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Abstract

Natural clinoptilolite from Caimanes deposit (Moa-Cuba) has been used for the nickel removal from aqueous so-
lution by ion exchange. The Ni** elution, using ammonia-rich solution, has been also studied in form of a nickel re-
moval-elution ion-exchange cyclic process. The stability of clinoptilolite as an exchanger of Ni** and NH; cations
under hydrothermal conditions and high ammonia concentrations is analyzed. No loss in the clinoptilolite exchange
capacity of Ni?* and NHj ions during the Ni** removal-¢lution cycles was found. The treatment of the clinoptilolite
with NH,OH concentrated solutions provokes not only the Ni** elution by ion exchange, but also a substantial increase
of the Ni** ions removal capacity of the zeolite. This is explained by OH~ anions adsorption (or occlusion) on the
zeolitic phase particles and the consequent nickel hydroxide precipitation. © 2002 Published by Elsevier Science Inc.
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1. Introduction tions is stimulated by the good results obtained and

also by the non-toxic nature of these materials [1].

The use of zeolitic materials as ion exchangers In this context, the natural zeolites have particular
for environmental protection and other applica- interest due to their availability and low cost.

One of the most general applications of the

natural zeolites, as ion exchanger, is in the removal

e . i ) . and recuperation processes of heavy metals from
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reused [2]. The ion-exchange processes in zeolites
are affected by several factors such as: concentra-
tion and nature of cations and anions, tempera-
ture, pH, and crystal structure of the zeolite. This
topic has been the subject of several studies [3-6].
Additionally, the zeolite mineral stability and its
structural changes under hydrothermal treatment
in various environments, play an important role in
its potential applications as an ion exchanger.
Consequently, the exchanger should be chemical
and physically durable.

Arcoya et al. [7] found that the treatment of the
natural clinoptilolite with HCI solution increases
both the acidity and the effective diameter of the
channels and pores of the zeolite, but it produces
an important loss of zeolite phase. Balba et al.
[8] have studied the hydrothermal action of hy-
drochloric acid solution and sodium hydroxide
solution of different concentrations on the natu-
ral clinoptilolite-rich volcanic tuff from Mirsid-
Romania deposit. Their results showed that the
treatment with hydrochloric acid solution leads to
a partial dealumination of the framework with the
subsequent decrease of the ion-exchange capacity
of the material. However, the action of sodium
hydroxide solution over the natural clinoptilolite-
rich volcanic tuff results in an activation process
of clinoptilolite (dissolution of an important part
of amorphous silica and iron compounds) if
the initial molar ratio is Na,O/Al,O3 < 3 or a re-
crystallization process with formation of cubic
zeolite-P, if the initial molar ratio is Na,O/
Al,O3 > 3.

On the other hand, the ion-exchange process
may be accompanied by other processes, such as
the precipitation of low-solubility phases. Factors
such as the characteristics of the zeolite and the
accompanying phases, mainly their alkalinity, can
influence this precipitation. Many studies are avail-
able in the literature on the occurrence of hydro-
lysis processes and precipitation of low-solubility
substances (for example metal hydroxides, car-
bonates, etc.) during the ion exchange both in
zeolites [9-11] and other exchangers [12,13]. The
extent of that precipitation depends on the solu-
bility product of the precipitated, the alkalinity of
the exchanger and also on the acidity of the salt
solution.

The results of all the previous studies strongly
suggest that the zeolite should be evaluated at
laboratory scale before the design of their indus-
trial application.

The use of natural clinoptilolite from different
Cuban deposits for the removal of heavy metals
(Ni, Co, Cu, Mn, Fe, etc.) and recovery of nickel
from the ammoniacal-carbonate residual liquors
of the nickel industry has been the subject of sev-
eral studies [14,15]. The results showed the po-
tential of the NH; —linoptilolite for the removal of
Ni?* by ion-exchange processes. In addition to the
nickel removal, the recovery of nickel (elution) and
the regeneration of the zeolite by treatment with
ammonia-rich solutions were considered. During
the regeneration an exchange process occurs be-
tween the metallic cations, mainly Ni**, retained in
the zeolite and the NH, ions from the ammonia-
rich solution.

