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Polylactic acid/layered silicate nanocomposite films, intended to use as
food contact material, are prepared by solution casting technique. Four
types of organo modified montmorillonite and an unmodified bentonite are
used as inorganic filler. The structural characterizations are performed by
FTIR/ATR and dispersion of the layered silicates was determined by XRD.
Clay layers are found to be dispersed in the matrix polymer, although
agglomerated particles are also detected. DSC study showed that a small
amount of organo modified clay is enough to serve as a nucleating agent
for crystallization. Surface properties are investigated with dynamic contact
angle measurements. All of the nanocomposites exhibited improvement of
material properties as compared to that of neat PLA. The overall migration
tests are studied. PM24 nanocomposite gave the best oxygen barrier
property results and migration values due to the compatibility between
clay and polymer matrix.  2014 Trade Science Inc. - INDIA

INTRODUCTION

Huge amounts and different types of plastics, es-
pecially polyolefins, polystyrene and poly(vinyl chlo-
ride) were produced mainly from fossil fuels, used up
and left to the environment, becoming eventually as
undegradable wastes[1]. The fact that the nondegrad-
able plastic materials adversly effect the environment
with disposable materials. Global concerns are increas-
ing because of the environmantel effect of continuous
plastic wastes, but alternative disposal methods are re-
stricted. Plastic waste incineration always produce a
big deal of carbon dioxide and sometimes generates

toxic gases that causes global warming and global pol-
lution[2]. Furthermore the petroleum resources are not
infinite. It is being understood to a greater extent that
the use of long-lasting polymers for short-lived appli-
cations is not convenient[3]. To avoid the effect of plas-
tic wastes, biodegradation and bio-recycling are attrac-
tive solutions[4]. The development of green polymeric
materials which don�t involve the use of toxic or nox-

ious component in their production and could degrade
in the natural environmental products, is becoming im-
portant. Because of these reasons, all around the world
today, biodegradable material investigations attract at-
tention and has been a subject of materials scientists
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and engineers[5].
Polylactides or poly(lactic acid) (PLA) is one of

the most promising materials among the renewable
source-based biodegradable plastics because it is ther-
moplastic, biodegradable, biocompatible and has high-
strength, high-modulus and good processability. The
application of PLA has been broaden to other fields
such as packaging, textiles and composite materials[6].
With the help of its biodegradation perform, PLA shows
a great benefit that when entered in the natural cycle, it
returns to the biomass. However, PLA-based materi-
als shows poor properties which include thermal stabil-
ity and gas barrier properties are still need to be devel-
oped to accomplish necessities for food packaging ap-
plications. For several years layered silicates for ex-
ample montmorillonite or hectorite attract great atten-
tion in the field of polymer nanocomposites[7,8]. It is of-
ten needed to convert the clay more compatible with
the organic polymer matrix in order to attain this
nanoscale distribution. The 2:1 layered aluminosilicates
like montmorillonite, are widely used for the prepara-
tion of such nanocomposites. The hydrophilicity of the
natural montmorillonite-Na+ hinders its delamination with
the most common hydrophobic polymer matrices. In
order to make montmorillonite compatible with poly-
mers, exchange of the sodium cations by more hydro-
phobic ions, such as alkylammonium cations for ex-
ample, can easily be acquired in aqueous suspension.
Two extreme structures can be described related with
distribution/dispersion of the stacks of aluminosilicate
layers can be described: The former is an intercalated
structure when a regular stacking of polymer layers
occures and the latter is an exfoliated structure if the
silicate layers are completely and homogeneously
delaminated and dispersed in the polymer matrix[9]. With
a high aspect ratio (100�1500) and extremely high sur-

face-to-volume ratio (700� 800 m2/g), the nanoscale
distribution of nanoclays constituted important devel-
opments to the polymer matrix regarding mechanical,
gas barrier, and optical properties at low filler content
(less than 5% by weight)[6,7,10,11].

