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Abstract −− In this study, the impact of the pre-
cipitation process over the adsorption capability of 
Nickel and Vanadium of precipitated lignins of Kraft 
black liquor was studied. The studied conditions of 
precipitation were: mixing (shaking and stirring), 
mixing speed and mixing sequence. To determine the 
best lay out for the studied conditions, the quantity 
of produced adsorbent by precipitation and its ad-
sorption capability were correlated. It was deter-
mined that the type of mixing in the process of pre-
cipitation affects the adsorption capability of lignins 
and conditions for a higher adsorption capability of 
each of the studied metals were determined. 
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I. INTRODUCTION 
The industrial dumping of heavy metals directly into 
lakes and rivers constitutes a serious environmental 
problem which highly affects the quality of water. 
When concentration of these metals in the water ex-
ceeds certain values, they become a health risk. Also, 
environmental legislation in many countries demands 
low levels of these metals. As a consequence, industries 
are forced to look for efficient and economic solutions 
to achieve the goal of reducing these levels (Basso et 
al., 2002). 

For paper manufacturing, it is necessary to separate 
cellulose fibers, strongly joined by lignin (a resinous 
adhesive which provides structural support to the tree), 
for then being able to produce the pulp, which can be 
obtained either by chemical or mechanical methods. 

Mechanical methods are based on pressing trunks in 
a mill of radial bar discs which turn at high speed with 
the presence of abundant water. These processes have 
always represented an important part in the world pro-
duction of cellulose pulp, for their overall lower cost, 
better use of resources, and lower level of pollution. 
(Area, 2005). 

In chemical methods, the wood is cooked in a solu-
tion of chemical compounds. The resultant effluents of 
the baking of wood (black liquor) have many pollutant 
agents, and they are often treated, purified and recycled 
to recover sodium sulfide and caustic soda. 

The research of new technologies that involve re-
moval of poisonous metals from residual waters focuses 
its attention in biosorption, a technology based on the 
aptitude to connect metals to diverse biological materi-
als, e.g. lignin, seaweeds, bacterial biomass, etc., and 

which has been used as a way to recover heavy metals. 
These biopolymers contain a variety of functional 
groups capable to adsorb ionic species of a size and spe-
cific load. 

In order to find alternative resources, and to maxi-
mize the use of the ones available, the group Tec-
nologías Alternativas Limpias TECALL (Alternative 
Clean Technologies) of Universidad Simón Bolívar has 
conducted diverse research, where they have used lign-
ins in order to remove such heavy metals as Nickel and 
Vanadium in aqueous solutions coming from acid diges-
tion of coke via microwave (Pérez et al., 2007). 

González (2005) allowed verifying that lignins pos-
sess high affinity towards these metals. In this study, the 
Kraft black liquor was used as raw material for obtain-
ing lignins by precipitation mechanism, obtaining good 
results. 

One of the ways for reducing emissions in the 
aquatic means is the use of Kraft black liquor as raw 
material by industries. Recent studies by Núñez (2006) 
and Hernández (2007), have rushed lignin from Kraft 
black liquor, in order to obtain a low cost adsorbent that 
allows the removal of metals such as Nickel and Vana-
dium from aqueous solutions, also leading to determin-
ing appropriate conditions like pH, type of precipitation 
agent, and concentration of the same one for lignin pre-
cipitation from the Venezuelan Kraft black liquor. 

This study focuses on improving the quality of lig-
nin as an adsorbent for Nickel and Vanadium changing 
precipitation conditions, in order to obtain a low-cost 
adsorbent which allows the removal of these metals, in 
this way reducing environmental detriment, and giving 
value to black liquor which currently is a paper industry 
waste. 

The effect of kind of mixing was studied; specifi-
cally shaking and stirring, as well as mixing speed, reac-
tive mixture order, acid consumption in the process, and 
finally, the adsorbent selectivity for solutions of ionic 
Nickel and Vanadium. 

In order to define the most effective method, the pa-
rameter lignin quality was used, which allows determin-
ing the best relation between produced mass and adsorp-
tive capability, to find the best conditions to use for 
preparation of the adsorbent. 

The term lignin quality as defined by Hernández 
(2007) relates quantity of produced adsorbent in the 
precipitation with the adsorptive capability of the same. 
“Lignin quality for X metal” was defined (from now on 
referred to as “quality”), as it appears on Eq. 1: 