In order to increase the effectiveness, efficiency
and industrial applicability, the nickel elution and
the regeneration of the ammonium zeolite form has
been considered by treatment with NH,;OH con-
centrated solutions [16]. In addition, the use of this
ammonia-concentrated solution for Ni** elution
and regeneration of the zeolite leads to consider
the possibility of adsorption and accumulation of
hydroxyl groups on this zeolitic rock. It is well
known that, under specific conditions, Ni** and
other heavy metal cations react with OH~ anions
in solution to form low-solubility hydroxides [17].
The aforesaid suggests the possibility that this re-
action could take place during the cyclic process of
Ni** removal—elution. If this reaction takes place
the complexity of the system becomes much higher
since the ionic exchange is accompanied by a
precipitation process.

The present work is aimed at gaining infor-
mation on the ion-exchange cyclic process of re-
moval-elution of Ni** using natural clinoptilolite
from Caimanes deposit and ammoniacal solu-
tion. We have studied, at a laboratory scale, the
stability of clinoptilolite as an exchanger of Ni**
and NHj cations during this process, under hy-
drothermal conditions and at high ammonia con-
centrations. The associated nickel precipitation
during this cyclic process is also taken into ac-
count.



L Rodriguez-Iznaga et al. | Microporous and Mesoporous Materials 53 (2002) 71-80 73

2. Experimental
2.1. Materials and preparation

The main phase present in the zeolitic rock
(raw mineral) from Caimanes deposit, Moa-Cuba,
is clinoptilolite. In addition, mordenite, quartz,
feldspar and montmorillonite are present. The
chemical composition of this mineral in oxide form
is 63.2% SiO,, 12.32% AL O;, 3.92% CaO, 2.62%
Fe, 03, 0.39% FeO, 1.3% MgO, 1.42% K,0, 0.93%
Na,O and 13.9% H,O [18].

The zeolite raw mineral was ground and sieved
in order to obtain a sample with particle size class
>0.25 and <0.5 mm. This sample was purified via
washing with distilled water by means of a fluidized
bed process [19] in order to remove the non-zeo-
litic mineral phases. In addition, the denser frac-
tion was discarded. After vacuum filtration and
drying, this resulted in a mixture of about 80 wt.%
clinoptilolite, 5.5 wt.% quartz and 14.5 wt.% of
other phases, including mordenite and montmoril-
lonite. Herein this purified sample is referred to as
natural clinoptilolite or purified zeolite (Z).

The ammonium form of clinoptilolite (NH; -Z)
was obtained from the purified zeolite by treat-
ment with 247 g/l NH4OH solutions at 25 °C in
solid/liquid ratio of 1 g/20 ml. Agitation during 72
h was applied at 120 jolts per minutes using an
universal agitator. The NH4OH solution was re-
placed six times. The solid was filtered and washed
with distilled water until the pH was neutral, oven-
dried at 110 °C, and stored in a dessicator to en-
sure a constant water content. The total content of
exchanged ammonium ions in the NH; -Z sample
was 1.6 £0.15 NH; meq per gram of zeolite
(1.6 £0.15 meq/g). The concentration of NHj
ions was determined using the Nessler reagent.

2.2. Removal of nickel using NH}-Z

In a suitable container were placed 5 g of NH} -
Z and 100 ml of NiCl, solution (containing 2.9 g/l
Ni) for 72 h, to remove Ni** ions. The treatment
was conducted at 80 °C with agitation of 120 jolts
per minutes using a universal agitator. After the
treatment the solutions and the solid phase were
separated by filtration and the zeolitic phase was

subjected to washing with distilled water. The
concentrations of nickel, silicon, aluminum and
iron in the liquid phase were determined using
atomic absorption spectrometry (AAS).

2.3. Elution of nickel using NH,OH solutions

The zeolitic phase resulting from the procedure
2.2 (referred as Ni**-Z) was contacted with 100
mL of 247 g/l NH,OH solutions for 72 h, to elute
Ni?* ions. The treatment was conducted at 25 °C
with agitation of 120 jolts per minutes using a uni-
versal agitator. After the treatment the solutions
and the solid phase were separated by filtration.
The concentrations of nickel, silicon, aluminum
and iron in the liquid phase were determined by
AAS. The zeolitic phase was subjected to washing
with distilled water.

2.4. Nickel removal—elution cycles

Sections 2.2 and 2.3 were repeated 20 times
consecutively in form of nickel removal-elution
cycles. Fig. 1 shows the flow chart of these cycles.

After each step, the resulting zeolite phase was
subjected to washing with distilled water in order
to eliminate excess of NiCl, or NH,OH solution
and any possible precipitated particle formed on
the zeolite.

