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(57) Modification of saline slags from the processes
of second smelting of aluminium and the use thereof as
adsorbents of the products obtained. The activation is
described of saline slags from the processes of second
smelting of aluminium through contact with acid, basic,
or neutral aqueous solutions, separation of the aqueous
solution and calcinations at high temperatures. The pro-
cedure of the invention permits the obtainment of mate-

rials having high specific surface area, even exceeding
200 m2, in particular when the slag is placed in contact
with water under reflux conditions. The activated slags
obtained may be utilized as adsorbents of heavy metals
present in aqueous solutions. Having been utilized, they
may be regenerated by means of treatment with acid
solutions, washing and drying, and be reutilized.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to materials based on sa-
line slags generated by means of melting at aluminium
recycling processes (smelting), with capacity for removal
of heavy metal ions (Cd2+, Cu2+, Pb2+ and Zn2+) from
liquid solutions, as well as their activation procedure us-
ing aqueous solutions of acids or bases at several con-
centrations and temperatures.

BACKGROUND OF THE INVENTION

[0002] The aluminium production is based on an elec-
trolytic process, the Hall-Héroult process [1], in which
metallic aluminium is obtained from the reduction of alu-
minium oxide. The metal obtained with this process is
called primary aluminium. Aluminium oxide used as start-
ing material is extracted from natural bauxite in the Bayer
process [1].
[0003] The recycling of aluminium is very important,
since the wastes of the metal can be almost completely
reused without any loss of quality. The metal obtained in
this way is called secondary aluminium, because it orig-
inates from an existing aluminium metal. The recycling
of the aluminium is an essential part of the industry of
the aluminium. The aluminium destined for recycling can
be divided into two categories: preconsumer by-products
from the production of primary aluminium, and scrap, as-
sociated with postconsumer aluminium. The by-products
have their origin in the manufacturing process of mate-
rials of aluminium. Their quality and composition are
known. It can fuse without previous treatments. The
scrap is a material of aluminium proceeding from articles
of aluminium used and rejected at the end of their life
cycle. In this type of scrap it is necessary to carry out
processes of treatment and previous separation to re-
cover the major possible quantity of aluminium. By
means of melting, the by-products and scrap are trans-
formed into various forms for subsequent commerciali-
zation.
[0004] Comparing primary and secondary aluminium
production, between 5 and 20 % of the energy required
for the production of primary aluminium is necessary for
the aluminium secondary process [1]. In spite of this im-
portant advantage, primary aluminium production still
plays an important role in satisfying world demand for
the metal, since secondary production alone is unable to
meet current needs.
[0005] From an environmental point of view, the sec-
ondary process causes less environmental impact than
the primary process [2]. Regarding the waste generation,
one of the products of the alkaline extraction of aluminium
oxide from bauxite in the primary process is red mud.
The quantity of this waste, as well as its physical-chem-
ical properties, depend on the type of bauxite employed.
This red mud consists mainly of oxides of iron, aluminium,

silicon and titanium, among others. The management of
this waste is normally carried out by means of controlled
landfill disposal. Recently, several applications of this
type of waste have been reported in the literature [3-10].
During the secondary aluminium smelting process, var-
ious types of wastes may also be generated: powders
from the treatment of the melting furnace gases and of
the processes of grinding, foams, skimmings, and saline
slags. Among them, in terms of the amount generated,
the most important is saline slag.
[0006] The saline slags from the secondary aluminium
smelting processes are cataloged as hazardous wastes
with EWL (European Waste List) code 100308 [11]. They
are generated when various salts are used to cover the
molten material in order to prevent its oxidation, to in-
crease the performance of the process, to enlarge its
thermal efficiency and to mechanically scatter the oxides
and metallic or nonmetallic substances present in the
smelting furnace. The amount of fondants used and of
saline slags generated depends on the impurities in the
aluminium scrap and byproducts, on the type of furnace
used, and on the foundry conditions. The average com-
position of the saline slag can be summarized as: metallic
aluminium, several oxides (this fraction being known as
nonmetallic products), flux brines (salts, normally NaCl
and KCl in a molar ratio of 70/30) and other components
in smaller proportions (NaI, C3Al4, Al2S3, Si3P4, Na2SO4,
Na2S, criolite, C, etc.) [2]. Owing to its composition, alu-
minium saline slag is an important byproduct of consid-
erable economic value that is worth recovering, as long
as the process can be economically viable.
[0007] The management of saline slag is readily car-
ried out by separation of its components for possible re-
covery, or by storage in controlled landfills [12,13]. The
recovery process consists of an initial separation of the
metallic aluminium present in saline slag by means of
electromagnetic and mechanical procedures [14]. This
process is viable if the content in metallic aluminium is
higher than 4-6 wt.%. The remaining waste consists of
nonmetallic products and fluxes, and they can be valor-
ised with the HANSE process [2]. In this, the saline frac-
tion is separated from the oxides. The saline fraction
could initially be concentrated by means of electrodialy-
sis, for example, for subsequent separation of the salts
by evaporation [15]. In the same way, the collection of
free salt oxide fractions is also of interest. It is noteworthy
that the composition of the nonmetallic products can be
highly variable. It depends on the nature of the material
recycled, and for this reason it is difficult to propose ge-
neric recovery methods. For certain specific application,
additional problems are related to that this fraction should
be free of salts [14]. It is considered free of salts when
the salt content is lower than 2 wt.%. Finally, it should be
noted that the recovery of the saline fraction and of non-
metallic products is economically viable only if a concen-
trated flow of salt and a waste that is free of nonmetallic
products can be obtained. The main drawback, aside
from possible subsequent applications, is that these two
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determining factors cannot be ensured simultaneously,
meaning that the process is not economically viable.
Therefore, up to the moment the best solution continues
being to maximize the recovery of the aluminium and to
store the wastes in controlled landfills.
[0008] The new technologies of smelting, as the tilting
rotary furnace, it does that the economic viability of the
recycling of the saline slags is still very much minor. The
reasons are different. There is minimized of important
form the quantity of saline slag generated. The quantities
of aluminium and especially of waste salines present in
these saline slags are very much minor that those which
are obtained in the saline slags produced in fixed shaft
rotary furnace.
[0009] Therefore, as final conclusion it is necessary to
highlight that the saline slags from secondary aluminium
smelting processes are an important part of the gener-
ated wastes and that great part of the efforts of implan-
tation of new technologies are directed to treir minimiza-
tion. Nowadays, an economical use does not exist for
this type of wastes.
[0010] For the saline slags proceeding from the plants
of transformation of iron and of the manufacture of one
of his alloys, the steel, they have been proposed in some
uses related to the decontamination of wastes. In this
way, for example, US patent application published as
US4124405 [16] proposes the use of saline slags for the
solidification of soluble pollutants in water, such as var-
ious metal cations, giving a stable product without leach-
ing of the retained ions. The process comprises the mix-
ture of the waste liquid with the saline slag, preferably in
form particulated, in conditions of basic pH (higher than
8.5) and needs, moreover, the addition of an agent who
promotes the hydration of the saline slag, which agents,
preferably, are products that contain ions sulfate and ions
of alkaline metals. Though, at first, the process refers to
saline slags in general, only there are mentioned specif-
ically the saline slags proceeding from the manufacture
and treatment of the iron or the steel, as well as those of
high ovens and ovens warmed electrically. The compo-
sition of the saline slags that are considered to be par-
ticularly suitable has higher CaO (30 - 50 wt.%), SiO2
(25-40 wt.%), oxides of Fe (5 - 15 wt.%) and MgO (2 - 8
wt.%) content to that of the saline slags from the second-
ary aluminium smelting processes, being lower the per-
centage of Al2O3 (8 - 20 wt.%) present.
[0011] In a similar way, British patent application
GB2054547 [17] refers to the elimination of heavy metals
cations (like, for example, Hg, Cd, Cu, Pb, Cr, Zn, Cu,
Fe and Mn) of waterwaste, using as adsorbent a powder
obtained from a saline slag resulting from the manufac-
ture of steel. In the description of the patent document
there is mentioned that the saline slags proceeding from
the manufacture of the steel contain habitually, between
other components, 9-20 wt.% of SiO2, 37-59 wt.% of
CaO, 5-20 wt.% of FeO, 0.6-8.0 wt.% of MgO, 0.06-0.25
wt.% of S and 1.5-2.3 wt.% of P2O3. The percentage of
Al2O3 is only of 0.1 - 2.5 wt.%. In relation to the procedure

