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Abstract:

Friedelt’s salt [CazAl(OH)6]Cl-2H20, commonly known as hydrocalumite, was synthesized by
co-precipitation following different aging treatments, using microwave irradiation or
conventional heating and by refluxing or in autoclave, with the aim of decreasing the aging
times (24 h) employed when aging by conventional heating or at room temperature.
Hydrocalumites were characterized by XRPD, FT-IR, N2 physisorption, ICP-OES, TEM,
TEM-electron diffraction and TGA techniques. The use of microwaves favours a faster
crystalline growth in the stacking direction whereas the use of autoclave improves the lamellar
crystallinity. The highest crystallinity was found for the sample aged with microwave
irradiation by autoclaving at 453 K for 1 h. This sample presented the highest crystallite size
in the stacking direction (76 nm), the largest lamellar crystals (4000 nm) with R3¢ symmetry,

and the highest dehydration- and dehydroxylation temperatures.
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1. Introduction
Layered double hydroxides (LDH) are anionic clays widely reported in literature. They are
versatile materials with many applications in science: additives in polymers, catalysis,

environmental treatments, medicine, etc (Del Hoyo, 2007; Guo et al., 2010). LDH have

general formula [M(I1)1xM(II)x(OH)2]*"( 4", ) mH20, where M(II) and M(III) are divalent

x/n
and trivalent cations and A™ the anion. The layers are positively charged due to trivalent
cation substitution, which are compensated by the presence of anions in the interlamellar
region, where water molecules are also located. In general, they form a mixture of oxides after
calcination and have memory effect, which allows them to be reconstructed after calcination
(Cavani et al., 1991). Hydrotalcites, with Mg and Al as divalent and trivalent cations,
respectively, have been extensively studied, and used in many applications (Cavani et al.,
1991; Figueras, 2004; Li and Duan, 2006; Tichit and Coq, 2003). However, in this study, we
focus our attention into Friedelt’s Salt, also called hydrocalumite (HC). Hydrocalumites have
general formula [Ca2Al(OH)s]Cl-2H20, where the metals cations are usually calcium and
aluminium (Rousellot et al., 2002). Typically, they play a significant role in cement and
concrete industry in the composition of “AFm” phases, which contain hydrocalumite-like
compounds expressed as hydrated calcium aluminates (Matschei et al., 2007; Raki et al., 2004;
Raki et al., 2010). Interestingly, because of their basicity before and after calcination, they can
be used as basic heterogeneous catalysts (Campos-Molina et al., 2010; Cota I. et al., 2010;
Mora et al., 2010). Recently, it has been reported their use as absorbents for environmental
purposes (Grover et al., 2010) and as inorganic framework for ceramic pigments (Dominguez
etal., 2011).
Hydrocalumites can be synthesized with several types of anions in the interlamellar space,
although chloride and nitrate anions are the most used (Frost et al., 2011; Vieille et al., 2003).
In “AFm” phases, it is possible to find a wide range of anions: carbonate, sulphate, bromide,

iodide and chromate (Mesbah et al., 2011). According to the structure, the interlamellar
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distance and stability of the hydrocalumite can change depending on the anion. In view of the
anion exchange capacity of LDH, HC with different anions can be used for different adsorbent
applications (Zhou et al., 2012). The presence of carbonate (—-CO3?")- as interlamellar anion
difficults greatly the anion exchange and delamination processes (Ma et al., 2006). An
appropriate methodology for HC synthesis should always avoid the incorporation of carbonate
in the interlamellar space and the calcite (CaCQO3) formation.

Recently, different approaches to synthesize HC have been reported. Sanchez-Cantu et al.
prepared them from purchased hydrated lime and boehmite (Sanchez-Cantu et al., 2012).
However, it was possible to identify boehmite and calcite phases in the final product;
Kuwahara et al. recycled blast furnace slag as a precursor to obtain HC (Kuwahara et al.,
2010) but they identified the presence of minor metals (Fe, Mn, Si and Ti) in the final
chemical composition.

The most common synthetic procedure is the co-precipitation of Ca & Al salts at constant pH
followed by an aging treatment at room temperature or by conventional heating; 353 K for 12
h (Radha et al., 2005), 333-338K for 24 h (Campos-Molina et al., 2010; Vieille et al., 2003),
room temperature (RT) for 24 h (Grover et al., 2010) or RT for 48 h (Dominguez et al., 2011).
Zhang et al. have optimized the modification of experimental variables such as pH, time,
temperature and solvent for the production at a large-scale for the cement industry (Xu et al.,
2011). They found the best results for samples aged at 343 K for 24 h that later were
successfully scaled-up using SNAS (separate nucleation and aging steps) method at pH in the
range of 10.5-11.5.

