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Nanocomposites of an organic-modified montmorillonite (MMT) and polyamide 6 (PA6) with
a residual monomer were produced by melt mixing in a torque rheometer. By wide angle X-rays
diffraction (WAXD), intercalated/exfoliated structures were observed in the PAG/MMT nanocomposites
with 3 and 5 wt. (%) of MMT; on the other hand, when 7 wt. (%) of MMT was added, a nanocomposite
with exfoliated structures was obtained due to the predominant linking reactions between the residual
monomer and the "nanoclays" organic surfactant. Solutions of these PA6/MMT nanocomposites
at 15, 17 and 20 wt. (%) in formic acid were prepared. The 3 and 5 wt. (%) nanocomposites were
successfully electrospun; however, electrospinning of the 7 wt. (%) nanocomposite was not possible.
WAXD, scanning and transmission electron microscopy results showed that the 3 and 5 wt. (%)
nanofibers with average diameter between 80-250 nm had exfoliated structures. These results indicate
that the high elongational forces developed during the electrospinning process changed the initial
intercalated/exfoliated structure of the nanocomposites to an exfoliated one.
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1. Introduction

A number of processing techniques such as drawing,
template synthesis, phase separation, self-assembly,
electrospinning etc. have been used to prepare polymer
nanofibers, all with its advantages and disadvantages'.
Electrospinning has been recognized as one of the most
efficient process for the fabrication of polymer nanofibers.
Various polymers have been successfully electrospun in
recent years mostly in solvent solution and some in melt
form. When the diameter of the polymer fibers decrease from
micrometer scale to nanometer scales, several characteristics
such as very large surface area to volume ratio, high
porosity, flexibility in surface functionalities and superior
mechanical performance surge. These better properties make
the polymer nanofibers and the electrospinning process
optimal candidates for the development of new materials
with various applications like textile, filters, drug delivery
systems, scaffolds for tissue engineering, reinforcement
materials, supports for enzymes or catalysts, optical and
electric applications, sensors, and so on*?.

Many researchers have incorporated inorganic materials
into the polymer nanofibers; the majority of these filled
polymer nanofibers exhibit better properties than the
unfilled polymers or the conventional microcomposites*>.

*e-mail: bretas @ufscar.br

Nanoclays as montmorillonite (MMT) are one of these
inorganic materials; MMT is an aluminous silicate mineral
with sodium ions present between the clay layers, which
has attracted great interest due to the improvement in
mechanical, thermal, barrier and flame-retardant properties
of the polymeric matrix by the use of only a small amount
of MMT (1-10 wt. (%)) .

Polyamide 6 (PA6) is a semicrystalline polymer with
high fatigue strength, low friction coefficient, enhanced
toughness and high resistance to a wide spectrum of oils,
chemicals and fuels®. Many reports on PA6 and MMT
composite nanofibers obtained by electrospinning have
been published™. For example, in order to improve catalysis
effect and thermal stability of PA6 nanocomposites,
Fe-MMT, in which the AI** ions were replaced by Fe** ions
in the octahedral crystal lattice of the MMT, has been
used'’. The majority of the studies focus on the method of
their preparation, morphology, structural characterization,
mechanical and thermal properties as well as processing.
The study of Fong et al.” showed that the electrospinning
process resulted in highly aligned and exfoliated MMT
layers and PAG6 crystallites. However, the addition of a few
percent of N,N-dimethyl formamide to the solution resulted
in agglomeration of the MMT in the fibers. The addition of
MMT, the rapid solvent removal and the ultra-large draw
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ratio of electrospinning favored the formation of polyamides
v-phase crystallites. Regarding the crystal structures of PA6
and PA6/clay fibers, Yoon et al.® verified that the annealing
increased the y-crystalline form of both fibers, and its
effect was dominant in the PA6/clay fiber. On drawing, the
Y-crystalline form was easily converted into the o-form
in the pure PA6 nanofibers, whereas it was still observed
at a relatively high spin-draw ratio in the PA6/clay fibers.
However, although the oi-crystal form was dominant in PA6,
the y-crystal form was dominant in PA6/clay with annealing
and drawing. They also verified the fast crystallization rate
of PA6/clay compared with pure PA6. The reinforcing
effect of clay was also observed: the initial modulus of
PA6/clay fiber was 30% higher than the neat PA6 fiber.
Li et al.” demonstrated that nanocomposite fibers with good
dispersion and exfoliation of MMT in PA6 were obtained by
melt-extrusion in a twin-screw extruder prior to dissolving
in formic acid for electrospinning. They also showed that
the mechanical properties of the electrospun fibers depended
not only on the MMT content but also on the fibers sizes.
Smaller fibers exhibited higher Young’s modulus.