where the adsorption takes place, it consists in that the
pulverized saline slag is added to the liquid that contains
the heavy metals and is left a time of contact, so that the
heavy metals could remain adsorbed in the saline slag;
the contact can take place in a tank with agitation or,
enclosedly, in a column in which there is present the sa-
line slag, through which one makes flow the liquid with
heavy metals.
[0012] In the description of the patent application
GB2054547 [17] is commented that, though the mecha-
nism of metal adsorption on the part of the products de-
rived from these saline slags is not completely explained,
the observed properties are related to the adsorption ca-
pacity of CaO, SiO2 and the compounds of the phosphor-
ic acid, to the effect of coprecipitation caused by the Fe,
to the effect of precipitation caused by the S, to the sub-
stitution of ions related to the CaO and MgO and to the
precipitation of hydroxides for the high value of the pH
(pH 10.5 6 1.0). For it, though there is mentioned that
the pH of the liquid can adjust to 7 when the contact takes
place between the dissolution and the saline slag, there
are contemplated also the possibilities that the pH of con-
tact between solution and saline slag is acid, and also
lower than 1. Equally, the idea is a previous activation,
by means of the treatment with an acid, of the particles
of the powder of the saline slag, later using the saline
slag for the treatment of liquids with an alkaline pH, of
10-11, which favors the precipitation of the cations of
heavy metals as hydroxides. Nevertheless, also there is
mentioned that some cations of metals, as Cd, Pb and
Cr, do not meet affected by the pH, whereas, for the case
of the Hg, there is recommended the use of an acid pH.
[0013] With regard to the surface of the saline slag, it
is recommended the use of thin particles, in order that
the increase of the specific surface area favors the ca-
pacity of adsorption, in spite of the fact that there is no
direct relation between the size of the particle and the
specific surface area. It is necessary to highlight that the
possible effect of the pore size of the saline slag is not
considered.
[0014] The experiments carried out with several cati-
ons of heavy metals different from the Hg (Cd, Pb, Cr,
Cu, Ni, Zn, Mn and As), that are presented in the Table
8 of the document, indicate that a time of contact (t) of
30 minutes gives rise to an amount of retained cation (qt)
of approximately 10 mg of cation for gram of saline slag,
calculating it from the following formula: 

where C0 is the initial concentration of the metal cation
(100 ppm in all the cases, concentration that in water
solutions can be considered to be an equivalent to 100
mg/liter), Ct is the concentration of the metal cation to a
certain time t of the experiment (in this case, after 30
minutes of treatment, after which, the remaining concen-
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tration of cation is ranging between 0.01 ppm for the Cr
present in the aqueous solution at pH 2.0 and 0.21 ppm
for the case of the presence ofPb in a solution of pH 7.0),
V is the volume of solution used (0.1 liters in this case)
and W is the weight of saline saline slag used in the ex-
periment of adsorption (1.0 g).
[0015] South Korea patent application KR2005
0065755 [18], in turn, refers to the elimination of heavy
metals contained in effluents using as adsorbent a saline
slag from metallurgical processes that, in this case, it is
a saline slag from high ovens of preparation of steel.
Again, the composition of the saline slag used in said
Korean patent application (see the Table 1 of the same
one) shows higher contents of CaO (35 - 45 wt.%), SiO2
(30 - 40 wt.%) and MgO (5 - 8 wt.%) to that of the saline
slags from the secondary aluminium smelting processes,
being also lower the percentage present of Al2O3 (10 -
15 wt.%). The saline slag suffers a process of treatment
with an alkaline solution for 6 hours, dried for 24 hours
and calcined to 250 - 350 °C, during 6 - 20 hours, at a
temperature not higher than 350 °C in order that there is
no degradation of the saline slag. The application
KR20050065755 mentions that the treatment gives rise
to increases in the specific surface area of the saline slag,
which becomes 52 m2/g. With that, the experiments car-
ried out to test the Pb adsorption show a capacity of ad-
sorption of 96.6 %, turning from an initial concentration
of 100 ppm to a final concentration of 3.4 ppm when a 1
liter of a solution of Pb is injected to a column with a
speed of 1 liter/minute.
[0016] Of analogous form, in the Japanese patent
JP57031448 [19], a method is described for adsorbents
in the treatment of waterwaste, in which a granulated
saline slag is used as starting material; saline slags pro-
ceeding from plants of manufacture of steel are men-
tioned as a possible example. The saline slag is dis-
persed in an aqueous solution of an inorganic acid (that
can be, for example, hydrochloric, nitric or sulfuric acid,
with preference to 100 cm3 of 4N HCl for every 14 g of
saline slag), after which the pH increases up to near of
10 (preferably, with an aqueous solution of NaOH), giving
rise to a precipitate that is filtered, washed, dehydrated,
dried and pulverized or warmed up to a temperature of
300 - 900 °C (preferably, at 400 - 600 °C) between 20
minutes - 2 hours.
[0017] It would be interesting to find also for the saline
slags of aluminium a procedure of transformation that
was valorising them and that, preferably, was allowing
the application of the product obtained in the industry,
opening new routes to be incorporated in the economic
chain. At present, nevertheless, the opening of these new
routes for the saline slags of aluminium is pending of
fulfillment. In fact, works published in the year 2005, later,
for example, to the publication corresponding to the Brit-
ish patent application GB2054547 [17], qualified as not
viable economically the integral valorization by means of
separation of all or part of his components of the saline
slags proceeding from the processes of the second melt-

