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a b s t r a c t

In this work, we report an experimental investigation on the synthesis of zeolites A and P, using kaolin as
the main SiO2 and Al2O3 sources, by hydrothermal route, as well as on the structural, spectroscopic and
magnetic properties of the produced zeolite composites with magnetite nanoparticles. The zeolites were
successfully synthesized and the characterization of the obtained materials was carried out considering
different techniques, including X-ray diffraction (XRD), infrared vibrational spectroscopy, scanning
electron microscopy (SEM), transmission electron microscopy (TEM), as well as measurements of the
magnetization as a function of the temperature and applied magnetic field. XRD analysis confirmed
zeolites A and P as main crystalline phases, with a low intensity peak regarding the presence of small
quantities of quartz remaining from the unreacted clay. SEM showed the well-defined morphologies of
zeolites and, in the composites, magnetite nanoparticles dispersed over their surface. The average size of
the magnetite nanoparticles was ca. 50 nm as determined by TEM analyses. The magnetic character-
ization confirmed the ferrimagnetic behavior of the magnetite nanoparticles and of the composites, as
well as verified that the magnetic properties of the nanoparticles are not affected by the zeolites in the
composite formation. Thus, the results evidenced that high quality zeolite composites with magnetite
nanoparticles can be reached by considering the employed low cost method, placing this route as an
attractive alternative for water softening reaching removal levels of about 97% in the first application
times.

© 2017 Elsevier Inc. All rights reserved.
1. Introduction

Zeolites materials are of immense fundamental and industry
importance, being widely used, for instance, as commercial ad-
sorbents and catalysts. For this reason, these systems have attracted
increasing interest, a fact evidenced by the growing number of
reports devoted to this issue [1e4].

Zeolites are defined as porous aluminosilicates with crystalline
structure formed by the combination of tetrahedral [SiO4]4- and
[AlO4]5- joined by oxygen atoms [5]. In particular, the chemical
composition of the zeolites is often and conveniently represented
by:
Ay/m
mþ[(SiO2)x$(AlO2

�)y]$zH2O,

where A is a cation with charge m, (x þ y) is the number of tetra-
hedra per crystallographic unit cell, and x:y is the silicon:aluminum
ratio. Based on the celebrated L€owenstein's rule, AleOeAl linkages
are not allowed and y/x � 1 [6].

There are numerous zeolite synthesis methods reported [7e13].
Among them, the hydrothermal method appears as the most
important. The hydrothermal term is used in a wide sense and also
includes zeolite crystallization from aqueous systems containing
the necessary chemical components [14]. The selectivity of syn-
thesis represents one of the toughest difficulties in the obtainment
of zeolites in the laboratory. Zeolites are metastable phases, i.e.,
other zeolite types may be formed if the synthesis processes go on,
and just a few changes in the synthesis conditions may give rise to
impure phases through co-crystallization of other phases apart
from the one desired. Although they have similar constituents, their

mailto:adonay@ufc.br
http://crossmark.crossref.org/dialog/?doi=10.1016/j.micromeso.2017.03.004&domain=pdf
www.sciencedirect.com/science/journal/13871811
www.elsevier.com/locate/micromeso
http://dx.doi.org/10.1016/j.micromeso.2017.03.004
http://dx.doi.org/10.1016/j.micromeso.2017.03.004
http://dx.doi.org/10.1016/j.micromeso.2017.03.004


R.A. Bessa et al. / Microporous and Mesoporous Materials 245 (2017) 64e72 65
properties may be different (e.g. zeolite A and zeolite X). As result of
the synthesis process complexity, many zeolites are obtained by
empirical methods carried out by heating procedures using
structure-directing agents (SDA) [11], in conditions that lead to the
synthesis of the desired phase. However, these procedures per-
formed in the laboratory would hardly adapt themselves to the
industrial scale [15]. For this reason, the sol-gel formation has
become one of the main synthesis methods [8], together with the
use of surfactants as SDA [16]. Additionally, the use of other syn-
thesis techniques involving ultrasound and microwaves has also
been considered and reported through some works found in liter-
ature [17e19].