To supply the best protective properties, the food
packaging material has to keep its satisfactory for its
expected shelf life[12]. With the usage of the PLA as the
polymer matrix, it is aimed to accomplish an environ-
mentally polymer composite that could have material

properties appropriate for food packaging end-use.
That�s why, we attempt in this work to prepare films

with PLA and five types of clay by using solution cast-
ing technique and to investigate the effect of the type of
clay on the properties of the prepared films as a food
contact material.

All of the nanocomposites showed an improvement
of material properties as compared to that of neat PLA
film. XRD results showed that prepared
nanocomposites exhibited flocculated, intercalated and
exfoliated strucure. The highest cyrstallinity degree was
obtained % 28. Overall migration tests were studied
with food simulants include distilled water, 3 % acetic
acid, 95 % ethanol. The migration values of all the pre-
pared films were below the allowed limit (10 mg/dm2).
The best result in oxygen gas transmission rate and water
vapor transmission rate were 233,41 cm3 mm/m2 day
MPa and 98,30 g/m2 day, respectively. It is observed
that oxygen barrier property increased % 34 and wa-
ter vapor barrier property increased % 65 when com-
pared to neat PLA film.

EXPERIMENTAL DETAILS

Materials

PLA (Natureplast PLE 005) was supplied by Na-
ture Plast.,France with a density of 1.25 g/cm3. Three
commercial clays were received from Sigma Aldrich.
Chloroform (CHCl

3
) was also obtained from Sigma

Aldrich. The surfactants with various molecular struc-
tures are summarized in TABLE 1.

TABLE 1 : Surface modifications of organoclays

Clay 
type 

Surface modification agent 

B59 None 

M24 35-45 wt. % dimethyl dialkyl (C14-C18) 
amine 

M32 
0.5-5 wt. % aminopropyl triethoxysilane, 15-
35 wt. % octadecylamine 

M8 Distearyldimethyl ammonium chloride 

M40 
25-30 wt.% methyl dihydroxyethyl 
hydrogenated tallow ammonium 

B59 is a hydrophilic bentonite. M32 is modified by
a primary amine containing silane with a single tail. Am-
monium salts with two alkyl (tallow) tails used as a sur-
factant for M40 clay. Surfactant of M40 has hydroxyl
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group attached to either the tallow tail or the ammo-
nium head. The hydroxyl group has significant effect on
the properties and structure of the composites. Ternary
amine with two alkyl (tallow) tails used as a surfactant
in the M24 clay. M8 is modified by ammonium salt with
a single alkyl (tallow) tail.

Preperation of nanocomposites

PLA and clays were dried under vacuum at 80 oC
for 3 hours prior to use. PLA and PLA-based
nanocomposite films were prepared by using a solvent
casting method[13-16]. 0,5 grams of PLA was dissolved in
chloroform while mixing vigorously at room temperature
to prepare 5% solution. This solution was poured onto a
glass petrie dishe and then allowed to dry for about 5
days at room temperature. The resultant film was peeled
from the casting surface. For the preparation of PLA
nanocomposite films, a predetermined amount of clay
was dispersed in the solvent by vigorous stirring for 1 h
using a magnetic stirrer, followed by sonication for 2 h at
room temperature. The nanoclay solutions were mixed
with the previously prepared PLA solution, sonicated for
30 minutes, cast onto the glass petrie. PLA/nanoclay films
were prepared with different types of nanoclays (B59,
M32 and M40, M8 and M24). In this study clay per-
centage was kept constant at 3 wt.%. After drying at
room temperature for about 5 days, all PLA films were
peeled from the casting surface.

Characterization

The chemical composition of the nanocomposite
films was determined by a Tensor 27 Bruker Fourier
Transform Infrared Spectrometer (ATR-FTIR) instru-
ment with the spectral range of 4000-550 cm-1 and reso-
lution of 16 cm-1.