ing of aluminium, recommending the minimization of their
production [20,21]. The present invention provides a so-
lution to this problem.
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SUMMARY OF THE INVENTION

[0019] The invention refers, in a first aspect, to a pro-
cedure for the transformation of saline slags generated
at secondary aluminium smelting processes which com-
prises the steps of:

a) contacting the saline slag generated at a second-
ary aluminium smelting process with an aqueous ac-
id, basic or neutral solution;
b) separating the activated saline slag obtained in
step a) from the aqueous solution;
c) warming the activated saline slag obtained in step
b) in conditions that allow to stabilize the generated
porous structure.

[0020] In a second aspect, the invention also refers to
a saline slag characterized by having been obtained by
subjecting a saline slag generated at a secondary alu-
minium smelting process to the above mentioned proce-
dure.
[0021] In an additional aspect, the invention further re-
fers to the use of this saline slag obtained by application
of the procedure of the invention for the adsorption of
metal cations present in liquid streams.

BRIEF DESCRIPTION OF THE FIGURES

[0022]

Fig. 1: Surface area, in square meters per gram of
saline slag, of the saline slags treated with solutions
of various concentrations of H2SO4, (ranging from 0
to 2 mol/liter, as it is indicated in the axis of abscisas),
from several times of contact. Curves: s : saline slag
treated for 0.5 hours with solutions with various con-
centrations of H2SO4; d: saline slag treated for 4
hours with solutions with various concentrations of
H2SO4; j: saline slag treated for 24 hours with so-
lutions with various concentrations of H2SO4.
Fig. 2: Pore volumes, in cubic centimeters per gram
of saline slag, of the saline saline slags treated with
solutions of various concentrations of H2SO4, (rang-
ing from 0 to 2 mol/liter, as it is indicated in the axis
of abscisas), from several times of contact. Curves:
s : saline slag treated for 0.5 hours with solutions
with various concentrations of H2SO4; d: saline slag
treated for 4 hours with solutions with various con-
centrations of H2SO4; j: saline slag treated for 24
hours with solutions with various concentrations of
H2SO4.
Fig. 3: Scanning electronic representative micro-
photographies of saline saline slags treated chemi-
cally. In the low part of each microphotography the
magnification factor is indicated, as well as the length
expressed in micrometers, to which every centimeter
of the microphotography corresponds.
Fig. 4: Evolution with the time (indicated in minutes
in the axis of abscisas) of the metal quantity
adsorbed (expressed in milligrams of metal per gram
of saline slag) by a saline slag obtained by the
procedure of the invention. The metal cation tested
is indicated in the top left part of every graph. A curve
is represented for every initial concentration of tested
cation. The initial concentrations were: d: 50
mgmetal/liter; h: 100 mgmetal/liter and s: 300 mgmetal/
liter.
Fig. 5: Evolution of the amount of metal adsorbed
(expressed in milligrams of metal per gram of saline
slag) by a saline slag obtained by the procedure of
the invention. The values of pH of the solutions of
adsorption were: d: pH=4 and h: pH=6.
Fig. 6: Amount of Pb adsorbed (expressed in milli-
grams of metal per gram of saline slag), in the stages
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of the test of reutilization, by a saline slag obtained
by the procedure of the invention, used before for
metal adsorption and regenerated by means of treat-
ment with acid solutions.

DETAILED DESCRIPTION OF THE INVENTION

[0023] As it has been commented before, the present
invention refers to a procedure for the transformation of
saline slags generated at secondary aluminium smelting
processes in a product that can be used as adsorbent of
heavy metal cations present in contaminated liquid
streams, as well as to the adsorbent product obtained by
the above mentioned procedure and to the use of said
product for the adsorption of heavy metal cations. The
procedure of transformation of the saline slags of the
secondary smelting of the aluminium in a stable adsorb-
ent allows to give the valorization to these wastes, which
are materials that are produced in big quantities and are
catalogued like dangerous waste, not only because it di-
minishes their dangerousness but because, in addition,
it makes his application possible in the industry.
[0024] The process consists of treating the saline slags
proceeding from the secondary smelting of the aluminium
with aqueous solutions, which can be solutions of several
concentrations of acids, of bases or, even, water with no
added acids or bases, separating later the obtained sa-
line slag and stabilizing it by means of treatment at high
temperatures (200 - 500 °C), being possible various
times of treatment and heating.
[0025] An example of composition of a saline slag pro-
ceeding from a secondary aluminium smelting process,
which might be an object of the process of transformation
of the invention, would be the following one:

[0026] In spite of the differences in the composition
with the saline slags from processes of transformation of
the iron and/or of obtaining of one of its alloys, the steel,
the procedure of the invention surprisingly allows to ob-
tain products with properties of adsorption of heavy met-
als that are higher to those of the adsorbents obtained

Table 1.- Typical chemical composition of the saline 
slags from a secondary aluminium smelting process.