In order to reduce the costs of the production, alternative
sources for zeolite synthesis have been employed [20]. Thus, due to
its SiO2 and Al2O3 content, kaolin has been widely used for this
purpose [21e27]. Kaolin is a clay in which the major constituent is
the clay mineral kaolinite, Al2Si2O5(OH)4, a dioctahedrical layered
hydrated aluminosilicate of the 1:1 type with two distinct inter-
layer surfaces. Hence, since kaolinite-based zeolites are produced
from cheaper natural materials, where pure sodium silicate and
sodium aluminate are considered, they appears as an attractive
alternative system especially regarding the cost efficiency [28].

Zeolites have attracted attention of the chemical industry due to
their many interesting properties. For instance, zeolite high cation
exchange capacity allows its use to remove heavy metal cations
from industrial effluents. However, one of the main challenges
related to the zeolite reuse after removing cations in solution re-
sides in its separation, which in general requires expensive tech-
niques. To overcome it, one promising alternative is the zeolite
composites with magnetic properties [29,30]. For this purpose, an
interesting route corresponds to the possibility of dispersion of
magnetic nanoparticles over the zeolite surface, forming the zeolite
composite.

Magnetic nanoparticles have unique physicochemical, mag-
netic, and optical properties that are of great importance in diverse
applications. Cobalt, iron, and iron oxides nanoparticles, such as
maghemite and magnetite, have been widely considered as the
most suitable materials for production of magnetic nano-
composites due to their significant magnetic properties [31].
Several methods for synthesizing iron oxide/zeolite have been
proposed and investigated [32,33]. However, a thorough compre-
hension of them is still limited and, for this reason, further in-
vestigations on this issue are still required.

In this work, we report an experimental investigation on the
synthesis of zeolites A and P, using kaolin as the main SiO2 and
Al2O3 sources, by hydrothermal route, as well as on the structural,
spectroscopic and magnetic properties of the produced zeolite
composites with magnetite nanoparticles. In particular, by
considering a wide range of techniques, we explore the possibility
of obtainment of high quality zeolite composites with magnetite
nanoparticles by a low cost method. We also performed essays to
assess the efficiency of these materials as water softeners.

2. Experimental

2.1. Synthesis

For this study, we produced zeolites A and P composites with
magnetite nanoparticles. To this end, kaolin supplied by Rocha
Min�erios (PB-Brazil) was previously treated at 600 �C for 2 h in
order to induce its conversion to metakaolin, a more reactive
product. Zeolite A was synthesized by hydrothermal route with a
gel produced by mixing 1.00 g of metakaolin with 12 mL of NaOH
2.8 mol L�1. This precursor gel was transferred to a Teflon-lined
stainless steel autoclave and crystallized by thermal treatment
under autogenous pressure and static conditions at 100 �C for 4 h.
The obtained solid was washed several times with distilled water
until constant pH and dried at 80 �C overnight [34]. Zeolite P was
synthesized following similar procedures, but with the precursor
gel prepared by mixing 1.09 g of metakaolin with 2.07 g of Na2SiO3
and 20 mL of NaOH 0.98 mol L�1. The crystallization took place at
100 �C for 48 h [25]. The obtained material was also washed and
dried, as described for zeolite A. The magnetic nanoparticles were
synthesized by Fe2þ precipitation/partial oxidation. In this case,
5 mL of NaOH 2.5 mol L�1 solution was added slowly by means of
250 mL aliquots at intervals of 30 s into 100 mL of FeSO4

$7H2O
0.065 mol L�1, under mechanical stirring at 50 �C [35]. The solid
nanoparticles were separated using a magnet. The nanoparticles
were washed with distilled water and acetone. The composites
were prepared by mixing the zeolites and the magnetic nano-
particles in a 3:1 mass ratio, macerated and dispersed in distilled
water at 80 �C for 1 h.

2.2. Characterization

We have characterized the structural, spectroscopic and mag-
netic properties of the produced zeolites A and P composites with
magnetite nanoparticles. In this case, we considered different
techniques, including X-ray diffraction (XRD), infrared vibrational
spectroscopy (FTIR), scanning electron microscopy (SEM), trans-
mission electronmicroscopy (TEM), as well as measurements of the
magnetization as a function of the temperature and applied mag-
netic field.

2.2.1. X-ray diffraction
XRD experiments were performed using a Panalytical (X-Pert

Pro MPD) x-ray powder diffractometer. The powder patterns were
collected in the continuous mode with 2q scan speed of 0.5� min�1.
Co-Ka radiation was used, obtained with the tube operating at
40 kV and 40 mA. For the diffraction measurements, we selected
samples with particle sizes below 75 mm (200 mesh).