The NH,4OH solutions employed were prepared
using ammonia solution 32% extra pure supplied
by Merck, while the NiCl, used was analytic re-
active supplied by Monterrey (NiCl, - 6H,O 99%
pure).

2.5. Experimental techniques

Infrared (IR) spectra and X-ray diffraction
(XRD) patterns of the zeolitic phase, before and
after each treatment, were obtained. IR was con-
ducted in an FTIR PU9600 Pye Unicam Spec-
trometer, the samples were prepared using the KBr
pressed-disk technique, with 1% inclusions of the
sample to be analyzed.

The XRD patterns were obtained using a Phi-
lips PW 1218 diffractometer with CoK, radiation
(4 =1.790260 A) in the interval 7-55° using a step
size of 0.02° and counting time of 15 s.
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Fig. 1. Flow chart representing the cyclic sequence used for the
nickel removal-elution process.

The sensitivity of the method used to determine
the Ni, Si, Fe and Al concentrations in solution, by
AAS, was 0.059, 0.94, 0.06 and 0.39 mg/l, respec-
tively.

3. Results and discussion
3.1. Nickel removal-elution cycles

Figs. 2 and 3 show the results of the elementary
analysis of the solutions used in each of the 20
removal-elution cycles. For a better understanding
we should keep in mind that each cycle consists of
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Fig. 2. Concentration of Ni, Si, Fe and Al in the solution re-
sulting after the nickel removal.
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Fig. 3. Concentration of Ni, Si, Fe and Al in the resultants
solution after the nickel elution.

two consecutive steps: first nickel removal and
second nickel elution.

In Fig. 2, it is observed that in all removal steps
the resulting nickel concentration in solution is
smaller than the initial nickel concentration (2.9 g/
). This decrease in nickel concentration can be
explained by ion exchange between Ni** and NH;
ions according to the following reaction:

(NH;),~Z) + Ni(y, == 2NH; (aq) + Ni**-Z
(1)
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The subscripts (s) and (aq) denote ““in zeolite” and
“in the solution”, respectively. As a result from
removal step, the Ni** ions are retained in the
zeolite and the NH; ions enter to the solution.

From Fig. 3, it can be noted the presence of
nickel in solution after each elution step. There-
fore, the Ni** cations, once retained in the zeolite,
were exchanged with NH ions from the ammo-
nia-rich solution, consequently, the nickel content
in this solution increased. In addition, the Ni**,
once exchanged and into ammonia-rich solution,
form an amino-complex of nickel, such as
[Ni(NH3)]** or [Ni(NHj3)4]*". The process total
can be represented by the following reaction:

Ni**-Zy + 2NH} ., + nNHj(qq)

The obtained results, with respect to the possibility
of removal and elution of nickel, are in accor-
dance to previous studies on the exchange between
Ni** and NHj ions, performed in non-cyclic form
[6,16,20], i.e., a single cycle. However, as a new
event, after the first cycle the amount of nickel
removed and eluted notably increases Fig. 4
clearly shows this increase. In addition, we can see
that there are large differences between the amount
of nickel removed and then eluted in each single
cycle. For example, in the cycle 10, only 0.5 Ni**
meq/g were eluted from 1.77Ni** meq/g removed.
We can see that in some cases the amount of Ni**
meq/g removed is even higher than the milli-
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Fig. 4. Milliequivalents of nickel retained and eluted per gram
of zeolite in each cycle.

equivalents of NH] retained in the starting NH; -
Z (1.6 £0.15 meq/g). These differences can be ex-
plained considering that, during the removal of
nickel, the ion exchange between NH; and Ni**
ions is accompanied by nickel precipitation in the
form of a low-soluble phase. The formation of a
fine light green precipitate as a suspension in the
NiCl, solution was indeed observed during nickel
removal steps, from the second cycle on. The
amount of this precipitate was considerable, which
allowed us to separate and collect it as a sample for
analysis. During the elution steps no precipitation
was observed.

The results obtained leads us to consider that
there is no significant loss in the clinoptilolite ex-
change capacity of Ni** and NH; ions during the
Ni?* removal-elution cycles (see Fig. 4).