Dispersibility of clays in polymer matrix was inves-
tigated by using X-ray diffraction analyses. XRD was
performed on samples with a Rigaku Ultima IV X-Ray
Difractometer in the range 2=0-40 o at 2o/min scan-
ning rate at room temperature.

Differential scanning calorimeter (DSC) from
Setaram, Setsoft 2000 Instruments was used to deter-
mine Tg, Tm and enthalpies. The crystallinity of poly-
mers was calculated from the enthalpies. Heating pro-
cedure was applied from 25 to 200 ºC at a heating rate

of 10ºC/min. The glass transition temperature (T
g
),

melting temperature (T
m
) and melting enthalpy (ÄH

m
)

were measured at argon atmosphere. The percent of
crystallinity, 

c
, can be evaluated as follows:


c
= (H

m
 / Hc

m
)*100

where Hm is the melting enthalpy Hc
m
 =93 J/g is the

heat of melting of pure crystalline poly(L-lactide)[17-20].
Surface properties of the films were investigated

with contact angle measurements. Sessile drop contact
angle measurements using Krüss100 DSA were per-

formed dynamically using a motor-driven syringe to
pump liquid steadily into the sessile drop from below
the surface. Critical values of the advancing and reced-
ing contact angles were measured at room tempera-
ture. The arithmetic difference relation was used to cal-
culate contact angle hysteresis: 

Oxygen gas transmission rates of PLA and
nanocomposites were measured at 23 °C and 0% rela-

tive humidity by the ASTM D3985 with Sytech Instru-
ments 8001.

Water vapor permeability of PLA and
nanocomposites were carried out at 38oC and %90
relative humidity by the ASTM E96 with Sytech In-
struments 7000.

Overall migration tests of films were done accord-
ing to EN 1186; plastic materials and articles intended
to come into contact with foodstuffs[21]. The tests were
carried out with three different food simulants (distilled
water, 95% ethanol and %3 acetic acid) for 10 day at
40 oC.

RESULTS AND DISCUSSION

FT-IR/ATR spectra of PLA and composites

The infrared spectrum of neat PLA film was deter-
mined by FT-IR/ATR Spectroscopy. FT-IR/ATR spec-
trum and band assignment for neat PLA film were given
in Figure 1 and in TABLE 2, respectively.

The principal PLA absorption bands are summa-
rized in TABLE 2. The strong IR bands at 3000, 2948
and 2877 cm-1 are assigned to the CH stretching re-
gion, 

as
(CH

3
), 

s
(CH

3
) and (CH) modes respectively.

The C=O stretching region is observed as a strong band
at 1747 cm-1. The band at 1456 cm-1 is due to CH

3

bending mode. The CH deformation symetric and
asymmetric bands appeared at 1382 cm-1 and 1360
cm-1, respectively. The bands that appear at 1315 cm-
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1 and 1300 cm-1 are due to the CH bending modes.
The C�O stretching modes of the ester groups at 1225

cm-1 was observed as a shoulder on the band of 1185
cm-1 and about 1211 cm-1. The bands at 1180, 1129
and 1083 cm-1 are due to C-O stretching mode. The
band at 1044 cm-1 is based on CO stretching mode.
The peaks appear between 1000 cm-1 and 800 cm-1,
955 cm-1 and 916 cm-1 which can be attributed to the
characteristic vibrations of the helical backbone with
CH

3
 rocking modes. The band at 869 cm-1 755 cm-1

are related to the crystalline and amorphous phases of
PLA, repectively[22-25].