The use of microwaves irradiation in the aging process could be an excellent solution to
decrease the long time of synthesis of hydrocalumites, since microwaves reduces enormously
aging times but also provides much more crystallinity in the final material, as observed when
applied to the synthesis of zeolitic materials and hydrotalcites (Ayala et al., 2011; Benito et al.,

2006; Bergada et al., 2007; Stoeger et al., 2012) or in the preparation of clays (hectorites and
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saponites among others), where aging times have been remarkably decreased (Sanchez et al.,
2012; Trujillano et al., 2010; Vicente et al., 2010).

The aim of this work was to synthesize Ca2Al-Cl hydrocalumites by different aging
treatments. In pursuit of finding a fast aging treatment that can lead to more crystalline
hydrocalumites, we compare microwave irradiation versus conventional hydrothermal heating,

and autoclave versus reflux conditions, at different times and temperatures.

2. Experimental

2.1 Synthesis of Ca24l-CIl hydrocalumites (HC)

Several hydrocalumites were synthesized by coprecipitation method at constant pH (Vieille et
al., 2003) with a Ca/Al molar ratio of 2 and CI" as anion. In a typical synthesis, the samples
were prepared with vigorous stirring, under N2 atmosphere and using decarbonized water to
prevent from —CO3? incorporation. A solution of 250 ml ethanol/water mixture (2:3 v/v) was
placed into a 500 ml 4-neck round-bottom flask in an oil bath at 333 K. A 100 ml solution
with the salts was prepared by mixing the appropriate amounts of 0.66 M CaCl2-2H20
(Sigma-Aldrich) and 0.33 M AICI3-6H20 (Riedel-de Haén) solutions. Another solution of 2 M
NaOH (Panreac) was used to keep pH constant at 11.5. The pH electrode and the two
compensated pressure funnels for addition of the salts and the NaOH solution respectively,
were connected to 3 of the necks of the round-bottom flask. N2 was bubbled throw neck
number 4 to avoid COz2 incorporation. After complete addition of the salts, several aging
procedures were performed using conventional or microwave heating and reflux or autoclave
as recipients (Table 1). Samples were named starting with letters HC, corresponding to
hydrocalumite, followed by letters R or A (refluxing or autoclave) for conventional heated
samples and by RMW or MW (refluxing or autoclave) for microwaved samples. Finally, a
number in subscript indicates the time of aging in hours whereas the number between

parentheses is the temperature of aging. Additionally, another sample was synthesized at the
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same preparation conditions than those employed for synthesizing sample HCRMW3(353) but
without using inert atmosphere during the hydrothermal treatment (HCRMW3(353)B). This
sample was characterized by XRPD and FT-IR spectroscopy in order to detect the carbonate
species bands. All samples were compared to HCR24(333), which was aged as reported in

literature, by refluxing at 333 K for 24 h with conventional heating.

2.2 X-Ray powder diffraction (XRPD)

XRPD measurements were made using a Siemens D5000 diffractometer (Bragg—Brentano
parafocusing geometry and vertical-goniometer) fitted with a curved graphite diffracted-beam
monochromator and diffracted-beam Soller slits, a 0.06° receiving slit, and scintillation counter
as a detector. The angular 26 diffraction range was between 2° and 70°. Sample was dusted on
to a low background Si(510) sample holder. The data were collected with an angular step of
0.05° at 3s per step and sample rotation. Cuka radiation was obtained from a copper X-ray

tube operated at 40 kV and 30 mA.

2.3 Infrared spectroscopy (FTIR)

Infrared spectra were recorded on a Bruker-Equinox-55 FTIR spectrometer. Spectras were
acquired by accumulating 32 scans at 4 cm™' resolution in the range of 400-4000cm .
Samples were prepared by mixing the powdered solids with pressed KBr disks in a mass ratio

of 1:250, and dried in an oven before measurements.

2.4 Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP-OES)
Ca/Al ratio has been analysed in an ICP-OES analyser (Induced Coupled Plasma — Optical
Emission Spectroscopy) from Spectro Arcos. For the measurements, samples were introduced

as a diluted solution into the analyser. The powders (50 mg) were solubilised with HNO3 (2
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ml), heated if necessary and brought to 25 ml volume. 1 ml of the solution was diluted into 25

ml. Standards were used to perform calibration curves. All analyses were made by triplicate.