On the other hand elements such as silicon,
aluminum and iron, found in clinoptilolite and
other minor phases are observed in solution (see
Figs. 2 and 3). With regard to this fact, we can
observe that during both the removal and the
elution of nickel, the silicon concentration in so-
lution is significant. The iron and aluminum con-
centrations are only significant in some cycles
during the elution, while during the nickel removal
their amount is of the order of the sensitivity of the
method used for their determination, i.e., 0.06 mg/l
for Fe and 0.39 mg/l for Al. The presence of sili-
con, aluminum and iron in the solutions can be
explained by dissolution of the minor phases, com-
panions to the clinoptilolite. This assumption is in
accordance with the fact that no detriment was
observed in the exchange capacity of Ni** and
NH; ions in clinoptilolite during the Ni** re-
moval-elution cycles. Kesraoui-Ouki et al. [21]
have studied the effects of the treatment of natural
clinoptilolite and chabazite with NaCl and NaOH
solutions during lead and cadmium removal from
effluent wastewater. These authors have observed
by SEM that these zeolite crystals had foreign
materials—impurities or very fine fragments of the
original crystals—on their surface, which were re-
moved during the treatment. They have outlined
that the treatment cleans the zeolite surface and
enhances the mineral crystallinity, which improved
their exchange capacity and the efficiency of re-
moval for Cd and Pb. Also a recent work of our
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group has described the dilution of minority pha-
ses in solution when Cuban natural clinoptilolite is
exposed to long time contact with water [22].

3.2. IR spectroscopy

Fig. 5 shows the IR transmittance spectra of the
NH;-Z before and after eight and 20 nickel re-
moval-elution cycles, and that of the initial puri-
fied zeolite (Z). IR spectra do not show significant
change in the bulk solid phase. The clinoptilolite
characteristic band at 615 cm™~! does not undergo
any notable loss in its intensity even with the se-
verity of the treatment, the only difference observed
between the IR spectra lays on the width of the
absorption bands. The bands become sharper with
every removal-elution cycle. In Fig. 5 it can be
seen that bands that are hardly observed in the
natural sample are very well defined after the 20th
cycle. This fact can be explained by the dissolution
of the smaller crystals fraction contained in the
sample, such fraction is responsible for the band
broadening. The band at 450 cm™', characteristic
of amorphous silica, does not increase notably,
which indicates that the zeolite structure is not
affected significantly during the whole cyclic pro-
cess. On the other hand, the presence of a band at
1403 cm™! was detected for NH;-Z before and
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Fig. 5. IR transmittance spectra of the purified zeolite (a),
NH; -Z before (b) and after eight (c) and 20 (d) removal—elu-
tion cycles.

after eight and 20 removal-elution cycles. This
band is close to the vibrations of the NH; bending
centered at 1403 cm™! [23], therefore we have as-
signed the 1403 cm™' band to NH; exchanged in
the clinoptilolite. Consequently, the broad band at
3500 cm~! after eight and 20 cycles was deformed.
The 1403 cm™! band at NH;-Z becomes wider
from eight to 20 cycles. This fact might be due to
formation of an amino-complex of nickel, such
as [Ni(NH;)s]** or [Ni(NH3)4]**, which have a
characteristic band over this frequency range [15,
23]. These complex ions remain in the clinoptilolite
after the final elution.

Infrared spectroscopy (IR) was also used to
identify the light green precipitate, using similar
measurement conditions as those employed for the
zeolite analysis (see Section 2.5). The IR trans-
mittance spectrum of the precipitate is showed in
Fig. 6. The bands observed in the spectra, except
those at 3400, 1625 and 1020 cm™!, coincides with
the assigned bands to Ni(OH), [23]. The 3650 cm™'
band is located over the frequency range of the
vibration of the OH™ stretching from hydroxyl
group, 3650-3700 cm™! [23]. This band is typical
of metallic hydroxides and indicates the presence
of hydroxyl groups. The 3400 and 1625 cm™!
bands have been assigned to the free or hydration
water [23]. The first one corresponded to a char-
acteristic adsorption band for free water, centered
in the 3200-3400 cm™! region, and the second does

Transmittance (a.u)

4000 3000 2000 1000 0
Wavenumber (cm ™)

Fig. 6. IR transmittance spectra of the nickel hydroxide pre-
cipitated (a) and purified zeolite (b).
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to the H-O-H bending motion that appears in the
1600-1650 cm~! region. We have assigned the 1020
cm~! band to an impurity of the zeolitic phase.
The results obtained by IR suggest that the nickel
precipitates in the form of a Ni(OH), - xH,O.

