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The thermal stabilities of polyvinylpyrrolidone-organoclays or organo-acid-activated clay composites prepared by chemical
exchange reactions were assessed. The raw clay mineral was acid-activated prior to expansion by cetyltrimethylammonium
surfactants. The acid activation process affected the intercalated amount of cetyltrimethylammonium cations in the resulting
organoclays and, thus, the amount of polyvinylpyrrolidone in the composite. The content of cetyltrimethylammonium cations
decreased with the extent of acid activation. The organophilic modification of the clay mineral was an important step in the
intercalation of the polyvinylpyrrolidone molecules and, thus, in the expansion of the silicate sheets from 3.80 nm to 4.20 nm.The
composites exhibited better crystalline order with intense reflections at lower angles. The thermal stability of organoclays, acid-
activated clays, and composites was studied using thermogravimetric analysis and in situ X-ray diffraction. The decomposition of
intercalated surfactants occurred at lower temperatures relative to the neat surfactant salt, and the basal spacing of the organoclays
(or acid-activated clays) shrunk to 2.0 nm at 215∘C.However, the basal spacing of composites exhibited better stability and collapsed
to 2.0 nm at 300∘C. This type of material could offer an alternative stable product for engineering purposes in the design of new
composites.

1. Introduction

Polymer/clay nanocomposites (PNCs) are a class of com-
posites in which the size of a reinforcing phase is on the
order of nanometres. Since the successful development of
nylon 6/clay nanocomposites in 1987 [1], there has been wild-
spread interest in the academic and industrial sectors to
explore this new type of PNC [2]. PNCs are a novel class of
polymeric materials exhibiting properties that are synergisti-
cally derived from their components [3] and show dramatic
improvements inmechanical, thermal, and barrier properties
[4, 5]. In some cases, new properties not observed in their
components are observed in the composite material [2].
Although a minimum weight percentage (less than 10wt%)
of layered silicates is used, much less inorganic content is
present relative to conventional mineral reinforced polymer
composites [6]. Polymer/clay nanocomposites have enhanced
environmental and thermal stability, which promotes recy-
cling and reduces weight. Moreover, they offer corrosion
resistance, noise dampening, and dimensional stability [2].

The smectite clays are the most common type of clay
mineral used in nanocomposites. A layer of smectite clay
is approximately 1 nm in thickness and consists of platelets
of approximately 100 nm in width, representing filler with
a significantly large aspect ratio with strong dispersion and
cation exchange properties. Its unit crystal is composed of
two crystal sheets of silica tetrahedron with one crystal
sheet of alumina octahedron between them [7]. To promote
exfoliation of the clay mineral and improve the compatibility
between the hydrophobic polymer and the hydrophilic clay,
quaternary and alkyl-ammonium salts are widely used to
modify the surface chemistry of the inorganic clay mineral
[8]. Previous studies suggested that the nature of the cationic
surfactants was an important factor in the preparation of
PCNs [9, 10]. When preparing the polymer layered silicate
nanocomposites, elevated temperatures are required during
fabrication for the melt intercalation and during extrusion
and shaping processes. If the processing temperature is
greater than the thermal stability of the organic treatment of
the organoclays, decomposition will occur, which alters the
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interface between the filler and the polymer. Improvement
of the thermal stability of the organoclay is crucial to
prepare the polymer layered silicate nanocomposites with
an expanded basal spacing that are stable above 300∘C
[11, 12]. To achieve these goals, new approaches for the
modification of clay minerals are required for both scientific
research and commercialization. Efforts have been made to
synthesize thermally stable organoclays based on different
cations such as stibonium [13], or imidazolium [14] and
phosphonium surfactants [15]. These surfactants are too
expensive for commercial use. On the other hand, the
chemical reactivity of the parent aluminosilicate affected
the stability of the organoclays. The degradation of bound
surfactants can be facilitated by their proximity to the
catalytically active aluminosilicates sites [16]. This reactivity
of the aluminosilicate layers could be modified by acid
activation. In fact, an organo-acid-activated claywas obtained
that was stable up to 400∘C under specific conditions
[17].

Acid activation is the treatment of the clay with a mineral
acid solution; during this process, some cations are leached
from the clay mineral layers with a faster dissolution rate
in the octahedral layers than the tetrahedral layers. Previous
studies have shown that the specific surface area and surface
acidity properties of the clayminerals can be greatly increased
by acid activation [18].Theorgano-acid-activated clays exhib-
ited different properties compared to the organoclays derived
from raw materials without prior treatment [19].

