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ABSTRACT: The presence of sulphides in many mine wastes and the formation of acid mine drainages (AMD) has
been widely recognized as one of the great environmental problems nowadays. Waters from many of the abandoned
mines, with thousands of cubic meters of residue scattered in dumps and ponds, are affected by this type of pollution
characterized by its acidity, high contents of sulphates and heavy metals such as Fe, Mn, Al, Cu, Ni, Cd.

This study was designed to study the effect of use flying ash coming from Power Stations as a neutralizer for acidic
waters resulting from this type of abandoned facilities. In this study, and due to the heterogeneity of the contaminants
present, we have studied the removal of Ni, Cu and Cd. Different parameters were studied: metal concentration and
pH of the solution to be treated, time reaction and pulp density. Fly ash can be used as a neutralization/fixation agent.
Fly ash will add alkalinity and increase the pH on contacting AMD. This will result in precipitation of metal
hydroxides.
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RESUMEN: La presencia de sulfuros en la mayoria de los residuos mineros y la subsiguiente formacion de los
drenajes 4acidos de mina (AMD) ha sido ampliamente reconocida como uno de los grandes problemas
medioambientales actuales. Las aguas procedentes de las minas abandonadas, con miles de metros cubicos de
residuos dispersos en escombreras y balsas mineras, se ven afectadas por este tipo de contaminacion caracterizada
por su acidez alto contenido en sulfatos y metales pesados como el Fe, Mn, Al, Cu, Ni, y Cd.

Este estudio fue disefiado para evaluar el efecto del uso de cenizas volantes procedentes de centrales eléctricas como
un neutralizador de las aguas acidas resultantes de este tipo de instalaciones abandonadas. En este trabajo, y debido a
la heterogeneidad de los contaminantes presentes en dicho residuo hemos estudiado la eliminacion del Ni, Cu y Cd.
Para ello se estudiaron diferentes parametros: la concentracion de metal y el pH de la solucion a tratar, el tiempo de
reaccion y la densidad de pulpa. Las cenizas volantes se pueden utilizar como agentes de neutralizacion o fijacion.
Su utilizacion en contacto con AMD permite aumentar la alcalinidad y el pH. Esto dara lugar a la precipitacion de los
hidroxidos metalicos correspondientes.
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1. INTRODUCTION concentrations of heavy metals and other toxic

elements, AMD can severely contaminate
The acid mine drainage (AMD) is a worldwide surface and groundwater, as well as soils. [1]. In
major cause of degradation of water resources. nature, sulphides remain in the subsurface in
Characterized by low pH and  high absence of oxygen and only small outcrops of
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these deposits came up to the surface. The
drainage is formed when sulphide minerals in
rocks, primarily pyrite (FeS;), are exposed to
oxidizing conditions, forming sulphuric acid and
dissolved iron. Upon exposure to water and
oxygen, pyritic minerals oxidize to form acidic,
iron and sulphate-rich drainage. Contamination
associated with AMD depends on type and
amount of sulphide mineral oxidized, as well as
type of gangue minerals present in the rock. The
leaching reaction produce the hydrolysis of other
minerals that are dissolved Al, Ca, Mg, Mn, Na,
Si, etc [2]

Also referred to as Acid Rock Drainage (ARD),
AMD emanating from mine waste rock, tailings,
and mine structures, such as pits and
underground workings, is primarily a function of
the mineralogy of local rock material and the
availability of water and oxygen. The need to
prevent their formation has led to the
development of numerous investigations on the
mechanisms of oxidation and its prevention. [3-
4] However, despite the many studies that exist,
because mineralogy and other factors affecting
AMD formation so they are highly variable from
site-to-site, predicting the potential and treatment
for AMD can be exceedingly challenging and
costly.