The role of a small amount of residual monomer in the
PA6 has been tested in our research group. Results from
our laboratories'! have shown that if a masterbatch between
an organic MMT, which surfactant has hydroxyl groups
(Cloisite® 30B) and the PA6 with residual monomer is
done, the hydroxyls groups of the surfactant react with the
amine groups of the polyamide and an exfoliated PAG/MMT
nanocomposite is obtained. In this work, a PA6 with residual
monomer was chosen as the matrix of nanocomposites
with an organic treated MMT which were sequentially
electrospun to produce nanofibers.

2. Experimental

2.1. Materials

An extrusion grade of PA6, Technyl C 402M from
Rhodia Engineering Plastics, was chosen as matrix of
the nanocomposites. This grade had residual monomer
(0.60 wt. (%)), density of 1.14 g.cm™, melting temperature
of 222 °C, melt flow index of 2.5 g/10 min (235 °C/2.16 kg),
a concentration of carboxyl terminal groups of 35 mEq. kg,
and a concentration of amine terminal groups also of
35 mEq.kg™". In our earlier work'!, it was shown that the
residual monomer acted as a branching agent. The nanoclay
was an organically modified montmorillonite (MMT),
Cloisite® 30B (C30B), from Southern Clay Products Inc;
the modification was done with a surfactant, a quaternary
ammonium salt, which has unsaturated aliphatic chains
with two hydroxyl groups, named di-ethanol-methyl-tallow
quaternary ammonium salt. The cation exchange capacity
of this nanoclay was 900 mEq.kg™" of nanoclay. Its density
was 0.36 g.cm™ and its original galleries distance was
1.87 nm. The solvent was aqueous formic acid with 85%
purity, from Synth.
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2.2. Preparation of the nanocomposites

The PA6 and MMT were dried at 80 °C for 14 hours
under vacuum prior to use, the quantity of residual monomer
was maintained. PA6/MMT nanocomposites with 3, 5 and
7 wt. (%) of C30B nanoclay (designed as N3, N5 and N7
samples, respectively) were produced by melt blending in a
Haake Rheomix 600p torque rheometer using roller rotors,
temperature of 250 °C and rotors velocity N of 120 rpm
during 4 minutes. This last temperature and residence time
were chosen based in results of thermogravimetric analysis
(TGA) previously published'"', in which it was observed
that the nanoclays surfactant was stable up to approximately
275 °C. Both, polymer and nanoclay were fed at once; the
total mass was 50 g (70% chamber filling). Pellets of the pure
PAG6 were also processed in this torque rheometer under the
same mixing conditions of the nanocomposites, producing
the sample designed as PA6.

2.3. Preparation of the electrospinning solutions

The electrospinning solutions of PA6 and PAG/MMT
nanocomposites were prepared at 15, 17 and 20 wt. (%)
of nanocomposite concentration by dissolving the melt
blending nanocomposites in formic acid at 40 °C and stirring
for 4 hours.

