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Poly(ethylene terephthalate)/organically modified montmorillonite (PET/0-Mt) nanocomposites
were prepared via melt intercalation in a twin-screw extruder using a polyester ionomer (PETi) as
compatibilizer. The o-Mt content used was 0, 1, 3 or 5 wt% and the compatibilizer/o-Mt mass ratio was
0/1, 1/1 or 3/1. The main objective was to study the effects of the addition of 0-Mt and compatibilizer
on the barrier properties of PET/0-Mt nanocomposites. The nanocomposites showed a significant
reduction in CO, permeability of up to 50% when compared to the neat PET, without significant
change in the CO, solubility revealing the importance of the diffusional path imputed by the organoclay
on the overall permeation process. Water vapor permeability was reduced for all nanocomposites,
achieving up to 30% reduction for the nanocomposite containing a compatibilizer/o-Mt mass ratio of
1/1. Overall, the nanocomposite containing 5 wt% of organoclay and compatibilizer/o-Mt mass ratio

of 1/1 showed the best barrier properties.
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1. Introduction

The use of nano-scale fillers has led to the development
of polymer nanocomposites and has provided a potential
alternative to conventional polymer composites. Polymer-
layered silicate nanocomposites prepared with an organically
modified montmorillonite (0-Mt) are of increasing interest
for packaging applications. These nanocomposites show
improved mechanical and barrier properties compared to
the corresponding neat polymer matrix and conventional
composites due to the nano-scale reinforcement and the
tortuous diffusion path caused by the high aspect ratio
of aluminosilicate layers'*. In order to maximize these
benefits it is necessary to achieve a high level of organoclay
exfoliation, uniform distribution and appropriate orientation
of clay platelets®”.

Among various processes, the following two are
considered as being commercially attractive for preparing
layered silicate based polymer nanocomposites: in situ
polymerization and melt compounding'®'". The second one
is especially appealing because classical melt compounding
equipment and standard processing conditions can be used.
Depending on the nature of the components used (layered
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silicate, organic modifier, polymer matrix and compatibilizer)
and preparation process, three main types of composites
may be obtained: conventional composite and intercalated
or exfoliated nanocomposites'.

In conventional composites, the polymer is unable to
intercalate silicate layers. Thus its properties are not very
different from that of traditional microcomposites. Intercalated
nanocomposites show a well-ordered multilayered structure
(alternating polymer and inorganic layers) in which polymer
chains are inserted into the interlayer spaces between
individual silicate layers. Exfoliated nanocomposites are
achieved when individual silicate layers are completely
separated and uniformly distributed in the polymer matrix'’.
Properties of intercalated and exfoliated nanocomposites are
usually significantly improved compared to conventional
composites or the neat polymer.

However, it is not always possible to reach an intercalated
or exfoliated state of dispersion of layered silicate particles
by melt compounding'?>. Optimal mixing conditions and
adequate surface treatment of silicates should be applied to
prepare exfoliated nanocomposites'*'¢. The use of polymers
containing polar functional groups and/or ionomers as
compatibilizers also promotes the dispersion of silicates and

may lead to intercalated and/or exfoliated nanocomposites'”>!.
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The gas permeation in a homogeneous polymer matrix
is governed by a mechanism of diffusion and solubility. The
diffusion coefficient (D) describes the kinetic aspect of the
transport whereas the solubility coefficient (S) reflects the
penetrant/polymer affinity and the thermodynamic aspect
of the transport. In the case of a Fickian transport, the
permeability coefficient (P) can be expressed by?>*:

P=DS (1)

A similar model has been considered to describe the gas
transport properties of composites in which impermeable
fillers are dispersed in a polymer matrix. Assuming that the
filler does not absorb or conduct the penetrant, the local
polymer matrix is not affected by the presence of the filler
and the polymer/filler interactions are sufficiently strong
enough to avoid void formation at the interfaces, the gas
solubility in the composite can be expressed as*:

S=S(1-¢) (2)

where S is the penetrant solubility coefficient in the pure
polymer matrix and ¢ is the volumetric fraction of particles
dispersed in the matrix.

