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Abstract Organically modified clay minerals with high
thermal stability are critical for synthesis and processing of
clay-based nanocomposites. Two series of organo-mont-
morillonites have been synthesized using surfactants with
different alkyl chain length. The organo-montmorillonites
were characterized by X-ray diffraction and differential
thermogravimetry, combining with molecule modelling.
For surfactant with relatively short alkyl chain, the resul-
tant organo-montmorillonite displays a small maximum
basal spacing (ca. 1.5 nm) and most surfactants intercalate
into montmorillonite interlayer spaces as cations with a
small amount of surfactant molecules loaded in the inter-
particle pores with “house-of-cards” structure. However,
for surfactant with relatively long alkyl chain, the resultant
organo-montmorillonite displays a large maximum basal
spacing (ca. 4.1 nm) and the loaded surfactants exist in
three formats: intercalated surfactant cations, intercalated
surfactant molecules (ionic pairs), and surfactant molecules
in interparticle pores. The surfactant molecules (ionic
pairs) in interparticle pores and interlayer spaces will be
evaporated around the evaporation temperature of the neat
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surfactant while the intercalated surfactant cations will be
evaporated/decomposed at higher temperature.
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Introduction

Organically modified clay minerals with high thermal sta-
bility are critical for synthesis and processing of clay-based
nanocomposites. Hence, during the last decades, a number
of studies were conducted using different families of clay
minerals and surfactants with different configurations to
synthesize organoclays [1-7]. In those studies, most
attentions were paid on the thermal properties and the
interlayer structure of the obtained organoclays. Various
structural models of organoclays have been proposed by
using experimental technologies (e.g. XRD, FTIR, NMR,
and TEM) [8-14] and molecular modelling methods [15—
17]. And their thermal stabilities have been examined by
using thermogravimetric analysis (TGA) and differential
scanning calorimetry (DSC) [13, 18-25], TGA combined
with infrared spectroscopy and mass spectrometry (TGA-
FTIR-MS) [26, 27], and TGA combined with pyrolysis/
GC-MS [28].

In our recently published paper [6], we have discussed
in detail about the influences of montmorillonite’s CEC
and surfactant configuration on the basal spacing. Therein,
we reported that the basal spacing of the organo-mont-
morillonites increased with surfactant loading, while the
maximum basal spacing increased as the alkyl chain length
of the surfactant increased. For the same surfactant, the
maximum basal spacing of the organo-montmorillonites
was little affected by the CEC of the used montmorillonite.
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The level of surfactant loading required to reach the
maximum basal spacing, however, strongly depended on
the CEC. As reported in the literature [14, 29], more than
1 x CEC surfactant was loaded when the maximum basal
spacing reached. The surfactant can be loaded by two
different styles, i.e., surfactant cations and surfactant
molecules (ionic pairs) [30], and they can occupy both the
interlayer spaces of clay minerals and the interparticle
pores within “house-of-cards” structure [6, 31, 32]. In their
thermal stability analyses, the mass loss around the evap-
oration temperature of the neat surfactant was attributed to
the surfactant loaded in the interparticle pores within the
“house-of-cards” structure while the mass losses at higher
temperatures (except the dehydroxylation) to evaporation/
decomposition of the intercalated surfactants [13, 22].

However, in our recent study about organoclays pre-
pared from montmorillonites with different cation
exchange capacity and surfactant configuration [6], we
found that there were dramatic differences of the mass loss
at the similar temperature region for the organoclays pre-
pared from different surfactants. For example, NM-C8-S-
4.0 (organoclay prepared from octyl trimethylammonium
chloride (C8-S) with an added surfactant of 4.0 times the
CEC of montmorillonite) shows a mass loss of 3.25%
around 230 °C and 14.21% around 430 °C, the ratio of the
former (previously attributed to the evaporation of surfac-
tant in the pores within the “house-of-cards”) to the later
(previously attributed to the evaporation/decomposition of
surfactant in the interlayer spaces) is 0.23. But, for sample
NM-C18-S-4.0 (organoclay prepared from octadecyl
trimethylammonium bromide (C18-S) with an added sur-
factant of 4.0 times the CEC) shows a mass loss of 30.48%
around 280 °C and 21.34% around 420 °C, the ratio of the
former to the latter is 1.43. Such dramatic variation implies
that the configuration of the used surfactant has a promi-
nent influence on the location and format of the loaded
surfactant and the thermal stability of the resultant
organoclay.

