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ABSTRACT

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 asinorganic filler. The structural characterizations are performed by
FTIR/ATR and dispersion of thelayered 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 propertiesareinvestigated with dynamic contact
angle measurements. All of the nanocomposites exhibited improvement of
material propertiesascompared 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
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INTRODUCTION

Huge amountsand different types of plastics, es-
pecidly polyolefins, polystyreneand poly(vinyl chlo-
ride) were produced mainly fromfossil fuels, used up
and | eft to the environment, becoming eventually as
undegradablewastes¥. Thefact that the nondegrad-
ableplastic materialsadverdly effect the environment
with digposablematerias. Globa concernsareincreas-
ing because of the environmantd effect of continuous
plastic wastes, but aternative disposal methodsarere-
stricted. Plastic wasteincineration always produce a
big deal of carbon dioxide and sometimes generates

toxic gasesthat causesgloba warming and globa pol-
lution'@. Furthermore the petroleum resources are not
infinite. Itisbeing understood to agreater extent that
the useof long-lasting polymersfor short-lived appli-
cationsisnot convenient’®. To avoid theeffect of plas-
tic wastes, biodegradation and bio-recycling areattrac-
tive solutions. The development of green polymeric
materia swhich don’t involve the use of toxic or nox-
ious component intheir production and could degrade
inthenatura environmental products, isbecomingim-
portant. Because of thesereasons, dl around theworld
today, biodegradable material investigationsattract at-
tention and has been asubject of materialsscientists
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Polylactides or poly(lactic acid) (PLA) isone of
the most promising materials among the renewable
source-based biodegradabl e plasticsbecauseit isther-
mopl astic, biodegradable, biocompatibleand hashigh-
strength, high-modulus and good processability. The
application of PLA has been broaden to other fields
such as packaging, textilesand composite material §°.
Withthehel p of itsbiodegradation perform, PLA shows
agreat benefit that when entered inthenatural cycle, it
returnsto the biomass. However, PLA-based materi-
asshowspoor propertieswhichincludetherma stabil-
ity and gasbarrier propertiesarestill needto bedevel-
oped to accomplish necessitiesfor food packaging ap-
plications. For several yearslayered silicatesfor ex-
amplemontmorillonite or hectorite attract greet atten-
tioninthefield of polymer nanocomposites”d. Itisof-
ten needed to convert the clay more compatiblewith
the organic polymer matrix in order to attain this
nanoscaedigtribution. The2: 11ayered duminosilicates
likemontmorillonite, arewidely used for the prepara
tion of such nanocomposites. Thehydrophilicity of the
natura montmorillonite-Na® hindersitsdd aminaionwith
the most common hydrophobic polymer matrices. In
order to make montmorillonite compatiblewith poly-
mers, exchange of the sodium cations by more hydro-
phobicions, such as akylammonium cationsfor ex-
ample, can easily be acquired in agueous suspension.
Two extreme structures can be described related with
distribution/dispersion of the stacks of duminosilicate
layers can bedescribed: Theformer isanintercalated
structure when aregular stacking of polymer layers
occuresand the latter isan exfoliated structureif the
silicate layers are completely and homogeneously
delaminated and digpersed in the polymer matrix®. With
ahigh aspect ratio (100-1500) and extremely high sur-
face-to-volumeratio (700- 800 m?g), the nanoscale
distribution of nanoclaysconstituted important devel-
opmentsto the polymer matrix regarding mechanical,
gasbarrier, and optical propertiesat low filler content
(lessthan 5% by weight){6710.14,

To supply the best protective properties, thefood
packaging materia hasto keep itssatisfactory for its
expected shdlf lifd*?, With the usage of the PLA asthe
polymer matrix, it isaimed to accomplish an environ-
mentally polymer compositethat could have material

properties appropriate for food packaging end-use.
That’s why, we attempt in this work to prepare films
with PLA andfivetypesof clay by using solution cast-
ing techniqueandtoinvestigatethe effect of thetype of
clay on the properties of the prepared filmsasafood
contact materid.

