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Abgtract : Thecombination of Polylacticacid (PLA),
ahydrophobic polymer, with pol ybutyl eneadi pate co-
terepththalate (PBAT), ahydrophilic polymer, resultsin
achangeinthe propertiesof PLA from hydrophobicto
hydrophilic. Thiswas confirmed by testing water ab-
sorption propertiesof PLA/PBAT blendswith different
PBAT. Theintroduction of unmodified (MMT) and
organomodifiedmonmorillonite(OMMT) changed the
hydrophilic-hydrophobic profile of the sample. PLA/
PBAT nanocompositewas prepared by blending PLA/
PBAT (85:15) with 1%introduction MMT and differ-
ent type OMMT. Theresultsrevealed that the water
absorption and biodegradation propertiesincreasein

INTRODUCTION

Though petrochemi ca-based polymer hasbenefited
themankind in many ways, the use of non-biodegrad-
able plagtic materia sisacausefor concern on earth’s
ecosystem. Incineration of plastic wastes producesa
largeamount of carbon dioxide and other toxic gases
that contributeto globa warming. Limited suitablelandfill
sites compounded the problem faced by the already
fragile ecosystem.

the present of MMT. Water absorption rate are de-
pendableon thenature of nanocomposites (hydrophilic-
hydrophobic) and tortuous path created in the present
of slicatelayer. Modification of MM T with different
classof ammonium structureinfluenced the hydropho-
bicity of the nanocomposites. TEM pictured thein-
creased tortuous path present in PLA/PBAT
nanocomposite,
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K eywor ds: Polylactic acid/Poly (butylene adi pate-
co-terephthal ate) nanocomposite; Water absorption;
Biodegradability.

To counter this problem, scientists have been re-
searching and devel oping renewable and environmen-
tally friendly polymeric materid s (biodegradable poly-
mers). Thesepolymersare meant for usein short-term
packaging and disposabl e application.

Biodegradable polymersareplastics capable of be-
ing decomposed by microorganismto becomeasimple
minerd. Mot of biodegradable polymersoriginatenatu-
raly from plant. Most of biodegradablepolymersare
originate naturaly from plant. However, thereisaclass
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of biodegradable polymer derived from petroleum
sourcell.

PLA islinear diphatic polyester synthesized through
ring-opening polymerization of lactidesor corn starch
fermentation. It existed asenantiomers: L- and D-lactic
acid®?. PLA isfound to degrade through atwo-step
process. First, under an appropriate temperature and
humidity, thehigh molecular weight polyester chainhy-
drolysesto lower molecular weight oligomers. Next,
microorganismsconvert thelow molecular weight com-
ponentsto carbon dioxide, water and humus?.

Even asabiodegradabl e polymer, PLA hashigh
mechanicd properties, thermoplastic processability and
biological propertiessuch asbiocompatibility and bio-
degradability, al of whicharecrucia for industria ap-
plications. Effortstomodify PLA to haveacertain char-
acteristics according to demanded properties®4 have
been successful. PBAT isan example of fully biode-
gradablediphatic-aromatic copolyester where, withthe
ad of natural occurring enzyme?, it hastheability to
degrade within afew weeks. Rasquez reported that
PBAT polymer owesits biodegradability to butylene
adipate group and its stability and mechanica proper-
tiesto terephthal ate®.

Polymer blendingiswiddy used to producenew ma-
teria swith different propertiescurrently unattainablebe-
cause of its practical and economical production
method®. Blending PLA with other polymerscansig-
nificantly modify itswater absorption and degradation
rate. Alternatively, PLA’s water absorption and biode-
gradability propertiescan bemodified viatheintroduc-
tionof dlicatelayersusngMMT. Hydrophilicityisacom-
mon feetureof Slicatelayer duetotheexistenceof water
mol ecules. Devel opment of polymer-layered silicatehas
drawn significant research interestsin recent yearsbe-
causeof itseffectivenessinimproving PLA properties”.

EXPERIMENTAL

Materials

Inthisstudy, PLA 4042D and PBAT (Ecoflex FBX
7011) were respectively acquired from USA
NatureworksLLC, MinnetonkaUSA and BASF Plas-
ticTechnologiesUSA. The Sodium Montmorillonite(Na:
MMT) with cation exchange capacity of 119 meg/100
gclay wasobtained from Kuniminelnd. Co. Japan. Sur-

factant used was octadecylammmonium (ODA) and
dimethyl dioctadecyl anmonium (DDOA). ODA was
brought from Merck Schuchardt OHG, Hohenbrunn,
Germany whereas DDOA from Acros Organic, New
Jersey USA. Thecommerciadized clay used wasClogte
20A (C20A) from Southern Clay, USA.