To determine the factors affecting the distribution of the
loaded surfactant and the thermal stability of organoclays,
the organoclays prepared from montmorillonites with dif-
ferent cation exchange capacity and surfactant with dif-
ferent configuration and their thermally treated samples
were investigated using X-ray diffraction (XRD) and
thermogravimetric analysis (TG), combining with molec-
ular modelling technology. Our present study shows that
the alkyl chain length of the used surfactant has a promi-
nent influence on the distribution of the loaded surfactant
and accordingly affects the thermal stability of the resultant
organo-montmorillonite. Both the surfactants located
within the interparticle pores with “house-of-cards”
structure and those in the interlayer spaces as ionic pairs
will be evaporated around the evaporation temperature of
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the neat surfactant. The surfactant ionic pairs (molecules)
in the interlayer spaces have a significant influence on the
basal spacing of organoclays, but they show relatively poor
thermal stability when compared with the surfactant cat-
ions in the interlayer spaces. These new findings are of high
importance for synthesis and application of clay-based
nanocomposites.

Experimental

Ca-montmorillonites (NM-Ca) from Inner Mongolia of
China was used to synthesize organo-montmorillonite. The
purchased montmorillonite sample was dispersed in dis-
tilled water with pH ~ 6-—7 by vigorous stirring and the
less than 2 um particle size fractions were collected by
sedimenting under gravity. Then, the collected montmo-
rillonite was dried at 105 °C, ground in an agate mortar and
passed through a 200-mesh sieve. The obtained sample was
stored in a sealed bottle for further use. The cation
exchange capacity (CEC), determined by adsorption of
[CO(NH3)6]3Jr [33] was 106.5 meq/100 g. The structural
formulas for NM-Ca-montmorillonite could be expressed
as (Nap,05Cag.1sMgo.10)[Al} 58Fe0.03Mg0.30][Si3.77Al0 23]
0,9(OH),-nH,0. The surfactants (99% purity) are octa-
decyl trimethylammonium bromide (C18-S) and octyl
trimethylammonium chloride (C8-S), purchased from
Nanjing Robiot Co., Ltd., China. The synthesis procedure
of organo-montmorillonite has been depicted in the liter-
ature [6].

The thermal treatment of organo-montmorillonites was
conducted in a Compact 1,500 °C Tube Furnace (42 mm
0. D.) with a temperature accuracy of +1 °C, at a heating
rate of 5 °C/min under pure nitrogen atmosphere (200 mL/
min). When reaching the target temperature, the sample
was cooled under N, in the furnace to room temperature
and the product was stored in a sealed bottle for further use.
Under such condition, only evaporation and decomposition
of surfactant happens rather than oxidation under air. This
relatively simple procedure will be helpful for us to well
understand the thermal evolution of organo-montmoril-
lonite. The treatment temperatures were determined
according to TG-DTG curve of the corresponding original
organo-montmorillonite, i.e., the temperatures at which a
prominent mass loss occurred or ended. For example, for
NM-C18-5-4.0, a prominent mass loss occurs from 162 °C
(beginning temperature) to 346 °C (ending temperature),
centered at 280 °C. Accordingly, NM-C18-S-4.0 was
treated at 162, 280, and 346 °C and the obtained samples
were marked as NM-C18-S-4.0-162, NM-C18-S-4.0-280
and NM-C18-S-4.0-346, respectively. The other organo-
montmorillonites were thermally treated and marked as the
same way.