All of thenanocompositesshowed animprovement
of materia propertiesascompared to that of neat PLA
film. XRD results showed that prepared
nanocompositesexhibited floccul ated, intercalated and
exfoliated srucure. Thehighest cyrstdlinity degreewas
obtained % 28. Overall migration testswere studied
with food s mulantsincludedistilled water, 3% acetic
acid, 95 % ethanol. Themigrationvaluesof all the pre-
pared filmswere below thedlowed limit (10 mg/dm?).
Thebest resultin oxygen gastransmissionrateand water
vapor transmission rate were 233,41 cm® mm/m? day
MPaand 98,30 g/m? day, respectively. It isobserved
that oxygen barrier property increased % 34 and wa-
ter vapor barrier property increased % 65 when com-
pared toneat PLA film.

EXPERIMENTAL DETAILS

Materials

PLA (Natureplast PLE 005) was supplied by Na-
ture Plast.,France with adensity of 1.25 g/cm?®. Three
commercia clayswerereceived from SigmaAldrich.
Chloroform (CHCI,) was al so obtained from Sigma
Aldrich. Thesurfactantswith variousmolecular struc-
turesaresummarizedin TABLE 1.

TABLE 1: Surfacemodificationsof organoclays

Clay Surface modification agent

type

B59  None

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

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

M8 Distearyldimethyl ammonium chloride

M40 25-30 wt.% methyl dihydroxyethyl

hydrogenated tallow ammonium

B59isahydrophilic bentonite. M32ismodified by
aprimary aminecontainingsilanewithasingletail. Am-
monium sdtswithtwodkyl (tallow) tallsused asasur-
factant for M40 clay. Surfactant of M40 hashydroxyl

Au Tudian Yourual



MSAIJ, 10(8) 2014

Burcu Sengiil and Nursel Dilsiz

341

group attached to either thetallow tail or theammo-
nium head. Thehydroxyl group hassignificant effect on
the propertiesand structure of thecomposites. Ternary
aminewithtwo akyl (tallow) tailsused asasurfactant
intheM 24 clay. M8ismodified by anmonium st with
asingleakyl (talow) tail.

Preperation of nanocomposites

PLA and claysweredried under vacuum at 80°C
for 3 hours prior to use. PLA and PLA-based
nanocompositefilmswere prepared by using asolvent
casting method™>4, 0,5 gramsof PLA wasdissolvedin
chloroformwhilemixingvigoroudy a roomtemperature
to prepare 5% sol ution. Thissolutionwaspoured onto a
glass petrie dishe and then allowed to dry for about 5
daysat room temperature. Theresultant filmwaspeded
from the casting surface. For the preparation of PLA
nanocompositefilms, apredetermined amount of clay
wasdispersed inthesolvent by vigorousstirringfor 1 h
usingamagneticstirrer, followed by sonicationfor 2hat
room temperature. Thenanoclay solutionsweremixed
withtheprevioudy prepared PLA solution, sonicated for
30 minutes, cagt ontotheglasspetrie. PLA/nanoday 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 temperaturefor about 5days, al PLA filmswere
ped ed fromthecasting surface.

Char acterization

Thechemica composition of the nanocomposite
filmswas determined by aTensor 27 Bruker Fourier
Transform Infrared Spectrometer (ATR-FTIR) instru-
ment with the spectra range of 4000-550 ctand reso-
[ution of 16 cm™.

Dispershility of claysin polymer matrix wasinves-
tigated by using X -ray diffraction analyses. XRD was
performed on sampleswithaRigaku UltimalV X-Ray
Difractometer in therange 20=0-40° at 2°/min scan-
ning rate at room temperature.

Differential scanning calorimeter (DSC) from
Setaram, Setsoft 2000 Instrumentswas used to deter-
mineTg, Tmand enthalpies. Thecrystalinity of poly-
merswas cal culated from the enthal pies. Heating pro-
cedurewas gpplied from 25t0 200 °C at a heating rate
of 10°C/min. The glass transition temperature (Tg),
melting temperature (T, ) and melting enthalpy (AH, )

= Fyf] Paper

were measured at argon atmosphere. The percent of
crystdlinity, ., can beevaluated asfollows:

%= (AH_/AH® )*100

where Hmisthe melting enthalpy H° =93 J/gisthe
heat of melting of pure crystalline poly(L-lactide)*"-2,

Surface properties of thefilmswereinvestigated
with contact angle measurements. Sessiledrop contact
angle measurements using Kriiss100 DSA were per-
formed dynamically using amotor-driven syringeto
pump liquid steadily into the sessiledrop from below
thesurface. Critical valuesof the advancing and reced-
ing contact angles were measured at room tempera-
ture. Thearithmetic differencerdation wasused to ca-
culate contact anglehysteresis. H = 6a — fr

Oxygen gas transmission rates of PLA and
nanocompositesweremeasured at 23 °C and 0% rela-
tivehumidity by theASTM D3985with Sytech Instru-
ments 8001.