2.5 N2 physisorption

Nz-adsorption—desorption isotherms were recorded at 77 K using a Quantachrome Quadrasorb
SI surface analyser. Prior to analysis samples were outgassed at 363 K. In a typical test, 0.2 g.
of sample was used for analysis. Specific surface areas were calculated from BET (Brunauer-

Emmett-Teller) method.Average pore size was calculated from BJH (Barrett-Joyner-Halenda)

method. External surface area was calculated from t-plot (statistical Thickness) method.

2.6 Transmission electronic microscopy (TEM) and Electron diffraction

TEM images were collected using a JEOL 1011 Transmission Electron Microscope operating
at 80 kV and magnification values of 12—60k. Samples were dispersed in ethanol, and a drop
of resultant suspensions were poured on carbon coated-copper grids. Additionally, the same
equipment was applied to make Selected Area Electron Diffraction (SAED). Camera length

was 800 mm.

2.7 Thermogravimetric analysis (TG)
Thermogravimetric analyses were carried out in a Perkin Elmer TGA 7 microbalance
equipped with a 273 — 1373 K programmable temperature furnace. The accuracy was +1 ug.

Each sample was heated in an N2 flow (80 cm?) from 298 K to 1000 K at 5 K/min.

3. Results and discussion
Figure 1 and 2 show the XRPD patterns of all samples. All reflexions belonged to the same
crystalline phase, which was identified as hydrocalumite (HC) by comparison with the

corresponding JCPDS file [035-0105]. This is a layered compound with formula
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[Ca2Al(OH)6]Cl-2H20, the structure of which is indexed in the trigonal lattice system and
belongs to group R3¢ (No 161) with theoretical a and ¢ parameter values of 5.74 and 46.85 A,
respectively. The layered structure is built by the periodical stacking of positively charged
(Ca**, AI*")(OH)s octahedral layers and negatively charged interlayers with chloride and water
molecules (Rousselot et al., 2002). As observed in the diffraction patterns, the stacking
direction is along crystallographic ¢ direction, since the samples present a strong preferential
orientation, showed by the high intensity of the (006) and (0012) peaks.

Additionally to the hydrocalumite phase, calcite was identified for sample HCRMW3(353)B
by comparison with the calcite JCPDS file [083-0577], which showed a typical intense peak at
29.41° (Fig. 2b). The presence of calcite phase in this sample, that was prepared without N2
atmosphere, confirmed that the use of inert atmosphere during synthesis was necessary to
obtain hydrocalumites as the only one crystalline phase.

The crystallite size along the stacking direction was calculated for (006) peak from the net
integral breadth of the reflections, Bi, according to the following formula that comes from the
Scherrer equation: Bi=A /ecos® where A is the X-ray wavelength, ¢ is the crystallite size and 0
is the Bragg angle. This information is interesting in order to compare the growth rate for the
different aging processes used.

Table 2 shows the crystallite size along the stacking direction and the FWHM of (110)
reflection for all samples. The crystallite size was related to the crystal growth in the stacking
direction. In contrast, the crystallite size in the lamellar plane cannot be determined from
Scherrer equation using the FWHM of (110) reflection, because, as commented later in TEM
results, they are micrometric and the Scherrer equation is restricted to crystallites smaller than
500 nm (Cullity and Stock, 2001). However, the values of FWHM for (110) peak can be used
to compare the crystallinity of the samples (Table 2), since a decrease of FWHM values

involves an increase of crystallinity (Cullity and Stock, 2001).
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Hydrocalumites aged using microwave irradiation by refluxing or in autoclave showed larger
crystallite sizes along the stacking direction than those aged by conventional heating under the
same conditions. The largest values (72-76 nm) corresponded to samples synthesized in
autoclave by microwaves (HCMWi1(353), HCMW4(353) and HCMW1(453)). Regarding
samples aged by refluxing, it was also possible to observe the positive effect of microwave
heating. Sample HCRMW3(353) showed higher crystallite size (50 nm) after 3 h of aging
compared to the conventional ones aged for 3 and 24 h (41 and 48 nm, respectively). Samples
aged in autoclave by conventional heating exhibited values of crystallite size in the stacking
direction (42 and 46 nm for samples HCA3(353) and HCA1(453), respectively) that were close
to the crystallite size of sample aged conventionally by refluxing for 24 h (48 nm) (Table 2).
This means that with autoclave under conventional heating (at 453 K for 1 h or at 353 K for 3
h), similar crystal growth can be obtained in less time. Therefore, microwave heating and
autoclave improve crystal growth in the stacking direction.