Polyvinylpyrrolidone (PVP) is an attractive polymer for
immobilizing metal nanoparticles due to the strong affinity
of the pyridyl group for metals and its ability to undergo
hydrogen bonding with polar species [20]. It was used as a
probe to determine the fraction of montmorillonite in soil
clay. This method is based on the fact that polyvinylpyrroli-
done is adsorbed on the interlayer surfaces of montmo-
rillonite, producing a first order 𝑐-axis spacing of 2.6 nm,
while it is not adsorbed on other swelling clays [21, 22].
Materials with controlledmesoporosity were also synthesized
from synthetic polyvinylpyrrolidone-clay composites [23].
The intercalation of PVP occurred to such a degree as to
delaminate the layers and cause loss of stacking registry as
indicated by powder XRD [24]. The presence of the PVP in
the acrylatedmontmorillonite clays enhanced the adsorption
capacity of the clay for phenolic compounds from solution,
as shown by the retention percent that was as high as 98.9%
[25]. Despite the PVP adsorption on smectites, no data
were reported on the intercalation of PVP in the organo-
acid-activated clays. In this study, we reported the prepa-
ration of organo-acid-activated clays from a cetyltrimethy-
lammonium bromide (C16TMABr) solution. The resulting
organoclays were further treated with a polyvinylpyrroli-
done (PVP) solution to obtain PVP/organoclays compos-
ites. Characterization of the resulting materials was per-
formed using different techniques, and their thermal sta-
bility was investigated by thermogravimetric analysis and
in situ X-ray diffraction techniques at real temperatures
without cooling the sample during collection of the XRD
patterns.

2. Experimental Section

2.1. Materials and Preparation. The clay mineral used herein
was a Ca-rich montmorillonite (STx-1, Mt) provided by the
Source Clays Repository, Purdue University (USA), with
a cation exchange capacity (CEC) of 84meq/100 g. Solid
C16TMABr and PVP (with an average molecular mass of
40 000) were purchased from Aldrich and used without
further purification.

The preparation of acid-activated clays was reported
somewhere else [17]. Briefly, the Mt was treated with a
solution of sulphuric acid at 90∘C for overnight at two
acid/clay ratios (in weight) of 0.2 and 0.5. The resulting acid-
activated clays were repeatedly washed with deionized water
and dried at ambient temperature. The samples are noted as
AMt02 and AMt0.5, respectively.

To prepare the organoclays, one gram of Mt or acid-
activated clays was dispersed in a solution containing differ-
ent amounts of C16TMABr dissolved into 25 g of deionized
water. The suspension was stirred for overnight at room
temperature [25]. The solid was collected by filtration and
washed by deionized water. The samples will be referred to
as C16TMA-Mt, C16TMA-AMt0.2, and C16TMA-AMt0.5.

The reaction with PVP was carried out at room
temperature in methanol suspension at a fixed amount
of PVP. A certain mass of organoclay was added to a
PVP solution and stirred overnight. The resulting materi-
als were filtered, dried, then ground in an agate mortar,
and named PVP/C16TMA-Mt, PVP/C16TMA-AMt0.2, and
PVP/C16TMA-AMt0.5, respectively.

2.2. Characterization. The structure of organoclays and
PVP/organoclay composites was characterized by powder
X-ray diffraction (XRD). The powder XRD measurements
were performed on a Bruker Advance 8 diffractometer (Ni-
filtered Cu-K𝛼 radiation with 2𝜃 scan range of 1.5–30∘ at
room temperature, at a scanning speed of 0.5∘min−1). In situ
high temperature XRD patterns between room temperature
and 425∘C were recorded using an Anton Parr heating stage
KT450, under an air atmosphere. The EURO EA elemental
analyser was used to estimate the carbon, nitrogen, and
hydrogen content in the modified clay minerals; the analysis
was performed in triplicate. Thermogravimetric analysis
(TGA) was performed on the TA instruments calorimeter,
SDT2960, under an air flow of 100mLmin−1 heated from 28
to 900∘Cat a heating rate of 5∘Cmin−1.TheFTIR spectrawere
recorded with a Shimadzu spectrophotometer model FTIR-
8400S, using KBr pellets and a resolution of 4 cm−1.

