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ABSTRACT

Polyvinyl alcohol (PVA) / starch (S) /Carboxy methyl cellulose (CM C) com-
posite films were prepared from PVA, three different loading of CMC and
soluble starch aqueous suspensions by casting method in the presence of
plasticize containing glycerol. The effects of the CM C addition on the some
physical properties of the resulted blend films were investigated. Reactive
hydroxyl groups were exposed on the CMC surface, which could establish
new hydrogen bonds with polyvinyl alcohol and starch. Tensile tests dem-
onstrated positive results from mechanochemical treatment. With the addi-
tion of 20% CMC was an increase in the tensile strength and percentage
elongation at break. A decrease in the thermal resistance of polyvinyl alco-
hol/starch composite with the addition of CM C was al so observed by means
of DSC (Differential scanning calorimetry) analysis. The SEM (Scanning
electron microscopy) indicates morphological structure of the polyvinyl
alcohol/starch filmsin the different percent of CMC.
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INTRODUCTION

The severeenvironmenta problems, includingthe
increasing difficultiesof waste disposa and the deep-
ening threat of globa warming (dueto carbon dioxide
release during incineration) caused by the
nonbiodegradablility of anumber of polymers (used
in packaging and agriculturefield) haveraised con-
cernsall over theworld™. In order to solvethe prob-
lems generated by plastic waste, many efforts have
been doneto obtain an environmenta friendly mate-
rial. Most of the researches arefocused on substitu-

tion of the petro-based plastics by biodegradable
materialswith similar propertiesand low in cost>4.
Among thenatural polymers, starch hasbeen consid-
ered as one of themost promising candidatesfor this
regard because of its attractive combination of price,
abundance and thermoplastic behavior, in additionto
biodegradability. Themain disadvantage of biodegrad-
able starch-based filmsistheir hydrophilic character,
which leadsto low stability when these materialsare
submitted to different environmental conditions®. In
addition, starch-based material s have poor mechani-
cal propertiesand particularly poor elongation at am-
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bient conditions. Thus, theincorporation of aplasti-
cizer isrequired to overcomethe brittleness of these
materials. Plasticizersreduced intermolecul ar forces
and increasethe mobility of polymer chains, decreas-
ing theglasstrangition temperature and increasing per-
meability™®. One approach to improve the functional
propertiesof starch filmsisto blend starch with other
polymers (natural and synthetic). Biodegradable
starch-based plastics such as starch/cellulose and
starch/PVA haverecently been investigated for their
great potential marketability inagricultural foils, gar-
bage and composting bags, and food packaging, in
the fast food industry, and in biomedical fieldg’1%,
PVA isaversatile polymer withmany industrial appli-
cations, and it may bethe only synthesized polymer
whose backboneis mainly composed of C-C bonds
that is absolutely biodegradable. PVA is the most
readily biodegradableof vinyl polymers. Itisreadily
degraded in wastewater activated sludge. Themicro-
bial degradation of PVA hasbeen studied, aswell as
itsenzymatic degradation by secondary a cohol per-
oxidasesisolated from soil bacteriaof pseudomonas
strain. Theexcellent chemical resistance, optical and
physical propertiesof PVA resins, hasresultedinits
broad industrial used*13. Carboxy methyl cellulose
iscdluloseether formsexcellent films. Because of its
polymeric structure and high molecular weight, itis
capableto useasfiller inbiocompositefilms produc-
tion. Carboxy methyl celluloseisabletoimprovethe
mechanical and barrier properties of starch-based
filmg¥, PVA, carboxy methyl celluloseand starch are
polar polymers; thus acomposite of PVA, carboxy
methyl celluloseand starchislikely to produceama-
terial having excellent mechanical properties™™. This
study reports on the effect of carboxy methyl cellu-
lose content, on the properties of PVA/starch films,
such as mechanical, thermal and morphological pa-
rameters. These studies were carried out to assess
their potential usesas packagingfilms.

EXPERIMENTAL

Materials

Starch (ST) wasprovided by Merck company, and
polyvinyl alcohol (PVA) withM =72000 and glycerol
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(M =92/10, 78% purity) purchased from Merck com-
pany. Carboxy methyl cellulose sodium salt, with an
average molecular weight of M =295225 was pur-
chased from Flukacompany.

