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AbstractActivated carbons are universal adsor-

bents that can be obtained from a wide variety of 
raw materials, and have been found to be very effec-
tive for mercury removal from water.  This contri-
bution presents a comparative adsorption in column 
study of activated carbons obtained by physical acti-
vation of carbonized eucalyptus wood with water 
vapour, as adsorbents of mercury in liquid phase. 
Two samples were treated with sulphuric acid and 
with carbon disulphide, in order to introduce sul-
phur as a heteroatom onto the adsorbent surface. 
Adsorption in column assays was performed and the 
breakthrough curves were used to compare their 
performance. The sulphurization treatments pro-
duce important variations on the textural properties 
of the solid, on the zero charge point, and on the 
number of acid and basic surface groups. From the 
analysis of these factors, the dependency of the ad-
sorption capacity of a solid with the pH of the solu-
tion can be explained. 
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I. INTRODUCTION 
Mercury and mercury compounds are important and 
useful industrial materials which have been used for a 
long time as pigments in inks (cinnabar, red sulphide), 
as aids to early metallurgy (gilding copper) and instru-
mentation (thermometers, barometers). Many industries 
have resort to the use mercury or mercury compounds in 
their main process (i.e. recovery of gold from its ores, 
manufacture of chlorine and sodium hydroxide by elec-
trolysis of brine, etc.), or are present in their 
wastewaters. 

Mercury is one of the most toxic metals present in 
the environment. Once it enters the food chain, large 
concentrations of this element accumulate in humans 
and animals, causing numerous adverse effects on their 
health.  

In order to prevent the problems due to the toxicity 
of mercury, several technologies have been proposed to 
remove this metal from aqueous media, which include 
ion exchange, adsorption, sulphide precipitation, 
electrodeposition, solvent extraction and membrane 
processes (Patterson, 1997). Among the available tech-
nological alternatives for the removal of trace metals 
from water, adsorption has been considered an econom-
ically feasible one (Antochshuk et al., 2003; Babic et 
al., 2002; Blázquez et al., 2009; Costa et al., 2005; Han 

et al., 2009; Huang  et al., 2009; Inbaraj and Sulochana, 
2006, Kadirvelu et al., 2001; Namasivayam and 
Kadirvelu, 1999; Velicu et al., 2007). 

Activated carbons are universal adsorbents that can 
be obtained from a wide variety of raw materials includ-
ing wastes of industrial activities (Amaya et al., 2007; 
Baçaoui et al., 2001; Budinova et al., 2008; Deiana et 
al., 2004; Namasivayam and Sangeetha, 2006). These 
porous solids have been found to be a very effective al-
ternative for mercury removal from water (Ekinci et al., 
2002; Goel et al., 2005; Kadirvelu et al., 2004; Lee and 
Park, 2003; Mullett et al., 2007; Ranganathan 2003; 
Yardim et al., 2003; Zenga et al., 2004). 

Adsorption in liquid phase is a complex phenome-
non because both, solute and solvent, compete for the 
solid surface. Briefly, the adsorption of a solute depends 
on its molecular size and chemical properties, and on 
the textural properties and surface chemistry of the ad-
sorbent (Gregg and Sing, 1982; Maroto-Valera et al., 
2005). 

Most of the mercury in solution exists as complexed 
species, which can be either positive, negative or neu-
tral, depending on the composition and pH of the solu-
tion. The situation is further complicated because the 
type of species preferentially adsorbed and the extent of 
adsorption may depend on the state of ionization of the 
surface which, in turn, is dependent on the solution pH 
(Carrott et al., 1998). 

In some cases the pH of an effluent cannot be modi-
fied (for example, when great volumes of liquid have to 
be decontamined or when this modification produces an 
environmental problem), and the capture of a contami-
nant can be enhanced by surface modification of the ad-
sorbent by means of suitable treatments (Domingo-
García et al., 2000; Li, 2003; Pastor-Villegas et al., 
2007; Perez-Cadenas et al., 2003; Rios et al., 2003). In 
other cases it is possible to change the pH of the solu-
tion in order to improve the adsorption. 

In the past few years, considerable attention has 
been devoted to develop surface-modified adsorbents in 
order to enhance the adsorption capacity of solids to 
eliminate mercury from aqueous media. Sulphur has 
been reported as an element which favours the adsorp-
tion of mercury (Anoop and Anirudhan, 2002; Gómez 
Serrano et al., 1998; Hsi et al., 2002; Manchón-Vizuete 
et al., 2005; O’Dowd et al., 2004; Vitolo and Pini 
1999), therefore, the surface treatments that incorporate 
sulphur to activated carbons should improve the en-
trapment of mercury derived species. Most of these 




