
Introduction

Clays such as kaolin, illite, palygorskite and sepiolite
are among the most important industrial raw materials
[1–4]. Bentonites and their major clay mineral smectites
have been widely used in many applications depending
on their high adsorption, swelling, and cation exchange
capacities [5–9]. Inorganic and organic pillared clays
have been prepared based on the cation exchange ability
of smectites [10, 11]. Organic pillared clays (organo-
clays) are prepared by replacing natural inorganic ex-
changeable cations (Na2+, Ca2+), located between 2:1
layers of smectite, by alkylammonium, alkyldi-
ammonium, and tetraalkylammonium cations [12–16].
Organoclays have been used in the production of
sorbents, paints, lubricants, cosmetics, paper, medicines,
ink, grease, resin, nanocomposites, and various high-
strength materials [17, 18]. Several studies have been re-
alized about the sorption of organic contaminants such
as oils, phenolic compounds, herbicides, insecticides,
and fungicides on organoclays [19–27].

The thermal behavior of organoclays has a great
importance because it plays a key role in the prepara-
tion of polymer-smectite nanocomposites [28–31].
The organoclay-based nanocomposites must have
mechanical strength, heat resistance, and biodegra-
dability as well as low gas permeability and flamma-
bility [32–35]. These properties depend heavily on
the organoclays. Therefore, thermal analysis in com-
bination with other techniques, have been used to un-
derstand the thermal stability of the organoclays
[36–41]. Several thermal analysis methods have been

used to understand the thermal behavior of natural
and artificial materials [42–56]. The aim of this study
was to investigate the effect of the type of tetraalkyl-
ammonium cations on the hydrophilic–hydrophobic
character and on thermal stability of some organo-
clays, and also to get better knowledge of the smectite
remained after escaping of the organic phase, by ther-
mal analysis.

Experimental

A sodium-rich smectite (NaS) having cation exchange
capacity of 1.08 mol kg–1 was used in this study. It was
isolated by purification of a bentonite taken from
Re�adiye (Tokat/Turkey) region [57]. Basal spacing,
d(001), for the anhydrous and air dried NaS were 1.00,
1.24 nm, respectively. Three tetraalkylammonium chlo-
ride (TAAC) salts, used in this study, were methyltri-
butylammonium chloride (MTBAC, Merck), methyl-
trioctylammonium chloride (MTOAC, Merck),
di(hydrogenatedtallow)dimethylammonium chloride
(DHTDMAC, Berol-Nobel). They were used as re-
ceived. Chemical formulas of the MTBA+, MTOA+ and
DHTDMA+ cations are [CH3N(C4H9)3]

+,
[CH3N(C8H17)3]

+, and [(CH3)2NC16H33C18H37]
+, respec-

tively. Their carbon (C) numbers are 13, 25 and 36, re-
spectively. They were as the smallest, medium, and the
largest TAA cations to prepare sorptive organo-
smectites. TAA cations having C number of 12 or less
than 12 have been used to prepare adsorptive organo-
smectites but not sorptive ones.
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Three organosmectites were prepared by using the
NaS and TAA cations equivalent to the CEC. The prep-
aration procedures and some physicochemical proper-
ties were given in our previous studies, but not thermal
behaviors [58]. The prepared organosmectites by using
MTBA+, MTOA+ and DHTDMA+ cations are labeled as
MTBAS, MTOAS, and DHTDMAS, respectively. The
molar mass of the MTBA+, MTOA+ and DHTDMA+

are 200, 368 and 522 g mol–1 and d(001) spacing of the
corresponding organosmectites are 1.47, 2.29 and
3.18 nm, respectively [58].

Thermogravimetry (TG) and differential thermal
analysis (DTA) curves of the air dried TAA cations,
NaS, and organoclays were recorded using a
Shimadzu Apparatus (DTG-60H). Approximately
20 mg of sample was placed in a platinum crucible on
the pan of the microbalance and was heated in the
range 25–1000°C using �-Al2O3 as an inert material.
Analysis was performed under flowing nitrogen with
the rate of 100 mL min–1 using heating rate of
10°C min–1. Two repeated TG-DTA experiments
were performed for each sample. It is not seen any
considerable difference among them.

Results and discussion

Thermal characteristics of the neat
tetraalkylammonium salts

The TG and DTA curves of the used TAA salts were
examined, and those of the neat DHTDMAC as repre-
sentative one is shown in Fig. 1 for the temperature
range of 25–500°C. Three endothermic and one exo-
thermic change are seen in the DTA curve. The first
endothermic change without any considerable mass
loss with a maximum rate at 76°C is attributed to the

phase transition of DHTDMAC. The second
endothermic change with a mass loss of 35% and a
maximum rate at 210°C is due to the partial decompo-
sition of the neat DHTDMAC. The third endothermic
change with a mass loss of 62% and a maximum rate
at 375°C indicates the evaporation of the solid prod-
ucts. The exothermic peaks between 400–450°C
show the combustion of a small amount of charcoal
(~3%) formed by the decomposition. It is observed
that all organic materials used in this study were de-
composed completely up to 500°C.