The influence of alkyl chain length on surfactant distribution

303

The original organo-montmorillonites and the corre-
sponding thermally treated products were characterized
using XRD and TG techniques. Powder X-ray diffraction
patterns (XRD) were recorded between 1° and 20° (20) at a
step size of 0.0167° using a Bruker D8 Advance diffrac-
tometer with Cu K, radiation (40 kV and 40 mA). Ther-
mogravimetric analysis (TG) was performed on a Netzsch
STA 409PC instrument. About 20 mg of finely ground
sample was heated in a corundum crucible from 30 to
1,000 °C at a heating rate of 10 °C/min under a pure N,
atmosphere (60 cm’/min). The differential thermogravi-
metric curve was derived from the TG curve automatically.
The surfactant loadings in the resultant organo-montmo-
rillonites were determined by using TG curves.

To calculate the interaction between surfactant and
montmorillonite, molecular dynamics (MD) simulations
were performed using Material Studio (v.5.5, Accelrys, San
Diego, USA) and DL_POLY program (version 2.20) [34].
The model of montmorillonite was taken from the experi-
mental study about Ca-montmorillonites from Inner Mon-
golia. In the montmorillonite model, the isomorphic
substitutions obey Loewenstein’s rule [35]. The simulation
cell consists of two platelets of 32 unit cell each: 8 in
x-dimension and 4 in y-dimension, i.e., an 8 x 4 x 2 super
cell. The basal surface area is about 42.24 A x 36.56 A. To
simplify the calculation procedure and reduce the calcula-
tion time, the sample of NM-C18-2.0, which reached the
maximum basal spacing as NM-C18-4.0 but contained less
surfactants in the resultant organo-montmorillonite, was
selected as the model for calculation. For the organo-
montmorillonite model, the amount of surfactant cations in
the interlayer space was two times the CEC of NM-Ca as
determined in experimental measurement. The superfluous
positive charges were balanced by Br~. Water content was
determined by thermogravimetric analysis (TG). The model
was named as NM-C18-2.0. CLAYFF force field was
employed to describe interatomic potentials for the mont-
morillonite and H,O components [36]. Interatomic potential
for surfactant cations and Br~ was taken from the CVFF
force field, the parameters of which were compatible with
CLAYFF force field [37]. The combined force field has been
successfully used in the simulations of organo-montmoril-
lonite composites. A 15.0 A cutoff was used for the short-
range interaction. The Ewald summation method was used
to calculate Coulombic interactions with 3-dimensional
periodic boundary conditions. First, simulations were per-
formed in the isothermal-isobaric (NPT) ensemble at 298 k,
1 atm for 1500 ps to achieve equilibrium. Then another 500
ps (NPT) simulations were performed to generate the basal
spacing records. A further 500 ps NVT simulation was
performed following the previous 2,000 ps NPT simulation
to obtain structural properties. In all simulations, the time
step was set to be 1.0 fs and all atoms were allowed to move.

Results and discussion

The influences of clay’s CEC and the configuration of the
used surfactant on the maximum basal spacing of organo-
montmorillonite have been extensively discussed in our
recently published paper [6]. Our study demonstrates that
the organo-montmorillonites prepared from surfactants
with two and three alkyl chains show complicated struc-
tural and thermal evolutions. Hence, to well understand the
influence of alkyl chain length of surfactant on the thermal
stability of the resultant organo-montmorillonites, only two
series of organo-montmorillonites prepared from octyl
trimethylammonium chloride (C8-S, standing for surfac-
tant with relative short alkyl chain length) and octadecyl
trimethylammonium bromide (C18-S, standing for surfac-
tant with relative long alkyl chain length) are discussed.

