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Heavy metal removal from aqueous solution by tannins immobilized 
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A B S T R AC T

Diff erent recycled materials, which were derived from leather manufacturing processes, were 
used as adsorbents for the treatment of synthetic wastewater containing heavy metal ions. 
Three pelt scraps samples (P-M, P-Z and P-P), one shaving scrap (S) and one trimming scrap 
(T) were used as recycled adsorbents. Removal effi  ciency of Cu(II), Cd(II), Zn(II), Pb(II) and 
Cr(III) was evaluated by a laboratory-scale batch reactor at diff erent solution pH. For all adsor-
bents except T sample, the adsorption of heavy metal ions begins between pH 2 and 4 and 
reaches near complete adsorption within the next 3–4 pH units, showing a typical cationic-
type of adsorption. Removal trend of Cr(III) was quite similar without depending on the kind 
of adsorbents. From the kinetic experiments of Cu(II) by S adsorbent, adsorption of Cu(II) was 
bett er described by second-order reaction than fi rst-order reaction. The initial removal rate of 
Cu(II) by S adsorbent was 7143 mg/kg·h. Adsorption isotherm of Cu(II) onto S adsorbent was 
well expressed by Langmuir equation and the maximum adsorption capacity of Cu(II) at pH 4 
was calculated as 1667 mg/kg.
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1. Introduction

Contamination of toxic heavy metal ions in aqueous 
system causes a great concern in natural environment 
and in human health. For example, as cadmium accumu-
lates mainly in the kidneys, it can easily reach a critical 
threshold at high levels and can lead to serious kidney 
failure. Copper is widely used in the several industrial 
purposes such as electroplating, transportation equip-
ment and electrical industry. Whenever copper contami-

nation occurs in the groundwater and surface water, 
human body will be contaminated with accumulated 
copper species through direct intake or food chains. 
Therefore, contamination of heavy metal ions in natu-
ral environments should be prevented before it can dis-
charge into natural water systems.

Considerable progress has been made in the devel-
opment of treatment methods such as electrochemi-
cal treatment, precipitation, adsorption, ion exchange, 
reverse osmosis and fi ltration. Among these treatment 
techniques, adsorption is generally preferred for the 
removal of heavy metal ions due to its high effi  ciency, *Corresponding author.
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