Compound (wt.%)

Al2O3 29.60
NaCl 19.50
KCl 10.40
SiO2 2.75
Na2O 2.35

MgO 1.90
CaO 1.43
Fe2O3 1.37
N 0.40
SO3 < 0.10

from saline slags proceeding of industries related to the
iron and/or the steel, with values of qe up to 54.5 - 71.7
mg/g of saline slag in the case of Pb(II). And this is so in
spite of the fact that, in accordance with the teachings of
British patent GB2054547 [17], it would be expectable
that the capacity of adsorption of the saline slags from
the secondary aluminium smelting processes were lower
because the slags from processes of secondary smelting
of aluminium exhibit lower quantities of CaO, SiO2 and
compounds of phosphoric acid, which should result in
lower adsorption, lower, what should make decrease the
coprecipitation effect, and lower ratio of MgO what, to-
gether with the lower ratio of CaO, should give rise to a
lower capactity of substitution of ions. The values of qe
found for the Pb(II), moreover, are obtained at pH acid
(4 or 6), neither for what would be waited a significant
effect of the precipitation of hydroxides.
[0027] The high capacity of adsorption observed in the
products obtained after the application of the procedure
of the invention to the saline slags from secondary alu-
minium smelting processes seems to be due partly to the
high specific surface area that is achieved by means of
the application of the procedure of the present invention,
which specific surface area is in the range of 30 to 200
m2/g of treated saline slag. This way, surprisingly, the
obtained values are, in many cases, and particularly,
when the treatment with the aqueous solution takes place
in conditions of reflux, higher that the values of the spe-
cific surface areas obtained by applying the procedure
of the Korean patent application KR20050065755 [18] to
saline slags from high ovens, a circumstance that was
not expected, particularly if it is considered that the prod-
ucts are obtained after processes at high temperatures
(approximately 700 °C), since the temperature modifies
the materials and, in general, it reduces the specific sur-
face area of the same ones.
[0028] Therefore, the first aspect of the invention re-
lates to a procedure for the transformation of saline slags
from the secondary aluminium smelting processes which
comprises the steps of:

a) contacting the saline slag from a secondary alu-
minium smelting process with an aqueous, acid, ba-
sic or neutral solution;
b) separating the activated saline slag obtained in
step a) from the aqueous solution;
c) warming the activated saline slag obtained in step
b) in conditions that allow to stabilize the generated
porous structure.

[0029] The saline slags to which there is applied the
procedure of transformation of the invention are the sa-
line slags mentioned in the Order MAM/304/2002 [11] as
"100308: salt slags from secondary smelting", comprised
inside the paragraph 1003: Wastes from aluminium ther-
mal metallurgy. It is preferred specially that the saline
slags that are subjected to the procedure of the invention
are saline slags proceeding from a fixed shaft rotary fur-
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nace, very specially when they exhibit a size lower than
1 mm. The typical chemical composition of this type of
saline slags was shown before in the Table 1. The pro-
cedure of the invention can be also applied to saline slags
from other processes of the secondary smelting of alu-
minium, such as the slags proceeding from a tilting rotary
furnace.
[0030] The conditions in which the step a) of chemical
activation can be carried out might be any ones, provided
that they give rise to the modification of the structure of
the saline slag. The pH of the aqueous solution of acti-
vation, the concentration of the chemical agents, the time
and the temperature of contact are among the variables
of the process of chemical activation that show more ef-
fect to the characteristics of the final product obtained.
[0031] The temperature of the process of contact gen-
erally is the room temperature, but it can be in the interval
between 20 °C and the temperature of reflux, which tem-
perature will be of approximately 100 °C at a pressure of
101.33 kPa (1 atmosphere). The pressure at which this
step is carried out can be the atmospheric pressure, but
also it can be carried out at higher pressures. The time
of contact depends to a great extent on the temperature
of reaction, but generally it is in the interval from 0.5 to
24 hours.
[0032] The step a) can be carried out in a recipient with
agitation though, optionally and/or subsequentely to the
first step of agitation, it can be carried out under condi-
tions of reflux. As it is shown hereinafter in the Examples
of the present invention, the treatment under conditions
of reflux, specially when it is carried out with water to
which no acid or no base has been added, is the one that
gives place to the final product with the highest values
of specific surface area. Therefore, in a preferred em-
bodiment of the invention, step a) is carried out under
conditions of reflux.
[0033] As it is used in the present application, the term
"aqueous solution" encompasses not only the liquid com-
positions being composed of water in which one or more
compounds are dissolved, specially when said com-
pounds bestow an acid or basic pH to the solution by
being present in it, but also to the solvent medium itself,
water with no added compound of acid or basic character,
which water, therefore, will have a pH neutral or very near
the neutrality. The pH of the aqueous solution that con-
tacts the saline slag is one of the variables that influences
the final characteristics of the product obtained because,
among others, it influences the chemical activation of the
compounds that form part of the slag and, with it, the
capacity of adsorption and reaction of the product finally
obtained with the possible substances to be removed
that are present in effluent pollutants that are wanted to
be treated by the product obtained from the saline slag,
heavy metal cations standing out from the substances to
be removed. Therefore, ot is preferred that the pH of the
solution of activation belongs lower than 2 or higher than
10, though it is possible that the aqueous solution of step
a) exhibits other values of pH, included the value of neu-