2.4. Conditions of the electrospinning process

The electrospinning of the solutions was done at
controlled temperature and humidity (27 += 2 °C and
50 £ 5%, respectively) in an equipment constituted by a
high voltage supply Bertan model 210-30R, a cylindrical
collector with rotation of 20 rpm, covered with aluminum
foil and grounded, a 20 mL glass syringe with a Hamilton
needle with 1.2 mm inner diameter and 30 mm length and
a copper electrode. The setup the electrospinning apparatus
was reported in our previous work'®. During the solutions
electrospinning, two different electrical fields were used:
2.5 and 5.0 kV.cm™. After electrospinning, all the nanofibers
were vacuum dried at 40 °C for 24 hours.

2.5. Characterization

The extent of clay intercalation/exfoliation of the
PA6/MMT nanocomposites before and after electrospinning
was made by wide angle x-ray diffraction (WAXD)
using a diffractometer from Siemens model D5000 with
CuKo: radiation (A = 1.5458 A) operating at 40 kV and
40 mA. Samples were scanned between 26 = 0.6 and 10° at
arate of 1°/min. Measurements were recorded at each 0.02°.

Morphological characterization of the nanofibers was
done in a field emission scanning electron microscope
(FEG-SEM) from Philips, model XL-30. The SEM
samples were coated with gold and observed under 20 kV
accelerating voltage. Analyses of transmission electron
microscopy (TEM) were done in a Philips, model CM 120,
operating at 120 kV. In order to investigate the dispersion of
organoclay in the electrospun fibers, the fibers were directly
electrospun onto Cu grids covered with an ultra-thin carbon
layer The average fiber diameter (Fd) of approximately
100-120 fibers per sample was calculated using the Image
Pro-Plus 3.0 software.
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The zero (1) and steady state (1) shear viscosities of
the nanocomposites and electrospinning solutions were
measured using a strain-controlled rheometer ARES, from
Rheometric Scientific as a function of the shear rate (y). The
measurements were carried out using parallel-plate geometry
for the melt samples, with plates diameter of 25 mm, gap
between plates of 1 mm, under nitrogen atmosphere, at
250 °C and Couette geometry for the solutions, with gap
between cylinders of 1 mm, at room temperature. The shear
storage modulus G’ and the shear loss modulus G” were
measured as a function of angular frequency ® (between
0.01 and 100 rad/s) and time (at a constant ® of 1.0 rad/s)
during 4000 seconds in the same controlled strain rheometer.
Before the rheological measurements, the polymer and the
nanocomposite samples were vacuum dried at 80 °C for
14 hours.

The solutions electrical conductivities (K) were
measured in a conductimeter from Digimed, model DM-31,
with a Pt electrode. The solutions’ surface tensions (T) were
measured by the du N6y method using a Kriiss tensionmeter,
model K6, with a Pt ring.

3. Results and Discussions

3.1. Characterization of the melt blending
nanocomposites

Figure 1 shows the curves of torque versus time for
PA6 and PA6/MMT nanocomposites (N3, N5 and N7)
during mixing, at 250 °C. The maximum torque in the PA6
(69.3 Nm) was lower than in the nanocomposites (76.6 Nm
for the N3 and 82.2 Nm for the N5 and N7 samples), as
expected. The torque decreased after the melting peak,
attaining stabilization after approximately 2.4 minutes. The
minimum energy for mixing (E) was calculated from the
total torque (TTQ) from the following relation'*:

E =(Q2nN)ITQ (D
where N is the rotational speed. The calculated E was
34,000 N.m for the PA6, 35,100 Nm for the N3, 36,000 Nm
for the N5 and 37,600 N.m for the N7 sample. That is, as