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

Overdl migration testsof filmsweredoneaccord-
ingto EN 1186; plastic material sand articlesintended
to comeinto contact with foodstuffg?Y. Thetestswere
carried out with threedifferent food simulants (distilled
water, 95% ethanol and %3 acetic acid) for 10 day at
40 °C.

RESULTSAND DISCUSSION

FT-IR/ATR spectraof PL A and composites

Theinfrared spectrum of neat PLA film wasdeter-
mined by FT-IR/ATR Spectroscopy. FT-IR/ATR spec-
trum and band assgnment for neet PLA filmweregiven
inFigurelandin TABLE 2, respectively.

Theprincipal PLA absorption bandsare summa-
rizedin TABLE 2. Thestrong IR bands at 3000, 2948
and 2877 cm* are assigned to the CH stretching re-
gion,v_(CH,), v (CH,) and v(CH) modesrespectively.
The C=0 sretching regionisobserved asastrong band
at 1747 cm. The band at 1456 cm™ is due to CH,
bending mode. The CH deformation symetric and
asymmietric bands appeared at 1382 cm and 1360
cm'?, respectively. The bandsthat appear at 1315 cmr
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Figurel: FT-IR/ATR spectrum of neat PLA film
TABLE 2: Peak band assignment for neat PLA film

Peak Assignment Wavem{[nber
number (cm™)
1 -CH-strech 300&(23227?948
2 -C=0 carbonyl strech 1747
3 -CH3 bend 1456
-CH- asymetric ve
4 smetric deformation 1382,1360
bend
5 -CH- bend 1315-1300
6 -C-O- strech 1265
7 -C=0 bend 1211
8910  -C-O-strech 1180, 1129, 1083
11 -CO strech 1044
12 -CHj3 rocking mode 955, 916
-C-C- strech
13 cyrstalline phase 869
14 amporphous phase 755

Land 1300 cm* are due to the CH bending modes.
The C-O stretching modes of the ester groups at 1225
cnrwas observed as ashoulder on the band of 1185
cnmrtand about 1211 cmrt. The bands at 1180, 1129
and 1083 cm are due to C-O stretching mode. The
band at 1044 cm* is based on CO stretching mode.
The peaks appear between 1000 cm™ and 800 cm'?,
955 cnrt and 916 cm' which can be attributed to the
characteristic vibrations of the helical backbonewith
CH, rocking modes. The band at 869 cm™* 755 cm*
arerelated to the crystalline and amorphous phases of
PLA, repectivelyi222,

FT-IR/ATR spectrawas obtained in the spectral
range of 4000-550 cm*. For neat clays the peak at
3632 cmtisdueto v(O-H) stretching vibration based

on H,0%27, In the spectra of M32 clay the broad
peak near 3250 cm'! reflectsthe v(N-H) stretching vi-
brationsand itisanindication that thesurfactant inthe
modified clay hasaminegroups®!. So, the pesk a 3250
cm® could beused to distinguish thetype of surfactant
employed. Itisnoted thet dl modified claysexhibit pesks
at 2925 and 2850 cm* dueto CH, and CH, symmet-
ric and asymmetric stretching rel ated to surface modifi-
cation!®31, Dueto modifier of M40 clay hastwo hy-
droxyl groups, thepeak at 1640 cminFigure2.cis
dueto 6(H-O-H) stretching vibrationsthesimiliar pesk
isasoseenvery dightly in Figure 3.¢%8. The peak at
1609 cm* and broad peak between 1569-1494 cm*
aredueto N-H stretching vibrationswhichisaso as-
signed to aminegroups?. inthe spectraof M32 clay
(Figure2.b), but these peakswere not detectedinM 24
and M8 clay because of theweak N-H stretching vi-
brations of ternary amine and ammonium salt'®. The
peak at 1466 cm* is due to 5(CH,) bending vibra-
tions?d, Thetypical stretching vibrations of bentonite
appear at 1107 and 993 cm?632 and the improve-
ment of the peak at 1037 cmrt isdueto thisstretching
vibration. Thispeak isoverlapped with CO stretching
vibration (1044 cm) of neat PLA film.

