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ABSTRACT: The crystallization behavior and water vapor permeability of a poly(lactic acid) (PLA) nanocomposite containing 5 wt %
organic montmorillonite (OMMT) under oscillatory shear were investigated. Under the oscillatory shear, OMMT platelets exhibited a
better intercalated structure and oriented along the flow direction, some of the OMMT platelets are exfoliated and dispersed in the
form of single or few-layer platelets. These well-dispersed OMMT platelets acted as more effective nucleating and accelerating agent
for the crystallization of PLA, as a result, the cold crystallization enthalpy was significantly decreased, the cold crystallization tempera-
ture was much closer to the melting temperature and the crystallinity is dramatically increased, which are observed for the first time.
Moreover, the water vapor permeability is decreased by 36% due to the barrier effect of the well-dispersed OMMT and the increased
crystallinity of PLA, which increase the tortuous path that water molecules required to permeate. The mechanical properties are also
enhanced owing to the well-dispersed OMMT and increased crystallinity. © 2015 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2015, 132, 42321.
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INTRODUCTION

Poly(lactic acid) (PLA) is a biodegradable thermoplastic synthe-
sized from lactic acid, which is derived from renewable resour-
ces such as corn, rice, wheat, and potatoes.' As the most
commercially successful bio-derived polymer, PLA is widely
used in biomedicine, packaging, and other short-life disposable
products.>” Despite the attractive biodegradability and suitabil-
ity of PLA for food packaging, it exhibits poor barrier proper-
ties compared with conventional thermoplastics, with especially
poor water vapor barrier property.l_3

Improvement in barrier properties is a notable advantage of
PLA/nanoclay nanocomposites. Among the clay-based nanofil-
lers, montmorillonite (MMT) as layered silicate has been inves-
tigated in the preparation of PLA/nanoclay nanocomposites and
significant reduction in water vapor permeability has been
achieved using relatively low MMT contents.*™"*

Maiti et al.” studied the barrier properties of PLA/layered sili-
cate nanocomposites containing smectite, MMT, and mica. The
water vapor barrier property of the PLA nanocomposites
was better than that of neat PLA. A larger aspect ratio of the
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nanoclay platelets resulted in a greater improvement in barrier
property. Rhim et al® compared the effect of three types of
organic montmorillonite (OMMT), i.e., Cloisite Na+, Cloisite
30B, Cloisite 20A with different interlayer cations, on the water
vapor barrier property of PLA nanocomposite. PLA nanocom-
posite film with 5 wt % nanoclay was prepared with a solvent
casting method. A significant reduction (6-33%) in water vapor
permeability was observed. Among the clays used, Choisite 20A
was most effective in improving the water barrier property. Li
et al” had reported the water vapor barrier property of PLA/
OMMT nanocomposites prepared by solution intercalation. The
X-ray diffraction and transmission electron microscopy indicate
that OMMT platelets are well intercalated and the interlayer
spacing is increased. A 23.9% reduction in water vapor perme-
ability was observed at a loading of 5 wt % OMMT. Duan
et al® investigated the water vapor permeability of PLA nano-
composites blended with MMT. PLA nanocomposites contain-
ing 1-6 wt % MMT were prepared by melt compounding and
subsequent compression molding. The nanocomposite contain-
ing 5 wt % MMT exhibited an intercalated structure, and a
40% reduction in water vapor permeability was observed.

J. APPL. POLYM. SCI. 2015, DOI: 10.1002/APP.42321


http://www.materialsviews.com/

ARTICLE

tortuosity

diffusion direction

Figure 1. Schematic diagram of the tortuous path model.

Zenkiewicz et al’ studied the barrier properties of PLA/MMT
nanocomposites with different blowing ratios. The PLA/MMT
nanocomposite film exhibited the best barrier property when
the stretch ratio was 4. Transmission electron microscopy
(TEM) indicated that the shear flow of blow molding led to the
formation of ribbon-structured MMT platelets in the PLA
matrix, with the platelets arranged parallel to the flow direction.
The ribbon-structured MMT platelets remarkably increased the
tortuous path of water and gas molecules, resulting in a low
permeability through the PLA/MMT nanocomposite film.
Thellen et al.'® employed the same blow molding process and
reported improved water vapor barrier property with a 50%
reduction in water vapor permeability when 5 wt % MMT was
added to the PLA nanocomposite.

