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Artigo

In this work, a smectite clay from the State of Paraiba, Brazil, was treated with six different types of ammonium salts, which is an

usual method to enhance the affinity between the clay and polymer for the preparation of nanocomposites. The clays, before and

after modification, were characterized by X ray diffraction. The conformation of the salts within the platelets of the clay depended
on the number of long alkyl chains of the salt. The thermal stability of the clays was also studied. The ammonium salts thermal
decomposition was explained in light of their position within the organoclays.
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INTRODUCTION

For the last 20 years, a great number of studies has been con-
ducted on the subject of clay containing polymer nanocomposites
due to the interesting structure and improved properties these
materials present.'” Polymer clay nanocomposites are normally
obtained through the dispersion of clays chemically modified,
within a polymer matrix either by in situ polymerization, melt
intercalation or solution casting.>** Melt intercalation is the most
promising method in a large scale.>*>78 It consists of mixing the
clay with the polymer in the molten state using conventional poly-
mer processing techniques. However, when using this preparation
method care should be taken that the chemical treatment of the clay
to enhance the interaction between the clay and polymer within
the composite, be resistant to the high temperatures and oxidative
atmosphere during processing.>*?

The clays most commonly used to obtain nanocomposites are
the ones from the smectite group, particularly the montmorilloni-
te.>*1° These smectitic clays exhibit a large variety of properties
which turn them attractive to be used to obtain clay containing
polymer nanocomposites: their particles have naturally small
dimensions with average sizes smaller than 2 pm, they have a
large specific area and their individual layers are reactive. Also,
it is possible to exchange the metallic cations present between the
layers by organic cations turning them organophilic.>*!?> These
organic cations have a physicochemical affinity with organic sol-
vents (which can be used to polymerize the polymers) or polymer
matrices (if the clay containing polymer nanocomposites are to be
obtained by melt blending). Usually, in order to use the smectic
clays in nanocomposites, the metallic cations are substituted by
quaternary ammonium or other heteroatom organic salts.>*!° The
method used to exchange the metallic cations by organics ones
has a strong influence on the structure of the resultant organo-
clay.!®® The use of different smectite clays, different organic
cations, levels of adsorption and amounts of salts are the main
parameters that control the obtention of organophilic clays with
different properties.'* During the preparation of clay containing
polymer nanocomposites by melt intercalation (or melt blending)
it is possible that the organic salts will not be stable, so that they
may decompose, affecting the resulting clay interlayer spacing
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and its affinity to the polymer. Therefore, it is very important to
study the oxidative thermo-degradation of the organoclays prior
to nanocomposite preparation. Many studies have been conducted
regarding the thermal stability of organic cations.'>?* The studies
reported in the literature'>** showed that the degradation of the
salts is mainly thermally driven, with a slight increase of the
surfactant mass loss in air atmosphere when compared to the one
in nitrogen atmosphere. These studies'>** also indicated that the
initial degradation of salts follows a Hoffman elimination reaction,
producing alpha olefins, amines and other products from secondary
reactions between the degradation products.

Organoclays have the ability to swell and disperse in organic
solvents, and have been widely used in a range of applications
such as thickening and gelling of paints, lubricants and cosme-
tics, as a filter material for water purification and as sorbent in
pollution prevention and environmental remediation. A detailed
review about the application field of organoclays can be found in
Bergaya, Theng and Lagaly.® The great interest in organoclays
and the large source of smectite clays in the Brazilian territory'?
provides a great opportunity for developing organoclays in Brazil.
However, in spite of the large number of works about polymer
matrix/clay nanocomposites, only few works relate the use of
organoclays of Brazilian origin.>*3* Most works use clays from
American, Japanese and Chinese origin.>*?** Therefore it is of great
interest to study the organofilization of Brazilian clays and their
resistance to temperature since to our knowledge, a systematic
study on the thermal stability of Brazilian organoclays has never
been reported in the literature.