tral pH .
[0034] With regard to the relation between the saline
slag of aluminium and the aqueous solution, a suitable
relation is treating 10 g of the saline slag of aluminium
with 0.1 liters of the aqueous solution.
[0035] The aqueous solution can be an acid or alkaline
aqueous solution, in which there is present one or more
acid compounds, or one or more basic compounds at
concentrations ranging, preferably, from 0 to 2 mol/liter
The acids can be of organic or mineral origin and it can
be mentioned as examples nitric (HNO3), sulfuric
(H2SO4) or hydrochloric (HCl) acids. Among the possible
compounds of basic character that can be added to ob-
tain alkaline solutions sodium hydroxide (NaOH) is of par-
ticular importance..
[0036] The aqueous solution, as it has been comment-
ed before, can lack also acid or basic added compounds
and can be simply water. In fact, in a preferred embodi-
ment of the invention, the aqueous solution with the one
the saline slag is treated is water to which no acid or base
has been added. It is a particularly preferred embodiment
of the invention that one in which the contact between
the saline slag proceeding from a secondary aluminium
smelting process and water takes place in conditions of
reflux, since this treatment gives rise to products with a
high specific surface area.
[0037] To carry out the step b) of separation of the sa-
line slag, one can use any technology of separation, such
as filtration, centrifugation, decantation of the superna-
tant after having allowed the mixture of saline slag and
solution to rest, and the like. In the present invention, the
utilization of centrifugation is preferred. The above men-
tioned centrifugation can be carried out, for example, at
4500 r.p.m.
[0038] The saline slag obtained in step b) is calcined
in step c) to achieve the stabilization of the structure,
preferably in air, but also in any gaseous mixture with
presence of oxygen. There is preferred that, before car-
rying out the calcination, a warm-up takes place between
50 and 200 °C at atmospheric pressure, to dry the prod-
uct. Later to this optional step of drying, the saline slag
warms up in order that his calcination takes place. At
atmospheric pressure, the conditions of calcination com-
prise a temperature that preferably is in the interval from
200 to 500 °C. The period of time of warming generally
ranges between 0.1 and 100 hours, being the most ha-
bitual thing between 0.5 and 48 hours.
[0039] The tests of adsorption that are shown in Ex-
ample 2 were carried out with an activated saline slag
obtained by the application of the procedure of the inven-
tion in which the specific surface area turned out to be
specially high, higher than 200 m2/g. Therefore, a partic-
ularly preferred embodiment of the procedure of the in-
vention is that one in which there are in use the conditions
that give rise to the above mentioned saline slag activat-
ed, that is to say, the procedure in that a saline slag pro-
ceeding from a fixed shaft rotary furnace is put in contact
with water in conditions of reflux for 4 hours, after which
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the saline slag is separated from the water by means of
centrifugation to 4,500 r.p.m., the solid obtained is dried
off at 60 °C for 16 hours at atmospheric pressure and
calcined at 500 °C for 4 hours.
[0040] The composition of the saline slag obtained and
its textural properties will depend on the particular con-
ditions in which there is carried out the reaction of acti-
vation (step a)) of the procedure and the thermal treat-
ment of the saline slag (step c)). Anyway, the product
obtained after submitting saline slags from secondary
aluminium smelting processes to the procedure of the
invention constitutes a second aspect of the invention.
In general, a porous solid product is obtained, which can
be named "activated slags" or "adsorbent slags", in which
the micropore volume ranges from 0.030 to 0.250 cm3/g
and the specific surface area ranges from 30 to 200 m2/g,
both deduced by means of tests of adsorption of N2 at
-196 °C. It is preferred those that show values of specific
surface area higher than 52 m2/g, specially if the values
of specific surface area are higher than 100 m2/g. Equal-
ly, it is a specially preferred embodiment of the activated
slags of the invention that one in which the slag is ob-
tained by applying the set of preferred conditions before
specified, that is to say, the procedure in which a saline
slag proceeding from a fixed shaft rotary furnace is put
in contact with water in conditions of reflux for 4 hours,
after which the saline slag is separated from the water
by means of centrifugation to 4,500 r.p.m., the solid is
dried off at 60 °C for 16 hours at atmospheric pressure
and calcined at 500 °C for 4 hours.
[0041] As it has been commented before, these acti-
vated saline slags of the invention have good properties
of adsorption/retention of heavy metal cations and can
be used to adsorb, for example, heavy metal cations
present in liquid contaminated streams. Therefore, yet
one aspect of the invention is the use of the resultant
product of the application of the procedure of the inven-
tion, that is to say, the "adsorbent slags" or "activated
slags" obtained, for the adsorption of heavy metal cations
contained in liquid streams. Therefore, it can be also
thought that the invention refers to a method for the prep-
aration of an adsorbent of heavy metal cations present
in liquid streams which comprises preparing the adsorb-
ent from saline slags from secondary aluminium smelting
processes (steps a) to c) previously discussed), as well
as at least an optional additional step in which the above
mentioned adsorbent is put in touch with the liquid stream
from which heavy metal cations are to be removed.
Equally, the invention can be defined also as a procedure
to adsorb/remove metal cations of liquid streams that
contain them, which comprises the step of contacting the
liquid stream with a solid adsorbent prepared from saline
slags from secondary aluminium smelting processes and
that, optionally, also comprises the steps of preparation
of the above mentioned solid porous adsorbent. In any
of the formulations, the invention would comprise also
the product to be used as adsorbent, the "adsorbent slag"
or "activated slag".

[0042] The tests that are shown hereinafter in the Ex-
ample 2 of the present application demonstrate that the
activated slags of the invention are useful to retain cations
of various heavy metals, as it is demonstrated by the
tests performed with Cd2+, Cu2+, Zn2+ and Pb2+. Thre-
fore, a possible embodiment is that one in which the slags
of the invention are used for adsorbing at least a cation
selected from the group of Cd2+, Cu2+, Zn2+ and Pb2+,
or combinations of the same ones. The results demon-
strate that the adsorption takes place at different pH val-
ues of the liquid in which the heavy metals are present,
being suitable, for example, the values of pH of 4 and 6
and the interval comprised between them, the value of
pH 6 being preferred, because the best results are ob-
tained. The tests demonstrate that Pb2+ is the cation for
which the best results are obtained, for what a preferred
embodiment is that one in which the slags are used for
adsorbing Pb2+.
[0043] Also it was taken in mind the possibility of re-us-
ing the saline slags, obtaining that the saline slags of
aluminium of the present invention can be reused as ad-
sorbents of heavy metal cations. The first test of adsorp-
tion of the metallic cations was carried out in accordance
with the described methodology till now: Example 2.
Once used the saline slag as adsorbent, the solid is treat-
ed again with a solution of an acid to desorbe/clear the
metallic cation retained. The solid is washed with water,
dried off and it is used again as adsorbent such as it had
been carried out initially. This process is repeated itself
up to four times, four cycles, being observed that the
saline slag can be regenerated and return to be used as
adsorbent. These tests are explained with more detail in
the Example 3 of the present application, where there is
demonstrated the possibility of re-using activated slags
already used previously to adsorb cations. Therefore, in
a possible embodiment of the use of the invention, the
slags that are used are activated slags obtained by
means of the procedure of the invention that, once ob-
tained, are used for metal adsorption and that, later, are
reused after being submitted to a process of regeneration
that comprises at least four cycles of activation, in each
of which the used slag is put in contact with acid solutions
as in step a) of the procedure of the invention, it is sep-
arated from the acid solution, washed with desionized
water and dried off at a temperature between 50 and 200
°C at atmospheric pressure. A possible embodiment of
the use of the invention, included inside the previous one,
is that one in which the acid is HNO3 and the saline slag
treated with the same is dried off in a stove at 60 °C at
atmospheric pressure.
[0044] The invention will be explained now with more
detail by means of the Examples and the Figures included
below.
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EXAMPLES