FT-IR/ATR spectra was obtained in the spectral
range of 4000-550 cm-1. For neat clays the peak at
3632 cm-1 is due to (O-H) stretching vibration based

on H
2
O[26,27]. In the spectra of M32 clay the broad

peak near 3250 cm-1 reflects the (N-H) stretching vi-
brations and it is an indication that the surfactant in the
modified clay has amine groups[28]. So, the peak at 3250
cm-1 could be used to distinguish the type of surfactant
employed. It is noted that all modified clays exhibit peaks
at 2925 and 2850 cm-1 due to CH

2
 and CH

3
 symmet-

ric and asymmetric stretching related to surface modifi-
cation[26-31]. Due to modifier of M40 clay has two hy-
droxyl groups, the peak at 1640 cm-1 in Figure 2.c is
due to ä(H-O-H) stretching vibrations the similiar peak
is also seen very slightly in Figure 3.c[28]. The peak at
1609 cm-1 and broad peak between 1569-1494 cm-1

are due to N-H stretching vibrations which is also as-
signed to amine groups[28]. in the spectra of M32 clay
(Figure 2.b), but these peaks were not detected in M24
and M8 clay because of the weak N-H stretching vi-
brations of ternary amine and ammonium salt[28]. The
peak at 1466 cm-1 is due to ä(CH

2
) bending vibra-

tions[28]. The typical stretching vibrations of bentonite
appear at 1107 and 993 cm-1[26,32] and the improve-
ment of the peak at 1037 cm-1 is due to this stretching
vibration. This peak is overlapped with CO stretching
vibration (1044 cm-1) of neat PLA film.

The typical bands for oxydes are assigned to the
peaks of Si�O� Si, Si�O�Al and Si�O�Mg stretching

around 1050 cm-1[28,32]. These bands can be seen at
1028, 1008 cm-1 for M32 clay, at 1115 and 1024 cm-1

for M40 and M8 clay, 1115 and 1044 cm-1 for M24
clay, respectively. These peaks are overlapped with CO
stretching vibration at 1044 cm-1 of PLA neat. The Al-
Al-OH deformation vibration peaks about at 917 cm-

1[27]. which are related to clays is also seen in the IR
spectra of nanocomposite films. The peak intensity
which is related to cyrstalline phase of PLA is increased
in the P-B59-3 and P-M24-3 nanocomposites at %3
clay loading. Both amorphous and crystalline structure
of PLA were not affected significantly at 3% clay load-
ing.

Dispersibility of clays in PLA

Hydrophilic clays and hydrophobic polymers are
not compatible in their original forms. Surface modifi-
cation of clay is commonly used to reach a greater com-
patibility of the clay and polymer, which leads to an
increase for the d-spacing between silicate interlayers[28].

Figure 1 : FT-IR/ATR spectrum of neat PLA film

TABLE 2 : Peak band assignment for neat PLA film

Peak 
number 

Assignment 
Wavenumber  

(cm-1) 

1 -CH- strech 
3000,(asim),  2948 

(sim), 2877 
2 -C=O carbonyl strech 1747 

3 -CH3 bend 1456 

4 
-CH- asymetric ve 
smetric deformation 
bend 

1382,1360 

5 -CH- bend 1315-1300 

6 -C-O- strech 1265 

7 -C=O bend 1211 

8,9,10 -C-O- strech 1180, 1129, 1083 

11 -CO strech 1044 

12 -CH3 rocking mode 955, 916 

13 
-C-C- strech 
cyrstalline phase 

869 

14 amporphous phase 755 
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Figure 3 : FT-IR/ATR spectra of (a) P-B59-3 (b) P-M32-3 (c) P-M40-3 (d) P-M8-3 (e) P-M24-3 nanocomposite

Figure 2 : FT-IR/ATR spectra of (a) B59 clay (b) M32 clay (c) M40 clay (d) M8 clay e) M24 clay
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If the polymer chains is not intercalated between
silicate layers a phase separated composite can be ob-
tained and the poroperties of the prepared composite
can not be different from a conventional
microcomposites. If the polymer chains are intercalated
between the silicate layers, the distance between the
well-ordered layers are leading to a shift of the diffrac-
tion peak to lower angle values according to Bragg�s
relation and intercalated structure can be obtained.
When the silicate layers are completely dispersed in

the polymer matrix, an exfoliated structure can be ob-
tained[33].