In this approximation, the penetrant solubility does
not depend on the morphological features of the phases.
However, the diffusion process of the penetrant is more
complex. The particles act as impenetrable barriers so that
the penetrant must follow an elongated (or tortuous) path in
order to diffuse through the composite?*. The diffusion rate
of the penetrant is slowed down and can be expressed as:

D=D;/t (3)

where D is the diffusion coefficient in the neat polymer,
D the apparent diffusion coefficient in the nanocomposites
and t the tortuosity.

For semi-crystalline polymers the permeation process is
even more complex. Semi-crystalline polymers are discussed
as materials consisting of two phases, namely the impermeable
crystalline phase and the permeable amorphous matrix. The
highly ordered sections hinder the dissolution of small gas
molecules and delay diffusion due to the tortuosity caused
by the presence of crystalline regions, which are considered
impermeable and act similarly to the filler®.

According to the simple composite theory, this tortuosity
factor depends on the volume fraction of particles (¢), the
particle shape (aspect ratio) and the location and orientation
of the particles®?*. Combining equations 1 to 3 leads to the
following expression for the relative composite permeability:

P/P=(1-¢)/t (4)

where P is the permeability coefficient in the neat polymer
and P is the permeability coefficient in the nanocomposites.

This work was concerned with the preparation of poly(ethylene
terephthalate)/organically modified montmorillonite (PET/o-
MT) nanocomposites via melt compounding, using a polyester
ionomer as compatibilizer. The main objective was to study
the effects of the concentrations of o-MT and compatibilizer
on the barrier properties of these nanocomposites.

2. Experimental

2.1. Materials

The PET was obtained from Eastman Chemical (USA).
It has an intrinsic viscosity of 0.78-0.84 dL/g and a melting
point of 245-255°C (DSC, ASTM E928). The polyester
ionomer compatibilizer (PETi) was obtained from Kemira
Chemical (Belgium). It was a sulfonated polyester ionomer
with a commercial name of Gerol PS50. According to the
technical data sheet of the suppliers, it was soluble in water
and had a glass transition temperature of 45 °C, a molar
mass of about 60,000 g/mol and an ionomer content of 13
mol% (dimethyl isophthalate sodium sulfonate ionomer).
The organoclay (0-MT) used in this study was Cloisite 20A
(d,, =24.2 A) supplied by Southern Clay Products (USA).

001

2.2. Preparation of nanocomposites

Nanocomposites were prepared using a co-rotating twin-
screw extruder Clextral BC21 (screw diameter = 25 mm
and length-to-diameter ratio = 36) with a barrel temperature
profile (from the feeding zone to the die) of 20, 255, 250,
240, 250, 235 and 240°C. The screw speed and feed rate
were 100 rpm and 3 kg/h, respectively. The screw profile
used was described in a previous paper>'.

Prior to compounding, the PET and PETi were dried for
24 hours at 100 and 60°C, respectively. The o-MT content
was 0, 1, 3 or 5 wt% of the total mass of the composite and
the compatibilizer/o-Mt mass ratio was 0/1, 1/1 or 3/1. For
each mixture, the components were pre-mixed mechanically
at a prescribed ratio and then added to the extruder hopper.
The designations of the nanocomposites are as follows:
PET-xMyl with x and y indicating the wt% of the Mt and
PETi compatibilizer, respectively.

The transmission electronic microscopy (TEM),
differential scanning calorimetry (DSC), CO, gas sorption,
CO, permeability and water vapor permeability analyses were
performed on thin films (~ 60 pm) prepared by compression
molding at 260°C under 3 ton for 2 min and then quickly
cooled in an iced water bath.

2.3. Characterization of nanocomposites

2.3.1. Nanocomposites morphology

For TEM analyses, PET/o-MMT nanocomposites films
were microtomed at room temperature in the direction
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perpendicular to the press surface using a Leica Reichert
Ultracut S50 microtome with a Diatome ultra diamond knife.
Samples of 30 to 50 nm thick were then analyzed using a
JEOL 100CX Electron Microscope at 100 kV accelerating
voltage.