In this paper, a Brazilian clay from the State of Paraiba, Nor-
theastern Brazil, was used. It was modified using commercial qua-
ternary ammonium salts instead of PA grade salts in order to keep
the process cost low. Six different types of ammonium salts were
used, namely: diestearildimethylammonium chloride - DEDMA,
ditallowalkyldimethylammonium chloride - DTADMA, dialquil-
dimethylammonium chloride - DADMA, alquildimethylben-
zylammonium chloride - ADMBA, hexadecyltrimethylammonium
chloride - HDTMA, fettalkyldimethylhydroxiethylammonium
chloride - FADMHEA. The organoclays were characterized by X
ray diffraction and foster swelling degree. The thermal stability
of the organically modified clays was studied in view of using
those clays for preparation of polyolefins nanocomposites by
melt blending.
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EXPERIMENTAL Swelling degree
Materials The swelling degree was applied as a method to obtain the degree

The clay used in this work was a polycationic smectite clay,
predominantly montmorillonite, denominated verde-claro (VC),
from Boa Vista city, the State of Paraiba, Northeastern Brazil
(geographic coordinates of source of VC clay: latitude -7.18°,
longitude -36.15°). Its cation exchange capacity (CEC) is 93
meq/100 g, obtained by Kjeldahl ammonia distillation method.**-%
The clay was ground to 200 mesh sieve and used without further
purification. Table 1 presents the chemical composition of VC
smectite clay, determined by X ray fluorescence. More information

of affinity of the organoclays for organic compounds. This analysis
is based on Foster’s work*' and the experimental procedure is as
follows: 1 g of clay (VC-Na: VC before treatment with quaternary
ammonium salts or VC-O: VC modified with quaternary ammonium
salts) is added to a graduated cylinder containing 50 mL of organic
solvent. The sedimentation of the clay particles occurs after 1 h.
Then, the suspension is mixed and the volume of swelled clay is

Table 1. Chemical composition of VC smectite clay

‘ Oxide wt.%
about the clay can be found in Valenzuela’works.*-** Quaternary Si0 636
ammonium salts of different structures were used to turn the clay : ’
- . . ALO, 182
organophilic. Their properties are shown Table 2. The more stable
. . . . Fe,O 12.6
conformation for the organic cations were calculated using Hyper 273
Chem™ 6.01 software and are shown Table 2. MgO 2.28
CaO 0.67
Organoclay preparation Na,0 0.55
TiO, 1.18
VC smectite clay is polycationic, hence the metallic ions K,0 0.46
occupying the interlayer space (predominantly Ca*") had to be PO, 0.06
changed by sodium ions (Na*): for that the clay was dispersed in SO, 0.02
deionized water (4 wt.% of clay) and Na,CO,, at a concentration cl 0.30
of 100 meq/100 g of clay, was slowly added to the suspension. V,0, 0.01
The suspension was stirred for about 30 min at 97 °C. Then, an Cr-O 0.05
aqueous solution of quaternary ammonium salt was added to the M:103 0'01
suspension containing sodium smectite clay (VC-Na), at a con- NiO 0'02
centration equivalent to 1.1 CEC of the sodium clay. After stirring ! ’
for 30 min at room temperature, the suspension was filtered and CuO 0.01
washed with deionized water until free of chlorine ions. The Zn0 0.03
organophilic clays were then dried at 60 °C for 48 h, ground and Rb,0 0.01
stored at room temperature. The experimental details of the clay StO 0.01
preparation are described elsewhere.?74 Y,0, 0.01
Zr0O, 0.01
Table 2. Alkyl quaternary ammonium salts used in this work
Salts Formula Designation Structure
diestearildimethylammonium -
chloride [(CH,),(C,;H,),N*] Cl DEDMA (1)
ditallowalkyldimethylammonium [(CH,),R, N*] CI';
o2 DTADMA (1
chloride R=~65% C18; ~30% C16; M
~5% Cl14
dialkyldimethylammonium chloride [(CH,),R, N*] CI'; DADMA (2)
R=~70% C12 e ~30% C14
alkyldimethylbenzylammonium [(CH,),(CH,CH)R N*] CI
ADMBA (1
chloride R =~2% C10; ~ 50% C12; W
~24% C14;13% C18 e ~ 11% C16
hexadecyltrimethylammonium
chloride [(CH,),(C, H,)N*] CI HDTMA (1) Jeb ool ohel o ol i )
Fettalkyldimethylhydroxyethylam- |
cratyidmethyfydroxyethylam [(CH,)(C ;H, X(C,H,OH)N| CI  FADMHEA (1) MY,

monium chloride

(1) Clariant. (2) Akzo Nobel
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measured after 24 h. The values are reported in mL/g. According to
Valenzuela-Diaz* the swelling degree of clays can be classified as:
Non swelling: values less than 2 mL/g; Low swelling: values between
3 and 5 mL/g; Medium swelling: values between 6 and 8 mL/g; High
swelling: values > 8 mL/g.

