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Recent interest in polymer/organoclays nanocomposites systems is motivated by the possibility of achieving
enhanced properties and added functionality at lower clay loading as compared to conventional micron size fillers.
By adding montmorillonite clay to polyamide 6 increases the Young modulus, yield strength and also improves
barrier properties. In this work, nanocomposites of polyamide 6 with montmorillonite clay were obtained. The
clay was chemically modified with three different quaternary ammonium salts such as: Dodigen, Genamin and
Cetremide. In this case, a dispersion of Na-MMT was stirred and a salt equivalent to 1:1 of cation exchange
capacity (CEC) of Na-MMT was added to the dispersion. The montmorillonite clay (untreated and treated by
ammonium salts) and nanocomposites were characterized by X ray diffractions. Also the nanocomposites were
characterized by transmission electron microscopy and mechanical properties. The results indicated that all the
quaternary ammonium salts were intercalated between the layers of clay, leading to an expansion of the interlayer
spacing. The obtained nanocomposites showed better mechanical properties when compared to polyamide 6. The
clay acted as reinforcing filler, increasing the rigidity of nanocomposites and decreasing its ductility.
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1. Introduction

Polymer clay nanocomposites are a new class of materials that
show improved properties at very low concentration of clay compared
with conventional filler composites'. Polymer composites have been
attracted considerable interest as they offer unusual combinations of
physical, thermal, mechanical and other properties that are difficult
to obtain from pure polymers. Polymer nanocomposites can be dif-
ferentiated from traditional polymer composites by the size of the
filler. Usually, the particle size of the dispersed phase in the nanocom-
posites should have at least one dimension in nanometer®. Because of
the nanoscale features of the filler, nanocomposites possess superior
properties over their more conventional microcomposites. These
properties can be accomplished at very low concentration of clay
(a few %) incorporated in these nanocomposites®*.

The key to such performance is related to the ability of exfoliate
and disperse individual particles and the high-aspect ratio silicate
platelets within the polymer matrix. Recent studies have explored
exfoliated structures from organoclays in a wide range of polymer
matrices using different processing routes’. To date, well-exfoliated
composites have been achieved only with a selected number of
polymers, for instance, nylon 6, polystyrene, polyimide and epoxies®.
From these, nylon 6 is particularly unique since exfoliated nanocom-
posites have been formed by more than one processing technique.
The technique of melt processing is particularly attractive due to its
versatility and compatibility with existing processing used in the
industry for commercial applications.

The aim of this work was to obtain polyamide 6 nanocomposites
with montmorillonite clay (untreated) and treated with three differ-
ent quaternary ammonium salts (Dodigen, Genamin and Cetremide)
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and also to evaluate the structure and mechanical properties of the
obtained nanocomposites.

2. Experimental

2.1. Materials

Polyamide 6 (PA6) was supplied by Rhodia®/Brazil. The used
pristine clay was Na-Montmorillonite clay (MMT, Boa Vista/Paraiba,
Northeast of Brazil) supplied by Bentonit Unido Nordeste with a
cation exchange capacity (CEC) of 90 meq.100 g™! and the interlayer
spacing (d,,,) obtained by XRD was 12.74 A.MMT was dried at 60 °C
for 48 hours prior to use. The used quaternary ammonium salts for the
modification of MMT were: alkyldimethylbenzylammonium chlo-
ride (Dodigen), hexadecyltrimethylammonium chloride (Genamin),
industrial grades supplied by Clariant/Brazil and hexadecyltrimethyl-
ammonium bromide (Cetremide), industrial grade from Vetec/Brazil.
These salts were used as received according to the literature”!?.

2.2. Preparation of organoclay

The preparation of the organophilic montmorillonite with
Dodigen and Genamin salts was similar: The Na-MMT was mixed
in distilled water with stirring to form a uniformly dispersed suspen-
sion. The suspension was stirred for 20 minutes after all the clay has
been added. And then, the salt equivalent to 1:1 CEC of Na-MMT
was added into the dispersion. The mixture was stirred for more
20 minutes. After 24 hours, the mixture of montmorillonite and the
salt were washed with distilled water for several times to remove
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excess salt, dried at 60 °C for 48 hours, and finally, passed in a sieve
200 mesh. The preparation of the organophilic MMT with Cetrem-
ide salt was similar but the mixture in distilled water was heated at
80 + 5 °C and they were kept for 20 minutes with stirring to form a
uniformly dispersed suspension. After 24 hours, the same procedure
above was made for mixture of montmorillonite and the salt, accord-
ing to the procedure described by Aradjo et al.™!°.

2.3. Nanocomposites preparation

In the nanocomposite preparation, before any processing step,
all the materials containing PA6 were dried in oven were kept in an
oven under vacuum at 80 °C for 24 hours.

The nanocomposites were prepared by two steps. Firstly, in order
to assure a better dispersion of the fine clay powder in polyamide,
a 1:1 PA6/organoclay master was previously produced in a Torque
Rheometer Haake with internal mixer, at 240 °C and 60 rpm for
10 minutes. After, PA6/organoclay nanocomposites, containing
3 wt. (%) of clay, were melt in a counter-rotating twin-screw extruder
(Torque Rheometer Haake) operating at 240 °C and 60 rpm.

Standard tensile (ASTM D638) and notched Izod impact (ASTM
D256) samples were injection moulded in a Fluidmec machine at
240 °C. After moulding, the samples were placed in a desiccator for
48 hours prior to the test.