3.3. X-Ray diffraction analysis

Fig. 7 shows the XRD patterns of the NH;-Z
before and after the cyclic process of nickel re-
moval-elution, and that of the initial purified zeo-
lite. No significant change has been observed either
in the position of the most intense peaks of the
clinoptilolite nor in its crystallinity. We can ob-
serve that the main differences between the peaks
are in their intensity. The peak corresponding to
the (02 0) plane of clinoptilolite (see Fig. 7), is the
one having the highest intensity variation. These
changes in peak intensity are mainly associated
with differences in the nature, amount and position
of the extra-framework species in clinoptilolite
channels. It should be considered not only the
NH; ions, but also a remained amount of natural
cations (K*, Na*, Ca?* and Mg”") in the clinop-
tilolite, which is common in ion exchange with
natural and synthetic zeolites [9,24,25]. It should
be also considered that some Ni** still remains in

the channels of clinoptilolite after the final elution,
according to the discussion before about both the
differences between the amount of nickel removed
and eluted, and the formation of an amino-com-
plex of nickel observed by IR. Petrov [26] in a
study of cation exchange in clinoptilolite has re-
ported that the intensity of the (020) peak is the
most likely to vary, since it is strongly related to
the extra-framework species, sited in the mirror
plane perpendicular to b axis. Therefore variations
in the channel content mainly affects this peak,
leaving other peaks almost unaltered. We note that
similar behavior was observed when Cuban natu-
ral clinoptilolite from Tasajera deposit was treated
with sodium carbonate solution [27] and with
different solutions of metallic cations [28]. In other
studies about ion exchange with other zeolite types
it has been observed that the relative intensities of
different peaks of the diffraction patterns change
with the ion-exchange level, while the positions of
the peaks do not change significantly [29]. Com-
paring the relative intensities of the 020 peak
corresponding to ammonium clinoptilolite before
and after the whole treatment it is possible to infer
differences in the extra-framework species content.
In the four cation sites (M1, M2, M3 and M4) of
clinoptilolite both the number of water molecules
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Fig. 7. XRD pattern of the purified zeolite (a), NH; —Z before (b) and after eight (c) and 20 (d) removal—elution cycles.
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and the structural oxygen coordinated by the ca-
tions are different.

XRD was also used to identify the precipitated
nickel phase; the pattern was recorded from 10° to
70° (20) using a step size of 0.05° and counting
time of 6 s. Fig. 8 shows the X-ray diffractogram of
this precipitate. All peaks observed in this dif-
fractogram correspond to Ni(OH), (PDF 14-117).
The formation of this precipitate can be explained
considering two consecutive points. First, during
the elution of nickel, besides the ion exchange and
the formation of amino complex of nickel (see re-
action (2)), OH™ anions from ammonia-rich solu-
tion used (see reaction (3)) are retained on the
zeolitic phase surface. Second, during the removal
of nickel, besides the ion exchange of Ni** ions
(see reaction (1)), the liberation of the OH™ ions
retained in the zeolite and their reaction with Ni**
ions from NiCl, solution take place, producing the
precipitation of nickel hydroxide II according to
the reaction (4).

NHjoq) + H,O == NH; (aq) + OH,,, (3)

Nif,jq) +OH,,) == Ni(OH),, (4)

The retention of OH™~ anions in the zeolite, during
the elution steps, can be explained by the occlusion
or adsorption of these anions on the zeolitic sur-
face. The OH™ ions might be forming part of an
electric double layer. According to the electric
double layer models, it is formed by two parts: a

immobile monolayer of ions of one sign on the
surface of a solid and a mobile or diffuse layer of
ions of the opposite sign [17,30]. In our case, as the
zeolite surface is negative charged, the immobile
monolayer should be formed by NH] cations and
the diffuse layer by OH~ and NH ions. These ions
are retained by electrostatic attraction forces.
Then, during the removal steps, as the temperature
increases (80 °C) the thermal vibrations of the ions
in the electric double layer rise too. As a result, the
electrostatic attraction forces in the electric double
layer decreases, which favors the liberation of
HO~ anions and its concentration into the NiCl,
solution increases. The increase of OH~ concen-
tration in solution allows the saturation of nickel
hydroxide II and its precipitation. This is a nec-
essary condition for the precipitation of this low-
solubility hydroxide [17].