Thetypical bandsfor oxydes are assigned to the
pesksof S—O-Si, Si—-O—Al and Si-O-Mg stretching
around 1050 cnm(2832, These bands can be seen at
1028, 1008 cm for M32 clay, at 1115 and 1024 cm'®
for M40 and M8 clay, 1115 and 1044 cm for M24
clay, respectively. These pegksare overlgpped with CO
stretching vibration at 1044 cm? of PLA neat. TheAl-
Al-OH deformation vibration peaksabout at 917 crmr
121 which arerelated to claysisalso seeninthe IR
spectra of nanocomposite films. The peak intensity
whichisrelatedto cyrstdlinephaseof PLA isincreased
in the P-B59-3 and P-M 24-3 nanocomposites at %3
clay loading. Bothamorphousand crystdlinestructure
of PLA werenot affected significantly at 3% clay load-

ing.
Dispersibility of claysin PLA

Hydrophilic claysand hydrophobic polymersare
not compatibleintheir origina forms. Surface modifi-
cation of clay iscommonly used to reach agreater com-
patibility of the clay and polymer, which leadsto an
increasefor thed-spacing between silicateinterlayers®.
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If the polymer chainsis not intercal ated between
silicate layersaphase separated composite can be ob-
tained and the poroperties of the prepared composite
can not be different from a conventional
microcomposites. If thepolymer chainsareintercadated
between thesilicatelayers, the distance between the
well-ordered layersareleading to ashift of thediffrac-
tion peak to lower angleva uesaccording to Bragg’s
relation and intercalated structure can be obtained.
Whenthesilicatelayersare completey dispersedin

Y00

(a)

— PLA

®)

(a) P-B59.3
(b) B59

Intensity (cps)

o

Intensity (cps)

(a)

N\

2000
0
| e
2000 (a) P-M8-3
(b)‘ (b) M8
(73
j=3
)
= i '\
i
(=
2
£
0000
(a)
“
e
o » » ®

2
2-theta (deq)

the polymer matrix, an exfoliated structure can be ob-
tained™.

Direct evidence of the dispersion of the polymer
chainsintotheslicatelayersisprovided by the XRD
patternsintherangeof 20=1-40° as shown in Figure 4.

For pure PLA film thetwo most intense peaks at
20 =16.62° and 26 =18.98°, which areordered o- form
and disordered o -form characteristic peaks of PLA.
Inaddition, for pure PLA films, very small peak at 20
=14.93° isspecificonly to a-form of pure PLA. The
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Figure4: XRD pattern of (a) purePLA, (b)B59 and P-B59-3, (c) M 32 and P-M 32-3, (c) M40 and P-M 40-3 (€) M8 and P-M 8-

3,(f)M 24 and P-M 24-3
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peak at 26 =21.8° indicating that PLA film contained
stereocomplex crystallitied®.

The XRD data (in Figure 4.b) showed that for P-
B59-3 nanocomposite the d001 peak 20=6.65° of the
clay was shifted to higher angle 26=6.83° which canbe
considered as aresult of some edgeto edgeinterac-
tionsof clay layers. Theinterlayer distanceof thispesk
decreased from 13.28 to 12.92 °A. Thus, P-B59-3
nanocomposite hasaflocculated structure. Thisisdue
to thehydroxylated edge—edge interaction of the sili-
cate layers. Owing to theinteraction between the clay
particlesand PLA matrix, thedisk— disk interaction also
playsanimportant rolein determining the stability of
theclay particles.

The XRD data(in Figure4.c) showed that thedO01
peak 26=7.93 of the clay was shifted to lower angle
20=5.13 for P-M 32-3 nanocomposite. Theinterlayer
distance of thispeak increased fromd=11.14A°tod=
17.18 A°. Thus, P-M 32-3 nanocomposite showed an
evidenceof intercalated structure. The XRD pattern of
P-M32-3 representsavery sharp peak, indicating the
formation of a well-ordered intercalated
nanocomposite. The nanocomposite P-M32-3 had no
other peak inthediffractogram exhibiting an evidence
of exfoliated structures.