2.2.2. Infrared vibrational spectroscopy
Fourier transform infrared (FTIR) spectrawere obtained by using

a Shimadzu IRealise FTIR spectrometer in the 4000-400 cm�1 re-
gion, with nominal resolution of 2 cm�1. For these experiments, the
samples were prepared in KBr wafers.

2.2.3. Scanning electron microscopy (SEM)
SEM analyses were carried out in a FEG equipment model

Quanta 450. The non-magnetic samples were prepared on double-
sided carbon tape on an aluminum support and coated with a thin
layer of gold. For the magnetic samples, colloidal silver paste was
used instead of double-sided carbon tape.

2.2.4. Transmission electron microscopy (TEM)
TEM analyses of the magnetic nanoparticles were performed by

using a few milligrams of the sample, in the powder form,
dispersed in isopropyl alcohol and sonicated for 15 min. Two drops
of the dispersion were placed onto ultra-thin carbon coated copper
grids. After deposition, the samples were dried at room tempera-
ture overnight prior to the obtainment of the images. The images
were acquired using a JEOL JEM 2100 LaB6 operating at an accel-
erating voltage equal to 200 kV and equipped with a TV (Gatan
ES500 W).

2.2.5. Magnetic properties
Magnetic measurements were carried out using a vibrating

sample magnetometer module in a Physical Property Measurement
System (PPMS), Quantum Design. In this case, magnetization



Fig. 2. XRD patterns of (a) magnetic nanoparticles, (b) zeolite A, (c) zeolite A magnetic
composite, (d) zeolite P and (e) zeolite P magnetic composite.
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curves, with magnetic fields up to 15 kG, were acquired at the
specific temperatures of 5 K and 300 K. Moreover, zero field cooling
(ZFC) and field cooling (FC) magnetization measurements were
performed in the range of temperature between 5 K and 300 K,
with a probe field of 70 G.

2.3. Water softening

Softening processes were carried out in order to evaluated ze-
olites A, P, and zeolites A and P magnetic composites capacity as
cation exchangers in solution, removing Ca2þ and delivering Naþ.
Samples of 20 mL of a 110 mg L�1 Ca2þ solution were transferred to
125mL erlenmeyers. Themass of the softening usedwere: 30mg of
either zeolite A or zeolite P and 40 mg of either zeolite A magnetic
composite or zeolite P magnetic composite (as the zeolite nano-
particle mass ratio is 3:1, it is equivalent to 30 mg of the zeolite) to
each erlenmeyer. The samples were stirred for 1e120 min, in
triplicate, filtered and analyzed by flame photometry. In order to
determine the maximum capacity of ion exchange of zeolites and
zeolites composites, samples of 20mL of a 110mg L�1 Ca2þ solution
were treated, in similar conditions, but using zeolites mass of
3e90mg and zeolite composites mass of 4e120mg (the samemass
of zeolite).

3. Results and discussion

Here, we present the wide characterization of the studied zeo-
lites A and P composites withmagnetite nanoparticles, and confirm
the quality of the samples produced from kaolin by hydrothermal
route.

3.1. XRD

Fig. 1 presents the XRD powder patterns of kaolin (1a) and
metakaolin (1b). The chemical composition of kaolin is dependent
on its origin region. Thus, from its pattern, it is verified that,
although kaolinite (ICSD 68698) [36] is the major constituent, other
minor phases, as well as quartz (ICSD 67117) [37] and halloysite
(AMCSD 18094) [38], may be found. Metakaolin results from the
thermal decomposition of kaolin, as attested by the low crystal-
linity showed in its XRD pattern. This way, it becomes suitable to
the zeolite synthesis, once its reactivity in alkali solution increases.

Fig. 2 shows the XRD patterns of the composites produced from
each zeolite and the nanoparticles, as well as of the zeolites A and P
Fig. 1. XRD patterns of (a) kaolin and (b) metakaolin.