the amount of nanoclay increased in the mixture, the energy
for mixing also increased, as expected.
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Figure 1. Torque as a function of time for PA6 and PAG/MMT
nanocomposites (N3, N5 and N7) samples, at 250 °C.
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While the PA6 melt attained a final temperature of
265 °C, the nanocomposites developed temperatures up
to 273 °C. The temperatures during the mixing of the pure
PA6 were the lowest, probably because the branching
reactions within the PA6 promoted by the residual
monomer were not highly exothermic. On the other hand,
the temperatures of the nanocomposites during the whole
mixing were higher than of the PA6. However, the N7
composition had a temperature increase lower than the
other two nanocomposites; for example after 2.5 minutes,
the N7 composition was at 260 °C, while the N5 and N3 were
approximately at 265 °C. In the N7 nanocomposite due to the
higher amount of nanoclay and surfactant, reactions between
the residual monomer and the surfactant predominately took
place, which helped to better disperse the nanoclay within
the PA6; with a better dispersion, the viscous heating and
increase of temperature were lower. In the N5 and N3
nanocomposites, due to the smaller amount of nanoclay, the
reactions between the residual monomer and the nanoclay
surfactant were less intense; as a result, dispersion was worse
and an increase in temperature was observed mainly due to
the increase in viscous heating promoted by the nanoclays
tactoids. Results of infrared spectroscopy confirmed the
linking reactions between the amine groups of the residual
monomer and the hydroxyls groups of the nanoclays organic
surfactant in the nanocomposites. These results were not
presented in this article. Certainly, the preferential reactions
between the residual monomer and the nanoclays surfactant
will influence the intercalation/exfoliation degree of the
nanocomposites.

The WAXD diffractograms of the pure nanoclay (MMT)
and of the PAG/MMT nanocomposites (N3, N5 and N7) are
shown in Figure 2. It can be observed that the nanoclays
main diffraction peak occurred at 26 = 4.8 (d,, = 1.9 nm).
In the diffraction curves of the N7 nanocomposite this
peak disappeared, showing that the nanoclays lamellae
were exfoliated and randomly distributed in the polymer.
The polar groups of the PA6 residual monomer formed
strong interactions with the polar surfactant of the
nanoclay, allowing the penetration of the PA6 molecules

Intensity (a.u.)
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Figure 2. WAXD diffractograms of the pure nanoclay and
PA6/MMT nanocomposites (N3, N5 and N7) prepared in the
torque rheometer.
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into the galleries of the nanoclay, forming thus exfoliated
structures. However, in the N5 and N3 nanocomposites
this peak was shifted to 26 = 1.8°(N5) and 26 = 1.5° (N3),
respectively, indicating the increase of the montmorillonite
galleries distance and that both samples had a simultaneous
intercalated/exfoliated structure. Therefore, the preferential
reactions between the residual monomer and the nanoclay
surfactant in the N7 sample allowed the development of
an exfoliated structure, as already predicted by the torque
measurements.

The results of the steady state shear viscosity (n(y)) of
the PA6 and PA6/MMT nanocomposites prepared in the
Haake rheometer at low shear rates, at 250 °C, are shown
in Figure 3.

The viscosity of the PA6 displayed a large Newtonian
plateau, while the nanocomposites N3 and N5 had a smaller
Newtonian plateau. The N7 sample behaves as a Bingham
fluid, confirming the formation of an exfoliated network in
this composition. The increase in the amount of nanoclay
increased the pseudoplasticity of the nanocomposites, as
given by the value of n in the Power Law model of viscosity
(M =my"™"), where m is the consistency. These values were
0.67,0.57 and 0.43 for the N3, N5 and N7 nanocomposites,
respectively.

This result indicates that 7 wt. (%) of MMT was the
amount of MMT which was closer to the percolation limit
of these nanocomposites; the N7 sample developed a
percolated structure formed as a result of the physical and
chemical interactions (pseudo-entanglements) between
the macromolecular chains and the nanoclays lamellae,
enhanced by the reactions between the residual monomer
and the nanoclays surfactant. The percolated network will
have, therefore, a higher flow resistance than the pure
polymer.

Figure 4 shows the dynamic rheological properties of
these materials, at 250 °C, where G’ () is the shear storage
modulus and G” (m) the shear loss modulus as a function
of the frequency .