Direct evidence of the dispersion of the polymer
chains into the silicate layers is provided by the XRD
patterns in the range of 2= 1-40° as shown in Figure 4.

For pure PLA film the two most intense peaks at
2 =16.62o and 2 =18.98o, which are ordered - form
and disordered �-form characteristic peaks of PLA.
In addition, for pure PLA films, very small peak at 2
=14.93o is specific only to -form of pure PLA. The

Figure 4 : XRD pattern of (a) pure PLA, (b)B59 and P-B59-3, (c) M32 and P-M32-3, (c) M40 and P-M40-3 (e) M8 and P-M8-
3, (f) M24 and P-M24-3
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peak at 2 =21.8o indicating that PLA film contained
stereocomplex crystallities[34].

The XRD data (in Figure 4.b) showed that for P-
B59-3 nanocomposite the d001 peak 2=6.65o of the
clay was shifted to higher angle 2=6.83o which can be
considered as a result of some edge to edge interac-
tions of clay layers. The interlayer distance of this peak
decreased from 13.28 to 12.92 oA. Thus, P-B59-3
nanocomposite has a flocculated structure. This is due
to the hydroxylated edge�edge interaction of the sili-

cate layers. Owing to the interaction between the clay
particles and PLA matrix, the disk� disk interaction also

plays an important role in determining the stability of
the clay particles.

The XRD data (in Figure 4.c) showed that the d001
peak 2=7.93 of the clay was shifted to lower angle
2=5.13 for P-M32-3 nanocomposite. The interlayer
distance of this peak increased from d= 11.14 Ao to d=
17.18 Ao. Thus, P-M32-3 nanocomposite showed an
evidence of intercalated structure. The XRD pattern of
P-M32-3 represents a very sharp peak, indicating the
formation of a well-ordered intercalated
nanocomposite. The nanocomposite P-M32-3 had no
other peak in the diffractogram exhibiting an evidence
of exfoliated structures.

The XRD data (in Figure 4.d) showed that the d001
peak 2 =4.72 o of the clay was shifted slightly to higher
angle 2 =4.86 o for P-M40-3 nanocomposite. The
interlayer distance of this peak decreased from 18.69
Ao to 18.15 Ao due to flocculated organoclay particles.
P-M40-3 nanocomposite had no another peak in the
diffractogram giving an evidence of exfoliated structures.

The XRD data (in Figure 4.e) showed that the d001
peak 2 =4.35o of the clay was shifted slightly to higher
angle 2 =4.86o for P-M8-3 nanocomposite. The
interlayer distance of this peak decreased from 20.29
Ao to 19.90 Ao. It is due to flocculated structure of this
clay. However, d002 peak 2 =7.06o of the clay was
shifted to lower angle 2 =6.6o and the interlayer dis-
tance of this peak increased from 12.51 Ao to 13.3Ao

giving an evidence of intercalated structure. Thus, P-
M8-3 nanocomposite gave an evidence of intercalated
structure. The diffractogram of this nanocomposite has
no other peak, giving an evidence of exfoliated struc-
ture. This nanocomposite included three kinds of
dispersibility.

The XRD data (in Figure 4.f ) showed that the d001
peak 2 =7.05o of the clay was shifted to lower angle
2 =4.86 o for P-M24-3 nanocomposite. The interlayer
distance of this peak increased from 12.53 Ao to 18.12
Ao. Thus, P-M24-3 nanocomposite shows an evidence
of intercalated structure. XRD pattern of P-M24-3 in-
dicated the formation of a well-ordered structure. The
diffractogram of this nanocomposite has no other peak
giving evidence of exfoliated structure.

Among the clays tested, B59 clay exhibited the
worst interaction with the hydrophobic PLA polymer
matrix as evidenced by XRD patterns.

Thermal properties

The DSC thermograms of blends of PLA with dif-
ferent organic modifiers were listed in TABLE 3.