R.A. Bessa et al. / Microporous and Mesoporous Materials 245 (2017) 64e72 67
and the magnetic nanoparticles. The powder patterns obtained for
the zeolites A and P show well-defined peaks referent to the ex-
pected phases of zeolite A (ICSD 86644) [39] and zeolite P (ICSD
9550) [40] as well as small amounts of secondary phases of quartz
(ICSD 67117) [37] in both samples, a fact assigned by a low intensity
peak at 31� (2q) possibly remaining from the kaolin used in the
syntheses (as attested in Fig. 1(b)), and zeolite X (ICSD 34097) [41]
in zeolite A sample and zeolite Y (ICSD 40927) [42] in zeolite P
sample. In particular, the results evidences that the zeolites A and P
are the main crystalline phases of the respective composites, as
depicted from the intense andwell defined peaks shared in the XRD
pattern of all samples. The pattern of magnetic nanoparticle was
consistent to magnetite - Fe3O4 (ICSD 31156) [43], and a low in-
tensity peak related to the most intense peak of goethite - FeO(OH)
(ICSD 71809) [44] was also identified. In XRD patterns of zeolite A
(Fig. 2(c)) and zeolite P composite samples (Fig. 2(e)), it was
possible to identify the main peak of magnetite phase, at 41.5� (2q).

Table 1 presents the Rietveld refinement data obtained using the
General Structure Analysis System (GSAS) software [45] through
the EXPGUI interface [46]. It is possible to testify the main
Table 1
Rietveld refinement output. The major phases are indicated in bold.

Sample Phase % Weight c2

Kaolin Kaolinite 78.0 1.591
Halloysite 21.0
Quartz 1.0

Magnetic nanoparticles Magnetite 91.6 0.8524
Goethite 8.4

Zeolite A Zeolite A 98.8 1.223
Zeolite X 0.3
Quartz 0.9

Zeolite A magnetic composite Zeolite A 85.9 1.240
Magnetite 12.9
Quartz 1.2

Zeolite P Zeolite P 95.7 1.031
Zeolite Y 3.0
Quartz 1.3

Zeolite P magnetic composite Zeolite P 70.7 1.097
Magnetite 15.1
Zeolite Y 11.4
Quartz 2.8

Fig. 3. FTIR spectra of (a) kao
crystalline phases identified previously, as well as the weight
composition in the samples and the crystallite size.

The refinement quality is indicated through the c2 parameter
provided in the end of each refinement cycle, indicating the
adjustment between the observed and the calculated patterns.
These values need to be close to 1.0 for c2, as it was found in all the
samples analyzed in this work, which means a high degree of
adjustment for the identified phases. The provided weight % shows
the majority phases as indicated in the graphs in Figs. 1 and 2 in
addition to the secondary phases that can be produced in the same
compositional pattern (Na2OeAl2O3eSiO2eH2O) as competing
phases.

3.2. FTIR

Vibrational spectroscopy in the infrared provides additional
information to the structural analysis performed by XRD. In this
context, information on the basic structure of the zeolite is required
in order to make the correct allocation of the absorption bands
found.

Fig. 3 shows the spectra of kaolin (3a) and metakaolin (3b).
Kaolin presents at least 20 well-defined FTIR bands in the region of
1400e400 cm�1 due to SieO, SieOeAl, and AleOH vibrations [47].
The conversion to metakaolin completely removes these bands,
leaving a broad intense asymmetric band at 1095 cm�1 as the main
feature. Moreover, the disappearance of the bands at 914 and
937 cm�1 indicates the loss of AleOH units [48]. In comparison to
Fig. 4 (b and d), the appearance of bands associated with the zeolite
structure indicates the transformation of kaolin to zeolites A and P.

The FTIR spectra of the composites produced from each zeolite
and the nanoparticles, as well as of the zeolites A and P and the
magnetic nanoparticles, are presented in Fig. 4. From the compar-
ison among these spectra, it is possible to verify that the composites
formation promoted just a slight decrease in the zeolites charac-
teristic bands intensities, specially for zeolite A (Fig. 4(b-c)) and the
magnetite bands were not identified in the spectra possibly
because there is overlap of these bands with those identified for
zeolites.

The magnetic nanoparticles do not show bands in the region
around 1000 cm�1, relating to the asymmetric stretch of the TeO
lin and (b) metakaolin.