The XRD data(in Figure4.d) showed that the dOO01
peak 20 =4.72° of the clay was shifted dightly to higher
angle 26 =4.86° for P-M40-3 nanocomposite. The
interlayer distance of this peak decreased from 18.69
A°to 18.15A° dueto flocculated organocl ay particles.
P-M40-3 nanocomposite had no another peak inthe
diffractogramgiving anevidenceof exfoliated Sructures.

The XRD data(in Figure4.e) showed that thedO01
peak 20 =4.35° of the clay was shifted dightly to higher
angle 26 =4.86° for P-M8-3 nanocomposite. The
interlayer distance of this peak decreased from 20.29
A°t019.90A°. Itisduetoflocculated structure of this
clay. However, d002 peak 20 =7.06° of the clay was
shifted to lower angle 26 =6.6° and theinterlayer dis-
tance of this peak increased from 12.51 A°to 13.3A°
giving an evidence of intercalated structure. Thus, P-
M 8-3 nanocompositegavean evidence of intercal ated
dructure. Thediffractogram of thisnanocomposite has
no other peak, giving an evidence of exfoliated struc-
ture. This nanocomposite included three kinds of

disperghility.

= Fyl] Peper

The XRD data(in Figure4.f ) showed that thedO01
peak 20 =7.05° of the clay was shifted to lower angle
20 =4.86° for P-M 24-3 nanocomposite. Theinterlayer
distanceof thispeak increased from 12.53A°t0 18.12
Ac. Thus, P-M24-3 nanocomposite showsan evidence
of intercal ated structure. XRD pattern of P-M24-3in-
dicated theformation of awell-ordered structure. The
diffractogram of thisnanocomposite hasno other peak
giving evidenceof exfoliated structure.

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

Thermal properties

The DSC thermogramsof blendsof PLA with dif-
ferent organicmodifierswerelistedin TABLE 3.

An endothermic peak for PLA was observed at
49.34°CinFigure 5. Increase in T vauewasreported
for P-B59-3. This behavior has been explained with
the nature of tie mol ecul es between crystd litesshould
haveplayed arole, assomeincreasein T_valuewas
observed for P-B59-3, in which a phase-separated
structure was formed®!. DSC does not detect any
traces of thermal transitionsfor P-M32-3, P-M 24-3
and P-M40-3.

TABLE 3: DSC termogramsof PL A and nanocomposites

Ty T. AH T AH, e

(°C) (°C) Qg (°C) (lg) (%)

I;ITQ 49,34 91,13 14,79 151,90 22,35 24
P-

B59- 52,02 101,49 20,51 151,12 24,52 26
3
P-

M32- 79,99 7,80 149,97 23,13 25
3
P-

M 40- 79,02 7,09 151,10 25,76 28
3
P-

M 24- 89,50 16,18 150,06 24,89 27
3
P-

M 8-3 47 89,50 16,18 150,06 24,89 27

The DSC study showed that the Tg signal of neat
PLA disappeared when organo modified clay added.
Thisbehavior suggeststhat clay layerseffect polymer
matrix and there is no amount of bulklike PLA
presentl238l,

Ontheother hand, dl nanocompositesgavean exo-
thermic peak that can berdated withthecrystalization
of PLA in every sample; the corresponding tempera
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tureisknown asthecrystallization temperature, T 2257,
T decreased with organo modified clay, indicating pro-
nounced nucl eating behavior of modifier. Inthe case of
nanocomposite’s this peak appeared at lower tempera-
turethan that of neat PLA except P-B59-3. Therefore,
the organo modified clay seemsto enhancetherate of
crystalizationof PLA. Itisnotedthat T_isstrongly de-
pend upon the nature of organo modified clay. This
behavior suggeststhat asmall amount of organo modi-
fied clay isenough to serve as anucleating agent for

crystalization>?,

The peak temperature of melting of pure PLA film
wasshifted very digthly tolow temperatures. Thecrys-
talline phase content cal culated under thecurvethat the
melting enthal py of the 100% crystalline PLA is93 J/
glit%38 Thedegreeof crystdlinity increased from 24%
(pure PLA) to 26% (P-B59-3), 25% (P-M 32-3), 28%
(P-M40-3), 27% (P-M24-3), 27% (P-M8-3). It has
been reported thet the presence of multiplemelting pesks
innanocompositesisrelated to theformation of differ-
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ent crystal structures™.
Surfaceproperties