X ray diffraction (XRD)

The clays (sodium and organo) were analyzed by X ray diffrac-
tion using a Philips X’Pert-MPD diffractometer. XRD patterns were
recorded using Cu ko radiation (A = 1.54056 A) and scanning rate
of 1°(20)/min. The analyses were performed using samples that were
all kept in same weathering condition (constant relative humidity
and temperature). The basal spacing (d ) of clays was calculated
using Bragg’s law.

(001)

Thermal analysis (TG-DTA)

Thermogravimetric analysis (TG) and differential thermal analy-
sis (DTA) of the clay before and after modification were obtained
in simultaneous TG-DTA, from TA Instruments, model SDT 2060.
16 mg of sample were placed in an alumina crucible and submitted
to a range of temperatures from 25 to 1000°C, at a heating rate of
10°C/min. Heating rates of 5 and 10 *C/min were used and the results
obtained were similar. The purge gas was air at a flow rate of 50 mL/
min to simulate standard polymer processing conditions.

RESULTS AND DISCUSSION
X-ray diffraction

Figure 1 shows the XRD patterns of the VC clay before and after
modification using the different alkyl quaternary ammonium salts
presented in Table 2. The basal spacing (d ) values of sodium and
organophilic clays are presented in Table 3. Table 3 also presents the
layer opening of clays after organic cation intercalation, that is, the
difference between basal spacing value of sodium and organophilic
clays. Thed , of sodiumclay was found to be 1.52 nm, which is cha-
racteristic of an hydrated montmorillonite. A completely anhydrous
VC-Nahadad,, of 0.96 nm.** The layer opening of 0.56 nm (1.52
minus 0.96) corresponds to the presence of two water layers in the
interlayer space.*? The XRD patterns presented in Figure 1 show that
after modification of the VC-Na clay with quaternary ammonium
salts, the diffraction peaks shift to smaller angle values proving the
intercalation of the organic cations between the silicate layers. It can
be seen in Figure 1 and Table 3 that the organoclays prepared from
two-tailed salts (VC-DEDMA, VC-DTADMA and VC-DADMA)
present higher basal spacing values, ranging from 2.9 to 3.6, indi-
cating that the alkylammonium ions are disposed in paraffin-type
arrangements in the interlayer space of clay.’ The organoclays with
one-tailed salt present basal spacing values of 1.90 (FADMHEA)
and about 2.20 nm (HDTMA and ADMBA) indicating bilayer (flat-
lying alkylammonium ions) and pseudotrimolecular (surfactant
group is attached on the silicate layers and the alkyl chain assume
a trimolecular arrangement by formation of kinks) arrangements in
the galleries, respectively.® These possible conformations are shown
Figure 2. Figure 1 also shows that the two-tailed salt organoclays
exhibit higher order peaks corresponding to (002) and (003) planes of
montmorillonite. These higher order peaks suggest that the two-tailed
salt clays present a well ordered layer structure. The intensity of the
diffraction peak corresponding to (001) plane of the VC-DEDMA
and VC-DTADMA was increased when compared to one of sodium
clay, possibly because of an increase layer order.
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Figure 1. XRD patterns of VC-Na before and after modification with different
alkyl quaternary ammonium salts (VC-DEDMA, VC-DTADMA, VC-DADMA,
VC-ADMBA, VC-HDTMA and VC-FADMHEA)

Table 3. Basal spacing values of the sodium and modified VC clay

Clay d,,, (nm) Layer opening (nm)
VC-Na 1.52 0.56
VC-DEDMA 3.62 2.10
VC-DTADMA 3.58 2.06
VC-DADMA 2.86 1.34
VC-ADMBA 2.19 0.67
VC-HDTMA 2.29 0.77
VC-FADMHEA 1.90 0.38