Methods
Preparation of films

Filmswereobtained by the casting method*®. First,
PVA (2.5 g) wassolubilized in 50 cc of distilled water
at 75°C for 15 min and starch (2.5, 2, 1.5 g) was mixed
(25°C for 10 min) with distilled water (15 cc) and glyc-
eral (40 cc/100 g starch) then added to 20cc of boiling
water to obtain aclear solution. Carboxy methyl cellu-
lose (0, 0.5, 1g) was solubilized in 75 cc of distilled
water a 75°C for 15 min. Then, PVA, starch and CMC
solutionswere mixed together and stirred withusinga
magnetic bar at 75°C for 90 min with a reflux con-
denser. Then, about 70cc of the sample was poured
intoaTeflon casting tray and then dried at 60°C in oven
to cast the films. The thickness of the films was
0.08+0.01 mm. The thickness of the films measured
with anAlton M820-25 hand-held micrometer having
asengtivity of 0.01 mm.

Solubility inwater

Solubility inwater was defined asthe percentage
of thedry matter of filmwhichissolubilized after 24 h
immersioninwater*,

Film specimens were kept in a desiccator con-
taining dry calcium sulphatetill they reached constant
weight. Afterward, about 500 mg of each film were
immersed in beakers containing 50 ml of distilled wa
ter at 23 °C for 24 h with periodical gentle manual
agitation. TheFilmswereremoved fromthewater and
were placed back in the desiccator until they reached
aconstant weight to obtain thefinal dry weight of the
film. The percentage of the total soluble matter
(%TSM) of thefilmswas cal culated using thefollow-
ing equation:

%TSM =[(initial dry W -final dry W)/

initial dry W] x 100 1)
TSM tests for each type of film were carried out in
threereplicates.

Swelling studies

The extent of swelling was determined by acon-
ventional gravimetric procedure®. In brief; a
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preweighed dried piece of ablend sample (0.1 g) was
immersedindistilled water, and allowed to swell. By
recording theweightsof the swollenblendsat desired
timeintervas, it was possibleto monitor the extent of
swelling. Theswelling processwas expressed interms
of theswellingratio, asfollows:

Swellingratio (SR) = Weight of swollen blend/

Weight of dry blend 2

M echanical properties

Ultimatetendlestrength (UTS) and strainto bresk
(SB) of thefilmswere determined at 21°C+1°C using
atensiletester (Zwick/Rodll model FR010, Germany)
according to ASTM standard method D882-911*1,
Threedumbbelly formsfilms (8 cmx0.5 cm) were cut
from each of samples and were mounted between the
gripsof themachine. Theinitial grip separation and
cross-head speed were set to 50 mmand 5 mm/min,

respectively.
Thermal properties

Thethermal properties of the filmswere deter-
mined by differential scanning calorimetry (DSC)
(Model F3 200 DSC Netzsch, Germany). Thefilm
samples (5 mg+3 mg) were cut as small pieces and
were placed into a sample pan of DSC equipment.
Thereferencewas an empty pan. Theglasstransition
temperature (T ) of thedifferent filmswere measured
at aheating scanrate of 10°C/min from 0°C to 300°C
and they wereidentified asthe midpoint temperature
of astep-down shift in baseline dueto changein heat
capacity upon glasstransition. Also themelting point
(T,) of thefilmswasdetermined. The T and T of the
each filmwas determined in duplicate and theresults
wereaveraged.

Scanning electronic microscopy (SEM)

Themorphology of the surface of thefilmswasin-
vestigated using ascanning e ectronic microscope of
XL30type(Netherland). Thefilmswerecovered with
puremetallicAu. Thelaying down of Auwascarried
out using evaporation of themetd under ahigh vacuum,
to giveathicknessof around 100 °A.

Fourier transformed infrared spectroscopy (FTIR)

Infrared spectrawith aresolution of 4 cmtof the
samples as KBr pellets were recorded by Shimaszu
FT-IR RF50 spectrometer.
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RESULTSAND DISCUSSION

Solubility inwater

Thewater solubility of the PVA/SICMC filmsas
afunction of CMC contentisshowninFigure1. Ad-
dition of CMC, inall concentrations, increased the
water solubility of films. The%TSM was27.41% for
the samples without CMC, which increased to
33.77%, 43.71% and 46.27% for thefilms containing
5, 10 and 20% W/W CMC, respectively. Thisisin
agreement with?” that investigated the effect of CMC
on thesolubility inwater of thethermopl astic starch/
CMC and reported that when filler content increased,
the solubility in water valuesincreased gradually. The
observed results may be explained by thefact that an
increased CM C content in the blend rendersthe net-
work more hydrophilic and henceforth, the degree of
water sorptionincreases, which, inturn, increasesthe
solubility inwater.
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Figure 1 : Water solubility of the PVA/SICMC filmsas a
function of CM C content