An endothermic peak for PLA was observed at
49.34 °C in Figure 5. Increase in T

g
 value was reported

for P-B59-3. This behavior has been explained with
the nature of tie molecules between crystallites should
have played a role, as some increase in T

g
 value was

observed for P-B59-3, in which a phase-separated
structure was formed[35]. DSC does not detect any
traces of thermal transitions for P-M32-3, P-M24-3
and P-M40-3.

TABLE 3 : DSC termograms of PLA and nanocomposites

 
T g   

(oC ) 
T c  

(oC ) 
H c  
(J /g ) 

T M   

(oC ) 
H m   
(J /g ) 

 c 
(% ) 

P L A  
film  

4 9 ,3 4  9 1 ,1 3  1 4 ,7 9  1 51 ,90  2 2 ,3 5  2 4  

P -
B 5 9 -

3  
5 2 ,0 2  1 0 1 ,4 9  2 0 ,5 1  1 51 ,12  2 4 ,5 2  2 6  

P -
M 3 2 -

3  
- 7 9 ,9 9  7 ,8 0  1 49 ,97  2 3 ,1 3  2 5  

P -
M 4 0 -

3  
- 7 9 ,0 2  7 ,0 9  1 51 ,10  2 5 ,7 6  2 8  

P -
M 2 4 -

3  
- 8 9 ,5 0  1 6 ,1 8  1 50 ,06  2 4 ,8 9  2 7  

P -
M 8 -3  

4 7  8 9 ,5 0  1 6 ,1 8  1 50 ,06  2 4 ,8 9  2 7  

The DSC study showed that the Tg signal of neat
PLA disappeared when organo modified clay added.
This behavior suggests that clay layers effect polymer
matrix and there is no amount of bulklike PLA
present[2,36].

On the other hand, all nanocomposites gave an exo-
thermic peak that can be related with the crystallization
of PLA in every sample; the corresponding tempera-
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ture is known as the crystallization temperature, T
c
[2,23,37].

T
c
 decreased with organo modified clay, indicating pro-

nounced nucleating behavior of modifier. In the case of
nanocomposite�s this peak appeared at lower tempera-

ture than that of neat PLA except P-B59-3. Therefore,
the organo modified clay seems to enhance the rate of
crystallization of PLA. It is noted that T

c
 is strongly de-

pend upon the nature of organo modified clay. This
behavior suggests that a small amount of organo modi-
fied clay is enough to serve as a nucleating agent for

crystallization[2,20].
The peak temperature of melting of pure PLA film

was shifted very sligthly to low temperatures. The crys-
talline phase content calculated under the curve that the
melting enthalpy of the 100% crystalline PLA is 93 J/
g[17,36,38]. The degree of crystallinity increased from 24%
(pure PLA) to 26% (P-B59-3), 25% (P-M32-3), 28%
(P-M40-3), 27% (P-M24-3), 27% (P-M8-3). It has
been reported that the presence of multiple melting peaks
in nanocomposites is related to the formation of differ-

Figure 5 : DSC thermogram of (a) pure PLA, (b) P-B59-3, (c) P-M32-3, (d) P-M40-3 (e) P-M24-3 (f) P-M8-3
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ent crystal structures[4].

Surface properties

The contact angle is an important parameter in sur-
face analysis. It is a common measure of the hydro-
phobicity of a solid surface. The upper limit of the range
is the advancing contact angle, 

a
, which is the contact

angle found at the advancing edge of a liquid drop. The
lower limit is the receding contact angle, 

r
, which is the

contact angle found at the receding edge. The differ-
ence between the advancing and receding contact
angles is known as the contact angle hysteresis,

The contact angle shows hysteresis due to the rough-
ness and heterogeneity of a solid surface[39,40]. The dy-
namic contact angle value of nanocomposite films were
given in TABLE 4. The hysteresis value of the
nanocomposite films was found increased with clay
content. The hysteresis of all the nanocomposite films
were lower than P-B59-3 nanocomposite film. This is
due to weak interaction between B59 clay and poly-
mer matris than organo modified clays.