Figure 1 shows XRD patterns of the two series of org-
ano-montmorillonites (NM-C8-S and NM-C18-S) and
Fig. 2 shows the loaded surfactant of the resulting organo-
montmorillonites prepared at different surfactant concen-
trations. The surfactant loadings were determined using the
TG curves. From Fig. 1, it could be seen that, for the
surfactant with relatively short alkyl chain (i.e., C8-S), the
basal spacing of the resultant organo-montmorillonite
remained at 1.4-1.5 nm despite the increase of the sur-
factant concentration in the preparation solution. When the
surfactant concentration in the preparation solution was
lower than 1 x CEC, the amount of the loaded surfactant
in the organo-montmorillonite (amount of surfactant in the
washed organo-montmorillonite) increased with the
increase of surfactant concentration, whereas the loaded
surfactant remained unchanged when the surfactant con-
centration was higher than 1 x CEC. This d value suggests
that an arrangement of lateral mono-layer model was
adopted in the resultant organo-montmorillonite [8, 11].
However, for the surfactant with relatively long alkyl chain
(i.e., C18-S), the basal spacing of the organo-montmoril-
lonite increased with the increase of surfactant loading as
reported in literature [6, 11, 29]. When the amount of the
added surfactant was twice the CEC, the basal spacing
reached a maximum (4.1 nm). This d value remained
constant when the amount of surfactant added exceeded
2.0 x CEC although the loading increased (Fig. 2). As can
be seen from Fig. 1, there is a jump of the maximum basal
spacing from the organo-montmorillonites prepared from
C8-S (1.5 nm) to that from C18-S (4.1 nm), implying that
the alkyl chain length of the used surfactant has a signifi-
cant influence on the local environment of the intercalated
surfactant, i.e., the adopted arrangement model and the
basal spacing.

When the obtained organo-montmorillonites were
examined using thermal analysis, a dramatic difference of
the thermal stability was observed. Figure 3 shows TG-—
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Fig. 1 XRD patterns of two
series of organo-
montmorillonites (NM-C8-S
and NM-C18-S) prepared at
different surfactant
concentrations
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Fig. 2 Loaded surfactant of the organo-montmorillonites prepared at
different surfactant concentrations

DTG curves of NM-Ca-montmorillonite, NM-C18-S-4.0,
NM-C8-S-4.0 and their thermally treated products. The TG
curve of NM-Ca is mainly composed of two parts: (1) the
free water (interstitial water and surface adsorbed water)
and interlayer water region around 127 °C [38]; (2) the
structural water (bonded hydroxyl that undergoes dehydr-
oxylation) region between 600-750 °C. In the temperature
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range of 200-500 °C, NM-Ca-montmorillonite shows
thermal stability without mass loss. Hence, mass loss of
organoclays in this temperature range should be attributed
to evaporation/decomposition of loaded surfactants.

From TG-DTG curves of NM-C18-S-4.0, it can be seen
that the loss temperature and amount of the free water has a
prominent decrease, resulted from the surface affinity
change (from hydrophobicity to hydrophilicity) of the clay
modified with surfactant. Besides the mass loss of free
water (ca. 89 °C) and the structural water (ca. 722 °C), two
prominent mass loss were recorded at ca. 280 and 410 °C.
As NM-Ca-montmorillonite is thermally stable in this
temperature range, the mass losses at ca. 280 and 410 °C
should be resulted from surfactant evaporation/decom-
position of the organo-montmorillonite [13, 39, 40].
However, as shown by the TG-DTG curves of NM-C8-S-
4.0, besides the mass losses at ca. 86 and 720 °C, corre-
sponding to the losses of adsorbed water and structural
water, a prominent mass loss occurs at 410 °C with a less
mass loss at ca. 280 °C. The TG-DTG curve of NM-C8-S-
4.0 is obviously different from that of NM-C18-S-4.0.

Previous studies have demonstrated that, under N,
atmosphere, the mass loss at relatively lower temperature
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(e.g. 230 °C for NM-C8-5-4.0 and 280 °C for NM-C18-
S-4.0 in this study) corresponded to evaporation of the
surfactant located in the interparticle pores while that at
higher temperature (e.g. ca. 410 °C in this study) to
decomposition of the intercalated surfactant [13]. Here, an
interesting thing is why so prominent difference of the
mass losses at 230-280 and 410 °C is observed in these
two series samples.