Fig. 4. FTIR spectra of (a) magnetic nanoparticles, (b) zeolite A, (c) zeolite A composite, (d) zeolite P and (e) zeolite P composite.
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bonds of the zeolite structure [49], and the presence of free water
(the 3420 cm�1 band) [50] and sulfate groups (at 1120 and
1623 cm�1) [51] can be distinguished. These bands appear in small
intensities and probably those identified groups emerged from the
synthesis process during the washing step, which did not elimi-
nate them completely, once the precursor material was iron
sulfate.
Fig. 5. SEM images of (a) kaolin, (b,c) zeolite A, (d) zeolite A composite, (
Low-intensity bands are also identified for the magnetic nano-
particle sample, Fig. 4(e), and a well-defined band at 579 cm�1,
which can be attributed to the characteristic FeeO vibration in
magnetite [52]. The bands at 794 and 884 cm�1 are related to the
FeeOeH bending vibrations in the structure of the small portions
of goethite [51]. Previous woks [51,53] reported the presence of
bands characteristic of ferrite but in regions below 400 cm�1, which
could not be observed in the presented spectra.
e) magnetic nanoparticles, (f,g) zeolite P and (h) zeolite P composite.
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3.3. SEM

SEM images of all the samples are presented in Fig. 5. From
Fig. 5(a), it can be observed that kaolin consists predominantly of
agglomerated particles with stacking booklet type and pseudo-
hexagonal crystals characteristic of kaolinite, its major clay min-
eral constituent [25]. SEM analysis of the magnetic nanoparticles,
Fig. 5(e), indicates particles with a tendency of spherical shape as
well as a homogenous particle size distribution with sizes of ca.
50 nm. Fig. 5(b and c) shows the micrographs of zeolite A. The
characteristic zeolite A cubic crystals with homogeneous size dis-
tribution (ca. 1 mm) are revealed. Fig. 5(f and g) shows the micro-
graphs of zeolite P, which presents pseudo-spherical forms
generated from needle-like crystals clusters with average sizes of
ca. 5 mm [54]. Considering the SEM images of zeolites A and P,
Fig. 5(b,c,f,g), it is not possible to identify unreacted kaolin, which is
in accordance to that observed in the correspondent XRD patterns.

The micrographs of the composites, Fig. 5(d) and (h), evidence
that the nanoparticles are dispersed over the zeolite surfaces,
distributed thought all the samples. Zeolites composites are formed
by means of a physical process of impregnation of the magnetic
nanoparticles over the zeolites surfaces. To the formation of the
composite, it is critical a considerable size difference between the
zeolites and the nanoparticles. The micrographs of the composites,
as seen in Fig. 5(d) for zeolite A composite and in Fig. 5(h) for zeolite
P composite, allow the identification of the zeolites surfaces
covered by the magnetic particles. In fact, a uniform distribution of
magnetic nanoparticles over zeolite surfaces can be observed,
Fig. 6. Photograph presenting the response to the magnet of the (a) zeolite A, (b) zeolite

Fig. 7. TEM images of m
which indicates some interaction between the materials. Therefore
they can respond to a magnet allowing the zeolites to be attracted
to it and this way being separated from other media as, for instance,
aqueous solutions.

Photographs of the synthesized samples are shown in Fig. 6.
Pure zeolites appear as white powders without attraction to the
magnet. On the other hand, the magnetic nanoparticles are black
powder, strongly attracted to approaching magnet. The composites
are brownpowders and have similar characteristics to themagnetic
nanoparticles regarding the attraction to the magnet.

3.4. TEM

By means of the TEM images of the magnetic nanoparticles
shown in Fig. 7, it is possible to visualize the spherical morphology,
typical of magnetite [55,56], with sizes comprising between 20 and
100 nm. Such variation may be related to the crystals maturation
process during their growing [57]. The agglomeration of nano-
particles, as indicated in the granulometric distribution histogram,
presented in Supplementary Data, is observable in the darker re-
gions of the micrographs. Although in very small quantities, it is
also possible to visualize nanorods, which may be associated to
presence of goethite [56,58,59], corroborating the FTIR data.

3.5. Magnetic properties

On the magnetic properties, Fig. 8 shows the magnetization
curves and ZFC and FC curves of the zeolite A and P composites and
A composite, (c) magnetic nanoparticles, (d) zeolite P, and (e) zeolite P composite.

agnetic particles.