3. Results & Discussion

3.1. Elemental Analysis. The C, H, and N analysis of the
organoclays and the composites is presented in Table 1.
The organoclay derived from Mt prior to acid activation
(C16TMA-Mt) contained the highest amount of surfactants,
while the lowest content of surfactant was obtained for
C16TMA-AMt0.5.The C16TMA-AMt0.2 sample exhibited an
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Table 1: C, H, and N analysis (% mass) of different organoclays before and after reaction with PVP solution.

Samples CEC
meq/100 g C% N% H% ∗Mass loss (%)

C16TMA-Mt 92 28.14 1.87 5.40 33.51
PVP/C16TMA-Mt 92 35.21 0.93 7.25 39.21
C16TMA-AMt0.2 81 21.40 0.78 4.30 25.42
PVP/C16TMA-AMt0.2 81 26.23 0.67 6.23 31.34
C16TMA-AMt0.5 64 18.26 0.68 3.88 21.73
PVP/C16TMA-AMt0.5 64 24.56 0.53 4.54 26.12
∗Deduced from TGA curves.

intermediate amount of surfactants.The difference in the sur-
factant content was related to the decrease of the CEC values.
Indeed, the CEC decreased as the extent of the acid activation
was enhanced, in good agreement with the data reported in
the literature [18, 25]. The decrease of the CEC values was
due to leaching of cations from the layered silicates. The
organic contents in the organoclay or organo-acid-activated
clays exceeded the CEC values. This excess depended on the
concentrations used and the counteranions of the surfactant
salts [26, 27]. We noted that there was a variation between
the theoretical and loaded contents of C and N%, and
the loaded contents were lower than the expected values.
Similar remarks were reported in many cases. After reaction
with a PVP solution, the percentage of carbon content was
improved, which confirmed the presence of PVP molecules
in the resulting composites. Qualitatively, the C% depended
on the C16TMA content, and the highest change in C% was
observed for the PVP/C16TMA-Mt composite.

3.2. X-Ray Diffraction. X-ray diffraction analyses were per-
formed to investigate the change of the basal spacing of the
modified clay minerals by surfactants and PVP. The patterns
are depicted in Figure 1.

The parent clay (Mt) had a basal spacing of 1.54 nm and
had good stability toward the acid treatment with a certain
loss in intensity of the 001 reflection in the AMt0.5 sample
[25]. In general, during acid activation, the stability of the
raw clay mineral depended on its geographical origin and its
chemical compositions [28, 29].

The basal spacing of C16TMA-Mt depended on the
initial loading concentrations of the C16TMA cations with
a gradual increase in the basal spacing from 1.54 nm
to 1.81 nm to 2.15 nm when using loading concentrations
below 1.23mmol g−1. Then, an abrupt expansion to 3.80 nm
was observed for C16TMABr at loading concentrations of
1.64mmol g−1. No further change in the basal spacing was
noted for concentrations above 1.64mmol g−1 [25]. In our
case, we used the samples with higher basal spacing to
facilitate the intercalation of PVP.

Similar expansion of the basal spacing at 3.80 nm was
obtained for C16TMA-AMt0.2 when using an initial concen-
tration of 1.64mmol g−1, indicating that the protons in the
acid-activated clay were successfully replaced by C16TMA
cations (Figure 1). However, the XRD pattern of C16TMA-
AMt0.5 exhibited an intense reflection at 1.92 nm with less

defined reflection at 3.81 nm (Figure 1). These data could
indicate that the C16TMA-AMt0.5 exhibited two phases at
3.8 nm and 1.92 nm, as proposed by Karaca et al. [30].
However, in reality the reflection of 1.92 nm was the second
order of the phase of 3.81 nm, as will be shown below using in
situ XRD.

The shape of a perfect C16TMA cation is like a nail,
where the long alkyl chain is “body” of the nail and the
chain end is the “nail-head.” The length of the C16TMA
cations fully extended is estimated to be 2.20∼2.23 nm [31]. A
basal spacing of 3.80 nm corresponds to an interlayer gallery
of 2.84 nm (taking in account that sheet thickness of Mt
clay of approximately 0.96 nm), which exceeds the length of
C16TMA cations.Thus, a bilayer structure was formed where
the methyl chains are all-trans and tilted with respect to the
layers at a 35 degree angle [32, 33].