It can be observed that both modules increased
proportionally with the increase in the amount of nanoclay,
as confirmed by other works!!'2. Analyzing the terminal
zone, it is observed that the PA6 sample had the standard
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Figure 3. Steady state shear viscosity of PA6 and PAG/MMT
nanocomposites (N3, N5 and N7) samples, at 250 °C.
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behavior of a polymer melt (G” > G’) with the typical
slopes of a polymer melt (G’ ~ ®* and G” ~ ®'). However,
with the increase of nanoclay, the G’(®) slope changed to
lower values (G’ ~ ®'), whereas the G”(w) slope changed to
values near 0 (G” ~ @°). As Zhao et al.'” pointed out, when
two crossing points appear on the viscoelastic curves of a
given composition, this composition will be lower than the
percolation threshold; thus, 3 wt. (%) of MMT was lower
than the percolation threshold for these nanocomposites. The
nanocomposite N3 shows two crossover frequencies (® ),
Figure 4; the polymer relaxation time (t) is inversely
proportional to the crossover frequency. Thus, it was
observed that the N3 sample had lower relaxation times
than the N5 and N7 samples. That is, the N3 sample did not
form a percolated network. Its lower relaxation time was due
to the inter-macromolecular interactions, while its higher
relaxation time was due to the presence of the nanoclays
platelets. Both, the N5 and N7 samples were above the
percolation threshold and behave as pseudo-solids, with
G’ > G” at all frequencies. Table 1 shows the rheological
parameters, crossover frequency (®,), relaxations time (t,)
and the slopes of the G’(®) and G”(®) curves of the
nanocomposites, at 250 °C.

3.2. Characterization of the electrospinning
solutions
Figure 5 shows the steady state shear viscosity (1 (Y))

of the electrospinning solutions at concentrations of 15, 17
and 20 wt. (%), respectively, at room temperature.
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Figure 4. Dynamic rheological properties of PA6 and PAG/MMT
nanocomposites (N3, N5 and N7) samples, at 250 °C.

Table 1. Rheological parameters of the samples, at 250 °C.

Crossover Relaxation

Material frequency, time,tr  Slope, G’ Slope, G”
oc (rad/s) (s)
PA6 — o -0 1.79 0.89
0.02 and 50 and
N3 0.67 150 1.55 0.72
N5 -0 —> oo 0.97 0.60
N7 -0 —> o0 0.16 0.22
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Figure 5. Steady state shear viscosity of solutions with concentrations of (a) 15, (b) 17 and (c) 20 wt. (%) of PA6 and PAG/MMT

nanocomposites, at 25 °C.

In Figure 5a (15 wt. (%) solutions), it can be observed
that the viscosity of the PA6 increased with the shear rate
probably due to solvent evaporation, while the viscosities of
the nanocomposites decreased, being slightly pseudoplastics,
the N7 solution having the highest pseudoplasticity. The
values of n for the N3, N5 and N7 nanocomposites were
0.96, 0.97 and 0.93, respectively. The solutions with
17 wt. (%), Figure 5b, had different behavior. The pure
PA6 solution was mostly Newtonian and with viscosity
intermediate between the N3 and N5 compositions. Again,
the nanocomposites solutions were pseudoplastics, with
values of n of 0.93, 0.88 and 0.86 for the N3, N5 and N7
samples, respectively. At 20 wt. (%), Figure Sc, all the
nanocomposites solutions had higher viscosities than the
PAG, and the values of n for the N3, N5 and N7 were 0.92,
0.84 and 0.71, respectively. Thus, solutions with 15 wt. (%)
concentration will require careful control of the solvent
evaporation, while solutions with 20 wt. (%) concentration
will require higher electrical tensions to flow.

Table 2 shows the solutions properties as a function of
MMT and solution concentration. The applied electrical
field during the electrospinning is also listed in Table 2.