Example 1.- Obtaining saline slags chemically acti-
vated

[0045] In the present Example, there was used a saline
slag proceeding from a fixed shaft rotary furnace and of
a lower size to 1 mm for his activation by means of chem-
ical agents. His composition indicated itself previously in
the Table 1.
[0046] The chemical activation was carried out using
aqueous solutions of HNO3 (65 %, Panreac), H2SO4 (98
%, Panreac) and NaOH (Panreac). The chemical activa-
tion was carried out using five dissolutions of every chem-
ical reagent in several concentrations, between 0 and 2
mol/dm3. The time of reaction with each of these solutions
also was studied as a parameter, between 0.5 and 24
hours. In each activation 10 g of saline slag put in touch
with 100 cm3 of aqueous solution of chemical reagent.
The speed of agitation of the suspensions was of 500
r.p.m. Before the time of reaction, the slurries were cen-
trifuged for 20 minutes to 4,500 r.p.m. at room tempera-
ture using a Rotonta 460 S to separate the saline slag of
the activante solution. The process is repeated itself sev-
eral times, replacing every time the solution for deionized
water with the aim to wash the saline slag of chemical
agent. The obtained solids are dried in a stove for 16 h
at 60 °C to atmospheric pressure and later for 4 hours at
500 °C.
[0047] The nomenclature used for every sample is
X-Y-t, where X is the concentration of the aqueous solu-
tion of acid reagent or used base, Y is the reagent used
in the chemical activation and t the time, in hours, of con-
tact between the saline slag and the aqueous solution of
chemical reagent. This way, for example, the sample
named like 0-N-4 h, it is a saline slag treated with an
aqueous solution of 0 mol/liter (with water) of HNO3 (N)
for 4 hours.
[0048] The textural properties of the activated saline
slags were obtained by means of adsorption of N2 (Air
Liquide, 99.999 %) at -196 °C in a volumetric static com-
mercial instrument (ASAP 2010, Micromeritics). The
samples were degassed before for 24 h at 200 °C and
at a pressure lower than 0.1 Pa. The amount of sample
used in the experiment was of 0.2 g.
[0049] The adsorption of N2 provides a series of quan-
titative properties as the specific surface area and the
pore volumes. The specific surface area can be calcu-
lated by means of the application of the B.E.T. equation
[22]: 

where p/p° is the relative pressure, V is the volume of N2
adsorbed in equilibrium for the sample to the relative

pressure p/p°, Vm is the volume of monolayer and C is
a constant. The linear adjustment of the B.E.T. equation
in the range of relative pressure between 0.05 and 0.20,
allows to assure the formation of a monolayer and to
calculate the volume of monolayer. With the volume of
monolayer it is possible to calculate the specific surface
area of the saline slag by means of the equation: 

where S is the specific surface area, Vm is the volume
of monolayer, a is the area occupied by a molecule of N2
adsorbed on the surface of the saline slag (16.2 Å2/
molec), NA is the number of Avogadro (6.023 1023

molec/mol) and V is the volume occupied by a mol of N2
to 25 °C and 1 atmosphere (22.386 cm3/mol).
[0050] The total pore volumes (VpTotal) are estimated
from the volumes of N2 adsorbed at a value of relative
pressure of 0.99 [22], taking up that the density of the
nitrogen in the pores is equal to that of the liquid nitrogen
at -196 °C (0.81 g/cm3) [22]. The results relating to the
textural properties obtained for the saline slag treated
with several concentrations of HNO3 for 4 hours are sum-
marized in the Table 2.

[0051] The evolution of the textural properties (specific
surface area and pore volume) of the saline slag treated
with aqueous solutions of several concentrations of
H2SO4 and several times are summarized in Figures 1
and 2.
[0052] These materials also were characterized by
means of scanning electron microscopy using a micro-
scope JEOL, model JSM5610LV. A representative ex-
ample of a saline slag treated with H2SO4, sample 2-N-
4 h, is presented in Fig. 3.
[0053] The results indicate that the procedure of the
invention allows to obtain "saline slags activated" of alu-
minium with values of specific surface area higher than
the obtained for saline slags of steel, though the highest

Table 2.- Textural properties from N2 adsorption at 
-196 °C for a saline slag treated with aqueous 

solutions of HNO3.

Sample Sa (m2/gc) VpTotal
b 

(cm3/gc)

0-N-4 h 109 0.125
0.5-N-4 h 102 0.121

1-N-4 h 58 0.085
1.5-N-4 h 31 0.052
2-N-4 h 31 0.046

a Specific surface area;
b Total pore volume;
c grams of saline slag degassed
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values are obtained with the low concentrations of chem-
ical reagent, specially, to the value of concentration 0,
as it is of the sample 0-N-4 h, corresponding to the water.
Therefore, the specific surface area diminishes with the
concentration of the chemical reagent used. In minor
measure also it does the pore volume. These results are
explained because the materials that they present in his
structure Al2O3 or SiO2 can be attacked by chemical acid
reagents or base. Initially it can be a question of a small
dissolution of the oxide that it allows to increase the tex-
tural properties of the initial material and inclusive to mod-
ify the surface of the solid with new centers of adsorption.
If the reaction is prolonged in the time, or if the concen-
trations of the chemical reagents are high, it is possible
to produce the dissolution of the material with loss of the
initial properties [23].
[0054] Also there was studied the effect of the condi-
tions of reflux in the textural properties of the saline slags
of aluminium, using aqueous solutions previously de-
scribed of the acids sulfuric or nitric or aqueous solutions
of sodium hydroxide, in concentrations of 0 and 2 mol/lit-
er. The time of treatment in this case was 4 hours, with
the same treatments previously described to obtain the
saline slags activated chemically.
[0055] The results relating to the textural properties ob-
tained for the saline slag treated with several aqueous
solutions of chemical reagents for 4 hours under condi-
tions of reflux are summarized in the Table 3.

[0056] The results indicate that the treatment of the
saline slag with the aqueous solution in conditions of re-
flux, specially when the aqueous solution is a water to
which has not been added any acid or base (it shows
0-H-4 h (reflux)), gives place to a significant increase of
the specific surface area, higher values to 200 m2/g. A
positive effect is observed also in the total pore volume.

Example 2.- Evaluation of the adsorption capacity of 
heavy metals

[0057] Later, one proceeded to evaluate the capacity

Table 3.- Textural properties from N2 adsorption at 
-196 °C for a saline slag treated with aqueous 

solutions of NaOH (H), H2SO4 (S) and HNO3 (N) under 
reflux conditions.