Water-soluble polymers, such as poly(vinyl-pyrrolidone)
(PVP), can easily intercalate into sodium montmorillonite
without hydrophobic treatment [34, 35]. In our case, when
the hydrophilic clays were treated with PVP (Mt or acid-
activated clays), the clay minerals exhibited a slight increase
in their basal spacing to approximately 1.60 nm under our
experiment’s conditions. However, the organophilic clays
showed a significant swelling of the structure after PVP
intercalation.The PVPmolecules induced further expansion,
and the basal spacing exceeded 4.3 nm (Figure 1). Similar
values were reported by Li et al. [36] and Koo et al. [37]
using organoclays as host materials.The increased expansion
was approximately 0.5 nm, which is close to the thickness
of a monolayer of PVP intercalated between the layers. The
presence of PVP molecules resulted in a better structural
order of the obtained composites compared to the starting
organoclays (Figure 1).

3.3. FTIR Data. The FTIR spectrum of the starting clay
mineral is presented in Figure 2, and it coincided well with
that reported in the literature for similar materials [38]. The
two intense bands at 1040 and 1090 cm−1 were attributed
to the Si–O stretching vibrations. The additional bands at
3626 and 3440 cm−1 due to hydroxyl stretching vibrations
were attributed to free and interlayer water molecules, and
1638 cm−1 was related to the (H–O–H) bending vibrations
of the water molecules adsorbed on the clay mineral. Other
weak bands at 915 and 840 cm−1 were assigned to the
bending vibrations of Al–Al–OH and Al–Mg–OH hydroxyl
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Figure 1: Powder XRD patterns of (a) C16TMA-Mt, (b) C16TMA-
AMt0.2, (c) C16TMA-AMt0.5, (a󸀠) PVP/C16TMA-Mt, (b󸀠) PVP/
C16TMA-AMt0.2, and (c󸀠) PVP/C16TMA-AMt0.5.

groups on the edges of the clay mineral layers [39]. The
Si–O–Al (octahedral Al) and Si–O–Si bending vibrations
were detected at 525 and 456 cm−1. In the acid-activated
clays, the bands at 3626 and 1040 cm−1 decreased in intensity
due to the destruction of the clay minerals sheets, and
the band of 1090 cm−1 increased in intensity, due to the
formation of an amorphous silica phase. The reduction
in the content of the octahedral cations was accompanied
by a decrease of both of the OH bending vibrations at
915 and 840 cm−1 [38]. After reacting with the C16TMABr
solution (Figure 2), the organoclays exhibited new bands in
the 2800–2950 cm−1 region, corresponding to antisymmetric
and symmetric stretching CH

2
groups at 2920 and 2851 cm−1,

respectively [40].These bands were found in all FTIR spectra
of modified acid-activated clays. The bending vibrations of
C−H fragments appeared at 1474 cm−1 [40]. The intensity
of the bands in the region 2800–2950 cm−1 varied with the
extent of acid activation, and it decreased for C16TMA-
AMt0.2 and C16TMA-AMt0.5. These observations were in
good agreement with the C, H, and N analysis. The bands
at 1440–1480 cm−1 and 700–750 cm−1 correspond to the CH

2

scissoring and the rockingmodes.Thesemodes depended on
the amine concentration, chain packing, and conformational
ordering of the surfactants.

In the case of PVP, the characteristic vibration bands
appeared at 1662 cm−1 for the C=O stretching vibration,
and at 1290 cm−1 for the C–N stretching vibrations. The
weak bands in the range of 3000 to 2080 cm−1 were due
to antisymmetric and symmetric stretching (CH

2
) of the

pyrrolidone ring as well as the CH
2
groups of the backbone

of the polymer. The wide adsorption band at 3450 cm−1 was
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Figure 2: FTIR spectra of (a) Mt, (b) AMt0.5, (c) C16TMA-Mt, (d)
C16TMA-AMt0.5 (c󸀠) PVP/C16TMA-Mt, and (d󸀠) PVP/C16TMA-
AMt0.5. (e) The FTIR spectrum of neat PVP was presented for
comparison.