2.3.2. Thermal properties

A Perkin Elmer DSC Pyris 1 was used to analyze the
thermal profiles of PET/0-Mt nanocomposites. Samples were
heated from 30 to 290°C at 10°C/min, kept at 290°C for 3
min, cooled to 30°C at 10°C/min and heated again to 290°C
under N, atmosphere. The glass transition temperature (Tg)
reported in Table 1 were obtained during the first heating.
The melting temperatures (Tm), which correspond to the
maximum of the endothermic peak, were obtained for the
first and second heating. The degree of crystallinity (X))
of the films was calculated using equation 5. The value of
the melting enthalpy of 100% crystalline PET (AHm
corresponds to 140 J/g%.

X = (AHm_AHled)
°T AHmloo% : (I)PET

100%)

x 100 (5)

where AHm and AHc_,
crystallization enthalpies of the samples in the first heating,
respectively; ¢,
nanocomposites.

are the melting and cold

is the mass percentage of the PET in the

2.3.3. Barrier properties

To measure the amount of CO, sorbed at equilibrium (S)
in the neat PET and PET/0-Mt nanocomposites, an apparatus
and a procedure similar to those described by Koros et al.”’
were used. The sorption isotherms were obtained at 35°C
and the maximum pressure applied was 20 atm.

The CO, permeability (P) of PET and PET/o-Mt
nanocomposites were measured using a constant volume/
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variable pressure apparatus®. The CO, used was of analytical
grade. The temperature set at 35°C and the area of the
polymer film was 7.07 cm? The upstream pressure was 2, 5
or 10 atm, respectively. The values of permeability (P) were
expressed in Barrer [(cm®.(STP)cm/(s.cm?*.cmHg) x 1071]
and calculated using the following relationship:

pP= mn.l.v

1010
A(p) 5171403 (0)

where m, = permeation rate (moles/s), | = film thickness,
V=molar volume, A = permeation area and p, = upstream
pressure.

The diffusion coefficient (D) was calculated from the
permeability (P) and sorption (S) data using the equation 1.

The nanocomposites water vapor permeability was
measured by a microgravimetric method based on ASTM
E E96/E96M - 10%. The parameters were calculated using
equations 7 and 8:

WVT = t% (7)

P=TLxe (8)

where G =mass variation (g), t = time (h), A= permeation
area (m?), WVT =rate of water vapor transmission (g/m*h),
e = film thickness (m), S = water vapor pressure saturation
at the temperature of the experiment (mmHg).

3. Results and Discussion

3.1. Nanocomposites morphology

In this section are presented the results of morphological
characterization for samples containing 5 wt% of o-Mt
at different compatibilizer concentrations. In general, the
micrographs showed a similar trend for the nanocomposites

Table 1. Glass transition temperature (Tg), cold crystallization temperature (Tc ), crystallization temperature (Tc), melting temperature in the
1#(Tm,) and 2" (Tm,) heating and relative crystallinity for the first (Xc,) and second heating (Xc,) for PET and PET/o- Mt nanocomposites.

Sample Tg* (°C) Te? (°C) Tm (°C) Te* (°C) Tm,* (%) Xe (%) Xe,” (%)
PETi 60 - - - -

PET 75 125 249 178 248 6.75+£0.97 27.74 £0.12
PET-1IM 74 117 249 197 247 12.71+0.06  32.92+0.16
PET-1M11I 69 115 250 203 250 14.17+£0.14  34.18+0.34
PET-1M31 69 120 250 197 250 10.37£0.21 3271+ 0.65
PET-3M 74 115 249 196 249 2491+037  32.98+0.49
PET-3M31 63 117 248 199 248 19.92+£0.60  33.51+1.01
PET-3M91 62 119 248 195 248 19.26+1.16  3528+2.12
PET-5M 63 117 249 197 249 25.10+0.63  33.23+0.83
PET-5M5I 64 118 249 199 250 16.86 £0.84  32.52+1.63
PET-5M151 63 120 249 194 249 21.97+220  34.64 £3.46

a Standard deviation = 1 °C.