Sample Sa (m2/gc) VpTotal
b 

(cm3/gc)

0-H-4 h (reflux) 203 0.251
2-H-4 h (reflux) 40 0.102

2-S-4 h (reflux) 34 0.123
2-N-4 h (reflux) 38 0.098

a Specific surface area;
b Total pore volume;
c grams of saline slag degassed

of metal retention (Cd2+, Cu2+, Pb2+ and Zn2+) of the
saline slags obtained by means of chemical treatment
described in the Example 1.
[0058] The tests of adsorption of heavy metal cations
consist of two phases. Initially the kinetic one of adsorp-
tion is studied of each one of the metals. One tries to
study the effect of the time in the capacity of adsorption
of the saline slags and to determine from what moment
the adsorption is kept constant and has reached the equi-
librium. Besides the time of adsorption, there is studied
the effect of the initial concentration of the metallic cation,
being in this case between 50 and 300 mg/liter the con-
centrations tested. Once identified this moment, the test
of equilibrium is realized studying the effect of solutions
with several initial concentrations of metallic cation. With
this test tries to see what effect has the initial concentra-
tion and the pH in the quantity of metal adsorbed.

2.1. Kinetics of adsorption

[0059] The studies were realized in discontinuous re-
gime, using 0.05 g of sample of adsorbent saline slag in
every experiment and concentrations of metallic cation
between 50 and 300 mg/dm3. The used adsorbent cor-
responds to a saline slag treated only with water (the
sample 0-H-4 h (reflux) of the Example 1), that is the one
that presents better textural properties. The adsorption
of metallic cations for a material is controlled by the phys-
ical and chemical superficial properties [24]. As physical
superficial properties it is necessary to mention the spe-
cific surface area and the pore volume. The chemical
properties depend on the functional groups. In this case,
there was chosen the material that was presenting the
highest specific surface area. The solution that contains
the metallic cation not adsorbed is separated of the solid
by means of centrifugation to 4,500 r.p.m. Later, the me-
tallic content of the solution is determined by inductively
coupled plasma optical emission spectroscopy (ICP
OES).
[0060] The amount of metal cation adsorbed by the
saline slag is calculated as: 

 where C0 is the initial concentration of metallic cation,
Ct is the concentration of metallic cation to a certain time
t of the experiment, V is the volume of solution used and
W is the weight of saline slag used in the experiment of
adsorption.
[0061] The evolution with the time of the amounts ad-
sorbed of several solutions of the metals, using the acti-
vated saline slag before mentioned, is included in the
Fig. 4.
[0062] Comparing the obtained results it is observed
that the adsorbed amount increases with the metallic cat-
ion in the solution. For the lowest concentrations, 50 and
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100 mg/dm3, only an important difference is observed
when the adsorption of Pb(II) is studied (cation Pb2+). It
is precisely for this metallic cation where the capacity of
adsorption of the saline slag observed is higher. Zn(II)
and Cd(II) (cations Zn2+ and Cd2+, respectively) shows
a similar capacity, being minor in the case of Cu(II) (cation
Cu2+). Under all conditions the equilibrium is reached,
the maximum quantity of metallic retained cation, after
250 minutes. This time is the fixed to the tests of equilib-
rium that appear in the examples of the Fig. 5.

2.2. Effect of the pH of adsorption

[0063] Once determined the times to which the equi-
librium is reached, several studies are realized in which
there was evaluated the effect of the initial concentration
and of the pH in the capacity of adsorption, using the
same saline slag activated of the previous paragraph.
The time fixed of equilibrium was 4 hours. The solution
that contains the metallic cation not adsorbed is separat-
ed of the solid by means of centrifugation at 4,500 r.p.m.
The metallic content of the solution is measured by in-
ductively coupled plasma optical emission spectroscopy
(ICP OES)
[0064] The amount of metal cation adsorbed by the
saline slag is calculated as: 

where C0 is the initial concentration of metallic cation, Ce
is the concentration of metallic cation after 4 hours of
adsorption, V is the volume of solution used and W is the
weight of saline slag used in the experiment of adsorp-
tion.
[0065] The evolution of the amounts adsorbed for var-
ious metals and solutions are included in the Figure 5.
As it increases the initial concentration of the metallic
cation, the retained amount also increases up to a plateau
is reached. This situation is reached in the cases of Cd(II)
and Cu(II) for low concentrations of the metallic cations.
In the cases of Pb(II) and Zn(II) higher concentrations
are required.
[0066] The conditions of pH in that the adsorptions are
carried out also concern the amounts of metallic cations
retained. For that, and in all the cases, the adsorption is
more favored at pH=6 than at pH=4. The experimental
results can be adjusted well if the Toth’s equation [25] is
used. By means of this model one tries to describe the
process of adsorption, information being obtained across
the constants of the equation that allows to predict the
behavior of real systems. 

where qe is the amount of metallic cation adsorbed by
unit of mass of saline slag when the system reaches the
equilibrium; Ce is the concentration of metallic cation that
it remains in solution; and qT and kT are the Toth’s con-
stants, the capacity of adsorption of the monolayer and
the energy of adsorption. Finally, mT is an empirical con-
stant that is obtained for every case when the results fit
to Toth’s equation. The parameters of Toth’s equation
obtained in the adsorption of Cd(II) and Cu(II) are sum-
marized in the Table 4.

[0067] The maximum amounts of metallic cations re-
tained by a saline slag treated chemically appear in the
Table 5. It can be observed, the Pb2+ is the metallic cation
that is adsorbed in higher amount for the treated saline
slag. This behavior is observed independently of the val-
ue of the pH of the solution. For the four tested cations,
the value of pH=6 seems to favor the adsorption in com-
parison to the value of pH=4.

Example 3.- Reuse of saline slag as adsorbents of 
heavy metal cations

[0068] In this example, it is proceeded to evaluate the
adsorption capacity of the saline saline slags for four me-
tallic cations (Cd2+, Cu2+, Pb2+ and Zn2+) following the
methodology described in the Example 2.
[0069] The first stage of adsorption was identical to
described in the Example 2 being the saline used saline
slag 2-N-4 h and the time of adsorption fixing of 24 hours.
The aqueous solution that contains the metallic cation
not adsorbed is separated of the solid by means of cen-
trifugation at 4,500 r.p.m. Later, the metallic content of
the solution is determined by inductively coupled plasma
optical emission spectroscopy (ICP OES). The solid is

Table 4.- Parameters of the Toth equation for the 
adsorption of metallic cátions.