The contact angleisan important parameter in sur-
faceanalysis. It isacommon measure of the hydro-
phobicity of asolid surface. Theupper limit of therange
istheadvancing contact angle, 0, whichisthe contact
anglefound at theadvancing edgeof aliquid drop. The
lower limitisthereceding contact angle, 0, whichisthe
contact anglefound at the receding edge. Thediffer-
ence between the advancing and receding contact
anglesisknown asthe contact angle hysteres's,

H=49,-49,

Thecontact angleshowshysteres sdueto therough-
ness and heterogeneity of asolid surface®#), Thedy-
namic contact angleva ue of nanocompogitefilmswere
given in TABLE 4. The hysteresis value of the
nanocomposite filmswasfound increased with clay
content. Thehysteresisof al the nanocompositefilms
werelower than P-B59-3 nanocompositefilm. Thisis
dueto weak interaction between B59 clay and poly-
mer matristhan organo modified clays.

TABLE 4: Dynamic contact anglevalues

Advancing, 8, Receding, 8, 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

Barrier properties
Oxygen gasbarrier properties

O, gaspermeability coefficientsof neat PLA and
nanocompositeswere presented in TABLE 5. Asex-
pected, thebarrier property of the nanocompositewas
higher than that of neat PLA film.

Thepermeghility of nanocompaositessignificantly de-
pendson dispersed layered silicate particlesdimension
and dispersion of layered silicatein polymer matrix2%,
All of thecompositefilmsimproved the oxygen barrier
property when compared to neat PLA. P-M24-3
nanocompositeindicated exfoliated-intercalated struc-
turefromthe XRD patterns, enhanced the oxygen bar-
rier property of neat PLA (34%). PM 8 nanocomposite

= Fyl] Peper

TABLE 5 : Oxygen gas transmission rates of PLA and
nanocomposites

0,TR cm® mm/m? day %
M Pa impr ovement

23°C , %0 relative humudity

PLA 355,90
P-B59-3 310,64 13
:F;'M 32- 264,00 26
:F;—M40— 256,60 28
P-M8-3 251,86 29
:F;'M 24 233,41 34

which had exfoliated-intercal ated-fl occul ated structure
of the nanocomposite showed 29% increasein oxygen
barrier property. It issuggested that the significant in-
crease in oxygen barrier property of P-M40-3
nanocomposite (28%) can bere ated with theinterac-
tions between PLA and M40 nanoclay containing hy-
droxyl group modifier and thehigh cyrdalinity degree
of P-M40-3 nanocomposite. It was concluded that the
surface modifer ternary aminewithtwo akyl (tallow)
tails (M 24 clay) was much moreeffectivein reducing
O, gaspermeability.

Water vapor barrier properties

The potentia for enhanced barrier performance of
thenanocompositefilmsrelativeto thenest filmsisa
reflection of thelarge aspect ratio and surface area of
the nanoclay. When the silicate layers dispersed
succesfully, theselayersmay form a‘tortuous pathway’
that water moleculesmust follow inthe compositefilm.
Thedegreeof tortuosity alsoindicatesgeometrical in-
fluences such asthe shape and state of exfoliation/in-
tercalation of the plateletsand their orientation inthe
polymer matrix“Y, Water vapor permeshility (g/m? day)
for neat PLA and nanocompositefilmswere presented
inTABLEG®.

Indl cases, thenanocompositefilmsshowed lower
water vapor permeability thanthe pure PLA films, ex-
hibiting 65% reductioninwater vapor permestion rate
with M40 clay. The increase in water vapor barrier
property of polymer/clay compositefilmsismainly at-
tributed to the tortuous path for water vapor diffusion
dueto theimpermeable clay layersdistributed inthe
polymer matrix consegquently increasing the effective
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TABLE 6 : Water vapor permeability of PLA and
nanocomposites

TABLE 7 : Migration study results of PLA and
nanocomposites

WVTR g/m? day % improvement

DS(mg/dm?) AA (mg/dm? EA (mg/dm?)

