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ABSTRACT

Now a day there is an emerging interest in replgcinon-renewable additives with

biodegradable compounds. Cellulose plays very itgmbrrole in this modification. Their low

cost and low density associated with high specifechanical properties represent a good
renewable and biodegradable alternative to the ntmshmonly used synthetic reinforcement.
The cellulose was modified by using 2-(TrifluromBtibenzoylchloride by base catalyzed
reaction. Modification of cellulose was confirmedy tsolubility and IR studies. The

biodegradable composite films were developed hy ¢hsting method using modified cellulose
with Poly (lactic acid) in different compositionshe film composite were characterized by
mechanical, moisture absorption, water vapor peroilég, oxygen permeability and

biodegradable properties.

Keywords. Poly (lactic acid); Mechanical properties; Oxygeermeability; Biodegradable
films.

INTRODUCTION

Cellulose, the most abundant natural homopolymercansidered to be one of the most
promising renewable resources and an environmegrftaindly alternative to products derived
from the petrochemical industry. Recently, modifeellulose has been used as reinforcements
for various composites due to its excellent meatemperformance and fully biodegradafdle3]

in a wide variety of environmental conditions. Asesult, various cellulose-based composites
have been prepared. Currently, more and more i&@s&arare developing fully biodegradable
composites, the so-called green composites [4e&jcomposites or biocomposites which are
composed of natural fibers and natural matricessymthetic biodegradable matrix [6-8].
Composites are usually fabricated with biodegraslgmlymers as matrix phase and natural
fibers as enhancement phase. Poly (e-caprolac{@@)), poly (vinyl alcohol) (PVA), poly
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(lactic acid) (PLA), poly (butylene succinate) (PB&nd poly (3-hydroxybutyrate-co-3-
hydroxybutyrate) (PHBV) are most commonly used asrix phase of composites.

Cellulose is a poly-1,4-D-glucopyranose and it is biodegradable, rxinfobiocompatible,
hydrophilic, safe, has high moisture-retentivitylarhiral. However, cellulose has not reached its
potential application in many areas because onftssibility and insolubility. But at the same
time, cellulosic fibers are hygroscopic in naturaisture absorption can result in swelling of the
fibers which may lead to micro-cracking of the cawipe and degradation of mechanical
properties. This problem can be overcome by trgativese fibers with suitable chemicals to
decrease the hydroxyl groups which may be involiredhe hydrogen bonding within the
cellulose molecules. Chemical treatments may detithese groups or can introduce new
moieties that can effectively interlock with thetnra A number of fiber surface treatments like
silane treatment, benzoylation and peroxide treatmeere carried out which may result in
improved mechanical performance of the fiber andnmaosite [9, 10]. By limiting the
substitution reaction on the surface of the fibgogd mechanical properties were obtained and a
degree of biodegradability was maintained [11].aAsesult, various cellulose based composites
have been prepared [12-14]. However, there is tevalure regarding the combination of
modified cellulose and poly (lactic acid) whicheiscellent mechanical properties and processing
capabilities. So far no information on mechanicabperties, moisture absorption and
environmental biodegradability of the modified a&dse/poly (lactic acid) composite has been
reported. To this end, biocomposites based on meodi€ellulose/poly (lactic acid) were
developed by a solution casting method in this wditke main objective of the present study is
to characterize the mechanical, moisture absorpbmdegradation properties of the modified
cellulose/poly lactic acid composites.

MATERIALSAND MATERIALS

2. Experimental

2.1 Materials

The fibre used in this work was commercial micratajline cellulose supplied by Loba Chemie.
2-(Trifluromethyl) benzoylchloride and Pyridine wasirchased from Aldrich and used as
received. The biopolymer of Poly (lactic acid) (Msbetween 195,000 and 205,000 g/mol) used
in this work was obtained from Cargill Dow LLC anded as such. The composite films were
developed using Magic mould releasing agent and Waflon mould of one Square feet with 3
mm depth. The solvent acetonitrile was purchaseth fRankem and used with purification.
Finally the composite films were air dried in hat@aven.

2.2 Modification of cellulose

Cellulose was treated with sodium hydroxide soluta room temperature and stirred for 2hrs.
Then solid obtained was filtered off. Salt formatias confirmed by solubility test, since it is
freely soluble in water. This salt was treated V@t(rifluromethyl) benzoylchloride in presence
of pyridine as a base cum solvent and stirred dgktrat 106C. Then dumped in to water; solid
was filtered off. This product was confirmed by BRalysis, which shows the absence of peak at
3332 cnt. Figure 1 and Figure 2 represents the I.R spetiallulose and modified cellulose.