The present work, given the wide variations in
composition with the acid water for the wide
range of geochemical and biogeochemical
processes that cause, has focused on studying the
removal of Cd, Cu and Ni. [5]. Synthetic water,
obtained in laboratory, have been used for
analysis and have been neutralized through the
use of fly ash from two Power Station [6-7]

2. MATERIALS AND METHODS
2.1 Characterization of fly ashes

Tests were carried out with two fly ashes from
different Power Starions: CVN y CVS. In both
cases the surface area (by BET method-N2), the
chemical composition (by atomic adsorption
spectrophotometry with a Pye Unican analyzer)
and the mineralogical composition (by X-ray
diffraction with a Philips PW 1830) was
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determined. It also calculated the loss of
ignition (LOI), bulk density and average
particle size and morphology by electron
microscopy (SEM). (Table 1, Figures I and 2).

The chemical analysis carried out on the two fly
ashes shows that corresponds to an ash residue
rich in Si (more than 50 wt% SiO,), iron and
aluminium and low in calcium (less than 5 wt%
Ca0) (7able 1) and that these therefore may be
classified according to ASTM C618, such as a
low calcium fly ashes, (class F), since they
contain less than 10% CaO and more than 70%
is composed of SiO, , Al,O; and Fe,0Os.

Table 1. Chemical analysis and properties of fly

ashes
BE.T. Real density L.O.L AL O3 Si0,
(cm2/g) (gr.Jem3) %) %) | %)
CVN 4,539 2.45 2.45 24.6 54.5
CVS 11,500 2.43 5.83 26 54
Fe203 Ca0O MgO Na;O Kzo TiOz
CVN 6.42 4.16 2.07 0.43 3.45 1.07
CVS 5.37 2.06 1.99 1.67 2.82
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Figure 1. X-Ray Diffractogram of CVN and CVS fly

ash




Dyna 161,2010 143

Figure 2. A. SEM-without react
B. SEM-treated

The mineral composition of the ash presents
mostly vitreous phase and mullite and quartz as
crystalline phase Fig. /. Fig. 2 shows that the fly
ash particles have a spherical morphology with a
70% ,by weight, of medium grain size lower to
45um, Table 2.

Table 2. CVS and CVN fly ash granulometry

Size CVvs CVN
(micron) (% in weigth) (% in weigth)
>180 10.79 1.73
180-75 4.79 4.30
75-63 8.12 2.71
63 45 6.87 11.32
<45 69.43 79.93

2.2 Acid water characterization

All concentrated solutions of heavy metals were
prepared using analytical grade reagents and
distilled and deionised water. The pH was
measured using a pH-meter Crisom 2000 and
Sulphuric acid (Probus, Badalona, Spain) was
used for adjust.

Tests were carried out with concentrated
solutions of nickel, copper and cadmium. In Ni
case three solutions were prepared: one of
0.001M, a second one of 0.004M and last of

0.01M, since in most cases, industrial discharges
do not exceed these concentrations. In Cu case,
the concentrations used were 0.002, 0.004, and
0.005 M and for Cd, 0.001, 0.003 and 0.005 M.
The final pH of the solution was measured for all
of them.

2.3 Method

The adsorption method consisted of mixing, in
polyethylene bottles, different quantities of fly
ash with water from concentrated acid solutions
of Cu, Ni and Cd. During the experiments varied
both the source of the ash used, the pulp density,
stirring time, pH and initial concentration of
metal ions in solutions used. At the end of the
process, fly ash was filtered in a 45 microns
filter and the residual liquor was analysed by
atomic adsorption.

3. RESULTS AND DISCUSSION
3.1 Study of Nickel elimination

To study the elimination of nickel ions in acidic
solutions different solutions were prepared from
different concentrates: 0.001, 0.004 and 0.01M,
at pH 5. Figure 3 shows the results of tests
carried out with an agitation time ranged from 5,
15, 30 to 60 minutes, with samples of 25 ml each
of acidic solutions 100 above mentioned and
with a pulp density of 40 g/ 1.
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Figure 3. % Extraction of Ni vs time for CVS and
CVN fly ashes and different initial metal
concentration. Pulp density 40 g/
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Figure 3 shows eliminations close to 100% in
the conditions mentioned for the solution 0.001
M on CVS ash during the first 5 minutes of
stirring. CVN ash needed 30 minutes to achieve
95% removal and 60 minutes to reach 100%.
After 5 minutes the pH is 5, arriving at pH 8
after 60 minutes. Final pH =8.4.

