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In this research, untreated Algerian maghnite has been used to develop two types of modified clays: the first one is a
homo-ionic sodium clay (Na-Mag) which is a support to develop a montmorillonite by insertion of zirconium hydroxyl
cations. The different series of techniques, including thermogravimetric analysis (TGA), differential thermal analysis
(DTA), dynamic light scattering (DLS), and zeta potential ({), have been used to define the physical characteristics of the
clays by studying their particle size distribution as well as the thermal profile. In addition, the pillar-shaped montmorillonite
(Maghnite) exhibit a negative charge even when its pH reach 2.8. This large negative surface charge of montmorillonite
suggests optimal removal of organic molecule particles present in the aqueous medium. The results obtained by Fourier
transform infrared (FT-IR) analysis show that the bands characterizing the presence of intercalating agents are visible.
Thermography of the zirconium pillar species shows an improvement in the thermal stability of the silicate structure with
two well differentiated zones. Adsorbed organic cations result in a reduction of the surface load, that is, a decrease of its

negativity, as well as a cancellation of the charge.
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In Algeria, the most economically important
montmorillonite deposits are in Oranie (western
Algeria). are in Oranie (western Algeria). One notes
in particular the quarry of Maghnia (Hammam
Boughrara) whose reserves are estimated at two
million tons. This Algerian clay, known as Maghnite,
has been studied and characterized by many research
works'?. Table 1 shows its elemental chemical
composition. Maghnite contains mainly SiO, followed
by AlLLO; (Ref. 4) (Scheme 1), hence its belonging to
the alumino-silicate family. Various analyses carried
out show that maghnite contains a large proportion of
montmorillonite, quartz, cristobalite, calcite and other
minerals. Maghnite has been wused since its
appearance as a catalyst and also as a reinforcement in
the synthesis of composite polymers. The family of
pillar clays is very recent. They are two-dimensional
materials with a porous texture and a structure
capable of being used for adsorption and catalysis.
The preparation of clays generally involves ion
exchange of interlayer region cations by inorganic

polyoxycations that subsequently convert to oxides to
yield a microporous material that can become a
molecular sieve’. For piling, the polynuclear
hydroxyzirconium complex, whose structure is shown
below, is one of the most commonly used cations to
date. [Zry (OH) 14 (H;0) 10]," (Refs 6,7). Adsorbed
organic cations attenuate the surface loading , which
result in a reversal of loading®’. As a result, the
adsorption of organic cations is evaluated by
measuring the change in the zeta potential (§) of the
clay surface, a relatively measure that provides the
stability of the organic clay in dispersion. The
potential (§) existing between the slip plane and the
bulk solution is a significant electrokinetic feature in
the case of clay minerals. This property has been
applied to measure the stability of clay dispersions'*"!
, and to describe the aggregation, flow, sequestration,
and filtration of clay'>. The determination of the
characteristics (§) reveal both the stability of colloids,
the mode of adsorption of both inorganic and organic
molecules at the solid/solution interface. In this
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Table 1 — Chemical structure of maghnite13
Species SIOZ A1203 F6203 NaZO Kzo CaO MgO T102 SO3
(%)wt 69,39 14,67 1,16 0,5 0,79 0,3 1,07 0,16 0,91
O ALFe, Mg Li @OH @O & Li,NaRb,Cs 8H,0 (0.1 M, 100 mL) and then kept under magnetic

«e— Tetrahedral

-a— Octahedral

-a— Tetrahedral

Scheme 1 —Configuration of the maghnite network

research, we evaluated the different electrokinetic
properties of the Maghnite surface through the
microelectrophoresis procedure. The results of the
work highlight the value of these materials for a
specific use in the industry.