The improved barrier properties of such polymer nanocompo-
sites are generally attributed to the tortuous path, in which gas
or liquid molecules experience an increased diffusion path
length because of the impervious clay platelets. The “tortuous
path” model is schematically illustrated in Figure 1, assuming
rectangular clay platelets aligned perpendicular to the diffusion
direction."” The improvement in the water vapor property of
polymer nanocomposites depends on the volume fraction of
nanoclay, the aspect ratio of the platelets and their orienta-
tion."® On the other hand, some studies are reported that the
high crystallinity is benifit to the water vapor barrier property
of PLA. Shogren'” measured the water vapor transmission rate
of crystalline and amorphous PLA and reported an activation
energy of 5 k] mol™' for amorphous PLA and a negative activa-
tion energy of 0.1 k] mol™" for crystalline PLA. The crystalline
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PLA can be considered as a restrict region that water molecule
is difficult to permeate compared with amorphous PLA. Duan
et al.'® measured the water vapor permeabiliy through the sam-
ples of PLA of different crysatllinity. It was found that the
measured value of water vapor permeability decreased linearly
with increasing crystallinity of the PLA from 0% to 50%.

Oscillatory shear flow is a repetitive shear flow, with a periodi-
cal shear rate and shear stress. It causes a strong, intermittent
shear flow to the melt polymer. The dispersion and morphology
of nanoclays in polymer nanocomposites were reportedly differ-
ent when being processed under oscillatory shear.'”** Dynamic
packing injection molding (DPIM) has been used to apply a
low-frequency (~0.3 Hz) oscillatory shear to polymers or poly-
mer nanocomposites during injection molding.”** It can
induce the orientation of macromolecular chains or nanoaddi-
tives along the flow direction. Xiao et al.'® investigated the dis-
persion and mechanical properties of polypropylene (PP)/
multiwall carbon nanotube (MWNT) nanocomposites under
DPIM, and both tensile strength and impact strength of the PP/
MWNT nanocomposite containing 0.6 wt % MWNTs were
increased. These improved mechanical properties were attrib-
uted to the uniform dispersion and orientation of nanotubes
induced by the shear stress. Yang et al*® studied the shish-
kebab structure of high-density polyethylene (HDPE)/MWNT
nanocomposites under DPIM. A high orientation of MWNTs in
HDPE matrix was achieved with carbon nanotubes as a shish
structure and HDPE lamellae as kebabs in shish-kebab entities.

To the best of our knowledge, there is no report on the crystal-
lization behavior and water vapor permeability of polymers/
OMMT nanocomposites prepared by oscillatory shear, in which
the OMMT platelets are orientated along the flow direction.
Herein, we investigate the effect of oscillatory shear on the crys-
tallization behavior and water vapor permeability of PLA/
OMMT nanocomposite. The crystallization behavior, interca-
lated structure, water vapor permeability, and mechanical prop-
erties of PLA nanocomposite are investigated.

EXPERIMENTAL

Materials

PLA (ROVE101, Haizheng Co., Zhejiang, China) was used as the
polymer matrix in the nanocomposite. PLA was obtained as pellets,
and had a melt flow rate of 2-10 g 10 min ™' (190°C, 2.16 kg), melt-
ing temperature of 150°C, and destiny of 1.24 g cm™>. OMMT
(DK2, FengHong, Zhejiang, China) was used as received.

Preparation and Processing of the PLA Nanocomposite

Neat PLA, PLA/OMMT nanocomposite, neat PLA processed
under oscillatory shear (denoted OS-PLA) and PLA/OMMT
nanocomposite processed under oscillatory shear (denoted OS-
PLA/OMMT) were prepared. PLA nanocomposite containing 5
wt % OMMT was prepared in an internal mixer at 185°C for 20
min. Then, four samples of thickness I mm were processed on
a multi-pass processing device. This purpose-built device inte-
grated the oscillatory shear action with sample molding, and is
shown schematically in Figure 2.

Dried PLA or PLA/OMMT nanocomposite pellets was added
into the mold, heated to 185°C, and held at the temperature for
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Figure 2. Schematic diagram of the multi-pass processing device. 1, pis-
ton; 2, temperature and pressure transducer; 3, mold; 4, melt; 5, water
channel; 6, connector; 7, heater.

10 min. The melt was then pressed by pistons. The pressure of
the mold cavity was held at 1 MPa to exclude bubbles from the
melt. Plate-like neat PLA and PLA/OMMT samples were
obtained during cooling process.