To determine the location and format of the loaded
surfactant and their influence on the microstructural evo-
lution and thermal stability of the organoclay, the thermally
treated products from NM-C18-S-4.0 and NM-C8-S-4.0
were investigated by using XRD and TG. The thermal
treatment temperatures were adopted according to TG-DTG
curves, i.e., the temperatures at which a prominent mass loss
began and ended. Accordingly, the treatment temperatures
in this study were 162, 280, 346, 410, and 530 °C for
NM-C18-S-4.0 and 157, 239, 288, 430, 470, and 560 °C for
NM-C8-5-4.0, respectively.

Figure 4 shows XRD patterns of NM-C18-S-4.0,
NM-C8-S-4.0 and their thermally treated products. XRD
patterns of NM-C18-S-4.0 treated at 162 °C (marked as
NM-C18-5-4.0-162) and NM-C8-S-4.0 treated at 157 °C
(marked as NM-C8-S-4.0-157) are almost identical to that
of the original sample. And the TG-DTG curves of NM-
C18-S-4.0-162 and NM-C8-S-4.0-157 are also similar to
those of NM-C18-S-4.0 and NM-C8-S-4.0 (Fig. 3). This
implies that the thermal treatment at these temperatures
does not have any influence on the microstructure of the
organo-montmorillonite and almost there is no loss of the
loaded surfactant.

For NM-C18-S-4.0, when the treatment temperature
increased to 280 °C (marked as NM-C18-S-4.0-280) at
which a dramatic mass loss occurred in the TG curve of the

original organoclay (NM-C18-S-4.0), the (00 1) reflection
peaks were broadened with a slight increase of basal
spacing. The TG curve of NM-C18-S-4.0-280 indicates
that, after NM-C18-S-4.0 was treated at 280 °C, there is a
significant decrease of mass loss around 280 °C, whereas
the mass loss around 410 °C remains unchanged (Fig. 3).
This treatment temperature (280 °C) is close to the evap-
oration temperature of the neat surfactant, 269 °C. This
suggests that the lost surfactant at ca. 280 °C should be
mainly attributed to the surfactant located out of the clay
interlayer space, i.e., in the interparticle pores [31, 32] and
the broadening of the reflection peaks corresponds to the
disordered arrangement of the intercalated surfactant
resulted from the thermal treatment. When the treatment
temperature further increased to 346 °C, dramatic changes
in both XRD pattern and TG curve were observed. As
shown by TG-DTG curves (Fig. 3), the mass loss around
280 °C occurring in NM-C18-S-4.0 is not recorded any
more in TG-DTG curve of NM-C18-S-4.0-346 whereas the
mass loss around 410 °C in NM-C18-S-4.0-280 is identical
to that in NM-C18-S-4.0-346. Meanwhile, two broadened
peaks with a decreased d value were recorded at 3.42 and
1.41 nm, instead of the regular (001) reflections observed
in the original organo-montmorillonite and those treated at
162 and 280 °C. This observation suggests that the mass
loss at 162-346 °C corresponds to not only the evaporation
of surfactant located in the interparticle pores within
“house-of-cards” structure but also the surfactant mole-
cules (ionic pairs) located in the clay interlayer spaces.
When heated to 410 °C, the well-ordered (001) reflec-
tions can not be observed and the XRD pattern of
NM-C18-5-4.0-410 exhibited a main reflection at 1.34 nm
with a broad reflection at 4.57 nm. The corresponding
TG-DTG curves showed a significantly decreased mass
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Fig. 4 XRD patterns of NM-
C18-S-4.0, NM-C8-S-4.0, and
their thermally treated products
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loss around 410 °C. When the treatment temperature fur-
ther increased to 530 °C, the mass loss around 410 °C
completely disappeared in the TG-DTG curves and the
XRD pattern only exhibited a main reflection at 1.29 nm
with a reflection at 7.14 nm. The reflection at 7.14 nm
corresponds to the distribution of pores among clay parti-
cles [41, 42] while the main reflection at 1.29 nm is similar
to that of natural montmorillonite without interlayer water.
Here, the dramatic decrease of basal spacing of the ther-
mally treated organo-montmorillonite and the disappear-
ance of mass loss indicate that the mass loss around 410 °C
corresponds to the evaporation/decomposition of the cat-
ionic surfactant intercalated into the montmorillonite
interlayer space. The mass loss around 720 °C should be
attributed to the dehydroxylation of montmorillonite.
However, for NM-C8-S-4.0, when the treatment tem-
perature increased to 239 and 288 °C (marked as NM-C8-
S-4.0-239 and NM-C8-S-4.0-288), respectively, their
TG-DTG curves are almost identical with disappearance of
the mass loss at ca. 239 °C in the original sample. Also,
their XRD patterns are very similar. This is very different
from the results of NM-C18-S-4.0 and their thermally
treated products, in which a prominent d(001) decrease was
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recorded. When the thermal treatment temperature further
increased to 430 °C, a dramatic decrease of both the basal
spacing and mass loss was recorded. And treated at 470 and
560 °C, only a weak reflection at 1.0 nm was recorded,
which is identical to the height of montmorillonite sheet.
Also, on their TG-DTG curves, only the mass loss corre-
sponding to the loss of structural water is recorded. Both
XRD patterns and TG-DTG curves indicate that the loaded
surfactant have been evaporated/decomposed before
470 °C.