® Values obtained according to equation 5.
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containing 1 and 3 wt% of o-Mt. For that reason, the TEM
micrographs for those nanocomposites were not showed in
this section. The main findings are presented to facilitate
the correlation with the barrier properties of the materials.

Figure 1 (a) - (f) shows the TEM micrographs of the
nanocomposites containing 5 wt% of organoclay. All the
nanocomposites presented regions of intercalated o-MMT
layers. Moreover, the o-MMT particles were better dispersed
in nanocomposites containing PETi. Overall, they were
smaller and randomly distributed in the PET matrix?'.

The TEM micrographs indicated the formation of intercalated
structure for all nanocomposites. The nanocomposites
prepared using the PETi compatibilizer also showed some
regions with partial exfoliation.

A complete study of morphology of PET/organoclay
nanocomposites using a polyester ionomer as a compatibilizing
agent was developed in a previous work?!.

3.2. Thermal properties

Figure 2 shows the DSC thermograms curves for the
neat PET and PET/o-Mt nanocomposites containing 5wt%
of the o-Mt. The DSC thermograms showed a similar trend
for the nanocomposites containing 1 and 3 wt% of o-Mt.
Nevertheless, there were small changes in the peak intensity
and location. For that reason, the DSC thermograms for the
nanocomposites containing 1 and 3 wt% of 0-Mt were not
showed in this section.

The DSC data for the neat PET and PET/o-Mt
nanocomposites are shown in Table 1.

PET/0-Mt nanocomposites showed a decrease in the
glass transition temperature (Tg) compared to the neat

PET. The systems with the compatibilizer showed a more
significant reduction due, probably, to the fact that the Tg
of the compatibilizer was lower than that of PET matrix
(Table 1). The nanocomposites also showed a decrease in
the cold crystallization peaks (Tc ). Some systems showed
slight variations in the melt temperature (Tm, and Tm,). All
the nanocomposites showed an increase in the crystallization
temperature (Tc) when compared to the neat PET. This
behavior is more evident for the nanocomposites with a
compatibilizer/organoclay ratio of 1/1 (Table 1, Figure 2 b).

The fact that both the values of Tm and the shape of the
melting peak of the PET/o-Mt nanocomposites remained
almost unchanged compared to those of neat PET indicates
that the organoclay did not affect the perfection and size of
the crystals in the polymer matrix*. On the other hand, it
had a nucleating effect, as observed by the increase of Tc
for all nanocomposites. A gradual increase in the relative
crystallinity (Xc), compared to neat PET, could also be seen.
Xc, values were used as the crystallinity degree to calculate
nanocomposites and neat PET barrier properties because the
films used at permeation and sorption measurements were
not annealed prior to test.

3.3. Barrier properties

Figures 3 (a), (b) and (c) show the CO, gas permeability
of PET nanocomposites. The CO, gas permeability of PET/o-
Mt nanocomposites was much smaller than that of neat PET.

For samples with 3 wt% of organoclay the permeability
decreased gradually with a maximum reduction of 30% at 2
atm while for samples with 5 wt% of organoclay the maximum
reduction was about 50%. The organoclay incorporation itself

‘e)l ," 1

Figure 1. TEM micrographs of PET nanocomposites containing 5 wt% of organoclay. (a-b) PET-5M, (c-d) PET-5MS5I,

(e-f) PET-5MI51.
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Figure 2. DSC thermograms for the PET and PET/o-Mt nanocomposites containing 5 wt% of organoclay. (a) 1* heating,
(b) cooling and (c) 2™ heating.
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Figure 3. Effect of the compatibilizer concentration on the CO, gas permeability of the PET nanocomposites. (a) 1wt%, (b)
3wt% and (c) Swt% of the organoclay.
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led to reduction in permeability. Moreover, this reduction
was more observable in samples where the organoclay was
better dispersed (intercalation and/or exfoliation), i.e. in
the compatibilized samples as revealed by TEM analyses.

The nanocomposites are multiphase systems that present
complex transport properties due to the co-existence of
phases having different permeability, spatial arrangements
and interactions with the polymer matrix. The dispersed
phase (silicate) can be considered as being impermeable. The
polymeric phase (biphasic system amorphous/crystalline)
can be considered as being permeable (amorphous phase)
and impermeable (crystalline regions)?.