An oscillatory shear was applied during the processing of OS-
PLA and OS-PLA/OMMT. When the pressure of the mold cav-
ity was held at 1 MPa, the melt was moved repeatedly within
the mold by two pistons moving reversibly at 0.5 Hz and with
amplitude of 20 mm. The shear rate of the melt near the mold
wall was about 32 s~'. The pistons were stopped after 5 min
and then the sample was cooled at the same rate for neat PLA
and PLA/OMMT to yield OS-PLA and OS-PLA/OMMT.

Characterization

X-ray Diffraction. X-ray diffraction (XRD) was used to exam-
ine the intercalation and exfoliation structure of the OMMT
platelets within the PLA matrix. XRD patterns were recorded
on a Rigaku Diffractometer (Rigaku, Japan) using Cu-K, radia-
tion (4 =1.54 nm) at room temperature. Diffraction patterns

were recorded from 1.5 to 10° at a scanning rate of 2° min~".
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The interplanar spacing was calculated using the Bragg
equation.

TEM. Samples of PLA nanocomposites for TEM analysis were
prepared by cutting pyramid-shaped points, and then shaving
off about 100-nm-thick slices at room temperature using an
ultra-microtome. The sample slices were dispersed in deionized
water, the suspension was added to the standard copper mesh
to let it dry before being observed using a JEM-2010 micro-
scope (JEOL, Japan) at 100 kV.

Differential Scanning Calorimetry (DSC). A DSC-7 instrument
(PerkinElmer, USA) was used to investigate the melting and
crystallization behavior of PLA nanocomposite samples. About
7 mg of samples were sealed in aluminum pans and heated
from 30 to 190°C with a heating rate of 10°C min~'. Reported
values are the average of three measurements. The crystallinity
(X,.) was calculated from:

AH,,—AH,

%X, =
’ AH,

X100 (1)
where AH,, (J gfl) is the measured heat of fusion (melting
enthalpy), AH, (J g~') is the enthalpy of cold crystallization,
and AH, (J g~') is the theoretical melting enthalpy of 100%
crystalline PLA (93 J g~ ').%°

Water Vapor Permeability

Water vapor permeability through PLA nanocomposite sheets
was measured according to standard ASTM E96-00 (2000), at
38°C and relative humidity of 90%. The water vapor permeabil-
ity (P,) was calculated from:

Am-d

“A 1 Ap @)

where Am (g) is the weight change, d (m) is the sample thick-
ness, A (m?) is the test area,  (s) is the time taken for Am to
occur, and Ap (Pa) is the vapor pressure difference.

Tensile Test

The tensile test was carried out on the Reger 3010 tensile testing
machine (Reger, Shenzhen, China) at 23°C. A cross-head speed
of 2 mm/min was used in the test. The specimens were cut
along the oscillatory shear direction. In the tensile tests, five
specimens were measured and the average values of the tensile
strength and elongation at break were presented.

RESULTS AND DISCUSSION

Dispersion of OMMT Platelets in the PLA Matrix

The orientation and dispersion of OMMT platelets in the PLA
matrix were investigated by XRD and TEM. XRD patterns of
OMMT, PLA, PLA/OMMT, and OS-PLA/OMMT are shown in
Figure 3. The strongest intensity peak for OMMT has a 20 value
of 3.5°, corresponding to an interlayer spacing of 2.51 nm.
Compared with the pattern of OMMT, the strongest intensity
peak occurs at a lower 20 value of 2.4° in the pattern of PLA/
OMMT, suggesting a better-intercalated dispersion with the
interlayer spacing of OMMT platelets increasing from 2.51 to
3.68 nm. Similar results have been reported by other research-
ers. Duan et al.® have reported that Cloisite® 30B has an inter-
planar spacing of 1.84 nm, which increases to 3.4 nm in PLA
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Figure 3. XRD patterns of OMMT, neat PLA, PLA/OMMT, and OS-PLA/
OMMT. [Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]

nanocomposites produced by melt compounding. Thellen
et al'® reported that the interplanar spacing of OMMT was
1.87 nm and was increased to 3.2 nm in PLA nanocomposite
produced by blown film extrusion. The strongest intensity peak
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Figure 4. TEM images of (a) PLA/OMMT and (b) OS-PLA/OMMT.

42321 (4 of 8)

Applied Polymer

SCIENCE

in the pattern of OS-PLA/OMMT appeared at the slightly lower
20 of 2.36° than that in the pattern of PLA/OMMT. This corre-
sponds to an interlayer spacing of 3.74 nm which demonstrates
a widening of the clay interplanar spacing and a better interca-
lation has been achieved when the oscillatory shear was applied.