Comparing the values of FWHM corresponding to reflexion (110), the highest values (0.21-
0.20°) corresponded to samples aged by refluxing using conventional or microwave heating.
Therefore, the use of different heating method does not affect significatively the crystallinity of
the layer when refluxing was used. The range of FWHM values for samples prepared with
autoclave for conventional or microwave heating is 0.16-0.15°, which is slightly lower than that
obtained for the samples aged by refluxing (0.21-0.20°). Thus, higher crystallinity was observed
by using autoclave in comparison with refluxing. Among the samples aged by autoclave, higher
crystallinity was achieved with microwave irradiation. Therefore, samples aged using autoclave
together with microwave heating were the most crystalline.

In conclusion, autoclave and microwave irradiation enhances a faster production of more
crystalline lamellars at a lab-scale. Because of the faster synthesis, the absence of other phases
and the higher degree of crystallinity, the conditions of synthesis of HCMW1(453) were found

to be the most optima.
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The lattice parameters of our synthesized samples a and ¢ were calculated using literature
equations (Gay, 1972; Moore and Reynolds, 1989), from di10 and doos, respectively (Table 2).
Lattice parameter a is related to the isomorphic substitution between Ca*" and AI**, whereas ¢
parameter depends on the charge and size of the anion between the brucite layers (Cavani et
al., 1991). The fact that all values of a were practically the same for all hydrocalumites (Table
2) should be related to a similar stoichiometry for all samples. The same argument could be
applied to c values. In this case, with the same number and type of anion, the slight differences
observed in ¢ values (Table 2) can be attributed to some differences in the hydration degree.
FT-IR spectra of all synthesised samples were very similar, showing the typical bands of these
kind of layered double hydroxides (Dominguez et al., 2011, Mora et al., 2011), summarized in
Table 3. Figure 3a shows the IR spectrum of sample HCMW1(453) as a representative sample.
According to the literature, it was possible to observe in the region 3000-3750 cm™ a broad
band centered around 3500 cm™ with peaks that are assigned to stretching vibrations of CaO-H
(3490 cm™) and AlO-H (3634 cm™). In the region between 500 and 800 cm™ three intense
peaks, characteristic of metal bonds M-OH were also present. Additionally, in the region
between 1400 and 1650 cm™ one characteristic band, centered at 1620 cm 'was observed. This
band is assigned to deformation vibrations of water molecules. Finally, a small band around
1420 cm! was also observed in all spectra. This band could be related to some carbonation of
the sample, since this band corresponds to the C=0 antisymmetrical stretching of the
carbonate species. Taking into account the low intensity of this band, probably carbonation
only takes place in the external surface of the particles during sample manipulation (Cota et
al., 2010), since calcite was not detected by X-Ray powder diffraction, as previously
commented.

In contrast, in figure 3b, IR spectrum of the sample HCRMW3(353)B showed the dramatic
effect of the absence of inert atmosphere during the synthesis and aging treatment of

hydrocalumites, since a significant increase of the intensity of the band at 1420 cm™,

10
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corresponding to carbonate species, was observed. Additionally, it was also possible to
identify other characteristics bands related to carbonates, at 710 cm™! (bending angular) and at
875 cm! (bending non-planar). This agrees with the presence of calcite identified in this
sample by XRPD.

Table 4 shows the values corresponding to Ca/Al molar ratio measured by ICP. These values
are near to 2 for all samples. Therefore, with the different aging treatments it was possible to
obtain hydrocalumites with the expected stoichiometry, in agreement with the reagents ratio
used.

Adsorption/desorption isotherms were of type IV, according to IUPAC classification,
corresponding to mesoporous materials, for all synthesized hydrocalumites with hysteresis
loop type H3, associated to aggregates of plate-like particles leading to slid-shaped pores
(Cota et al., 2010). BET surface area, microporous area, determined by t-plot method, and
average pore radius values are given in Table 4. All samples presented low BET area and
depreciable measured values of microporosity, mainly due to the fact that the internal area in
the interlayer space cannot be measured due to the restriction for N2 adsorption in this space.
However, BET area values can be related to the crystallinity of the samples. Thus, lower BET
area values (2 and 5 m?/g) were obtained for the more crystalline samples, which were those
prepared with microwave irradiation in autoclave. Average pore radius values, determined by
BJH method, were between a maximum of 18.3 nm for HCR24(333) and a minimum of 10.1
nm for HCMW1(453). This lower value agrees with its higher crystallinity. However, for the
rest of samples, we did not observe a direct correlation between the average pore radium and
crystallinity (Campos-Molina et al., 2010; Dominguez et al., 2011).