The hydrophobization of clays by adsorption of ammonium salts
is an important step for application of the clays as fillers for polymer
nanocomposites. The surface modification of Brazilian clays was
qualitatively evaluated by its swelling degree in organic solvent (ex-
pansion of clay galleries to accommodate the intercalated solvent).
Figure 3 presents the Foster swelling degree of organoclays in xylene.
The degree of affinity of all organoclays for the organic compounds
was increased as compared to the one of sodium clay. It can be seen
from Figure 3 that the two-tailed organoclays present higher swelling
degree than the one-tailed organoclays. This can be easily explained
by the configuration of the salts within the clays platelets. The X ray
diffraction results shown above indicated that the two-tailed salt clays
show paraffin-type arrangements in the interlayer space and that the
one-tailed salt clays exhibit pseudotrimolecular and bylayer arrange-
ments. The pseudotrimolecular or bylayer is a denser structure than the
paraffin-type arrangements which results in a smaller accessible volume
within the galleries, that is, the empty spaces between the alkylammo-
nium ions. The high swelling degree value of two-tailed salt clays in
organic compounds indicate that they can adsorb significant amounts of
organic fluids, comprising benzene, toluene, diesel, gasoline, kerosene
and others. Therefore, besides the role of nanocomposite filler, they are
potential candidates for environmental applications, such as in oil spill
cleanup operations, and for the removal of aromatics.>*
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Figure 2. A schematic representation of the possible arrangements of the
ammonium quaternary salts in the interlayer space of a smectite clay: (a)
bilayer, (b) pseudo-trimolecular layers, and (c) paraffin-type arrangements
(adapted from reference 3). (a) and (b) present one-tailed alkyl ammonium
salts, and (c) presents two-tailed alkyl ammonium salts
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Figure 3. Swelling degree of organoclays
Thermal analysis

The thermal stability of the organic cations is a main issue when
organoclays are used to prepare nanocomposites by melt intercala-
tion. Figure 4 shows the results of the differential thermal analysis
(DTA) of sodium and organophilic clays, and Figure 5 shows mass
loss curves of the clays studied here.

The DTA curve of the sodium clay shows two endothermic pe-
aks, labeled 1 and 2, and one small S-shaped endo-exothermic peak,
labeled 3, which correspond to:!>1624

Peak 1 — mass loss of gaseous species and mass loss associated
with the dehydration of the clay (between 25 and 200 °C); Peak 2 —
mass loss associated with the dehydroxylation of the smectite layers
(between about 450 and 550 °C); Peak 3 — formation of new phases
such as spinel, and mullite (between 800 and 1000 °C).

The DTA curves of the modified clays show five thermal
events. Three which correspond to the ones that were observed in
the non modified clays (labeled 1 to 3) and one exothermic multi
peak, labeled 4 and a fifth broad one (labeled 5). The exothermic
peaks, labeled 4, correspond to the decomposition of the qua-
ternary ammonium salts. The same events were observed for all
organoclays and the corresponding peak temperatures are reported
in Table 4 and will be discussed below. Peak 5 can be attributed
to decomposition of residual organic carbonaceous residue of the
ammonium salts. The temperature at which this event occurs is
the same for all the salts. It can be seen for the organoclays DTA
curves, that peak 1 was shifted to lower temperatures (between
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Figure 4. Differential thermal analysis (DTA) of sodium and organophilic clays
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Figura 5. Mass loss curves of the sodium and organophilic clays studied here

about 25 and 150 °C) and peak 2 was shifted to higher temperatures
(between about 550 and 700 °C).

Table 5 presents the percentage of H,O evolved by dehydration
of the clay (first endothermic peak) and the peak temperatures.
Table 5 also shows the total mass loss of sodium and organophilic
clays and the mass loss corresponding to the decomposition of
the organic cations. The mass loss results were obtained from
Figure 5, using the whole range of temperatures scanned in the
TG analyses. The percentages of mass loss of the organic cations
were estimated subtracting the mass loss of sodium clay, from
200 to 800 °C, due to dehydroxylation, from the total mass loss
of the organoclays, from 200 to 850 °C, following the procedures
of Hedley et al..**

The water loss at low temperatures, between 25 and 200 °C (peak
1 in Figure 4) is associated to water weakly physicadsorbed or with
free water adsorbed either on the surface or on the layer edges of
the clay particles. It can be seen that when the clay is modified, the
dehydration temperature shifts to lower values, and the amount of
water eliminated decreases. This behavior is due to the increase of
the hydrophobic character of the modified clay. A similar behavior
has been observed by Xie et al.."”®
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Table 4. Differential thermal analysis results of sodium and organophilic clays
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DTA (°C)
Sample Peak 4
Peak 1 Peak 2 Peak 3 Peak 5
1 2 3

