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Abstract−− The adsorption process of Nickel and 

Vanadium dissolved in acid liquor on lignin is 
studied in this work. Different adsorption isotherm 
models are used to adjust liquid-solid systems: 
Langmuir, Freundlich and Redlich-Peterson. It was 
obtained that the metal adsorption using lignin 
proceeds by similar chemical mechanisms. Possibly 
the Nickel is adsorbed in heterogeneous monolayers, 
contrary to Vanadium which is adsorbed in 
homogeneous ones. Results of the parameters 
obtained for every adsorption model and adsorption 
system are reported too. 
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I. INTRODUCTION 
The heavy metals removal from liquids is a growing 
necessity due to two fundamental reasons: the necessity 
to diminish the effluent contamination for avoids 
possible damage to ecosystem and to the health of 
human being, and due to the high cost of these metals; 
presenting its removal as an economical feasible way to 
recover it for its future reutilization (Bailey et al., 1999). 

Many technologies have been developed with the 
last propose (Bailey et al., 1999), however the most of 
them require process or separation agents that are 
expensive. 

One of the ways has been the adsorption of these 
metals with activated carbon, which has many 
advantages, for example, to be a proved technology. 
However the high cost of the activated carbon and its 
limited regenerative capacity has difficult the 
establishment of this technology for these proposes. 

Venezuela has one of the bigger heavy crude oil 
reserves of the world. These reserves are characterized 
by the high content of impurities like sulfur (S), nickel 
(Ni) and vanadium (V). Because of the problems in the 
industrial use of the crude and its derivates, is necessary 
to find alternatives to diminish these impurities. With 
this propose the group of Tecnologías Alternativas 
limpias (Clean Alternative Technologies, TECall) of the 
Simon Bolivar University has developed a process that 
consists in the metal extraction from carbonaceous 
materials using a treatment with acid solution and 
stimulated by microwave (Chamorro and Kraüter, 
2000). 

During the treatment, the removed metals are 
dissolved in the acid solution, becoming this acid liquor 

the main effluent of the microwave process LIM (liquor 
of microwave irradiation). However, to achieve that this 
process to be industrially feasible, the LIM has to be 
recovered to reuse it. In this sense, TECall, propose the 
use of an industrial byproduct (“lignin”) that is coming 
from black liquors of the pulp industry like metals 
adsorbent, fundamentally because its low cost and its 
observed adsorptive capacity (Acemioğlu, 2004). 

In this work the results obtained when two heavy 
metals, like Ni and V, are put in contact with lignin are 
are presented.  The experience is performed at 
laboratory scale with controlled conditions of initial pH, 
temperature, contact time, and adsorbent and adsorbate 
concentrations.  The goal is to evaluate the adsorptive 
capacity of lignin to adsorb the metals and to predict the 
possible adsorption mechanism in which is developed 
the adsorption by means of an analysis of three different 
adsorption isotherms. 

II. THEORY 
The adsorption of a substance is its accumulation in 
certain surface. The result is the formation of a liquid or 
gaseous film on the surface of a solid body. 

Into a material, all the chemical connections (ionic, 
covalent or metallic) of constituent atoms are satisfied. 
However, by definition, the surface represents a 
discontinuity of those connections. For these incomplete 
connections, it is strongly favorable to react with 
anything that is available, and for that reason it takes 
place in a spontaneous form. The exact nature of the 
connection depends on the specimens particularity 
implied, but the adsorbed material generally is classified 
like physisorbed or chemisorbed. 

The simplest form of adsorption is the physisorption, 
due to weak attractive forces, generally Van der Waals 
forces. Because these forces are omnipresent, any clean 
surface exposed to the atmosphere accumulates a layer 
of physisorbed material. 

The chemisorption happens when is formed a 
chemical connection, in this case defined as an electron 
interchange. The interchange degree and its symmetry 
depend on the involved materials. 

In physisorption the adsorbed species (physisorbed) 
conserves its chemical nature, whereas a chemisorbed 
species undergoes a more or less intensive trans-
formation, to give a different species. On the other hand, 
in a physisorption process the adsorbate can be adsorbed 
forming successive layers, whereas a chemisorption 