From the present study, it can be seen that the config-
uration of the used surfactant has a prominent influence on
the location and format of the loaded surfactants, and their
thermal stability and microstructural evolution will be
accordingly affected. As shown by the TG-DTG curves
(Fig. 3), for sample NM-C8-S-4.0, the mass loss ratio at ca.
239 and 430 °C is 0.23 while that for NM-C18-S-4.0 is
1.43, deduced from the convolution of the DTG curves.
The ratio values reflect that more loaded surfactants were
evaporated in NM-C18-S-4.0 than that in NM-C8-S-4.0
around the evaporation temperature of the neat surfactant.
XRD patterns show that, after NM-C18-S-4.0 treated at
346 °C (the end temperature of surfactant evaporation in
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Table 1 Intermolecular interaction energies of surfactant cations and ionic pairs (kcal/mol)

E (surfactant) E (clay) E (total) E (interaction energy)
Cation 9098.41 —621151.19 —615453.93 3401.14
Ionic pair 5425.77 —621151.19 —616684.53 959.10
the first mass loss step), there is a prominent decrease of  interaction energy between surfactant cations and

the d(001). This implies that some intercalated surfactants
are evaporated in this temperature region. As reported in
the literature [30], there were two kinds of surfactants
intercalated into the clay interlayer spaces: when the
amount of the intercalated surfactant is less than the clay’s
CEC, the surfactants mainly enter into clay interlayer
spaces as cations via cation exchange; when the amount of
the loaded surfactant is more than clay’s CEC, surfactants
can enter into clay interlayer spaces as both cations and
molecules (ionic pairs) [30] and surfactant molecules also
can occupy the interparticle pores within “house-of-cards”
structure [32]. It is no doubt that that the surfactants loaded
in the interparticle pores will be evaporated around the
evaporation temperature of the neat surfactant. In the case
of NM-C18-S-4.0, both XRD and TG-DTG suggest that
some intercalated surfactants are evaporated around the
evaporation temperature of the neat surfactant.