TEM observation was conducted to provide a directly under-
standing of the microstructure of OMMT in PLA. Figure 4
shows TEM images of PLA/OMMT and OS-PLA/OMMT at var-
ious magnifications. Figure 4(a) shows OMMT platelets ran-
domly dispersed in the PLA matrix of PLA/OMMT. The high
magnification image shows tactoid formation, intercalation, and
dispersion throughout the PLA matrix. A 400kX magnification
TEM image of PLA/OMMT is shown in Figure 5. OMMT
aggregates with several tens of layers of clay platelets are
observed. At the edge of the OMMT particles, some thin plate-
lets can be observed, which can be ascribed to the exfoliated or
partially exfoliated OMMT platelets.

Figure 4(b) shows OMMT platelets in OS-PLA/OMMT oriented
in one direction, which was induced by the oscillatory shear.
The high magnification image shows a significant ordering
structure along the flow direction, and the uniform distribution
of clay platelets throughout the whole area. A 200kX magnifica-
tion TEM image of the clay platelets in OS-PLA/OMMT is

High Magnification

b
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Figure 5. 400kX TEM image showing clay platelets in PLA/OMMT.

shown in Figure 6, in which intercalated OMMT aggregates are
still observed, but with a thickness smaller than that in PLA/
OMMT nanocomposites, suggesting that oscillatory shear
reduces the size of OMMT thickness and thus increases the total
area of OMMT in the matrix. Moreover, extremely thin fibrils
are clearly visible, as denoted by the arrows, suggesting that
part of OMMT exist in the form of single or few-layer platelets
in the matrix. Such exfoliation of OMMT in PLA matrix cannot
be observed in the TEM image of PLA/OMMT in Figure 5.

Crystallization Behavior

DSC curves of the first heating scan for PLA, OS-PLA, PLA/
OMMT, and OS-PLA/OMMT are shown in Figure 7. The results
of all samples are summarized in Table I. The presence of an
endothermic peak at around 52°C was observed for the
four samples, which can be ascribed to the glass transition

Figure 6. 200kX TEM image showing clay platelets in OS-PLA/OMMT.
[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com. ]
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Figure 7. DSC curves of neat PLA, OS-PLA, PLA/OMMT, and OS-PLA/

OMMT. [Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]

temperature (Tg). Addition of OMMT leads to the slightly
increased T, Furthermore, oscillatory shear obviously reduces
the endothermic peak at T,. For OS-PLA/OMMT, the T, peak
becomes very weak and the peak value is slightly increased. The
endothermic peak is owing to the structural relaxation of the
polymer chains, in which the polymer chains are rearranged in
a more favorable energetic configuration. The slight increase in
T, and significant decreased endothermic peak can be explained
by the confinement effect of OMMT platelets which reduces the
chain mobility of PLA macromolecules.

The crystallinity (X.) and the crystallization process of PLA,
OS-PLA, PLA/OMMT, and OS-PLA/OMMT were remarkably
different. The DSC curve shows that the neat PLA is semicrys-
talline, with a very low crystallinity of 1.2% and a melting tem-
perature of 148°C. At above the temperature of T, the cold
crystallization process is very soft with the cold crystallization
peak of 126.9°C. Compared with neat PLA, OS-PLA, processed
under oscillatory shear and without addition of OMMT, showed
a slightly increased crystallinity, from 1.2 to 4.0%, while the
melting temperature and cold crystallization temperature were
almost the same. This is mainly because that in the oscillatory
shear of this study, the melt is forced to flow repeatedly in the
mold cavity leading to a more uniform heat transfer in the
melts and orientation of PLA macromolecules, while the cooling
condition was the same in preparing the samples.

For PLA/OMMT containing 5 wt % OMMT but without proc-
essing under any oscillatory shear, a very substantial difference
appeared in the DSC thermogram of the nanocomposite. An
obvious exothermic crystallization peak was observed at around
98°C and the melting peak at around 166°C becomes very
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Table I. DSC Data from PLA, OS-PLA, PLA/OMMT, and OS-PLA/OMMT