The m, of all solutions (PA6, N3, N5 and N7 solutions)
increased with increasing solution concentration (15, 17 and
20 wt. (%)), as expected. It can also be observed in Table 2
that the electrical conductivity of the solutions decreased
with the increase of the solution concentration and increased
with the increase of MMT content. The surface tension of
all the solutions was between 41 and 42 mN.m™'. Similar
results were also observed by Li et al.” for the same type
of solutions. They found electrical conductivity values
between 4.3 and 4.9 mS.cm™ and surface tension values
between 41 and 42 mN.m™' for PA6/formic acid solutions
and PA6/5 wt. (%) C30B formic acid solutions, respectively,
with concentrations of 15 and 20 wt. (%). Santos et al.'®!”
produced nanofibers of polyamide 66 with 2, 3 and 4 wt. (%)
C30B by melt mixing following by electrospinning of the
solutions, these solutions showed electrical conductivity
and surface tension in the range of 2.9-3.8 mS.cm™ and
38-45 mN.m™, respectively. Guerrini et al.'® also found
electrical conductivity values between 4.3 and 4.9 mS.cm™
and surface tension values between 37 and 45 mN.m™! for
polyamide 66/formic acid solutions with concentrations of
10, 15, 17 and 20 wt. (%).
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Table 2. Solution properties, applied electrical field and fiber diameter.

MMT Concentration Electrical
Sample (Wt. (%)) (Wt. (%)) n0 (Pa.s) K (mS/cm) 7 (mN/m) field (kV/cm) Fd (nm)
2.5 +
- 15 1.24 3.39 41 15617
5.0 17121
25 +
PA6 - 17 2.65 3.07 41 220£28
5.0 284 +32
25 +
- 20 2.97 2.88 42 296£34
5.0 322439
25 +1
3 15 0.97 3.44 41 0L18
5.0 110+ 24
25 143 +
N3 3 17 232 3.19 42 3+30
5.0 223+34
25 217 +42
3 20 4.16 2.91 42
5.0 246 + 48
25 +1
5 15 1.07 3.57 41 83£16
5.0 97+ 18
25 127 +21
N5 5 17 4.05 3.49 42
5.0 172430
25 198 +30
5 20 8.19 3.26 42
5.0 215+36
7 15 1.20 3.69 ) 23 )
’ ’ 5.0 -
25 -
N7 7 17 8.75 3.57 42
5.0 -
7 20 16.89 3.39 42 25 i
: : 5.0 -

Nn0: zero shear viscosity; K: electrical conductivity; T: surface tension (all at 25 °C); Fd: average fiber diameter.

3.3. Characterization of the electrospinning
nanofibers

Homogeneous nanofibers of the PA6 and PA6/MMT
nanocomposites were prepared from the PA6, N3 and N5
solutions at all concentrations. The electrospinning of the N7
solution at all concentrations and electrospinning conditions
did not produce nanofibers.

Figures 6 to 8 show the FEG-SEM micrographs of
the electrospun nanofibers from the PA6, N3 and N5
solutions, respectively. The non-woven mats are formed of
nanofibers with diameters between 83 and 322 nm, randomly
distributed. The average fiber diameters (Fd) of each sample
are also listed in Table 2. It is observed that the lower the
concentration of the solution (or the viscosity), the lower
was the diameter of the nanofibers.

The micrographs indicated that the increase in nanoclay
content in the solutions decreased the nanofibers diameters,
probably due to the increase in electrical conductivity.
Regarding the influence of the applied electrical field on
the nanofibers diameter, it was observed that the higher the
applied electrical field, the higher the PA6 and PA6/MMT
nanofibers diameters. The micrographs also showed the
formation of very fine fibers, such as in Figure 6b, which
are formed probably due to instability of electrically charged
liquid jets of polymer solutions.