Experimental Section

Materials

The clay material used in this study was extracted
in the raw state by ENOF Bental Spa of the
Compagnie Nationale de Fabrication de Produits
Miniers Non-Ferrous, Maghnia (Algeria) and used
without further purification. The chemical formula of
this clay mineral is as follows: [Sijgy Aljas
Feo,42Mg0,56 Cao_52 Na0_14 K()_()l (Ref 14)] Its cationic
exchange capacity (CEC) is reported to be around 90
meq.100g™ (Ref. 15). Following the usual procedure
described above, the homoionic clay was developed
by an ion exchange between Montmorillonite
(Maghnite) and NaCl (Ref. 16,17). The chemicals
used in this study, including NaCl, ZrOCl,.8H,0,
HCIl, and NaOH, NaCl, were selected as analytical
grade reagents from the Guangzhou Chemical
Reagent Plant (Guangdong Province, China).

Zr-Maghnite (Zr-Mag) was prepared by ion
exchange between Na-Mag and zirconium agent. The
Na-Mag suspension (20 g in 100 mL of distilled
water) was thus treated with a solution of ZrOCl,

stirring for 6 hours at room temperature. At the end of
this exchange process, a suspension was subjected to
filtration and rinsed several times with distilled water.
The powder was then dried under vacuum at 110 °C
and finally designated as Zr-Mag'®.

Characterization
Diffraction analysis (DRX) was made at room
temperature by Bruker D8 Advance X-Ray

diffractometer (40 kV, 30 mA) by means of
CuKo radiation (A = 0.154 nm) . IR analyses of
Na-Maghnite, Zr-Maghnite were done using
Perkin-Elmer Spectrum Two FT-IR with UATR
sample attachment. The curves were recorded using a
thermogravimetric instrument of the PerkinElmer type
(TGA4000). Maghnite samples were analyzed at a
heating rate of at a heating rate of 10°C / min under a
nitrogen purge at a flow rate of 50 mL / min and with
a temperature sweep from 30 to 880°C. Differential
scanning calorimetry (DSC) is performed on a Mettler
TA 4000 in an aluminum crucible. The heating rate is
5K/min. The verification of the measurements made
on the diameter of the products in the range 1-900 nm
was obtained using the dynamic light diffusion
technique. (Zetasizer Nano, ZS, HORIBA). Prior to
examinations, the clay suspension is prepared by
sonication and stored in distilled water for up to
48 hours. The values of the zeta potential of the
prepared suspensions (1.5g.L") were obtained at
various pH values to define the zero load points. The
surface morphologies of all the developed
components were examined by scanning electron
microscopy (SEM) "JEOL 7001F, FEG-SEM".
Transmission electron micrographs (TEM) were
executed on a Hitachi 8100 type device.

Results and Discussion

FTIR analysis

Figure 1 shows the FTIR spectrum of each of the
samples. This figure shows both the intensity and the
degree of water adsorption for the different clays
studied. According to Fig. 1, a band located at 3618
cm™ which is attributed to the specific O-H vibration
of the silicate. We can also distinguish the presence of
an O-H vibration of the adsorbed water molecules in
the central part of the clay at 3426 cm’', while the
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Fig. 1 — FTIR curves of the Mt and Zr-Mag

bending vibrations observed at 1637 cm™ are related
to the characteristic vibration that constitutes the silica
in its structure'. This band gradually shifts as the
zirconium silicate concentration increases, reaching a
value of 1637 cm™. From the data presented in Figure
1, there is a peak located at 1045 cm™ corresponding
to the stretching vibration of the Si-O bond. On the
other hand, a band is recorded at 612 cm™ associated
with coupled Al-O and Si-O out-of-plane vibrations™.
After the intercalation of the zirconium agent in Na-
Maghnite, new infrared adsorption bands appear and
it is clear that the band centered at 3426 cm™ has a
higher frequency than the base clay (Maghnite) due to
the presence of hydroxyl groups of the zirconium
agent as well as hydroxyl groups involved in the
hydrogen-water bonding. Simultaneously, the peak
corresponding to the bending vibration of water
molecules located at 1637 cm™ was also increased in
intensity”'.