TEM micrographs of all synthesized hydrocalumites (Figures 4 and 5) showed lamellar
structures with aggregated large particles as observed by the dark colour of the sheets. Sample
HCR24(333) (Fig. 4a), which was aged with conventional heating under 24 h of refluxing,

presented less defined hexagonal shape and very heterogeneous lamellar size distribution. This
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can be related to its lower crystallinity that is a consequence of the aging conditions. In
contrast, sample HCA3(353) (Fig 4b.), which was aged by conventional heating in autoclave,
exhibited a best definition of the hexagonal shape with more homogeneous lamellar sizes and
width values between 350 and 800 nm. Samples that were fast aged under microwave
irradiation HCMW1(353) (Fig. 4c) and HCMW(453) (Fig. 4d) showed very well defined
hexagonal lamellars with larger sizes and width values around 1.6 um for HCMW1(353) and 4
pm for HCMW1(453). In fact, this sample presented the lowest value of FWHM for the peak
(110) and the lowest BET surface area. Figure 5 shows electron diffraction pattern with the
presence of six equivalent reflections corresponding to (110) and equivalents (Fig. 5c) for
sample HCMW1(453) (Fig. 5a). The electron diffraction pattern indicates a highly crystalline
sample, in agreement with the XRPD results and according to the defined hexagonal
morphology for hydrocalumites. Using the Shape utility that applies the Wulff theorem R(hkl),
it has been modelized the crystal habit and indexed the faces (Fig. 5b). In conclusion, the
morphology, the crystallinity and the size of particles depended on the aged conditions used.
Figure 6 shows a representative thermogram of the synthesised hydrocalumites, which was
recorded from 353 to 1000 K after an isotherm of 30 min to exclude humidity adsorbed in the
surface of the samples. We can observe 3 of the 4 expected steps (Dominguez et al., 2011): 1)
dehydration of interlamellar water, i1) dehydroxylation of the layers, iii) and iv) anion
decomposition. Due to the instrument safety limitations it was not possible to rise temperature
to see completion of the anion decomposition. For all hydrocalumites, the first and second
steps were well defined in the TGA curves and the values of mass loss were those expected for
the proposed stoichiometry: dehydration (12.8 %) and partial dehydroxylation (16 %),
according to the decomposition steps proposed in the literature (Dominguez et al., 2011).

The % of the second step was lower than that corresponding to the total dehydroxylation

(19.2 %). This was related to the formation of CaOHCI together with CaO and Al2Os3 in the

2:2:1 ratio (Dominguez et al., 2011). Respect to anion decomposition, the mass loss value
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obtained was lower than 13 %, since higher temperatures than 1000 K are necessary for total
anion decomposition. Figure 7 depicts the temperatures of the maximum mass loss rates
corresponding to the first and second TGA steps for all samples. The values of the temperature
for the dehydration step were in the range 436- 457 K. The highest values were obtained for
the most crystalline samples (HCMW1(453), HCMW,(353) and HCMW(353)). A higher
order in the stacking direction can suppose stronger interactions-for the interlamellar water,
and consequently, higher temperatures should be necessary to remove it. With respect to the
second mass loss, which corresponds to dehydroxylation, the temperature of the maximum
mass loss rate was similar for all samples (601-613 K). However, again, the highest values
were observed for the samples prepared using microwaves in autoclave. These samples
presented larger lamellar size, as observed by TEM and higher crystallinity of the lamellas in

agreement with the XPRD results

4. Conclusions

In this work, several hydrocalumites were synthesized by changing two variables, microwave
or conventional heating and autoclave or refluxing. With the aim of synthetize faster a more
crystalline material for future applications, we found that the sample HCMW1(453) prepared
with microwaves by autoclave at 453 K for 1 h not only decreased significantly times of
preparation compared to the conventional hydrocalumites reported in literature (aged at reflux
for 24 h), but also presented high cristallinity, as observed by XRPD and TEM-electron
diffraction. This agrees with its low surface BET area (2 m?/g), its large defined hexagonal
particles (4000 nm) and its highest temperature of dehydration and dehydroxylation observed
by thermogravimetric analysis. In general, we can conclude that the use of microwaves for
hydrocalumite synthesis favours a faster crystalline growth in the stacking direction whereas
the use of autoclave improves the lamellar crystallinity (microwaves or conventional).