Preparation of PLA/PBAT blendsnanocomposite

Theorganoclay was prepared according to the pub-
lished method with dight modification®% ina5000 ml
beaker equi pped with mechanicd girrer and thermom-
eter. The beaker filled with 600 ml distilled water was
heated to 80 °C and 20.00 g of NaeMMT wasslowly
added. Continuousstirringwas maintained at 200 rpm
for onehour.

Surfactant of ODA was prepared by adding 13.276
g ODA into 300 ml distilled water, followed by 4.8 ml
concentrated hydrochloric acid. Onceready, thesurfac-
tant wasadded into hot montmorillonitedispersonwith
continuousstirring for another one hour. Theresultant
whiteprecipitatewascollected usng suctionfiltration.

Toremovetheammonium st resdueabsorbed into
theclay, the precipitatewas washed with 3000 ml of hot
digtilled water. This processwasrepeated until no chlo-
rideioncanbedetectedinthefiltraeusng0.1NAgNO,
astheindicator. The ODA-MMT was subsequently
placed in avent oven at 60 °C for 24 hoursfor drying.
Next, theODA-MMT wasgroundinamortar and | ater,
sevedinto 75 um size. ODA-MMT wasstoredin an
alrtight contai ner to prevent moisture absorption.

Similar method was carried out to prepare modi-
fied montmorillonite DDOA. The DDOA solutionwas
prepared by adding 32.00 g DDOA into 300 ml of
distilled water followed by 4.8 ml of concentrated hy-
drochloric acid. In this report
organomodifiedmontmorilloniterefersto OMMT.

PLA/PBAT nanocompositeswith different MMT
and OMMT were prepared through melt blending tech-
nique. Thestarting materias (PLA, PBAT, NaaMMT,
DDOA-MMT, ODA-MMT and Closite 20A) were
dried beforeweighing. Theratio of both PLA/PBAT
used was 85/15 and the compounding of organoclay
was 1.0 wt%. The materials were premixed before
|oaded into mixing chamber, which wasaready heated
and stabilized at 180 °C. Themixturewasblended at
180°C, 50 rpm rotor speed for 6 minutes. Blended
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PLA/PBAT went through the same preparation method
but without the additionof MMT or OMMT.

Next thecompression moulding was carried out by
preheeting the sampleat 180°C for 2 minutesfollowed
by full pressed at 110 kg/cm? for 8 minutes. Thesample
wasleft to cool at room temperaturefor 8 minutesun-
der thesame pressureto producethe sample sheet with
dimension of 150x150x1 mm.

CHARACTERIZATION

Water absor ption test

Themoulded samples(size3cmx 3cmx0.1cm)
wereimmersed in water at room temperature. They
werethen taken out at specifictimeintervasand gently
blotted with paper towel to remove surface excess
water beforeweighing. The percentage of water ab-
sorbed was cal cul ated using theformulabel ow:

Mx—-Mo
Mo
where, Mx and Mo indicate the weights of the col-
lected sampleand theinitia weight of the samplere-

Spectively.
Biodegradabletest

The percentage of weight lossrepresentsthe per-
centage of samplebiodegradability. Mounded samples
(sze3cmx 3cmx 0.1 cm) werethen laidat adepth of
30 cmintheground soil within the compound of the
Faculty of Science, Universiti PutraMalaysia. The
sampleswerelater collected & aspecifictimeintervals,
gently rinsed with ditilled water and blotted with paper
towel to remove surfacedirt. Samplesweredried until
theweght iscongtant indicating no moistureeffect. These
processeswererepeated at severa timeintervas. The
percentage weight losswas cal culated using thefor-
mulabeow:

% of water absorbed = x 100%

Wx-Wo

% of weight loss= x 100%

where, Wx and Wo indicate the weights of the col-
lected sampleand theinitia weight of the samplere-

Spectively.
Transmission electron microscopy

The nanocscal e structure of the nanocomposites
was examined by means of a high resolution TEM

(Hitachi H-7100), operated at an accel erating voltage
of 100 kV. The ultrathin samplewas prepared by dis-
solving 0.50 g of the nanocompositeinto 1200 ml chlo-
roformand onedrop of the dissolved sol utionwastrans-
ferred onto a200-mesh copper grids.

RESULTS

Water absor ption nanocomposites

The water uptake in polymer may affect its me-
chanica properties, degradability, and dimensiond sta
bility. Water exposure and uptake may decrease the
life of apolymer dueto hydrolysis and micro crack
formation*.