CVS ash presents similar behaviour for the
0.004M solution, grazing 95% of elimination in
5 minutes of treatment, and 100% at 30 minutes.
However, as seen in the previous case, CVN
ashes have a worse behaviour. In this case they
do not exceed 20% elimination after 60 minutes
of agitation.

For CVS ashes experiments were performed
with more concentrated solutions, 0.1M. The
results returned to be very favourable reaching
100% elimination after 30 minutes of agitation.

Subsequently, the influence of pulp density on
the percentage of extraction was studied. For
CVS ash, since good results were obtained with
small times of stirring, experiments were
realized with low pulp densities and 15 minutes
of stirring time Figure 4. Good results were
obtained.

% Extraction

g ash/l

B CVS 0,003 OCVsS0,004M

Figure 4. % Extraction of Ni vs different pulp density
for CVS ash, 15 minutes of stirring time and initial
solutions 0.003 and 0.004 M

For CVN ashes, taking into account the low
percentage of adsorption obtained to high molar
ratio, pulp density in the experiments was
increased reaching densities of 250 grams / litre,
achieving under these conditions results of about
90% elimination for 0.003 molar solution.
Figure 5.
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Figure 5. % Extraction of Ni vs different pulp density
for CVN ash, 15 minutes of stirring time and initial
solutions of 0.003 and 0.004 M

Finally, tests were carried out to evaluate the
impact on the final adsorption result, of the
initial pH of the solution. Although CVS ashes
were not influenced themselves it can be seen a
worse result in the case of CVN ashes, with a
higher acidity of the initial solution. Figure 6.

% Extraction

initial pH

A CVS 0,002M g CVS 0,003M m CVN 0,002M g CVN 0,003M

Figure 6. % Extraction of Ni vs different initial pH
solution: 15 minutes of agitation time,40 g/l of CVS
and CVN ash, and initial solution 0.003 and 0.002
M

3.2 Copper elimination

In copper case, dissolutions 0.002M, 0.004M
and 0.005M were prepared. Figure 7 shows the
results obtained for tests realized with CVS and
CVA ash, with acidic solutions with a pH of 5,
pulp density of 40 g/ I and stirring time from 5
to 60 minutes. As in the case of nickel, the final
pH of the samples was measured.
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Figure 7. % Extraction of Cu vs time for CVS and
CVN fly ash and different initial metal concentration.
Pulp density 40 g/1

In the figure is observed how, as it happened in
the case of nickel, CVS ashes allow to obtain the
best results in the first 5 minutes of reaction,
whereas for the CVN ashes, molar
concentrations of 0.004 down the percentage of
extraction to 60% even after 1 hour of stirring.

In view of the above mentioned results for tests
realized with different pulp densities, the stirring
time was fixed in 15 minutes (Figure &.A) and
60 minutes (Figure 8.B) to assure a total
reaction. Figures A and B show the good results
for both ashes, reaching the total elimination of
Cu with a high pulp density, both with 15
minutes of agitation and with 60 minutes.
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Figure 8. A. % Extraction of Cu for different pulp
density, 15 minutes of agitation time and 0.004M.