Samples whose aging treatment was performed with microwave irradiation and in autoclave
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(HCMW(453), HCMW5(353) and HCMW1(353)) exhibited the lowest values of BET surface
area (2, 5 and 5 m%/g respectively) and the highest crystallinity. This characteristic was defined
by their crystallite size for (006) reflection since these samples presented the highest values
(762, 724 and 757 A respectively), by their lowest FWHM for (110) reflection (0.15, 0.15 and
0.16° respectively) and by their well-defined hexagonal lamellas with the highest size

observed by TEM (>1600 nm).
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Table 1. Aging treatments for hydrocalumites synthesis.

Heating Recipient
Temperature Time
Nomenclature Conventional/ Reflux/
(K) (h)
Microwaves Autoclave
HCR24(333) Conventional Reflux 333 24
HCR3(353) Conventional Reflux 353 3
HCRMW?3(353) Microwaves Reflux 353 3
HCA3(353) Conventional Autoclave 353 3
HCA1(453) Conventional Autoclave 453 1
HCMW1(353) Microwaves Autoclave 353 1
HCMW¢(353) Microwaves Autoclave 353 6
HCMW(453) Microwaves Autoclave 453 1
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Table 2. Unit cell parameters and crystallographic characterization data obtained from XRPD

of the HC synthesized in the present work.

Crystallite FWHM (®) a(A) c¢(A)
Sample Size (006)  (110)

(nm)
HCR24(333) 48 0.21 575  47.38
HCR3(353) 41 0.20 574 4735
HCRMWS3(353) 50 0.20 575  47.05
HCA3(353) 42 0.16 574  47.17
HCA1(453) 46 0.16 575  47.15
HCMWi(353) 72 0.16 574  47.00
HCMWe(353) 76 0.15 574 46.92
HCMW1(453) 76 0.15 574 46.99
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Table 3. IR band assignations of the HC synthesized in the present work.

Band identification v (cm™)
OH stretching (AlO-H) 3638
OH stretching (CaO-H) 3493
deformation mode of water molecules 1622
C=0 stretching 1414
metal-OH bonds 782
metal-OH bonds 584
metal-OH bonds 530
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Table 4. ICP and Physisorption results of the HC synthesized in the present work.

Sample Ca/Al molar ratio BET area (m?/g)  Microporous area (m?/g)  Average pore radius (nm)
HCR24(333) 1.99 9 1.52 18.3
HCR3(353) 1.94 18 0.37 15.2
HCRMWS3;(353)  2.00 7 0.21 14.8
HCA3(353) 2.00 15 0.19 14.5
HCA1(453) 1.95 12 0.32 11.9
HCMW;(353) 1.88 5 0.26 13.0
HCMW,(353) 1.87 5 0.42 16.9
HCMW:(453) 1.84 2 0 10.1
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Legends and captions:

- Figure 1. XRPD of the samples synthesized by conventional heating a) HCR24(333), b)
HCR3(353), ¢c) HCA1(453) d) HCA3(353). Hydrocalumite pattern: [JPDCS file: 035-0105].

- Figure 2. XRPD of the samples synthesized by microwaves irradiation a) HCRMW3(353),
b) HCRMW3(353)B, ¢) HCMW4(353), d) HCMW1(353), ) HCMW1(453). Hydrocalumite
pattern: [JPDCS file: 035-0105], *: calcite characteristic peak at 29.41°.

-Figure 3. FTIR spectra of samples a) HCRMW3(353) aged without inert atmosphere, b)
HCMW 1(453) aged with inert atmosphere.

- Figure 4. TEM micrographs of samples a) HCR24(333), b) HCA3(353), ¢) HCMW1(353) and
d) HCMW1(453).

- Figure 5. a) TEM micrograph of sample HCMW1(453), b) morphology of hydrocalumite, c)
electron diffraction pattern.

- Figure 6. Thermal decomposition of hydrocalumite HCMW1(453). a) mass loss, b).first
derivative of mass loss.

- Figure 7. Temperatures of the maximum mass loss rate for the derivative of first and second
steps in the thermal decomposition of synthesized samples. In black filled circles, temperature

of dehydratation step . In white filled rhombus, temperature of partial dehydroxylation step.
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