Cd (II) Cu (II)
pH=4 pH=6 pH=4 pH=6

qT(mg/g) 8.7 13.7 6.2 11.5
kT(dm3/mg) 0.05 0.45 0.19 2.6
mT 3.5 0.7 0.5 2.7
R a 0.98 0.990 0.995 0.98

a Regresion factor

Table 5.- Capacity of adsorption of a saline slag for 
heavy metallic cations present in aqueous solutions.

qe(mg/g) pH=4 qe(mg/g) pH = 
6

Cd (II) 8.2 11.1
Cu (II) 6.3 11.7
Pb (II) 54.5 71.7
Zn (II) 10.3 14.5
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treated itself with 50 cm3 of nitric acid of concentration
0.5 mol/dm3 for 4 hours, preferably there is used the acid
that has been used for the initial chemical activation, to
desorb the metallic cation retained. The acid solution with
the metallic cation is separated of the solid by means of
centrifugation at 4,500 r.p.m. and the solid is washed
repeatedly with water deionized. The solid is dried in a
stove for 16 hours at 60 °C to atmospheric pressure and
it returns to use as adsorbent, as it had been realized in
the first stage. The process repeats itself four times. The
amount adsorbed of Pb depending on the number of stag-
es of reutilization and it is presented in the Fig. 6. Similar
behaviors have been found for the other metallic cations
that include in this patent, which allows to afirm that the
saline slags activated chemically can be re-used as ad-
sorbents.

Claims

1. A procedure for the transformation of saline slags
generated at secondary aluminium smelting proc-
esses which comprises the steps of:

a) contacting the saline slag generated at a sec-
ondary aluminium smelting process with an
aqueous acid, basic or neutral solution;
b) separating the activated saline slag obtained
in step a) from the aqueous solution;
c) warming the activated saline slag obtained in
step b) in conditions that allow to stabilize the
generated porous structure.

2. The procedure according to the claim 1, wherein the
saline slag is generated from a fixed shaft rotary fur-
nace or a tilting rotary furnace.

3. The procedure according to claim 1 or 2, wherein
the saline slag is put in contact with the aqueous
solution at a temperature between room temperature
and the temperature of reflux.

4. The procedure according to claim 3, wherein the sa-
line slag is put in contact with the aqueous solution
at atmospheric or higher pressure.

5. The procedure according to any one of claims 1 to
4, wherein the time of contact ranges between 0.5
and 24 hours.

6. The procedure according to any one of the previous
claims, wherein the aqueous solution is water.

7. The procedure according to any one of claims 1 to
5, wherein the aqueous solution is an acid solution.

8. The procedure according to claim 7, wherein the pH
of the aqueous acid solution is lower than 2.

9. The procedure according to claim 7, wherein one or
more acid compounds, organic or mineral, is/are
present.

10. The procedure according to claim 9, wherein the
aqueous solution contains one or more acids of the
group of hydrochloric acid, sulfuric acid or nitric acid.

11. The procedure according to claim 9 or 10, wherein
the concentration of the acids is of 2 mol/liter or lower.

12. The procedure according to any one of claims 1 to
5, wherein the aqueous solution is a basic solution.

13. The procedure according to claim 12, wherein the
pH of the aqueous solution is higher than 10.

14. The procedure according to claim 12, wherein one
or more basic compounds is/are present.

15. The procedure according to claim 14, wherein the
aqueous solution contains NaOH.

16. The procedure according to claim 14 or 15, wherein
the concentration of the basic compound or com-
pounds is of 2 mol/liter or lower.

17. The procedure according to any one of the previous
claims, wherein the contact between the saline slag
and the aqueous solution is at the temperature of
reflux, optionally with previous stirring.

18. The procedure according to claim 17, in which the
aqueous solution is water.

19. The procedure according to any one of the previous
claims, in that the step b) of separation of the saline
slag is carried out by means of filtration, centrifuga-
tion or decantation of the supernatant decantation
of the supernatant after having allowed the mixture
of saline slag and solution to rest.

20. The procedure according to claim 19, wherein the
separation is carried out by means of centrifugation
at 4,500 r.p.m.

21. The procedure according to one of the previous
claims, wherein the saline slag obtained in the step
b) is the subject of a warming previous to step c) of
calcination, to dry the product, at a temperature from
50°C to 200 °C at atmospheric pressure.

22. The procedure according to any one of the previous
claims, wherein the saline slag obtained in step b),
optionally after having been subjected to a process
of drying, is calcined at a temperature from 200 to
500 °C, at atmospheric pressure.
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23. The procedure according to claim 22, wherein the
saline slag obtained in step b) is calcined for a time
ranging from 0.1 to 100 hours.

24. The procedure according to claim 1, wherein a saline
slag proceeding from a fixed shaft rotary furnace is
put in contact with water under conditions of reflux
for 4 hours, after this time the saline slag is separated
from the water by means of centrifugation at 4,500
r.p.m., the solid obtained is dried off for 16 hours at
60 °C at atmospheric pressure and it is calcined for
4 hours at 500 °C.

25. A saline slag characterized by having been ob-
tained by subjecting a saline slag generated at a sec-
ondary aluminium smelting process to the procedure
of any one of claims 1 to 24.

26. A saline slag according to claim 25, with a pore vol-
ume between 0.030 and 0.250 cm3/g and a specific
surface area between 30 and 200 m2/g.

27. A saline slag according to claim 26, wherein the spe-
cific surface area is higher than 52 m2/g.

28. A saline slag according to claim 25, obtained when
a saline slag generated at a secondary aluminium
smelting process is treated according the procedure
of claim 24.

29. Use of a saline slag according to any one of claims
25 to 28 for the adsorption of metal cations present
in liquid streams.

30. Use according to claim 29, for the adsorption of at
least a metallic cation selected from the group Cd2+,
Cu2+, Zn2+ and Pb2+ or combinations thereof.

31. Use according to claim 30, wherein the value of pH
is 4 - 6.

32. Use according to claim 30 or 31, wherein the metallic
cation is Pb2+.

33. Use according to any one of claims 29 to 32, wherein
the saline slag is the saline slag of claim 28.

34. Use according to any one of claims 29 to 32, wherein
a saline slag obtained by the procedure of any one
of claims 1 to 24 has been before used for the ad-
sorption of metallic cations present in liquid streams
and is re-used after being submitted to a process of
regeneration that comprises at least four cycles of
activation, in each of which the used saline slag is
put in contact with aqueous acid solutions as in step
a) of claim 1, is separated from the aqueous acid
solution, washed with deionized water and dried off
at a temperature from 50 °C and 200 °C at atmos-

pheric pressure.

35. Use according to claim 34, wherein the aqueous acid
solution is HNO3 at a concentration of 0.5 mol/liter
and drying occurs at 60 °C and atmospheric pres-
sure.
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