Our calculation of the interaction between surfactant and
montmorillonite showed that, in NM-C18-2.0 model, the
average spacing was 4.13 nm, which is well consistent with
the XRD result (ca. 4.1 nm). In the case of NM-CI18-
2.0CEC, half of the surfactant was cations while the other
half was in the form of ionic pairs. It has been shown that
the ammonium head groups of surfactant cations were
close to clay mineral surface due to the coulomb interac-
tion in previous simulations [15—17]. The same phenome-
non was found in the present simulation. Also, there were
some ammonium head groups of surfactant cations lying in
the middle of the interlayer spaces, which were accompa-
nied with Br™, representing the ionic pair form. The con-
fining effects of montmorillonite surface to ions and ionic
pairs of surfactant were different. In the molecular simu-
lation, the confining effect can be regarded as intermolec-
ular interaction energy. The intermolecular interaction
energy between surfactant and montmorillonite can be
calculated by the following equation:

E; = Es + Eclay - Et

E; is the intermolecular interaction energy between
surfactant and montmorillonite; Es and E,, are single
potential energy of surfactant and montmorillonite. E; is
the total potential energy of surfactant and clay mineral.
The intermolecular interaction energy  between
montmorillonite and two forms of surfactant have been
calculated as shown in Table 1. The intermolecular

montmorillonite is larger than the ionic pairs of
surfactant. This result indicated that the surfactant cations
were more strongly confined by montmorillonite surface
and harder to escape from the interlayer spaces of
montmorillonite. This further confirms our suggestion
that the intercalated surfactant molecules (ionic pairs)
will be evaporated earlier than those intercalated surfactant
cations.

As for the significant variation between the mass loss
ratio for NM-C18-S-4.0 (at ca. 280 and 410 °C) and
NM-C8-S-4.0 (at ca. 239 and 430 °C), this may be due to
the different interlayer spaces for adopting surfactant
molecules (ionic pairs). In the case of NM-C18-S-4.0, the
montmorillonite interlayer spaces are dramatically expan-
ded from 1.5 nm (original Ca-montmorillonite) to 4.10 nm
(NM-C18-S-4.0) and a paraffin bilayer arrangement of the
intercalated surfactants was adopted, providing big space
for adopting surfactant molecules (ionic pairs). However,
in the case of NM-C8-S-4.0, the basal spacing is similar to
that of the used Ca-montmorillonite, indicating a lateral
monolayer arrangement of the intercalated surfactant
[8, 11, 16]. In this case, the space for adopting surfactant
molecules (ionic pairs) is limited. In this study, since the
same original Ca-montmorillonite was used to prepare
organo-montmorillonite, the significant variation between
the mass loss ratio for NM-C18-S-4.0 and NM-C8-S-4.0
should be mainly resulted from the obviously different
amounts of the surfactant molecules (ionic pairs) in the
clay interlayer spaces.

Conclusions

In this study, we prepared two series of organo-montmo-
rillonites using surfactants with different alkyl chain
length. In the case of octyl trimethylammonium chloride, a
surfactant with relatively short alkyl chain, the obtained
organo-montmorillonite only shows a maximum basal
spacing at ca. 1.5 nm despite the increase of the surfactant
concentration in the preparation solution. The loaded sur-
factant remained unchanged when the surfactant concen-
tration was higher than 1 x CEC. Most surfactants
intercalate into montmorillonite interlayer space as cations
with a small amount of surfactant molecules in the inter-
particle pores within “house-of-cards” structure. For
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octadecyl trimethylammonium bromide, a surfactant with
relatively long alkyl chain, the resultant organo-montmo-
rillonite displays a large maximum basal spacing at ca.
4.1 nm. The loaded surfactants exist in three formats:
intercalated surfactant cations, intercalated surfactant
molecules (ionic pairs), and surfactant molecules in inter-
particle pores. The surfactants loaded in the interparticle
pores and intercalated molecules (ionic pairs) are evapo-
rated at a lower temperature than that for evaporation/
decomposition of the intercalated surfactant cations. The
intercalated surfactant molecules (ionic pairs) have a
prominent influence on the increase of basal spacing and
the thermal stability of resultant organo-montmorillonite.
These new findings are of high importance for synthesis
and application of clay-based nanocomposites.
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