which had exfoliated-intercalated-flocculated structure
of the nanocomposite showed 29% increase in oxygen
barrier property. It is suggested that the significant in-
crease in oxygen barrier property of P-M40-3
nanocomposite (28%) can be related with the interac-
tions between PLA and M40 nanoclay containing hy-
droxyl group modifier and the high cyrstallinity degree
of P-M40-3 nanocomposite. It was concluded that the
surface modifer ternary amine with two alkyl (tallow)
tails (M24 clay) was much more effective in reducing
O

2
 gas permeability.

Water vapor barrier properties

The potential for enhanced barrier performance of
the nanocomposite films relative to the neat films is a
reflection of the large aspect ratio and surface area of
the nanoclay. When the silicate layers dispersed
succesfully, these layers may form a �tortuous pathway�

that water molecules must follow in the composite film.
The degree of tortuosity also indicates geometrical in-
fluences such as the shape and state of exfoliation/in-
tercalation of the platelets and their orientation in the
polymer matrix[41]. Water vapor permeability (g /m2 day)
for neat PLA and nanocomposite films were presented
in TABLE 6.

In all cases, the nanocomposite films showed lower
water vapor permeability than the pure PLA films, ex-
hibiting 65% reduction in water vapor permeation rate
with M40 clay. The increase in water vapor barrier
property of polymer/clay composite films is mainly at-
tributed to the tortuous path for water vapor diffusion
due to the impermeable clay layers distributed in the
polymer matrix consequently increasing the effective

TABLE 4 : Dynamic contact angle values

 Advancing, a Receding, r Hysteresis 

PLA 89,5±0,20 77,2±3,43 12,3 

P-B59-3 83,5±1,11 57,4±2,12 26,1 

P-M32-3 91,4±2,24 70,1±1,31 21,3 

P-M40-3 91,0±0,89 65,8±3,43 25,2 

P-M8-3 93,9±0,80 69,4±0,86 24,5 

P-M24-3 91,2±0,48 69,4±0,86 21,8 

TABLE 5 : Oxygen gas transmission rates of PLA and
nanocomposites

O2TR cm3 mm/m2 day 
MPa 

% 
improvement  

23oC , %0 relative humudity 

PLA 355,90  

P-B59-3 310,64 13 
P-M32-
3 

264,00 26 

P-M40-
3 

256,60 28 

P-M8-3 251,86 29 
P-M24-
3 

233,41 34 

Barrier properties

Oxygen gas barrier properties

O
2
 gas permeability coefficients of neat PLA and

nanocomposites were presented in TABLE 5. As ex-
pected, the barrier property of the nanocomposite was
higher than that of neat PLA film.

The permeability of nanocomposites significantly de-
pends on dispersed layered silicate particles dimension
and dispersion of layered silicate in polymer matrix[20].
All of the composite films improved the oxygen barrier
property when compared to neat PLA. P-M24-3
nanocomposite indicated exfoliated-intercalated struc-
ture from the XRD patterns, enhanced the oxygen bar-
rier property of neat PLA (34%). PM8 nanocomposite
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diffusion path length. In this study, the WVP of
nanocomposite films changed significantly depending on
the type of nanoclays used. M40 clay was more effec-
tive in reducing WVTR than others. This result also in-
dicates that M40 has favorable interactions with PLA
polymer matrix.

Migration

Lactic acid, lactoyllactic acid, other small oligomers
of polylactide and lactide may be included in migrants
from PLA. In this study, total migration tests were car-
ried out according to EN 1186; plastic materials and
articles intended to come into contact with foodstuffs.
PLA was stored for 10 day at 40 oC with three differ-
ent food simulants, 95% ethanol, 3% acetic acid and
distilled water.