For the nanocomposites described in this paper, many
factors act simultaneously affecting the CO, permeability.
The clay, as described previously, can be considered as an
impermeable phase, reducing the overall PET permeability.
Another effect brought by the clay addition is the increase
in crystallinity (nucleating effect), as observed by DSC.
The crystallites are also considered as impermeable regions
and together with the clay layers help enhance the tortuous
diffusion path that the gas molecules have to go through
during permeation, according to the Nielsen model*'. Another
factor to be considered is the permeability at the interfaces:
polymer/ionomer, polymer/clay, clay/ionomer and polymer/
clay/ionomer that are different from that of the pristine
PET matrix. Therefore all the above considerations should
be taken into account in the analysis of the permeability
values obtained.

It is interesting to notice that the nanocomposites
containing higher amounts of compatibilizer (PET-3M9I, PET-
SM5I1 and PET-5M15I) showed an increase in permeability
at higher CO, pressures (Figure 3). This behavior is an
indication of polymer matrix plasticization. On the other
hand, plasticization was not observed in the neat PET and
in the others nanocomposites. In these samples a decrease
in permeability with the increase in the CO, pressure was
observed. This behavior can be associated to the hydrostatic
compression of the polymer matrix by the high permeant
pressure or due to saturation of the polymer matrix. The
plateau observed for the permeability values obtained at
higher CO, pressure corroborates to these ideas, for the
samples where no plasticization phenomenon was observed?.

As observed, the nanocomposites containing 5 wt% of
organoclay exhibited better barrier properties, i.e., more
significant reduction in CO, permeability, compared with those
containing less organoclay. Therefore, the nanocomposites
containing 5 wt% of 0-Mt were chosen for the CO, sorption
study. Figure 4 shows CO, sorption isotherms at 35°C.

The sorption isotherms show a similar behavior up to
10 atm., i.e. the penetrant concentration increased linearly
with its partial pressure, typical of a Henry’s law sorption
behavior. At higher CO, pressures, there was a change in
behavior for neat PET and PET-5M151. Those samples showed
a larger improvement in the equilibrium concentration at

30-
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Figure 4. CO, sorption isotherms at 35°C for the neat PET and its
nanocomposites containing 5 wt% of the organoclay.

higher pressures, indicating that the polymer matrix could
have been plasticized by the penetrant (CO,).

This effect can be related to the interaction (solubility)
between the gas and the polymer matrix. The CO, gas shows
high condensability in the polymer matrix and consequently
high solubility due to its low critical temperature (31°C),
making plasticization possible®. Besides that, at higher gas
pressures, the enhanced local concentration of CO, could
have resulted in an increase of the matrix free volume
facilitating the mobility of polymer chains, leading to a further
increase in the CO, solubility, namely, plasticization. It is
important to point out that the samples containing 0 and 5%
of compatibilizer did not present any sign of plasticization
indicating that the o-Mt dispersion effect to add difficulties
to the permeation process prevailed.

The solubility coefficient (S) of the penetrant in the
neat PET and its nanocomposites containing 5 wt% of
the organoclay at 2, 5, 10 and 15 atm pressures and 35°C
were calculated by equation 9 considering the equilibrium
concentration (ch) of the permeant as a function of the
partial pressure (p). The results are presented in Table 2:

S=d(C,)/dp (Henry'slaw) (9)

Table 2 shows a slight difference in the value of the CO,
solubility coefficient among the samples in the pressure
range studied. Many factors can contribute to the changes
in the CO, solubility of the PET/o-Mt nanocomposites. For
example, the silicate layers could act as impermeable regions,
reducing the concentration of absorbed gas. The crystalline
regions act the same way. As described previously in DSC
analyses, the organoclay incorporation promoted a nucleating
effect that reduced the gas sorption of the films. The carbonic
chains of the clay modifier instead acted as a permeable
region increasing the gas sorption. The compatibilizer (PET
ionomer) might have both effects. Its ionic groups result in
strong interaction with CO, increasing the gas solubility
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Table 2. CO, solubility coefficient (S) values for the neat PET and PET nanocomposites with 5 wt% of the organoclay at 35°C.