Tg (°C) T (°C) HoUg™ T (°C) Hn g™ Xe (%)
PLA 51603 126.9+0.7 56+05 1482+03 6.6 0.4 1.2
OS-PLA 52305 124.0=0.4 40+0.7 150.5+0.2 7.7+0.4 4.0
PLA/OMMT 52.5+0.4 982+03 283+02 166.2=1.0 40705 133
0S-PLA/OMMT 528+0.5 1443=0.1 6.7+1.2 166.4=0.2 404+03 36.3

larger. The obvious exothermic crystallization peak is ascribed
to the molecular chain reordering in the amorphous phase or
cold crystallization during the heat scanning. The incorporation
of OMMT platelets into PLA matrix results in the shifting of
cold crystallization temperatures to lower temperatures with a
very sharp exothermic peak. The decrease of the crystallization
temperature and a larger enthalpy of cold crystallization may be
attributed to the nucleating effect of OMMT in PLA matrix
which increases the crystallization rate. At the same time, the
higher melting temperature indicates that the PLA crystals in
PLA/OMMT nanocomposite have less defects than that in pure
PLA. The crystallinity was improved to 13.3% for PLA/OMMT.
These results are in agreement with other published DSC data
for PLA nanocomposite. For example, Li et al.” have reported
that the DSC thermograph of PLA nanocomposites containing
various OMMT platelets show a large downward exothermic
peak while no such peak appeared in pure PLA, indicates that
the nucleation effect induced by the OMMT platelets causes the
energy release in cold crystallization process. Moreover, PLA
nanocomposite containing 3 wt % OMMT obtains a highly
increased crystallinity, the degree of crystallinity increased by
21.5%, 5.7 times as much as that of pure PLA. Thellen et al.'’
also observed that pure PLA shows a soft shoulder after the T,
in DSC thermograms and the shoulder is rendered sharper by
the introduction of OMMT.

Compared with PLA/OMMT, OS-PLA/OMMT, containing a 5
wt % OMMT and processing under oscillatory shear, exhibited
an enhanced crystallization process and a greatly improved
crystallinity. A small enthalpy of cold crystallization was
observed in OS-PLA/OMMT and the temperature of the cold
crystallization peak (T.) was at 144.3°C, which was very close
to the melt temperature of 166.4°C. This phenomenon has not
been reported by the other published DSC data of PLA/OMMT
nanocomposite. This interesting founding indicates that PLA/
OMMT nanocomposite has a faster crystallization rate and
more perfect crystal structure when the oscillatory shear is
applied. On the other hand, the melting enthalpy and melting
temperature has no notable difference to those of the PLA/
OMMT nanocomposite. A possible explanation to these phe-
nomena is that the oscillatory shear forces the molten polymer
macromolecular chains to move back and forth in the mold,
which leads to a more uniform heat transfer during melting
and the orientation of OMMT platelets in PLA matrix.
Moreover, OMMT disperses more uniformly in PLA matrix
and the exfoliated OMMT platelets, as demonstrated by the
TEM and XRD, act as more effective nucleating and accelerat-
ing agents for the crystallization of PLA macromolecular
chains.
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Water Vapor Barrier Property

The calculated water vapor permeability of PLA, OS-PLA, PLA/
OMMT, and OS-PLA/OMMT is shown in Figure 8. Compared
with neat PLA, there is a limited decrease (about 4.3%) in water
vapor permeability of the OS-PLA. However, a 27% reduction
in water vapor permeability was achieved in PLA/OMMT. As
reported by the previously studies,”™* this is mainly attributed
to the large aspect ratio and surface area of the OMMT plate-
lets, which increases the tortuous path that water molecules are
required to permeate. Meanwhile, the increased crystallinity of
PLA nanocomposite also benefits water vapor barrier property,
because of the high resistance of crystalline regions to water
vapor permeation, compared with free amorphous regions.'”'®

OS-PLA/OMMT, containing 5 wt % OMMT and processing
under oscillatory shear, exhibited a more significant improve-
ment in water vapor barrier property relative to PLA/OMMT
and OS-PLA. As shown in Figure 8, OS-PLA/MMT has a water
vapor permeability of 1.43 X 10" g Pa™' s™' m™' compared
with 222 X 107" g Pa~' s7! m™! of OS-PLA and 1.69 X
107" g Pa~' s7' m™' of PLA/MMT. This can be ascribed to
the orientation, good dispersion of OMMT and the higher crys-
tallinity of PLA. Oriented, exfoliated and well-dispersed OMMT
platelets can significantly increase the barrier property, because
water molecules need to permeate a more complex path when
OMMT platelets are oriented and well-dispersed in the PLA
matrix under oscillatory shear. The tortuosity of the diffusion
path also reportedly depends on the state of exfoliation/interca-
lation and the aspect ratio of the OMMT platelets in the poly-
mer matrix. As aforementioned, under oscillatory shear, some
of the OMMT platelets exfoliated and disperse in the form of
single or few-layer platelets in PLA matrix, which obviously