2.4. Characterization

The clays and nanocomposites were characterized by X ray diffrac-
tions (XRD). The measurements were performed at room temperature
by a XRD-6000 Shimadzu diffractometer (40 kV, 20 mA) using the
CuKoa radiation (wavelength of 0.154 nm) at the rate of 2° per minute,
in the range from 2 to 30°. The spacing between the planes was cal-
culated by Braggs’s law. TEM was carried out on a Philips® CM120
with an acceleration voltage of 120 kV. Samples were cryogenically
microtomed into ultrathin sections (25-50 nm thick) from Izod impact
bars with a diamond knife using a RMC MT-7000 under cryogenic
conditions (—80 °C) inside the microtoming chamber. A cutting speed
of 0.1 mm/s was maintained throughout the microtoming operation.
The ultrathin sections were collected on a copper grid.

Tensile tests were conducted using a LLoyd LR/10KN Universal
Machine at room temperature and crosshead speed of 50 mm/min for
the determination of Young modulus, yield strength measurements,
according to the standard ASTM D638. Izod impact tests were carried
out on notched specimens at room temperature using a Ceast Resil
5,5 equipment, according to the standard ASTM D256. Typically,
five or more samples were used for each determination.

3. Results and Discussion

3.1. X ray diffraction results

The Figure 1 presents the X ray patterns of the unmodified
clay, organoclay (OMMT), and polyamide 6 nanocomposites. To
the unmodified clay, it can be seen the characteristic peak at basal
distance of d,, = 12.74 A. The interlayer spacing for the treated
sample with three quaternary ammonium salts obtained from the
corresponding XRD patterns is 23.72 A (OMMT-Dod), 22.34 A
(OMMT-Gen) and 21.41 A (OMMT-Cet), respectively. The inter-
layer distance was determined by the diffraction peak in the X ray
method, using the Bragg equation. The results indicated that the
quaternary ammonium salts were intercalated between the basal
planes of clay, leading to an expansion of the interlayer spacing, that
is, the treatment with the quaternary ammonium salts was efficient

and increase the d , spacing.
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Figure 1. XRD patterns of a) unmodified clay (MMT) and modified with
the salts: Dodigen (OMMT-Dod), Genamin (OMMT-Gen), Cetremide
(OMMT-Cet); and b) PA6/clay nanocomposites.
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For the nanocomposites, it can be observed the absence of the
characteristics peak from clay and this can indicate a nanocomposite
with exfoliated structure, according to literature Aradjo et al.”!?, i.e.,
apparently, all nanocomposites presented exfoliated structure as re-
ported by Cho and Paul, Sinhd Ray and Okamoto and Paz!''"3. Theses
results are confirmed in this work by TEM analysis.

3.2. Transmission Electron Microscopy (TEM)

The Figure 2 shows the obtained photomicrographs by trans-
mission electron microscopy (TEM) for the systems PA6/MMT,
PA6/OMMT-Dod, PA6/OMMT-Gen and PA6/OMMT-Cet. In
PAG6/MMT system, it can be seen clusters but some dispersed layers of
clay. However, the PA6 with organoclay systems exhibited exfoliated
structure for all the studied salts with some agglomerate. As expected,
the presence of the salts in the surface of the clay can change from
hydrophilic to hydrophobic characteristic improving the wettability
between PA6 and organoclay and promoting the exfoliation of PA6
into interlayers of clay. These results showed the importance of the
two techniques (XRD and TEM) to characterize the morphology of
the nanocomposites.
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3.3. Mechanical properties

Figure 3 shows the mechanical properties of PA6 and its nano-
composites. It can be observed that the nanocomposites exhibit better
mechanical properties in relation to pure polyamide 6, i.e., the nano-
composites present a higher rigidity than the PA6 matrix. Particularly,
the PA6/OMMT-Dod system presents higher value for the modulus.
This can be attributed to a more exfoliated structure with this salt.
Also it can be seen, in the Figure 4, the results of Izod impact strength
for the pure PA6 and its nanocomposites. It can be observed that the
systems with clay presented impact strength reduced in relation to the
matrix. This behavior was expected because the large rigidity of these
systems. Probably due, the dispersed layers of clay act as reinforcing
agent, reducing the ductility of the system. To the nanocomposites
prepared with treated clays, it can be observed the best values of
yield strength and Young was obtained by PA6/OMMT-Dod and this
behavior is related to a more exfoliated structure as showed in the
TEM images (Figure 2).

The results for mechanical properties of pure PA6 and their na-
nocomposites also revealed that the processing condition used in this
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Figure 2. TEM photomicrographs of PA6/MMT, PA6/OMMT-Dod, PA6/OMMT-Gen and PA6/OMMT-Cet.
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80 work do not cause a degradation of the polymer and this is confirmed
. by the previous work done by Araujo et al.!® and Paz'.
704 - S
0 = 4. Conclusions
R The effect of unmodified and modified Brazilian clay with qua-
S 504 2 g = ternary ammonium salts on the structure and mechanical properties
= - ) ) (3 of polyamide 6 nanocomposites was studied in this work. The results
%0 40+ b= E E E indicated the quaternary ammonium salts were intercalated between
E : % % % % the basal planes of clay, leading to an expansion of the interlayer
o 304 A~ g S > > spacing. The clay and organoclays presented basal distance of 12.74,
-~ § 35 § 23.72, 22.34 and 21.41 A for clay, OMMT-Dod, OMMT-Gen and
207 OMMT-Cet, respectively. The XRD patterns and TEM photomicro-
graphs confirmed that nanocomposites with exfoliated structure were
10 . . o
obtained. It was also observed that the nanocomposites exhibited better
0 mechanical properties than pure polyamide 6. This indicates that PA6/
T T T T T T T T T e . . .
1 2 3 4 5 Brazilian organoclay nanocomposites were obtained with success.
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