Sample S (cm¥/cm?.atm) S (cm’/cm?.atm) S (cm?/cm?.atm) S (cm?/cm?.atm)
2atm Satm 10atm 15atm

PET 1.07 1.03 1.02 1.83

PET-5M 1.09 0.89 0.83 0.81

PET-5MS5I 1.15 1.08 1.06 1.05

PET-5M151 0.81 0.81 0.80 1.50

(at equilibrium concentration) as observed by Galvani and
Pessan’®2. On the other hand, the polar groups contribute to
the better dispersion of the organoclay (intercalation and/
or partial exfoliation), as revealed by TEM, increasing the
impermeable regions in the polymer matrix and so reducing
the local concentration of sorbed gas.

The presence of PETi at lower amounts (up to 5%)
provides higher sorption values than those of neat PET and
those of PET-5M. It is probably due to its high polarity that
enables a better interaction between polymeric matrix and
permeant. But when used in excess (more than 5%) the
effect is the opposite. This behavior can be explained by
the Restricted Mobility Model proposed by Eisenberg®.
According to this model ionomers presents small amounts
of ionic aggregates defined as “multiplets” dispersed at the
polymeric matrix. Those aggregates are formed due to the
electrostatic forces associated to their ionic portions and
have restrict mobility around its center.

Increasing the amount of PETi in the composite increases
its relative ionic portion. This fact raises the chances to the
aggregates to be formed and consequently lowers the amount
of ions available to interact with the permeant molecules,
leading to lower sorption values that cannot be sustained
when high pressures of penetrants are used.

Table 3 shows the apparent diffusion coefficient values
(D) calculated from the solubility coefficient (S) and
permeability (P) experimental values (equation 1) for the
nanocomposites containing 5 wt% of organoclay at different
compatibilizer concentration.

Table 3. Values of CO, solubility coefficient (S), permeability (P) and
diffusion coefficient (D) of the PET/o-Mt nanocomposites at 2 atm.

Sample S (cm’/cm’.atm) P (Barrer) D (10'° cm?/s)
PET 1.07 0.54 38.5
PET-5M 1.09 0.38 26.6
PET-5M 51 1.15 0.27 18.2
PET-5M 151 0.81 0.28 26.4

According to Table 3, the solubility coefficient (S) of
the nanocomposites containing 5wt% of the organoclay
was slightly different than that of neat PET. Therefore,
the nanocomposites decrease in CO, permeability could
be attributed to this slight difference and most importantly
to a significant decrease in the diffusion path of the CO,

when the organoclay was incorporated in the PET. This
is consistent with the literature®!*. The presence of the
polyester ionomer compatibilizer amplifies this effect due to
better o-Mt intercalation and/or exfoliation, as demonstrated
by WAXS, TEM and rheological analyses?'. This effect, in
addition to the increase of PET crystallinity (impermeable
phase) induced by organoclay, resulted in a decrease in the
apparent diffusion coefficient (Table 3) and led to a decrease
in permeability (Figure 3).

Table 4 summarizes the values of the CO, permeability
for the PET/o-Mt nanocomposites at different upstream
pressures, calculated from equation 6.

Table 4. CO, permeability of PET and PET/0-Mt nanocomposites
at different upstream pressures.

CO, Co, CO,
Sample Permeability Permeability Permeability
(2 atm) (5 atm) (10 atm)
PET 0.542+0.006 0.401+0.008 0.376+0.010
PET-IM 0.506 +0.006 0.377 +0.005  0.352 +0.007
PET-IMII  0.498 £0.007 0.368 £0.009 0.344 +£0.012
PET-IM31  0.481 +£0.007 0.351+0.007 0.340+0.0014
PET-3M 0.466+0.010 0.325+0.008 0.297+0.010
PET-3M31  0.433+0.007 0.352+0.011 0.312+0.016
PET-3M91  0.387 +0.008  0.340+0.005 0.363 +0.016
PET-5M 0.382+0.013 0.368 £0.014  0.386+0.012
PET-5MSI  0.275+0.012  0.261+£0.013  0.292+0.019
PET-5MI1SI  0.281+0.010 0.300+0.010  0.336 £ 0.021

