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A B S T R AC T

The adsorption of boron from aqueous solution containing boron by activated carbon impreg-
nated with salicylic acid (ACISA) was studied in a batch system. In order to investigate the effect 
of initial boron concentration and temperature on boron adsorption capacity of ACISA; the 
equilibrium, kinetic and thermodynamic parameters were calculated. The adsorption capacity 
data were obtained by using Langmuir and Freundlich isotherm models and both models fi t-
ted well. The pseudo-fi rst-order, pseudo-second-order and the intraparticle diffusion models 
were used to describe the kinetic parameters and the rate constants were evaluated. The experi-
mental data fi tted very well the pseudo-second-order kinetic model. The activation energy (Ea) 
calculated using the Arhenius equation was found to be 58.25 kJ mol−1. Various thermodynamic 
parameters such as Gibbs free energy (ΔGo), enthalpy (ΔHo) and entropy (ΔSo) changes were 
computed and the results showed that the adsorption of boron onto ACISA was spontaneous 
and endothermic in nature.
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1. Introduction

Boron is found in the Earth’s crust at an average of 
10 mg kg−1 and in the ocean approximately 4.5 mg l−1 [1]. 
Boron enters the environment mainly from the weather-
ing of boron-containing rocks, from seawater in the form 
of boric acid vapour and from volcanic and other geo-
thermal activity such as geothermal steam. Boron is also 
released from anthropogenic sources to a lesser extent. 
Anthropogenic sources include sewage sludge and 
effl uents, coal combustion, glass, cleaning compounds 
and agrochemicals [2]. Boron wastes released from these 

plants bring about various pollutions in the land, under 
the ground water and the surface water. Boron cannot 
be destroyed in the environment. It can only change its 
form or become attached or separated from particles in 
soil, sediment, and water. The waters polluted with more 
than allowable concentration of boron have negative 
effects on plants, animals and human life. According to 
the guidelines for drinking water quality published by 
World Health Organization (WHO), the concentration of 
boron is estimated to be between 0.1 and 0.3 mg l−1 for 
most of the world [3].

Boron content in wastewater should not exceed 
10 mg l−1. Numerous studies addressed removal of 
boron from aqueous solution and waste waters. Among 