X-ray diffraction analyses

Figure 2 shows the diffractograms of sodium
Maghnite (Na-Mag) and Modified Maghnite (Zr-Mag).

Na-Mag shows a peak at 20=7.0° corresponding
to an interfoliar distance dg;=15.22 A. The
incorporation of zirconium oxychloride ions reveals a
peak located at 26=4.5°, which may be due to a
heterogeneous organization (dispersion) of the
Maghnite sheets, hence the possibility of the presence
of a group of sheets separated by a distance
dgo;=18.35A°. The increase of this distance indicates
that there is an intercalation of the ions in the
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Fig. 2 — X-ray diffraction patterns of a) Na-Mag and b) Zr- Mag.

interfoliar galleries of the Na-Mag by a simple
cationic exchange and a simple cationic exchange and
a flocculation of the intercalated sheets thanks to
interactions between the sheets of Maghnite. After
reaction with zirconium oxychloride, the interlayer
spacing of Zr-Mag samples increases to 16.05 A due
to the presence of zirconium pillar species (Fig.2)*>.
These data are consistent with those reported in the
literature for Zr pillared clays. **

Transmission electronic microscopy

To substantiate the X-ray diffraction results,
Na-Mag and its counterpart Zr-Mag were examined
by Transimission electron microscopy "TEM" as
shown in Fig. 3. The TEM images taken on
Na-Mag show a remotely homogeneous structure,
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Fig. 4 — SEM micrographs of Na-Mag and Zr-Mag.

layer by layer. While Zr-Mag revealed a nanoscale
striped pattern, signaling an intercalated structure in
which the zirconuim agent species are intercalated
between the different Maghnite layers. These results
are therefore consistent with the data obtained from
the DRX analysis.

Scanning electron microscopy

Scanning electron microscopy (SEM) analyses of
Na-Maghnite and Zr-Maghnite clays are shown in

Fig. 4, which illustrates the morphological behavior
and character of the homogenized Na-Mag and PNa-
Mag clays. The observed particle size of Na-Mag is
less than 10 pm in diameter. These particles have a
flocculent, bulked, disordered appearance consistent
with the lamellar, multi-layered structure of the
clay (maghnite). SEM images indicated that the
Maghnite structure was preserved following Zr-Na
treatment.The grain size of the examined clays is
around 2-10 um. The intercalation phase only takes
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place in the inter-lamellar space. This phenomenon
explains the similarity of morphology between Na-
Mag and Zr-Mag clays.

Thermo gravimetric analysis (TGA, DTA)

Figure 5 shows the thermal behaviour in the
RT-1000°C  range  for sodium  exchange
montmorillonite (Na-Mag) and pillar montmorillonite
(Zr-Mag). The overall profile of the thermal curve
clearly shows two evolutions: the first, in the
temperature range from RT to 200°C, and the second,
in that of 200 to 900°C. In the case of Na-Mag, the
first evolution can be attributed to the presence of
physisorbic and hydrating water, while the second
corresponds to a dehydroxylation of the structure of
the silicate, which can sometimes occur in a
dissociated form in two parts, barely visible in the
measurement by ATG, but clearly visible in the
proportional measurement of DTG (Fig. 6) at 597 and
666°C. Observing the TGA diagram (Fig.5), it
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Fig. 5— TGA curves of the Mag, Na-Mag and Zr-Mag .
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Fig. 6 — DTG curves of the Mag, Na-Mag and Zr-Mag.

appears that the silicate structure is dehydroxylated in
two distinct media, notably in the presence of Al and
Mg, following the occurrence of a significant
isomorphic substitution in the maghnite clay lattice,
characterised by distinct bond strengths between Mt
and nearby oxygen (or hydroxyl) ions®.

Table 2 shows the mass losses corresponding to the
different areas of Na-Mag and Zr-Mag.