Overall, the nanocomposites showed significant
reduction in CO, permeability when compared to the neat
PET. This reduction mainly resulted from four factors: the
intercalation/exfoliation of the organoclay (physical barrier),
the matrix solubility changes as a result of the presence of
the compatibilizer (permeant solubility in the matrix), the
hydrostatic compression of the polymer matrix by the high
pressure of the permeant and polymer matrix crystallinity.

Table 5 shows the water vapor permeability (WVP) of
PET/o-Mt nanocomposites. The nanocomposites showed a
significant decrease in WVP when compared to neat PET.
The highest decrease was about 30% and was obtained with
an intermediate compatibilizer/o-Mt mass ratio of 1/1. A
further increase in that ratio resulted in an increase in water
vapor permeability, due probably to the fact that water was
very soluble in the compatibilizer (PETi).
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Table 5. Water vapor permeability (WVP) of the PET/o-Mt
nanocomposites.

Water vapor permeability WVP

Sample
(10" (g/Pa.s.m)) Reduction (%)

PET 2.77+0.03 -
PET-1M 2.59+0.02 6.5
PET-1M 11 2.57+0.03 7.2
PET-1M 31 2.54+0.04 8.3
PET-3M 2.38 £0.03 14.1
PET-3M 31 2.35+0.04 152
PET-3M 91 2.44£0.05 11.9
PET-5M 2.01+0.02 27.4
PET-5M 51 1.98 £ 0.06 28.5
PET-5M 151 2.32+0.05 16.2

The factors mentioned above that influence the CO,
permeability of the nanocomposites also influence their
water vapor permeability. Moreover, for the water vapor
permeability there is a trade-off between the apparent
diffusion coefficient (D) and solubility (S). On the one hand,
the presence of the PET ionomer compatibilizer decreases
D due to better organoclay dispersion (intercalation and/
or partial exfoliation). On the other hand, S is increased
because water is very soluble in the compatibilizer. Both
effects dictate the overall permeability of water vapor in
the PET/o-Mt nanocomposites.

4. Conclusions

This work was aimed at studying the influence of using
a modified montmorillonite on the barrier properties of
PET nanocomposites using a polyester ionomer (PET1) as
compatibilizer. Overall, for the nanocomposites studied in
this paper, the incorporation of the organoclay increases the
diffusional path of penetrant (CO,, water vapor) leading to
permeability reduction.

The compatibilizer (PETi) improves the organoclay
dispersion and so reduces the CO, permeability. On the
other hand, at higher concentrations, the PETi increases the
solubility of the penetrant in the polymer matrix due to its
polar groups and consequently increases the permeability
compared to the results obtained for lower pressures of
CO,. Atlow CO, pressures the organoclay dispersion is the
major factor that affects permeability. Besides that, at higher
pressures, the penetrant’s solubility takes an important role
in permeability. The incorporation of the compatibilizer to
the PET/o-Mt system led to a decrease of up to 49% in CO,
permeability (for the sample PET5SMSI).

The water vapor permeability in the nanocomposites
was also reduced compared to that of the neat PET. The
highest diminution was about 28% and was obtained for
the samples PET5M and PET5MSI. A further increase in

the compatibilizer/o-Mt ratio resulted in an increase in
water vapor permeability, due probably to the solubility of
water in the compatibilizer. The PET/0-Mt nanocomposite
containing 5 wt% organoclay and 5 wt% compatibilizer
showed the most significant reduction both in CO, and water
vapor permeability.

The results indicate that the permeation mechanism is,
as well known, highly influenced by the matrix/penetrant
pair but also that the penetrant pressure can invert the
importance of isolated contribution of sorption/diffusion
process even when the system studied is submitted to the
incorporation of a physical barrier for the penetrants, as is
the case of the o-Mt.
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