Swelling studies

Theswellingratio of the PVA/SICMCfilmsasa
function of CMC contentisshownin TABLE 1. Addi-
tionof CMC, inal concentrations, increased the SR of
PVA/S/ICMC films. Thisisin agreement with® that
investigated the effect of CM C ontheswelingratio of
thethermoplastic starch/CM C and reported that when
filler content increased, the swelling ratio valuesin-
creased gradually. Carboxymethyl cellulose (CMC),
being amodified natura water-soluble polymer, con-
tains hydroxy and carboxyl groupswhich impart hy-
drophilicity to themolecule. When theweight fraction
of CMCisincreasedinthereaction mixtureof theblend,
theswelling ratioisfound toincrease substantialy. The
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observed results may be explained by thefact that an
increased CM C content in the blend rendersthe net-
work more hydrophilic and henceforth, the degree of
water sorptionincreases, which, inturn, increasesthe
swdlingratio. Another plausibleexplanation restsupon
the possibility that asthe content of CMC increasesin
the blend matrix, theremay beanincreaseinthemutua
repulsion between the carboxylate groups of theCMC
molecules, whichre axesthe network chainsof theblend
and widensthemesh sizesof theblend. Thisultimately
resultsin enhanced swelling of the system.

TABLE 1: Theswellingratio of the PVA/SICMC filmsasa
function of CM C content

PVA%/S%/CMC% PH Temperature Swellingratio

50%/50%/0% 6.8 25 3.96 + 0.69
50%/45%/5% 6.8 25 594+ 1.16
50%/40%/10% 6.8 25 7.96+1.31
50%/30%/20% 6.8 25 16.56+ 1.72

M echanical properties

Figures2-4 show therel ationshipsbetween CMC
content and thetensile properties of the PVA/S/ICMC
films. Thecurvesreportedin Figure 2 show animprove-
ment of the mechanical strength with theincrease of
CMC content. Thisisin agreement with™¥ who re-
ported asignificant improvement mechanical property
of starch filmsisachieved by adding rel atively small
amountsof CMC (till 10%). TheUTSand SB asthe
function of CM C concentration areshownin Figures3
and 4, respectively. It was observed animportant in-
creaseof fourfoldinthe UTSwhen 5% W/W of CMC
wasadded tothe PVA/starch, but withincreesng CMC
concentration from 5% to 20%, the UTS decreased
from 27.88 MPato 18.36 MPa. Therefore, with in-
creasng CM C concentration from 0%to0 20%, theUTS
increased significantly from 6.38 MPato 18.36 MPa
Thiswasprobably dueto theinterfacial interaction be-
tweenthematrix andfiller duetothe chemica smilarity
(polysaccharide structure) of starchand CMC. It was
interesting that with increasing CM C concentration
(from 0% to 20%), the UTSincreased significantly. It
was observed an important decrease of sixfoldinthe
SB when 5% W/W of CMC was added to the PVA/
starch, but with increasing CM C concentration from
5% to 20%, the SB increased from 4.03% to 35.56%.

Therefore, withincreasng CM C concentrationfrom 0%
t0 20%, the SB increased significantly from 23.86%to
35.56%. It seems CM C couldimprovethefilmsstrength
without depressing effect onflexibility.
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Figure3: Theultimatetensilestrength (UTS) of the PVA/S/
CMC filmsasafunction of CM C content.
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Figure4: Thestraintobreak (SB) of the PVA/SICM C films

asafunction of CM C content.

Thermal properties

Three characteristic thermal transitionsmay exist
for semi crystdlinepolymerssuch asstarch: aglasstran-
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sition for the amorphousfraction, amelting transition
for the crystallinefraction and atransition dueto crys-
tallization. The DSC thermograms of the PVA/starch,
PVA/SICMC films(Figure5) exhibited sharp endot-
hermic pesaks (typical of asemi-crystalline polymeric
system) at the range of 220 °C to 280 °C. These en-
dothermic peskshavebeen associated with themelting
of crystallinestarch, PVA and CM C domainsreorga-
nized during theretrogradation. The melting peak of
PVA/starch was around 263.8 °C. For PVA/S/CMC
polymer blend films, the temperature position of the
melting peak decreased from 263.8°C to 241.1 °C as
CMC content increased from 0 to 20% W/W film.