2.506-011
i I
L T
2.00E-011
2
= I
i 150E-011 .
EE R {
o 7
a
5 T
o § 100E011 1
]
g =
2 5.00E-012
0.00E+000 ; ; . :
Neat PLA OS-PLA PLA/OMMT OS-PLA/OMMT

Figure 8. Water vapor permeability of neat PLA, OS-PLA, PLA/OMMT,
and OS-PLA/OMMT.
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Figure 9. (a) Stress—strain curves of neat PLA, OS-PLA, PLA/OMMT, and
OS-PLA/OMMT. (b) Tensile strength, Young’s modulus and elongation at
break of four samples. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]

increase the aspect ratio of OMMT. Furthermore, the higher
crystallinity of OS-PLA/OMMT also increases the tortuous path
that the water molecules are required to permeate, which
improve water vapor barrier property. OS-PLA/OMMT has a
higher crystallinity and the OMMT platelets are exfoliated and
highly oriented, so it exhibits a better water vapor barrier prop-
erty than PLA, OS-PLA and PLA/OMMT filled with randomly
dispersed OMMT.

Mechanical Properties

Figure 9(a) shows the stress—strain curves of pure PLA, OS-
PLA, OS-PLA/OMMT, and PLA/OMMT. The initial tensile
strength, Young’s modulus and elongation at break of pure PLA
were 52.5 MPa, 0.52 GPa, and 5.8%, respectively, as shown in
Figure 9(b). With 5 wt % of OMMT loading, the tensile
strength was decreased by 6.5%, to 49.1 MPa; the Young’s mod-
ulus was decreased by 13.5%, to 0.45 GPa and the elongation at
break was increased by 36.2%, to 7.9%. The result is in accord-
ance with that observed by Li et al” In the PLA nanocomposite
with the high loading (5 wt %) OMMT, many OMMT platelets
formed agglomerates and tactoids, which has been directly
demonstrated by TEM. The interface defects and stress concen-
tration decrease the mechanical property. Compared with PLA,
the tensile strength of OS-PLA increased by 7.2%, to 56.3 MPa;
the Young’s modulus increased by 46.2%, to 0.76 GPa; and the
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elongation at break decreased by 15.5%, to 4.9%. This is
ascribed to the increased crystallinity of OS-PLA prepared under
oscillatory shear. The crystalline PLA is more rigid than amor-
phous PLA and the crystalline region can absorb energy and
stop the growth of crack in the tensile process. OS-PLA/MMT
also exhibits an improved mechanical properties compared with
PLA/MMT. The tensile strength was increased by 20.6%, to 59.2
MPa; Young’s modulus was increased by 140%, to 1.08 GPa and
the elongation at break was decreased by 45.6%, to 3.7%. The
mechanism behind the enhancement of mechanical properties
of OS-PLA/MMT is the better dispersion and orientation of
OMMT platelets in PLA matrix when the oscillatory shear was
applied. The better intercalation and exfoliated structure of
OMMT platelets increase the interfacial bonding between the
PLA chains and OMMT, which effectively constrains the move-
ment of polymer chains.

CONCLUSIONS

In this study, we investigated the crystallization behavior and
water vapor permeability of the PLA nanocomposite containing
5 wt % OMMT prepared under oscillatory shear. Compared
with neat PLA, PLA processed under oscillatory shear receives a
slightly improved crystallinity. The water vapor barrier property
and mechanical properties are slightly increased. PLA nanocom-
posite containing a 5 wt % OMMT shows a significantly
improved crystallinity from 1.2 to 13.3% and a 27% reduction
in water vapor permeability. This is mainly due to the large
aspect ratio and surface area of the OMMT platelets. However,
the mechanical properties was decreased, this is attributes to the
agglomerates and tactoids of OMMT platelets in PLA matrix
when the OMMT is at high loading. When PLA/OMMT nano-
composites were prepared under oscillatory shear, the OMMT
platelets are oriented along the flow direction and some of the
OMMT platelets are exfoliated and disperse in the form of sin-
gle or few-layer platelets in PLA matrix, which obviously
increases the aspect ratio and total area of OMMT and results
in the further improved crystallinity, water vapor barrier prop-
erty, and mechanical properties.
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