VC - Na 68 487 898 - - - - -
VC - DEDMA 43 665 879 231 - 351 500 735
VC - DTADMA 39 662 879 240 - 351 508 735
VC - DADMA 42 662 880 261 - 335 495 740
VC - HDTMA 46 662 880 - 260 313 - 735
VC - ADMBA 42 660 882 - - 302 - 740
VC - FADMHEA 39 660 879 - - 321 - 735

Table 5. Temperatures and relative mass loss corresponding to the dehydration, and surfactant decomposition

Peak 1 Peak 4
Sample Temperature (°C ) water surfactant mass loss Onset temperature mass loss (until 200 °C) total mass loss
(wt.%) (%) (&) (%) (%)
VC-Na 68 17 - - - 20.2
VC - DEDMA 43 2.5 383 171 0.7 44
VC - DTADMA 39 1.8 26.0 167 1.5 31
VC - DADMA 42 1.9 23.9 180 0.8 29
VC - HDTMA 46 34 20.4 181 0.2 27
VC - ADMBA 42 1.6 19.2 181 24 24
VC - FADMHEA 39 1.9 17.9 160 5.6 23

The thermal event labeled 2 corresponds to the release of struc-
tural hydroxyl of the clays. This thermal event can be affected by the
release of the water that is still present within the interlayer space,
at temperatures higher than 200 °C. This water occupies the empty
spaces between the alkyl ammonium ions and can only be released
at higher temperatures, because it is strongly bound to sodium ions,
which were not exchanged by organic cations. It can be seen from
Figure 4 that the intensity and width of event 2 for organophilic clays
are larger than for sodium clays. Since the mass loss originated from
the release of structural hydroxyl should be the same for all the clays
studied here, and the modified clays are hydrophobic, this increase of
intensity and width indicates that the event labeled 2 is superposed
with the beginning of event 5.

Table 4 presents the exothermic peaks corresponding to the release
of surfactant (peak4) and Table 5 presents the surfactant mass loss. It can
be seen from Table 4 that the release of organic cations occurs in steps:
the one-tailed organoclays present one or two DTA peak whereas the
two-tailed organoclays always present three DTA peaks. The thermal
analyses of commercial salts showed that their decomposition occur in
steps. The mass losses due to the salt main decomposition occur at peak
temperatures of about 250 °C, and of about 270 °C, for one-tailed and
two-tailed salts, respectively (see Figure 6). It can be seen from Tables
4 and 5 that the larger the release of organic cations, the higher the
number of peaks in the DTA curves. According to the literature,” when
organic cations substitute the metallic cations present in an hydrophilic
clay, they adhere mainly to the interlayer tetrahedrical sheet surface via
electrostatic interactions. If the surfactant concentration added to the
organoclays is increased, some cations in excess will be either attached
to the external surface of the clay particles, but the majority of the
excess surfactant will reside within the clay platelets either attached
to the tetrahedrical sheet surface or adsorved by van der Waals forces
to the chains of other cations. These different locations of the salts
will result in several exothermic events. Peak 4 in Table 4 can be and
was divided in three different exothermic events, called 1, 2, and 3. By
comparing the DTA curves of the pure salts with the ones of organo-
clays, it can be concluded that the first exothermic event (called 1, in

