheat (MW) were 
assessed for Cu(II) adsorption from aqueous solutions. The removal of Cu(II) by these adsor-
bents from aqueous solution was investigated by using several parameters such as modifi cia-
tion, contact time, temperature and pH. The extent of Cu(II) removal increased with increasing 
contact time, temperature and pH and also with modifi cation by Reactive Orange 122 of 
adsorbent. The experimental data were analysed by the Langmuir and Freundlich models of 
adsorption. It was found that the Freundlich equation fi ts better than the Langmuir equation. 
In addition, the adsorption data obtained at different temperatures of Cu(II) by adsorbents 
were applied to pseudo fi rst-order, pseudo second-order and Weber-Morris equations, and the 
rate constants of fi rst-order adsorption (k1), the rate constants of second-order adsorption (k2) 
and diffusion rate constants (k3) at these temperatures were calculated, respectively. The rates 
of adsorption were found to conform to pseudo second-order kinetics with good correlation 
(R2 ≥ 0.989). The data obtained from adsorption isotherms at different temperatures were used 
to calculate some thermodynamic quantities such as free energy of adsorption (ΔG°), enthalpy 
(ΔH°), and entropy (ΔS°). It is found that ΔG° is negative, indicating that the nature of adsorp-
tion process for Cu(II) is spontaneous. The positive value of ΔH° indicates that the adsorption of 
Cu(II) onto adsorbents is an endothermic process. The positive value of ΔS° refl ects the affi nity 
of the adsorbent for Cu(II). As a result, the present work indicates that the wheat shells MW 
chemically by Reactive Orange 122, possess more effi ciency in adsorbing Cu(II) ions than the 
unmodifi ed one (RW).
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1. Introduction

The presence of heavy metal ions from the transition 
series, viz., Cu, Fe, Ni, Pb, etc. in the environment is of 
major concern due to their toxicity to many life forms. 
Unlike organic pollutants, the majority of which are 

susceptible to biological degradation, metal ions do not 
degrade into any harmless end products [1]. Their pres-
ence in streams and lakes has been responsible for several 
health problems with animals, plants and human beings 
[2]. Since copper is a widely used material, there are many 
actual or potential sources of copper pollution. Copper 
may be found as a contaminant in food, expecially shell-
fi sh, liver, mushrooms, nuts, and chocolate. Briefl y, any 