B. % Extraction of Cu for different pulp density from

CVN, 60 minutes of agitation time and 0.005M

Finally, the study of the influence of the initial
pH of the solution shows that at pH values of 3
or lower the results are considerably worse.
Figure 9. In both cases, CVS ash shows a high
metal removal capacity with low pulp density,
due to its high specific surface, while CVN ash
needs more density to achieve the complete
elimination of the metal even with 60 minutes of
reaction
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Figure 9. % Extraction of Cu vs different initial pH
solution: 30 minutes of agitation time, 40 g/l of
CVS and CVN ash, and initial solution 0.004 M

3.3 Cadmium Elimination

Dissolutions 0.001M, 0.003M and 0.005M were
prepared. Figure 10 shows the results obtained
in the same conditions as in the previous cases:
CVS and CVN ashes, pH 5, pulp density of 40 g
/1 and a stirring time from 5 to 60 minutes with a
0.003 M solution of Cd. CVS ashes got the best
results as opposed to the CVN ashes that are kept
in percentages of elimination not superior than
50% in all tests.
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Figure 10. % Extraction of Cd vs time for CVS and
CVN fly ash and solution 0.004 M. Pulp density 40
g/l
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Figure 11. A. % Extraction of Cd for different pulp
density with CVN fly ash, 60 minutes of stirring time
and different molarity
B. % Extraction of Cd for different pulp density with
CVS fly ash, 60 minutes of stirring time and different
molarity

In Figures 11.Aand 11.Bis observed how at low
concentrations 100% of elimination is achieved
with low pulp densities. As the molar value of
the solution increases, the results are worse,
being kept only for very high pulp densities, as
expected, since the fly ash coming to lose its
capacity of adsorption by saturation.

Regarding the influence of the pH, for the case
of Cd, seems have a minor influence on the
results obtained. Figure /2.

% Eliminacion

EmCvS OCVN

Figure 12. % Extraction of Cd vs different initial pH
solution: 30 minutes of stirring time, 40 g/l of CVS
and CVN ash and 0.004 M

The results obtained in the experiments carried
out have become clear the influence that can
have on the process of adsorption and
neutralization on fly ash, parameters as the
contact time, pH, initial metal concentration in
solution and the physicochemical characteristics
of the ashes. [8-9]

The removal of heavy metals is mainly due to a
neutralization of the dissolution by increasing
the pH, making the precipitation of the metal
ions in solution as hydroxides. Therefore, the
most important parameter in the captation of
metal will be the initial pH of wastewater. Fly
ashes have alkaline and alkaline earth metals on
their surfaces that are dissolved to put in touch
with the residual dissolution, increasing its pH.
The metal is deposited in these conditions as a
hydroxide on the surface of the ashes. The
smaller the particle size and major its specific
surface, the contact between solid and liquid will
be better, thus increasing the retention of the
metal. But for values of pH very acids, the
dissolution of the above mentioned alkaline and
alkaline earth metals are not sufficient to achieve
the precipitation of metal hydroxides.

4. CONCLUSIONS

The study for the removal of Cu, Ni and Cd in
acid mine waters realized in the laboratory
reveals the following conclusions:

Both ashes from the power plant that burns coal
as the one that burns anthracite are suitable for
the removal of heavy metals such as nickel,
copper and cadmium from contaminated waste
water. The retention capacity is not the same for
both ashes. It depends on both the physical and
chemical properties of the ashes. In this case, the
ash from coal has a higher retention capacity and
for a short period of time. Thus, for the same
mitial concentration of nickel, it would be
necessary a little more than 5 times the amount
of anthracite ash than the coal ash to achieve the
same results.

The kinetics of the reaction is faster for the ash
from coal than for the anthracite. For
concentrations of Ni among 0.001 and 0.01 M a
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removed between 90 and 100% of the metal is
reached during the first five minutes. In the case
of the ashes of anthracite (CVN) shows that
more time is needed to achieve the complete
elimination of nickel. The same can be say for
the other two metals. With the increasing of
concentrations of heavy metals in waste
solutions a major time of contact between the
ash and the dissolution it is necessary for the
total elimination of the metal. This fact is more
pronounced for the ashes from anthracite for
having a lower capacity of captation.

Finally we can conclude that the captation of
nickel, copper and cadmium on fly ash is an
effective process that can become an effective
alternative for sealing and closure of residual
acidic leaching accumulations.
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