38°C, %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

diffusion path length. In this study, the WVP of
nanocompogitefilmschanged Sgnificantly dependingon
thetype of nanoclaysused. M40 clay was more effec-
tiveinreducing WV TR than others. Thisresult dsoin-
dicatesthat M40 hasfavorableinteractionswith PLA
polymer matrix.

Migration

Lacticacid, lactoyllacticacid, other smdl oligomers
of polylactideand lactide may beincluded inmigrants
from PLA. Inthisstudy, total migration testswere car-
ried out according to EN 1186; plastic materialsand
articlesintended to comeinto contact with foodstuffs.
PLA wasstored for 10 day at 40 °C with threediffer-
ent food simulants, 95% ethanol, 3% acetic acid and
digtilled water.

Thetota amount of migrantsthat migratesfromthe
filmisgiveninTABLE 7. Itisexpected that lactic acid
and its derivates migrates from PLA to the food
smulants. Lacticacidisthemost interesting and signifi-
cant substance because dl the other speciesarefinaly
hydrolized to lactic acid. According to theoverall mi-
gration results, themigration valueswerebe ow the d-
lowed limit (10 mg/dm?) and lower thanlactic acid in-
takesvaluesreported by the Food and DrugAdminis-
tration. Dueto theinteractions between M 24 clay and
PLA matrix, PM 24 nanocomposite showed best mi-
grationresult withall of theused smulants.

Nanotechnol ogy for foodsand food contact mate-
rials has been aroused an interest because engineered
nanomateriashave potentia hazard“. Itisstill anun-
known question whether consumption of foods, which
containtransferred particulatenanomateria's, causesan
important health risk or not*#4, Onthe other hand, a
report showed apositiveeffect onthemigration, inthis
reprt presence of nanoparticleswasfoundto dow down

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

the rate of migration up to six times*! . In order to
understand about the safety of food contact materias
made by nanotechnol ogy, more studiesshould bedone
becausetherel evant dataarelimited and migration be-
havior of nanomateriascan bedifferent from the non-
nanoformg2,

CONCLUSIONS

Nanocompositesbased on PLA polymer andfive
different commercid daysweresuccessfully synthesized
viasolution casting technique. Thechemica compos-
tion of the nanocompositefilmswas determined by FT-
IR/ATR technique. The evidence of thedispersion of
the polymer chainsinto thesilicatelayersisprovided
by the XRD patterns and the results showed that P-
B59-3, P-M32-3, P-M40-3, P-M8-3, P-M24-3
nanocompos tesexhibited floccul ated, intercal ated/ex-
foliated, flocculated/exfoliated, flocculated/interca ated/
exfoliated interca ated/exfoliated srucure, respectively.
All of the nanocomposites showed animprovement of
material properties ascompared to that of neat PLA
film. The DSC study showed that theTg signal of neat
PLA disappeared when organo modified clay added.
Thisbehavior suggeststhat clay layerseffect polymer
matrix. T _decreased with organo modified clay, indi-
cating pronounced nucl egting behavior of modifier. The
highest cyrstalinity degreewas obtained for P-M40-3
nanocomposite. Contact angle measurement shows
hysteresisdueto the roughness and heterogeneity of a
solid surface. Thehysteresisva ue of the nanocomposite
filmswasfound increased with clay content. The per-
meability of nanocompositessignificantly dependson
dispersed layered silicateparticlesdimensionand dis-
persion of layered silicatein polymer matrix. It was
concluded that the surface modifer which hasternary
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aminewithtwoakyl (talow) tails) wasmuch moreef-
fectiveinreducing O, gas permesability (upto 34%).
The nanocompositefilmsexhibiting 65% reductionin
water vapor permesation rate with M40 clay. Water
vapor barrier property of nanocompositefilmschanged
sgnificantly depending on the type of nanoclays used.
Overall migration tests of neat PLA and the
nanocompositeswerea so studied with food s mulants
includedistilled water, 3% acetic acid, 95 % ethanol.
Themigration vauesof theall filmsprepared wasbe-
low the dlowed limit (10 mg/dm?). Duetofavorable
interaction between M 24 clay and PLA matrix, P-M24-
3 nanocompositeshowed best resultsinoveral migra-
tiontest and oxygen barrier property.
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