2.3 Preparation of films

Modified cellulose was taken in a water with Polgc{ic acid) in different composition like
10:90, 20:80, 30:70, 40:60, 50:50, 60:40, 70:302@090:10, 95:05 ratio [15-22]. The reaction
mixture was heated to 18D for 24 hrs. After 24 hrs the reaction mass wase to viscous
state, it was allowed to room temperature and spogathe Teflon mould which was sprayed
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before by mould releasing spray and dried undeuwacoven at 10 to remove water
contents completely. After complete drying, thenBlare stored in moisture free environment.

2.4 Moisture absorption experiments

From the composite sheets, all the specimens fastare absorption experiments were cut with
dimensions of 30 mm by 10 mm. Moisture absorpticasurements [23, 24] were performed
under 75% RH (relative humidity) at Z5 Specimens were thoroughly washed and then vacuum
dried until a constant weight was attained priothi® absorption experiments. At predetermined
intervals, specimens were taken out from the chasnbed weighed using a PGB200 model
analytical balance.

The moisture uptake at any time points as a re$uitoisture absorption was determined by

. W o
Moisture uptake =——— x 100
Wo

Where Wh and Wo denote weight of humid specimenisthe original dry value respectively.
All data from three repeated tests were averaged.

2.5 Soil burial degradation experiments

Under moisture controlled conditions soil buriabdedation experiments [25, 26] were carried
out at ambient temperature. Specimens of each csitepwere placed in a series of boxes
containing moisturized soil. The specimens (30 Xm®) were buried 100 mm beneath the
surface of soil which was regularly moistened vdi$tilled water. At predetermined time points
the samples were removed, carefully washed wittilldd water in order to ensure the stop of
the degradation, dried at room temperature to ataahweight and then were stored in darkness.
The specimens were weighed on the PGB200 modejtaralbalance in order to determine the
average weight loss:

] Wo t
Weight loss TX 100

Lo}

Where Wo is the initial mass and Wt is the remgmmass at any given time, t. All results are
the average of three replicates.

2.6 Mechanical testing

Tensile strength, Yourg Modulus and Elongation at break were measuredrdiog to the
ASTM standard method D882-Test method A (ASTM 19@ith application of an Lloyd
universal tensile machine with a 5 KN capacity22+2°C and 48+5% RH. Test specimens with
a length of 30 mm and a width of 10 mm were cutfrtomposite sheets. All specimens were
equilibrated in a chamber kept at°’C8and 35% relative humidity for 24 hr before tegtiAll
these tests were conducted at ambient temperatdrera average value of four repeated tests
was taken for each material.

2.7 Oxygen permeability test

In accordance with ASTM D3985 (ASTM 1995), the oaggtransmission rate (OTR) was
determined. The film samples were equilibrated at 22C and 48 + 5% RH for at least 48 hr in
a controlled environment cabinet containing a sdéigk magnesium nitrate solution prior to the
analysis. Oxygen permeability (OP) was calculatgdhe multiplication of the OTR at steady
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state by the average film thickness divided by theigd pressure difference between the two
sides of the film.

2.8 Water vapor permeability test

Based on the ASTM E96-9223 the gravimetric modifeegp water method was used to
determine water vapor permeability (WVP). Film s#&spvere tested in circular test cups made
of polymethylmethacrylate (PMMA). The fan speeddhe cabinets were set at an air velocity
of 185 m min®. The weight loss was monitored until it was certhiat water vapor transmission
through the film samples had attained a steady. state

2.9 Scanning electron microscopy

For the evaluation of the film microstructure sdagnelectron microscopy (SEM) was used.
Before the analysis the samples were sputter-caoaitidda thin layer of gold to avoid electrical
charging.

RESULTSAND DISCUSSION

3.1 Moisture absorption behavior

The moisture absorption results are crucial forausidnding the performance of cellulose-based
composites, since the moisture pickup under imraersi water or exposure to high humidity,
intimately relates to such composite propertiemashanical strength, dimensional stability and
appearance. Though the poly (lactic acid) has lwessidered as one of the most promising
materials for biodegradable plastics, but becafis&s poor resistance to water absorption limits
its wide applications. Addition of fillers is anfeftive way of decreasing its sensitivity to
moisture and improving mechanical properties. Moestabsorption test was carried for all the
ten composite films in which the modified cellulaaad matrix poly lactic acid are in the ratio of
10:90, 20:80, 30:70, 40:60, 50:50, 60:40, 70:302@090:10 and 95:05. We observed that as the
percentage of modified cellulose increases, mastisorption decreases. This behavior clearly
reflects the presence of hydrophobic moieties dnéofiber surface increase in their resistance
towards moisture. Table 1 shows the moisture alisor behavior for all the ten films.