DSC /(mW/mg) PVA50%/S50%
1 exo 63.8

20 PVA50%/S40%/CMC10%
lrd

PVASO%/SSO%L:? :x/ICZO %)

0.5

0.0

55 )/\,,J

140 160 180 200 220 240 260 280
Temperature /°C

Figure5: Thermogram of the PVA/SICM C filmscontaining
different amount of CM C.

Glass transition temperatures were observed in
PVA/S/ICMC polymer blend filmsat therange of 150
°C to 200 °C depend on CMC content. It could also
be seeninthe DSC curves of the PVA/S/ICMC films
(Figure5) that the T ; decreased when the CM C con-
tent increased from O to 20% W/W film, respectively.
Thechangeintheposition of theglasstransitionindi-
catesthat higher CM C contents might be act as|ubri-
cant agent and decreased intermol ecular interaction and
associationin PVA/Starch film matrix whichinturn de-
creasesdegreeof crystalinity.

Scanning e ectr onic microscopy (SEM)

Figure 6 showsthe morphology of PVA/S/ICMC
filmswith different contentsof starchand CMC. The
addition of CM C significantly changesthe morphol ogy
of PVA/SICMC composite. Blends PVA/starch and
PVA/S/CMC had auniform morphol ogy, with no evi-
denceof phase separation. Homogeneousdistributions
of theCMCinthe PVA/S/CMC matrix were observed
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inal compostefilms, implying good adhes on between
fillersand matrix. Thisisattributed to the good com-
petibility resulting fromthechemica amilaritiesbetween
starch and carboxy methyl cellulose and the hydrogen
bonding interactionsexistingin theinterface between
PVA, starch and CM C. Such an event and uniformdis-
tribution of thefillersinthematrix could play animpor-
tant rolein improving themechanica performance of
theresulting compositefilms.

Figure6: SEM micrograph of thecompositesof PVA50%/
S50% (a) PVA50%/ S45%/CM C5% (b) and PVA50%/
S30%/CM C20% (c)

Fourier transforminfrared spectroscopy (FTIR)

Numerous characteristic peaks were identified
from the FTIR spectraof the PVA/S/CMC compos-
itesamplesareshownin Figure7. Inthe neat starch
samples characteristics peaks at 3447.3 cm™* were
dueto both water present in the system and the hy-
droxyl groups of the sugar unitg?+22, The PVA50%/
Starch50% had some similar bandswith O-H stretch-
ing at 3437 cmy23l, Theimprovement in elongation
at break reported for PVA/S/ICMC (observed in ten-
siletestsreported in this paper) could be explained
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by thedisruption of the crystallinity (or retrograda-
tion) of the starch dueto the disruption of intermo-
lecular H-bonding of the starch moleculesthemselves
and the introduction of H bonding between PVA,
starch and CM C chains. Thisinteraction was con-
firmed viaFTIR in which the-OH stretch from the
glucosering at 3447.3 cn for the starch shiftedto a
lower wavenumber (3427.4 cm®) upon the addition
of 20wt% CMC. Thisdownward shiftinwavenumber
iscong stent with previousliteraturein which H-bond-
ing has been shown to decrease the wavenumber of
the hydroxy stretch dueto alower bond forcefrom
electron delocalization?!. Thusthe primary interac-
tion between starch, CM C and PV OH wasthrough
the—OH groups with a possibility of interaction at
the O-5 ring oxygen(?.,
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Figure7: Hydroxy stretch differencesfrom FTIR spectra
duetointeractionswith water, PVA, Sand CM C.

CONCLUSIONS

The present study showstheroleof CMC onthe
physicmechanica propertiesof PVA/starch films. The
addition of CMC to PVA/starch blendsimproved the
mechanica propertiesof theresulted starch based com-
posites. CMC (20% W/W film) couldincreasethe UTS
and SB of starch based compositefilmsby morethan
35% and 67% compared to the PVA/starch film re-
gpectively. Solubility of thefilmsincreased from 27.14%
t0 46.27%. By addition of 10 and 20% CMC (W/W
film), T_decreased from 263.8t0241.1°C. In addi-
tion, by increasing of CM C content, outward proper-
tiesof thecompositefilmsimproved gppreciably. With
consdering theseresults, it seemsthat the PVA/SICMC
biocomposit filmsshow better physicomechanica prop-
ertiesthan PVA/starch filmsand can be potentialy re-

placed of PVA/starchfilms.
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