Fig. 8. (a) Magnetization curves (MxH) at 300 K, (b) zoom of the MxH at 300 K at low magnetic field values, and (c) FC and ZFC magnetization measurements of the magnetic
nanoparticles (NP), zeolite A composite and zeolite P composite.
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of the magnetite nanoparticles. From the MxH curve at 300 K in
Fig. 8(a), at a first glance, a superparamagnetic-like behavior may
be inferred. However, a closer inspection revealed hysteretic
curves, as shown in Fig. 8(b), indicating a blocked state. Given the
composition of the nanoparticles, it suggests a ferrimagnetic
ordering for all samples at room temperature, a behavior in
concordance with previous reports on magnetite nanoparticles
found in literature [60e65]. The samples present the very same
coercive field, having values of ~365 G at 5 K, not shown here, and
~70 G at 300 K. The remarkable similarity of the shape of the curves
and coercive field values suggests that the nanoparticles keep their
main features and do not present any modification in their mag-
netic properties when incorporated onto the zeolite surface. The
magnetite nanoparticles have saturation magnetization of ~72
emu/g at 5 K, not shown, and ~63 emu/g at 300 K, both below the
value observed for bulk magnetite, 92 emu/g [64]. This is expected
since the magnetic properties in nanoparticles are strongly influ-
enced by finite size effects and the breaking of the crystal symmetry
Fig. 9. Softening essays: (a) effect of contact time for 20 mL of 110 mg L�1 of Ca2þ solution w
mass and (c) effect of magnetic zeolite composites.
at the particle surface [61]. On the other hand, the composites have
~25.5 emu/g and ~17.5 emu/g, at 5 K and 300 K, respectively. The
reduction of the saturation magnetization, and consequently
remanent magnetization, observed in the composites when
compared to the magnetic nanoparticles is not surprising, being
directly proportional to the increase of mass of the non-magnetic
material, i.e., to the mass of zeolite.

Regarding the ZFC and FC curves in Fig. 8(c), they are diverse
from that expected for a superparamagnetic-like behavior, and
present typical features of an ordered magnetic system, whereas a
relatively weak magnetic field is enough to split the curves. The
shape of the curves confirms that the magnetic properties of the
magnetic nanoparticles are not affect by the presence of the zeo-
lites in the composites. However, it is reasonable that the amplitude
of the curves, which is themagnetization, is dependent on themass
of the non-magnetic zeolite. The curves coincide just above ~300 K,
indicating that the blocking temperature of possible super-
paramagnetic particles is close/above to the room temperature.
ith 30 mg of zeolites or 40 mg of the magnetic zeolite composites, (b) effect of zeolites
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Thus, the observed ZFC and FC curves generally suggest large par-
ticle size, corroborating the results previously discussed, and
nanoparticle anisotropy [63].
3.6. Water softening

The effect of contact time between the Ca2þ solution and the
different materials used in this work over their efficiency as soft-
eners is shown in Fig. 9(a). It is observed that after 5 min, zeolite A
and its composite reduced the Ca2þ concentration in ca. 97%. Zeolite
P reduced the Ca2þ concentration in almost 90%, also in few mi-
nutes, while the zeolite P magnetic composite showed similar ef-
ficiency. However, for the later to achieve this value, about 60 min
was necessary. The relatively lower Si:Al ratio in zeolite P as well as
a structure with a more limited accessibility for ions in solution
accounts for a smaller efficiency in retaining Ca2þ compared to
zeolite A, once it is expected lower amount of sites for exchangeable
cations.

Fig. 9(bec) shows the relation between the amount of used
zeolite and the removal of Ca2þ for a given solution volume after
80 min of contact. There is no appreciable difference in the effi-
ciency of the pure zeolite and the composites. The maximum
adsorptive capacities found to each of the materials did not show
great differences between the pairs, since zeolite A achieved the
maximum of 74mg g�1 and zeolite P, 75 mg g�1; the zeolite A and P
composites presented lower values of 54 and 51 mg g�1, respec-
tively, due the magnetite nanoparticles addition in the samples
which do not exhibit pronounced adsorptive behavior.
4. Conclusions

In summary, in this paperwe have performed a systematic study
of the structural, spectroscopic and magnetic properties of zeolites
A and P synthesized using kaolin as the main SiO2 and Al2O3
sources by hydrothermal route, and of zeolite composites with
magnetite nanoparticles.

In particular, kaolin has proved to be effective in the synthesis of
zeolites A and P, the later by adding of supplementary silica. Mag-
netic composites based on zeolites A and P have been successfully
obtained by aggregating magnetite nanoparticles over the zeolite
surface in aqueous suspension. Neither the zeolite structures nor
the magnetic properties of the nanoparticles have been affected
when put together in the form of composites.

Thus, the results have evidenced that high quality zeolite com-
posites with magnetite nanoparticles can be reached by consid-
ering the employed low cost method, placing this route as an
attractive alternative for water softening, reaching high removal
percentage for the zeolites and composites proposed.
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