3.2 Biodegradation in soil

Biodegradation of materials occurs in various stdpgially, the digestible macromolecules,

which join to form a chain, experience a direct yenatic scission. This is followed by

metabolism of the split portions, leading to a pesgive enzymatic dissimilation of the
macromolecule from the chain ends. Oxidative clgavaf the macromolecules may occur
instead, leading to metabolization of the fragmehither way, eventually the chain fragments
become short enough to be converted by microorgemis

The studies on biodegradation behavior are impbiftanthe application of biocomposites in
environment. In this work, soil burial experimenene performed for all the ten ratio films.
Table 2 presents weight loss of various films dsirection of biodegradation time. Note that
weight loss shows an approximately linear relatioth degradation time for all the ten films.
For all the films weight decrease for 2 days israge 3% and it decreases gradually as the time
increase and after 18 days average weight decisat8%. The ability of films to degrade
depends greatly with physico-chemical charactedstf the substrate, such as the degree of
crystallinity and polymerization of cellulose, ohieh the crystallinity degree of cellulose is the
most important structural parameters. Crystalliegions are more difficult to degrade. All the
ten film composites showed almost same resistameoeidroorganism attack in the soil. As the
microorganism attacks, the composites lose theucsitral integrity. Undoubtedly, the results
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obtained herein reveal that the film composite$ mok cause any deleterious ecological impact.
In other words, the film composites are fully bigdedable.

3.3 Mechanical properties

Tensile properties [27-31] of all the ten ratiorfd are presented in Table 3. We observed that
tensile strength and Young’'s modulus of films imses as the percentage composition of the
modified cellulose increases. An increasing tramntensile strength and Young’s modulus with
modified cellulose fiber content is found from TabB. This enhancement indicates the
effectiveness of the modified cellulose as reindonent. However, a decrease in elongation at
break is observed as the percentage compositiomanfified cellulose increases. With the
increasing of cellulose content, the interactioesMeen the cellulose and the matrix is improved
and crack propagation was inhibited, which resuliedthe increased tensile strength and
Young’'s modulus. Contrarily, it illustrated thaetie were interfacial adhesion between cellulose
and the matrix; otherwise, it would result in préuna composite failure because the reinforcing
cellulose simply pulled out of the matrix withouwintributing to the strength or stiffness of the
material.

3.4 Oxygen Permeability Test

Oxygen permeability depends on chain flexibilithage and physical state of the polymer and
packing of its molecules. The most permeable pofgnae amorphous, with very flexible
chains, in high elastic state. The gas permealdfityrystalline polymer is much lower. The high
molecular weight glassy polymers with rigid chaimave very low gas permeability. With
decreasing chain flexibility gas permeability dexses. Closer packing of the molecules supports
permeability resistance.

Figure 1 represents OTR (Oxygen Transmission Redd)es for all the ten ratio films.
Generally, hydrophilic polymeric films have shownogl oxygen barrier property. As can be
observed in Figure 1, there was an improvemenkygen barrier properties of the films as the
percentage of modified cellulose increases. Wergbdehat there is a great decrease in oxygen
transmission rate as the percentage composititimeaiodified cellulose increases. It is obvious
that modified cellulose played a powerful role mproving the oxygen gas barrier properties.
The increased molecular interaction resulted inlm fvith compact structure and low OTR
value. Oxygen Transmission Rate increases asdfwmage of modified cellulose decreases
because intermolecular bonding between fibre anttixndecreases. This resulted in a phase
separation among the main components where thectimd not be formed well, facilitating the
oxygen permeation. So, it was more advantageouspooving the gas barrier properties by
increasing the percentage of modified celluloses Tésult indicates the potential of these films
to be used as a natural packaging to protect famd dxidation reactions.

3.5 Water vapor permeability test

Figure 2 represents WVTR (Water Vapor Transmisstate) values for all the ten ratio films.
The water vapor permeability of films depends omyniactors, such as the integrity of the film,
the hydrophilic-hydrophobic ratio, the ratio betweerystalline and amorphous zones and the
polymeric chain mobility. We observed that thera ismall decrease in water vapor trasmission
rate as the percentage composition of the moddedhlilose increases. This is because as the
percentage composition of modified cellulose insesa hydrophilicity of the film decreases.
This phenomenon could be related to the signifidégmirogen bonding interaction with water.
The comparison between OTR and WVTR indicates riadified cellulose is greatly effective
in obstructing the oxygen permeation, but lesscéffe in retarding the water vapor permeation.
This results shows that these films may impede tm@stransfer between the surrounding
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atmosphere and food, or between two components bétarogeneous food product. This
property is very much use full in packaging applma