The percentagesof water absorptionfor PLA/PBAT
blendsareshownin TABLE 1. Fromtheresult, pure
PLA showsthelowest percentage of water absorption
whereas PBAT show the highest percentage of weight
gained. Asmore PBAT isblended with PLA, (5w%
PBAT, 15w% PBAT and w% 25PBAT) the percent-
age of water absorbed increases. Highest percentage
of water absorbed was PLA blending with 25wt%
PBAT whichisat 2.94% after 16 days.

TABLE 1: Percentage of water absorbed for PLA/PBAT
blendswith variousamount of PBAT

Time (days)
Sample
0 2 4 8 16
Neat PLA 0 111 115 115 115
95PLA/S5PBAT 0 118 127 201 201
85PLA/15PBAT 0 122 282 284 284
75PLA/25PBAT 0 125 291 293 294
Neat PBAT 0 137 300 315 315

Thistrend wasto be expected since PBAT ishy-
drophilic (containingmorepolar group) whilePLA (di-
phatic polyester) ishydrophobicd*223, Thisphenomenon
iIsaconsegquenceof increased difficulty intheformation
of polymer chainarrangementsdueto thegreater amount
of PBAT present. In addition, thehydrophilic character
of PBAT causes poor adhesion to the hydrophobic
PLAR,

Naturd clay (MMT) isknown form hydrogen bond
with water. These water was located between MMT
clay gdleries. Itshydrophilicfesturemay incluenced the
water absorption of asamplewhenMMT blended to-
gether with PLA/PBAT. TABLE 2 showsthe weight
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gainedfor PLA/PBAT blended with 1.0wt% MMT and
OMMT (ODA-MMT, DDOA-MMT and C20A). The
result reved ed theaddition of MMT givesthehighest
percentage of water absorbed by the PLA/PBAT matrix
whichis3.12%after 16 days. Theintroductionof OMMT
decreased theamount of water uptakeinto the matrix
when compared with theintroduction of MM T. Among
al OMMT, C 20A showsthelowest amount of water
uptake which is 2.40% after 16 days. The amount of
water absorbed into PLA/PBAT matrix increasesfol -
lowing apettern C 20A <DDOA-MMT < ODA-MMT.

TABLE 2: Percentage of water absor bed for PLA/PBAT in-
cor por ation with different typeof clay

Sample Time (days)
0o 2 4 8 16
PLA/PBAT 0 122 282 284 284
PLA/PBAT/NacMMT 0 132 311 312 312
PLA/PBAT/ODA-MMT 0 120 247 250 250
PLA/PBAT/DDOA-MMT 0 121 243 244 244
PLA/PBAT/C 20A 0 121 240 240 240

Alkylammoniumion enablestheinterior clay sur-
face conversion from hydrophilic to hydrophobic and
increasesthelayer distance™. C 20A structureis4°
ammonium salt Sructurewith hydrogenated talow (65%
C, 30%C,,5%C, ). DDOA-MMT isa3° of am-
monium salt with the formula structure of
(CH,(CH,)),,N*(CH,), and ODA-MMT isa 1° am-
monium sat withtheformulastructureof C ;H, N"H,,.
Generdly, modification of MM T with 4° ammonium
structure makesthe OMMT more hydrophobic com-
pared to 1° ammonium salt.

Other factor affecting the water uptakein the case
of nanocompositeswastheincreased in tortuouspath
(Figurel). Itispossiblethat the decreaseinthefree
path of water molecul esleadsto thelower water up-
takeinthe sampleg®.

Biodegradability

Theweight lossof PLA/PBAT blended with 1.0
wt% of NaMMT, ODA-MMT, DDOA-MMT and
C 20A ispresented in TABLE 3. Thetest indicatesthat
twelveweeksarenot enough to maketheentire sample
degraded.

Theincorporationof MMT into PLA/PBAT matrix
increases both the biodegration and water absorption

Figurel: Tortuouspathinlayered silicatenanocomposites®

TABLE 3: Percentageof weight lossfor PL A/PBAT incor po-
ration with different typeof clay

Time (weeks)
Samples

0 3 6 9 12
PLA/PBAT 0.00 2.33 3.32 6.69 8.76
PLA/PBAT/Na-MMT 0.00 259 3.62 6.95 9.02
PLA/PBAT/ODA-MMT 0.00 2.13 3.16 565 7.96
PLA/PBAT/DDOA-MMT 0.00 2.07 3.07 523 7.62
PLA/PBAT/C 20A 0.00 2.00 296 4.81 7.41

rates. The9.02% weight loss after 12 weeksisthehigh-
est recorded of al samples. Ontheother hand, thead-
ditionof OMMT tendsto reduce biodegration ratein
thesamples. At 7.41% after 12 weeks, C 20A shows
thelowest biodegradationrate betweendl OMMT. The
similar observationinwater absorption may influenced
biodegradability of polymer wasdiscussedin the previ-
ous study!47,

Thesefindings suggest the rate of degradation of
PLA/PBAT nanocomposites was subjected to the
amount of water absorbed. Thebiodegradation of PLA
involvesfour main phases. Thefour phaseswaswater
absorption, ester cleavage and formation of oligomer
fragments, stabilization of oligomer fragmentsand dif-
fusion of solubleoligomer by bacterid®.