Thermal characteristics of the NaS

TG and DTA curves of the NaS are given Fig. 2 for
the temperature range of 25–1000°C. The first and
dominant endothermic mass loss of 8% between 25
and 200°C with a maximum rate at 160°C is due to the
dehydration of interparticle water, adsorbed water,
and interlayer water (W). The second endothermic
mass loss of 6% between 550–700°C with a maxi-
mum rate at 650°C is originated from the
dehydroxylation of the NaS. The exothermic change
without mass loss and with a maximum rate at 920°C
shows the recrystallization of the NaS. The total mass
loss and the solid residue by heating up to 1000°C is
14 and 86%, respectively. The mass ratio of
dehydroxylation water (DW) and the solid residue
(RE) must be constant for a smectite. This ratio for the
used NaS is calculated as DW/RE=6/86=0.0698. This
ratio does not change in the case of the different
organosmectites.
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Fig. 1 TG and DTA curves of di(hydrogenatedtallow)-
dimethylammonium smectite (DHTDMAC) in the tem-
perature range 25–500°C

Fig. 2 TG and DTA curves of sodium smectite and
organosmectites in the temperature range 25–1000°C
(W – adsorbed water, DW – dehydroxylation water,
TAA+ – tetraalkylammonium cation)



Thermal characteristics of the organosmectites

TG and DTA of the MTBAS, MTOAS and DHTDMAS
are shown in Fig. 2 for the temperature range of
25–1000°C. Thermal changes in the organosmectites
may be divided into three steps. Dehydration of the wa-
ter (W) occurs in the first step between 25–250°C. The
intercalated TAA cations are degradated and besides
small inorganic and organic molecules, as well as char-
coal are formed in the second step between 250–500°C.
Besides the dehydroxylation of the NaS, the combustion
of the charcoal occurs in the third step between
500–1000°C. The differentiation of the mass losses
originated from the dehydroxylation (DW) of the NaS
and decomposition of the TAA cations are almost im-
possible from the TG curves. The total mass losses from
the TAA cations and DW are given in Fig. 2. Further-
more, recrystallization of the NaS without any mass loss
occurs between 900–1000°C in the third step. These
changes are not exactly seen in the DTA curves.

Hydrophilic-hydrophobic character of the
organosmectites

The water content (W) of the NaS decreases greatly
from 8.0 to 0.2% by the formation of the organo-
smectites. This shows that the replacement of natural
inorganic cations by TAA cations via ion exchange
converts the smectite surface from hydrophilic to hy-
drophobic in character. Furthermore, the W decreases
from 2.0 to 0.2% depending on the size of the TAA
cations, as seen in Fig. 2. The variation of the W%
with the molar mass (M+) of the TAA cations is given
in Fig. 3. Organophilic partition nanophase formed
interlayers of smectite that interact strongly with or-

ganic vapors and compounds dissolved in water. This
interaction and sorption capacity of organosmectites
having large non-polar alkylgroups is greater than
those of the natural smectites and intercalated
smectites having small non-polar alkylgroups. It is
well known that basal spacing, d(001), of organo-
smectites increase also depending on the size of the
TAA cations. The variation of d(001) spacing with
the molar mass of the TAA cations gives a straight
line, as seen in Fig. 3.

Thermal degradation kinetics

Several methods have been used to evaluate kinetic
parameters of solid-state reactions involving mass
loss by thermogravimetry [32, 47, 59, 60]. The or-
ganic partition nanophase formed interlayers of the
NaS degradates between 250–500°C as seen in Fig. 2.
This degradation can be assumed approximately as
first order reaction such as, solid (1)�solid (2)+gas.
The activation energy (E) for such reaction can be cal-
culated from the Coats and Redfern equation as fol-
lows [45, 61, 62].

ln{[–ln(1–�)]/T2}=
–(E/RT)+ln[(AR/�E)(1–2RT/E)] (1)

where � is the mass fraction of the degradation calcu-
lated from TG data, T is the temperature (K), R is the
universal gas constant, A is the frequency factor, and
�=dT/dt=10 K s–1 is the heating rate. The second term
in this equation is nearly constant. The Coats–Red-
fern straight lines for the degradation of the organic
partition nanophases formed in the organosmectites
are given in Fig. 4. The activation energies for the
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Fig. 3 The variation of basal spacing, d(001), and water con-
tent (W) of the organosmectites with the molar mass
(M+) of the tetraalkylammonium cation

Fig. 4 The Coats and Redfern straight lines for degradation of
interlayer organic partition nanophases formed in the
prepared organosmectites in the temperature range
250–500°C



nanophases within MTBAS, MTOAS and
DHTDMAS were calculated from the slopes of these
straight lines as 13365, 21857 and 43462 J mol–1, re-
spectively. The thickness (z) of these partition
nanophases were calculated from the difference of
d(001)-values for the organosmectites and anhydrous
NaS [58]. The variation of the activation energies vs.
the nanophase thickness is given in Fig. 5. Activation
energy increases by increasing of the nanophase
thickness along a curve.

Conclusions

Tetraalkylammonium chlorides used in this study are
decomposed exactly by heating up to 500°C. The in-
crease in smectite surface from hydrophilic to hydro-
phobic depends on the size of non-polar alkylgroups
in the tetraalkylammonium cations. The basal spacing
of smectite increases linearly by increasing of the mo-
lar mass of the tetraalkylammonium cations. The acti-
vation energy of thermal degradation for the organic
partition nanophase formed by intercalation of
tetraalkylammonium cations between 2:1 layers of
smectite increases with the increasing of interlayer
spacing along a curve. This indicates that the catalytic
effect of the smectite surface on the thermal degrada-
tion of the nanophase decreased by increasing of the
interlayer spacing.
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