due to OH stretching of hydrogen bonded water molecules
and C–N stretching vibrations [41] (Figure 2). The FTIR
spectra of the PVP/organoclays exhibited similar features
(only the PVP/C16TMA-Mt spectrum is shown in Figure 2)
with additional bands at 1660 cm−1 related to the C=O
stretching mode and at 1290 cm−1 for the C–N stretching
vibrations. We noted an improvement in intensity for the
band at 3440 cm−1 due to the hydrogen bonding of water
molecules with the PVP molecules, which was supported
by the shift of the 1660 cm−1 band relative to the neat PVP
molecules [42]. In previous works, some shifting of the Si–
OH stretching band was observed; however, it was difficult
to detect this shift in our experiments. The band associated
withwatermolecules vanished, though it could be overlapped
with the C=O stretching band of PVP. For the PVP/C16TMA-
AMt0.2 and PVP/C16TMA-AMt0.5 samples, a decrease in the
intensity of the band at 3000–3600 cm−1 was observed, which
confirmed the less hydrogen bonding between water and the
PVP molecules.

3.4. Thermogravimetric Data. Thermal degradation and sta-
bility of the intercalated organoclays were studied by con-
ducting thermogravimetric analysis. TGA curves for the
starting clays were reported in detail in our previous work
[17, 25]. The starting Mt and its acid-activated counterparts
exhibited two mass loss steps; the first mass loss occurring
between room temperature and 110∘C was attributed to the
loss of physisorbed and intercalatedwatermolecules from the
interlayer spacing; the second mass loss occurring from 400
to 600∘C was due to the dehydroxylation of silicate structure.
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The percentage of mass lost during the second mass loss
decreased for the acid-activated clays due to the destruction
of the clay mineral sheets during the acid treatment.

The neat PVP began to degrade above 270∘C and was
completely decomposed above 600∘C [43]. It exhibited a
mass loss related to release of water molecules in the range
of 25 to 105∘C, followed by three mass losses in the range
of 270∘C to 700∘C associated with different decomposition
steps of the polymer at different temperatures. The DTG
curve exhibited two overlapping intense signals in the range
of 400 to 460∘C. The peak at 514∘C was associated with
complete burning of the residual carbonaceous material. The
C16TMABr solid started to decompose at lower temperatures
of 168∘C in mainly two mass loss steps (Figure 2), related
to degradation of the alkyl chains and burning out of the
residual organic material. We noted that the decomposition
of the C16TMABr mechanism depended on the atmosphere
used, air or nitrogen [17], which is not the case for the PVP
material.

Compared to the raw clay mineral, the organoclays
exhibited an additional mass loss near 150∘C that was related
to the decomposition of the intercalated C16TMA cations
[44]. The percentage of mass loss during decomposition of
the C16TMA cations increased with the increase of C16TMA
contents, and the C16TMA-Mt exhibited the highest mass
loss percentage, which was in good agreement with C, H,
and N analysis (see Table 1). The maximum temperature for
the decomposition of the C16TMA cations in the organ-
oclays occurred at lower temperatures relative to the pure
C16TMABr salt (Figure 3). It was reported that the tempera-
ture of this decomposition is related to the basal spacing of the
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organoclays [40]. In our case, the value of 3.80 nm made the
decomposition of the intercalated surfactants easy. We noted
that the DTG of PVP/organoclays exhibited different features
[45].

The DTG curve of PVP/C16TMA-Mt exhibited not only
the mass loss of the C16TMA cations but also twomass losses
at 370 and 431∘C related to the presence of PVP in thematerial
(Figure 3). The maximum temperature of the peak at 431∘C
shifted to lower temperatures for the PVP/C16TMA-AMt0.2,
and it vanished for PVP/C16TMA-AMt0.5 (Figure 3).

These data indicated that the decomposition of PVP
molecule was affected by the C16TMA cations contents and
the acidity of the clay mineral sheets. We noted that the
PVP molecules did not affect the temperature of C16TMA
cations decomposition. However, complete combustion of
the carbonaceous materials occurred at higher temperatures
compared to the original organoclays (Figure 3). Overall, the
loss of intercalated PVPmolecules occurred at lower temper-
atures, which indicated that the interlayer space influences
the decomposition steps of PVP. However, in some cases,
the thermal stability of the polymer is improved due to the
presence of metals as nanofillers [46].