The adsorption of hydroxyl groups on the zeo-
lite surface has been reported by other authors
[31,32]. Also, it has been reported the occurrence
of hydrolysis process and the precipitation of me-
tallic hydroxides, but in a smaller extent, i.e., at
traces level [9]. However, in our case, this process
is of a great extent and a large amount of nickel
hydroxide precipitates. The precipitation reaction
of this hydroxide should take place, mainly, on the
zeolite surface, i.e., in the solution—zeolite inter-
phase where the OH™ ions concentration is higher.
A detailed study of the mechanism of Ni(OH),
precipitation will be the subject of future works.

The results obtained by XRD suggest that the
hydrothermal treatment and the high ammonia
concentrations conducted have not produced sig-
nificant effect on the structure of the clinoptilolite,
but provokes changes in the relative intensity of the
diffraction peaks. Additionally, after 20 cycles the
presence of an amorphous solid is observed in
the XRD patterns, which agrees with the fact,
mentioned before, about the dissolution of minor
phases, which could then precipitate in the form
of amorphous silica. Moreover the peaks of the
clinoptilolite phase are sharper; for example the
020 peak of the natural clinoptilolite, around
11.4°, has an integral breath of 0.34°, while the
same parameter for the sample after 20 cycles is
0.29°. This indicates that the smallest crystals of
this phase are also dissolved contributing, in this
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way, to the amorphous background, this fact
agrees well with the IR results regarding the en-
hance of crystallinity.

3.4. General discussion

The evidences obtained from XRD and IR
analysis lead us to consider that the natural clin-
optilolite from Caimanes deposit is stable as an
ionic exchanger under hydrothermal conditions
and high ammonia concentrations. These results
deviate from the reported behavior of some zeolites
when exposed to basic environments for prolonged
periods of time, i.e., undergo a structural transi-
tion. Thus, it has been reported [8,32] that the
zeolite-A and clinoptilolite under basic solutions,
in NaOH solution, for example, convert to the
zeolite-P. In our case, the severity of the treatment
is similar. The natural clinoptilolite from Caim-
anes was exposed to high ammonia concentration
(247 g/l de NH4,OH) in a cyclic form for a pro-
longed period of time (120 days), but no significant
change or detriment on the structure and exchange
capacity of the clinoptilolite was detected.

The nickel removal is accompanied by nickel
precipitation, which is the fundamental cause of
the differences between the amount of nickel re-
moved and eluted. However, it is worth outlining
that in recent studies we find that the nickel ex-
change at low temperatures in this clinoptilolite is
not very favored and also it is not complete [16]. In
our case, concentrated NH,OH solutions were
used for the nickel elution in order to favor this
process, but we should keep in mind that this
elution was performed at room temperature. Con-
sequently, we should expect a small amount of
nickel still remaining in the clinoptilolite channels
after each elution, which should contribute to
differences between the amount of nickel removed
and eluted. This remaining amount of nickel can
be explained by two points. First, the polarizing
power of the Ni** ions is higher than that of NH;
ions. Hence, the interaction power with the
framework for these ions is higher for Ni** than
for NH;, which does not favor the nickel elution.
Second, the clinoptilolite has four cation sites (M1,
M2, M3 and M4) at which ion exchange can occur
[33]. Regarding nickel and ammonium, their lo-

cation has been reported in different sites; the M1
and M3 sites for Ni** and the M2 site for NH}
[24,25]. The different preference of cation sittings
do not favor their mutual ion exchange. A detailed
structural analysis using samples with different
Ni** /NH] concentrations is underway.

4. Conclusion

We have carried out a detailed study of a nickel
removal-elution cyclic process, which is based on
the use of natural clinoptilolite from Caimanes
deposit, Cuba. We showed that the stability of the
material as an exchanger of Ni** and NH; cations
under hydrothermal conditions and high ammonia
concentrations is not affected significantly after 20
nickel removal-elution cycles. The ion exchange
between Ni** and NH; ions that takes place
during the nickel removal is accompanied by
nickel precipitation in the form of a low-soluble
phase. This precipitation substantially increases
the amount of nickel removed, and according to
the conducted IR and XRD analysis the nickel
precipitates in a hydrated nickel hydroxide form.

The possibility of nickel removal followed by its
elution revealed that the process is regenerable.

In practice, these results are important as they
constitutes the theoretical-practice basic for the
use of ammoniacal solution concentrated to elu-
tion and recuperation of Ni** and other cations
retained in clinoptilolite. This type of solution or
liquor is common at industrial scale, for example
in the nickel industry.
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