Table 4) present in DTA curves of VC-DEDMA, VC-DTADMA, VC-
DADMA (two-tailed salts) samples, between 230-260 °C, is associated
to the decomposition of the surfactant weakly attached to the surface
of the clay particles. The higher temperature exothermic event (called
2, in Table 4) corresponds to the decomposition of interlayer organic
cations (peaks at about 260 °C, and peaks between 300-350 °C) because
the peak temperatures are higher than the one of pure salts due to the
protecting effect of the clay layers. V —ADMBA and VC-FADMHEA
with less salt in excess (see Table 4, peak 4) present only the interlayer
surfactant decomposition peaks (temperatures between 300-320 °C).
When the organic cation concentration is larger (which is the case of
the four other salts), a larger cation number can occupy the interlayer
spacing, increasing the number of peaks, peak temperatures and peak
intensity. An overlapping of interlayer surfactant decomposition peaks
can be observed for VC-DADMA, VC — DTADMA, and VC - DE-
DMA: for VC-HDTMA samples, it was possible to distinguish two
different interlayer surfactant decomposition peaks, at about 260 and at
313 °C (subdivision 2 of peak 4, in Table 4); for VC - DTADMA, VC-
DADMA and VC — DEDMA, only the temperature of the maximum
intensity peak was detected (around 350 °C). These results indicate that
the concentration of salt that is incorporated within the platelets during
the cation exchange depends not only on the concentration of salt used
(which was kept constant for all the salts studied here) to treat the clay,
but also on the salt architecture once within the clay platelets. It would
be expected, that the release of volatiles from the decomposition of two
long alkyl chain salts happens at lower temperatures since they present
the largest layer opening (Table 3). This is not the case. The interlayer
surfactant decomposition events for VC-DEDMA, VC-DTADMA,
VC-DADMA also present degradation temperatures in the range from
490-510°C (subdivision 3 of peak 4, in Table 4), which are higher than
the temperatures for the one chain salts. This can be explained by the
larger fraction of long chain decomposition products within the galleries
for the two-tailed organoclays, which results in a decreased interlayer
mobility." Therefore, the volatile evolution of two-tailed organoclays
occurs at higher temperatures than the one for one-tailed organoclays,
despite the larger interlayer spacing.



314 Delbem et al.

] two-tailed ammonium salt
0.5 [Exo . .
=== === one-tailed ammonium sal

E }Endo

= 044

E _

e 031

o 4

o

S 024

3 _

<

A 0.14

g_) 4

=

5 0.0 1

5 J

o

g -0.14

o

Pt J

0.2 el
'03 T T T T T T T

0 100 200 300 400 500 600 700

Temperature (°C)

Figure 6. DTA curves of one-tailed and two-tailed ammonium salts

During nanocomposite preparation by melt blending, mainly
those with polyolefin matrices, the processing temperatures range
from 160 to 200 °C. It can be seen from Figure 5 and 6 that the mass
loss corresponding to the beginning of the decomposition of the or-
ganic cation starts at temperatures below 200 °C. Table 5 presents the
organic cation mass loss fraction up to 200 °C, and the temperature
at which 9*w/dT? shows a discontinuity, which corresponds to the
onset temperature of the surfactant decomposition.

Figure 7 shows the onset surfactant decomposition temperature
and basal spacing values as a function of surfactant fraction adsorbed
by the clays (surfactant mass loss). It can be seen that the lower and
larger surfactant concentration correspond to the lowest decomposi-
tion temperatures. The small interlayer surfactant concentration for
VC-FADMHE results in a less dense interlayer which facilitate the
release of the salt. At higher surfactant concentration, and at higher
basal spacing values, excess salt is adsorved at the surface and edge
of the clays. This excess cations are weakly attached and are released
at lower temperatures, as it can be observed for the onset temperature
of VC-DEDMA and VC-DTADMA samples.
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Figure 7. Surfactant decomposition temperature and basal spacing values as
a function of surfactant fraction adsorbed by the clays

CONCLUSIONS

In this work, a Brazilian smectic clay was turned organophi-
lic using quaternary ammonium salt of different structures. The

Quim. Nova

conformation of the salts within the platelets of the clay depended
on the number of long alkyl chains present in the structure of the
salt. Two-tailed organoclays exhibit paraffin-type arrangements in
the interlayer space of clays, whereas the one-tailed organoclays
present bilayer and pseudotrimolecular arrangements. The thermal
stability of the salts was also investigated. The results indicated
that the surfactant decomposition occurs at temperatures lower
than the ones normally used for the melt blending of the polymers.
It was observed in this study that organoclays with a very high or
a very low surfactant concentration present the lowest surfactant
decomposition onset temperature, due to the surfactant location
within the clay structure. The cation organic position depends on
the architecture of the salt used to modify the clays, which, in turns,
determines the organic cation concentration in the clay structure.
Therefore, care should be taken in the choice of the salt to modify
a clay, in order to avoid its decomposition during nanocomposite
preparation. Such decomposition could cause the decrease in the
interlayer spacing and alter the interface modified clay/polymer,
making it more difficult to obtain nanocomposites with morpholo-
gies that lead to improved matrix properties.
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