The presence of hydroxy-Zr species and the
hydroxyl groups involved in the water-water
hydrogen bonds explains the large mass loss in the
Zr-Mag samples *°, which is consistent with the
IRTF data.

The main characteristic of the DTA curve for
sodium maghnite corresponds to endothermic
behaviours between RT and 200°C. These
temperature ranges reflect the process of elimination
of physisorbed water present on the external surface
of the clay as well as that of water in the interlamellar
space. During the second phase, the sodium
montmorillonite undergoes dehydroxylation in several
stages between 400 and 700°C .

Dynamic light scattering (DLS)

Figure 7 illustrates the behaviour of DLS in the
distribution of Maghnite particle size. Most of
these particles are in the size range of 1 to 900 nm.
The particle size distribution is monomodal,
peaking at 182 nm. In addition, the load rate of solid
materials in the solution is a major parameter in the
generation of the surface load. In order to determine
how the solid/solution ratio affects zeta potential,

Table 2 — Percent losses of the samples.

Sample 25 -220°C 220 -900 °C Total
Na -Mag 7.11 % 5.87 % 13.32 %
Zr -Mag 10.32 % 5.94 % 20.01 %
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Fig. 7 — Characterization of DLS particle-size distribution
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Fig. 9 — Zeta potential values as a function of pH (1.5 g.L"' clay
suspensions).

concentrations of 0.05 to 0.3 (g.L™") were prepared in
distilled water for different dispersions of
montmorillonite from which zeta potentials were
measured (Fig. 8). Clay samples (1.5 g.L™") showed an
average zeta potential of -96.6 mV. The following
experiments were performed in a solid/solution ratio
of 1.5 g. L' (Ref. 27).

Figure 9 shows the zeta potentials of Zr-Mag and
Mag in aqueous solutions with variable pH levels.
Negative Na-Mag values remain stable across the pH
range, indicating an extremely negative surface area.
The shelling phase has a strong impact on the surface
behaviour of Na-Mag. According to Clearfield **,
dissolution of the tetramer cations of type [Zr (OH),-

Healt flow (uV)
o

0 200 400 600 800 1000

Temperature(°C)

Fig.10 — DSC curves of the Na-Mag and Zr-Mag.

4H,0],)*" in the solid phase of zirconium oxychloride
causes their hydrolysis in aqueous medium in order to
generate deprotonate species with a lower load with a
pH of 2.7, the zero point of charge of the maghnite
particles was not yet defined.

Differential Scanning Calorimetry (DSC)

Figure 10 shows the DSC curve of Na-Mag and
Zr-Mag, which shows a maximum increase
in Tg of 7.5°C of Zr-Mag compared to Na-Mag (472,
595, 689°C), The Tg values of Zr-Mag are higher than
those of Na-Mag. This increase is the result of
dehydroxylation  from  different media and
interlamellar water loss.

Conclusion

The resulting modified Maghnites have been
successfully obtained using zirconium pillars (Zr-
Mag) from welded Maghnite (Na-Mag). FTIR and
DRX analyses, TEM, SEM confirm that the structure
of the zirconium pillar silicates has been obtained.
The modification takes place via a cationic change
due to the presence of intercalated zirconium ions in
the lamellar structure of Na-Mag. The FT-IR and
XRD results show that the ions of the zirconium
pillars were intercalated, resulting in an intensification
of the distance between the layers. In addition, the
SEM and TEM reviews demonstrate the presence of
layered distribution in the maghnite plates, revealing
partial or total intercalation. Thermogravimetric
measurements show that zirconium pillar species have
a greater thermal stability than their Na-Mag
counterparts. It has been established in this study that
the surface charge of Maghnite exhibite a strongly
negative zeta potential, a sign that this clay can be
effectively exploited in the removal of cationic
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species from water. The main objective of this work is
the synthesis of zirconium pillars (Zr-Mag) from a
green raw material (clay) as a catalyst and as a
nanoscale filler in nanocomposite synthesis reactions.
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