3.5. In Situ XRD. The thermal stability of the intercalated
composites suggested some preservation of the silicate struc-
ture in its expanded form. The in situ XRD studies of the
raw Mt and AMt0.2 clays indicated that a layer of water
molecules was released, which was associated with a decrease
in the basal spacing to 1.25 nm at 100∘C. Shrinkage of the
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basal spacing to 0.96 nmwas achieved above 100∘C [16, 17]. In
contrast, the AMt0.5 clay did not shrink completely and two
phases at 0.96 nm and 1.36 nmwere observed at temperatures
above 100∘C. The spacing of 1.36 nm was attributed to the
presence of some silica species generated during the acid
treatment [25]. The pure C16TMABr salt exhibited a layered
structure with a basal spacing of 2.6 nm.This value was close
to the size of the C16TMA surfactant (with some error). The
basal spacing of the C16TMABr salt increased from 2.6 nm
to 3.28 nm when it was heated from 25 to 215∘C. Above this
temperature, it was destroyed [25]. Although the DTG curve
did not show a variation ofmass in this range, some structural
changes in the surfactant occurred. The PVP polymer at
room temperature exhibited an amorphous structure, and
the powder XRD pattern exhibited a broad hallow. Similar
patterns were obtained when it was heated up to 250∘C.

The organoclay C16TMA-Mt exhibited a stability up to
200∘C, with no variation in the basal spacing. At 215∘C, the
spacing decreased to 2.91 nm [25]. At higher temperatures
(250∘C and above), the layered structure shrunk completely
to a basal spacing of 1.37 nm due to the fragmentation
of the intercalated surfactants. In the case of C16TMA-
AMt0.2, the basal spacing of 3.80 nm decreased continuously
at intermediate temperatures between 50 and 210∘C from 3.80
to 1.61 nm. At temperatures above 215∘C a basal spacing of
1.40 nmwas obtained due to the decomposition of the organic
surfactants and the presence of residual carbonaceous mate-
rials. As we have mentioned in Section 3.2, the C16TMA-
Mt0.5 XRD data at room temperature could be represented
in two phases. However, the in situ XRD data confirmed that
only one phase at 3.82 nm was present, with an increase of
the intensity’s reflection at 3.82 nm and simultaneously shift
of the two reflections (Figure 4) once calcined at different
temperatures. In some cases, we noted an increase of the basal
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spacing of the organoclays, especially for C16TMA-Mt. This
fact was related to the melting of the intercalated surfactant
in its liquid state [47, 48]. Compared to pure C16TMABr, the
increase of the basal spacing of the organoclay occurred in
a short range of temperatures due to geometric constraining
effects from the silicate layers in addition to the packing
density requirements that maintain the charge neutrality
[48].

After the intercalation of PVPmolecules, the in situ XRD
indicated that the basal spacing of PVP/C16TMA-Mt was
stable up to 200∘C, before it decreased to 2.20 nm at tem-
peratures above 250∘C (Figure 5). This value was higher than
the 1.40 nm for C16TMA-Mt, which was due to the presence
of the PVP molecules. The presence of PVP molecules did
not cause an increase in the basal spacing in the range of
50 to 100∘C compared to C16TMA-Mt precursor. At higher
temperatures above 250∘C, the calcined composite exhibited
a basal spacing of 1.82 nm due the presence of residual
carbonaceousmaterials resulting from both C16TMA cations
and PVP molecules. The polymer composites obtained from
acid-activated organoclays exhibited slightly lower stability,
with a shrinkage of the basal spacing to 2.20 nm at tempera-
tures below 250∘C (Figure 6). The difference could be related
to the chemical composition of clay sheets and their acidity,
which affected the decomposition process of the organic
compounds between the silicate sheets. Indeed, the AMt0.5
had a lower acidity value of 46mmol of protons/g compared
to AMt0.3 (70mmol of protons/g)measured by desorption of
cyclohexylamine as a probe molecule [25].
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4. Conclusions

The acid activation process affected the amounts of inter-
calated C16TMA cations and, thus, the amount of PVP
molecules. The basal spacing expanded from 1.54 nm to
3.80 nm, and this expansion depended on the initial loading
concentrations of the surfactants. Further expansion was
recorded when treated with the PVP solution. There was
a significant difference in the thermal behaviour of the
organoclays and related composites. The PVP/organoclay
composites prepared from nontreated (raw) clay exhibited
higher thermal stability above 250∘C relative to similar
material prepared from acid-activated clays. The geometric
constraints due to the presence of the silicate layers in
addition to the composition of the silicate layers might be the
origin of such a difference, which affected the decomposition
of the organic compounds.
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