The total amount of migrants that migrates from the
film is given in TABLE 7. It is expected that lactic acid
and its derivates migrates from PLA to the food
simulants. Lactic acid is the most interesting and signifi-
cant substance because all the other species are finally
hydrolized to lactic acid. According to the overall mi-
gration results, the migration values were below the al-
lowed limit (10 mg/dm2) and lower than lactic acid in-
takes values reported by the Food and Drug Adminis-
tration. Due to the interactions between M24 clay and
PLA matrix, PM24 nanocomposite showed best mi-
gration result with all of the used simulants.

Nanotechnology for foods and food contact mate-
rials has been aroused an interest because engineered
nanomaterials have potential hazard[42]. It is still an un-
known question whether consumption of foods, which
contain transferred particulate nanomaterials, causes an
important health risk or not[43,44]. On the other hand, a
report showed a positive effect on the migration, in this
reprt presence of nanoparticles was found to slow down

the rate of migration up to six times[44]. In order to
understand about the safety of food contact materias
made by nanotechnology, more studies should be done
because the relevant data are limited and migration be-
havior of nanomaterials can be different from the non-
nanoforms[42].

CONCLUSIONS

Nanocomposites based on PLA polymer and five
different commercial clays were successfully synthesized
via solution casting technique. The chemical composi-
tion of the nanocomposite films was determined by FT-
IR/ATR technique. The evidence of the dispersion of
the polymer chains into the silicate layers is provided
by the XRD patterns and the results showed that P-
B59-3, P-M32-3, P-M40-3, P-M8-3, P-M24-3
nanocomposites exhibited flocculated, intercalated/ex-
foliated, flocculated/exfoliated, flocculated/intercalated/
exfoliated intercalated/exfoliated strucure, respectively.
All of the nanocomposites showed an improvement of
material properties as compared to that of neat PLA
film. The DSC study showed that the T

g
 signal of neat

PLA disappeared when organo modified clay added.
This behavior suggests that clay layers effect polymer
matrix. T

c
 decreased with organo modified clay, indi-

cating pronounced nucleating behavior of modifier. The
highest cyrstallinity degree was obtained for P-M40-3
nanocomposite. Contact angle measurement shows
hysteresis due to the roughness and heterogeneity of a
solid surface. The hysteresis value of the nanocomposite
films was found increased with clay content. The per-
meability of nanocomposites significantly depends on
dispersed layered silicate particles dimension and dis-
persion of layered silicate in polymer matrix. It was
concluded that the surface modifer which has ternary

TABLE 6 : Water vapor permeability of PLA and
nanocomposites

WVTR g/m2 day % improvement 
 

38oC, %90 relative humudity 

PLA 278,00 - 

P-B59-3 138,00 50 

P-M32-3 143,00 49 

P-M40-3 98,30 65 

P-M8-3 107,00 62 

P-M24-3 109,00 61 

TABLE 7 : Migration study results of  PLA and
nanocomposites

 DS (mg/dm2) AA (mg/dm2) EA (mg/dm2) 

P 1,14 1,84 2,39 

P-B59-3 2,78 2,65 3,11 

P-M32-3 2,16 2,50 2,79 

P-M40-3 1,94 2,19 2,33 

P-M8-3 2,07 2,37 2,40 

P-M24-3 1,44 1,98 2,54 
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amine with two alkyl (tallow) tails) was much more ef-
fective in reducing O

2
 gas permeability ( up to 34%).

The nanocomposite films exhibiting 65% reduction in
water vapor permeation rate with M40 clay. Water
vapor barrier property of nanocomposite films changed
significantly depending on the type of nanoclays used.
Overall migration tests of neat PLA and the
nanocomposites were also studied with food simulants
include distilled water, 3 % acetic acid, 95 % ethanol.
The migration values of the all films prepared was be-
low the allowed limit (10 mg/dm2). Due to favorable
interaction between M24 clay and PLA matrix, P-M24-
3 nanocomposite showed best results in overall migra-
tion test and oxygen barrier property.
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