The incorporation of modified MMT in
nanocompositesresultsin adifferent modeof attack on
the PLA component of thesample. Since PLA isdli-
phatic polyester, theattack disrupts of someester link-
ages dueto the presence of hydroxyl group!*® which
may influencethedegradation rate. PLA/PBAT’s greater
biodegradation rate may have been caused by thesame
factor that leadsto itshigher water absorption.

TEM study

Anaobjectiveof TEM andys swasto study theclay
digtributioninsgde PLA/PBAT. Clear digtributionrefers
to the existence of good interaction between the
organoclay and thematrix. It might dueto thehydrogen
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bonding (Figure 2) between carbonyl group of both
polymer and the hydroxyl group from the organoclay
organic modifier. Thenumber of alkyl chaininthemodi-
fier affected the hydrogen bonding between OMMT
and polymer. Fukushimasuggested that thefewer akyl
chain of organic modifier make—OH group more avail-
ablefor interactionwith the polymert®,
Fgure3showsTEM imagesfor PLA/PBAT/MMT/

PLA

. 0\/\/\

CH, o o}

OMMT. Thedark linesrepresent the intersection of
dlicatelayerswhilethegrey background corresponds
to PLA/PBAT matrix®?!, Fromtheimages, PLA/PBAT/
Na-MMT exhibits poor dispersion of clay platelets.
Intercal ated clay layers stack observed in addition of
large clay agglomeratesin TEM imagefor PLA/PBAT/
Na-MMT. Thismay be attributed to the presence of
strong el ectrostati ¢ forces between clay layers?Y. The

Expected
Hydrogen

CLAY Bond

PBAT

i OI:_I /
)j\/\/\n/d\/\/\
o ()
o

Figure?2: Expected hydrogen bonding betweentheOMM T and PL A/PBAT blends
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intercal ated and agglomeratesrepresent theinefficient
free path. As aconsequence, water will be absorbed
moreinthe PLA/PBAT/MMT.

For PLA/PBAT/ODA-MMT, PLA/PBAT/DDOA-
MMT and PLA/PBAT/C 20A, the absence of aggre-
gatesconfirmsthehigh exfoliation of thelayer silicate.
Increasein the number of alkyl group of organoclay
resultsinanincreased ininterlayer spacing. Thelarger
initid layer spacingmay lead to easier exfoliation since
attraction between plateletsisreduced?. According
to Fornes, thisstuationimpliesthat thediffuson of poly-
mer chainsinsideclay galeriesislesshindered dueto
theincreasad spacingwhich eventudly leadstoimproved
exfoliation. Improved exfoliationsrepresent anincresse
intortuouspathin PLA/PBAT/OMMT and further re-
ducethe nanocomposite’s water absorption'?,

Figure3: TEM imagesfor a) PLA/PBAT/MMT, b) PLA/PBAT/ODA-MMT, c) PLA/PBAT/DDOA-MMT and d) PLA/PBAT/C
20A nanocompositesat 1% clay (M agnification 10000x)

CONCLUSON

Thispaper reportson thefindingsof therel ation-
ship between water absorption and biodegradation rate
of PLA/PBAT nanocomposite. Blending PBAT tothe
PLA increaseswater absorption of the samplesdueto
thehigh polarity of PBAT. Poor adhesion between PLA
and PBAT causes changein samplebehaviour from hy-
drophobicto hydrophilicasPBAT content isincreased.
Water absorption and biodegradability of PLA/PBAT
nanocompositeincreased astheMMT wasintroduced
dueto the hydrophilic nature of MMT and the small
tortuous path present in the samples. Increasein water
uptake in the sample disrupted some ester linkages
present in PLA and influenced the samplesdegradation
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rate. However, addition of OMMT hasresultedinre-
versed properties. Addition of OMMT decreasesthe
water uptake in the samples due to the hydrophobic
natureof OMMT and anincreased tortuouspath. TEM
reveded theslicatelayers(black line) formed tortuous
path which arepresent in the sampl esafter theaddition
of MMT and OMMT.
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