Others reports about the production of PA6 and
PA6/MMT nanofibers by electrospinning have found similar

results. Fong et al.’, for example, produced nanofibers
of PA6 and PA6/MMT with diameters between 100 and
500 nm using 1,1,1,3,3,3-hexa-fluoro-2-propanol (HFIP)
and a mixture of HFIP and N,N-dimethyl formamide as
solvent. Li et al.” obtained electrospun PA6 fibers with
diameters of 120 nm and PA6/MMT nanofibers with
diameters between 70 and 140 nm, both from formic acid
solutions. They concluded that lower solutions concentration
and higher solutions conductivity favored thinner fibers.
Cai et al.' electrospun PA6/formic acid solution and
PA6/Fe-MMT in DMF/formic acid solution and obtained
electrospun PA6 fibers with diameters from several tens of
nanometers to 100 nm and more uniform PA6/Fe-MMT
fibers with 50 nm of diameter.

Typical WAXD diffraction patterns of the pure nanoclay
and of some N3 and N5 electrospun fibers produced
at different processing conditions (Table 2) are shown
in Figure 9. In the diffraction curves of the N3 and N5
electrospun fibers no diffraction peak corresponding to the
(001) plane reflection of the nanoclay was observed. That is,
the nanoclay was exfoliated and well dispersed in both N3
and N5 nanofibers. All studied nanofibers showed similar
WAXD diffraction patterns. As described before, both
nanocomposites had intercalated and exfoliated structures
at the same time after mixing in the Haake rheometer;
therefore, it seems that the high elongational forces of
the electrospinning process promoted exfoliation of the
nanoclay on these nanocomposites. Therefore, it can be
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Figure 6. FE-SEM images of the electrospun fibers from PA6 solutions with concentration of (a) 15, (b) 17 and (c) 20 wt. (%) at 2.5
and 5.0 kV.cm™.
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Figure 7. FE-SEM images of the electrospun fibers from N3 solutions with concentration of (a) 15, (b) 17 and (c) 20 wt. (%) at 2.5 and
5.0kV.em™.
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Figure 8. FE-SEM images of the electrospun fibers from N5 solutions with concentration of (a) 15, (b) 17 and (c) 20 wt. (%) at 2.5 and
5.0kV.em™.
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Figure 9. WAXD diffractograms of the pure nanoclay (C30B) and
of the electrospun nanofibers of the PAG/MMT nanocomposites
(N3 and N5).
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Materials Research

concluded that even if intercalated/exfoliated structures are
developed during the melt mixing, they can be converted
into exfoliated structures by the electrospinning process.

To further confirm the dispersion of nanoclay in the
electrospun nanofibers, TEM investigations were done.
Figure 10a shows TEM micrographs of the N3 nanofibers
while Figure 10b shows of the N5 nanofibers, at different
concentrations and applied electrical field. These results
confirm that the exfoliated structure take place.

The TEM images show dark lines which are the MMT
lamellas of thickness of approximately 1 nm, exfoliated and
oriented along the fibers main direction. This alignment is
also due the action of the extensional forces produced by the
electrospinning process. Thus, the exfoliated morphology
was present in both N3 and N5 nanofibers. From TEM
results, Yoon et al.® observed that the nanoclays were better
dispersed in the electrospun PA6/MMT fibers than in the
pristine PA6/MMT sample.

5.0kV.em™!

—_100nm

(b)

Figure 10. TEM images of the electrospun nanofibers from (a) N3 and (b) N5 solutions with concentration of 15, 17 and 20 wt. (%) at

2.5and 5.0 kV.cm™.
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4. Conclusions

Nanocomposites with simultaneous intercalated and
exfoliated structures were obtained by melt mixing when
3 and 5 wt. (%) of MMT were added to the PA6; however,
when 7 wt. (%) of MMT was added, exfoliated structures
were obtained due to the predominant linking reactions
between the residual monomer and the nanoclay surfactant.
The reaction between the hydroxyls groups of the surfactant
and the amine groups of the residual monomer influenced
the intercalation/exfoliation degree of the nanocomposites.
Nanofibers of PA6/residual monomer/3 and 5 wt. (%) MMT
nanocomposites were successfully electrospun when the
melt blending nanocomposites were dissolved in formic
acid; the nanofibers had average diameters between 80 and
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