Table 1 Moisture absor ption studies of ten film composites

No %owt. %owt. %owt. %owt. %owt. %owt. %owt. %owt. %owt. %owt.
of | increase| increase| increase| increase| increase| Increase| increase| increase| increase| increase
hrs | 10:90 20:80 30:70 40:60 50:50 60:40 70:30 80:20 90:10 95:05
2 2.9 2.7 2.7 2.4 1.9 1.7 1.7 1.5 1.4 1.4
4 5.1 4.9 4.8 4.4 3.9 3.6 3.6 3.1 2.9 2.8
6 7.2 6.9 6.7 6.2 5.6 5.1 5.0 45 4.3 4.2
8 9.0 8.7 8.4 7.8 7.1 6.5 6.4 5.9 5.6 5.5
10 10.6 10.3 9.7 9.0 8.2 7.5 7.3 6.8 6.4 6.2
12 12.3 12.0 11.0 10.1 9.3 8.6 8.2 7.7 7.2 6.9
14 13.9 13.5 12.2 11.3 10.4 9.6 9.1 8.6 8.0 7.6
16 15.7 15.3 14.5 12.5 11.4 10.7 10.1 9.4 8.7 8.2
18 17.2 16.7 15.8 13.6 12.5 11.8 11.0 10.2 9.5 8.9
20 18.6 18.1 17.1 14.8 13.6 12.9 11.9 11.1 10.2 9.5
22 20.1 19.5 18.3 16.0 14.7 13.9 12.8 12.0 11.0 10.1
24 21.0 20.3 19.5 17.2 15.7 14.9 13.8 12.8 11.7 10.6

Table 2 Biodegradable studies of ten film composites

No.of | %wt. Yowt. Yowt. Yowt. Yowt. Yowt. Yowt. Yowt. Yowt. Yowt.
days | decrease decrease decrease decrease decrease decrease decreasg decreasg decrease decrease
10:90 20:80 | 30:70 40:60 50:50 60:40 70:30 80:20 90:10 95:05

2 2.7 2.8 3.0 2.9 2.8 3.1 29 3.0 3.3 3.2
4 3.9 3.8 4.1 3.9 3.9 4.2 3.7 4.2 4.2 4.4
6 5.8 5.6 59 5.7 5.5 5.6 5.3 5.5 5.7 5.6
8 7.7 7.5 7.6 7.4 7.5 7.4 7.7 7.6 7.8 7.6
10 9.3 9.5 9.4 9.2 9.3 9.6 9.6 9.8 9.7 9.8

12 11.7 11.6 11.7 115 11.4 11.6 11.4 11.6 11.7 11.9
14 13.2 13.4 13.6 13.7 135 13.8 13.7 13.8 13.9 14.0
16 154 15.7 15.6 15.9 15.4 15.6 15.6 15.7 155 15.7
18 15.6 15.8 15.7 15.9 155 15.6 15.8 15.8 15.6 15.9

3.6 Morphological observation
SEM micrographs [32] of the film composites arewhadn Figure 3. SEM micrographs were

taken for four film composites in different magodtion. Figure 3(a) corresponds to 10:90
(modified cellulose +PLA) ratio flm composite actearly shows that the interfacial adhesion
between the cellulose fiber and matrix was sliglpibor. Moreover, the presence of cellulose
fiber aggregates, some of them visible with theedagyes, provided strong evidence of the poor
dispersion of the reinforcement within the polymoematrix and consequently of the non-
homogeneity of the material. Figure 3(b) corresotad50:50 (modified cellulose +PLA) ratio
film composite and provided strong interfacial aglbe between two components and good
dispersion within the matrix. Figure 3(c) and 3(ayresponds to 70:30 (modified cellulose
+PLA) ratio film composite which shows a better gatibility of the fibers with the matrix.
Figure 3(e) and 3(f) corresponds to 90:10 (modifeedlulose +PLA) ratio film composite,
showed a more uniform morphology, i.e. the fibeeyenvess visible because they were buried
more effectively in the matrix. However, the filpall-out length is not large, indicating a good
fibre-matrix bonding. In this connection, it can begued that there is an improvement of
interfacial strength in the film composite as thergentage composition of modified cellulose
increases. In other words bulk fibre reinforcingmficomposites have the most uniform
distribution of fibre and the most compatible iféee in film composite.
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Figure 1 Oxygen permeation curvesfor different film composites
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Figure2 Water vapor permeation curvesfor different film composites
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Table.3 Typical tensile properties of ten film composites

S.No | Modified cellulose+ PLA Tensile Strength (MRayoung's Modulus (MPa) Elongation at break (mm)
1 10+90 22.4113919 827.7663445 302.0270283
2 20+80 22.77639517 870.4413104 272.0983709
3 30+70 22.79334137 880.8504405 262.4007171
4 40+60 25.66678791 970.3255093 211.9548209
5 50+50 38.44624355 1342.92477 166.7931105
6 60+40 38.50031124 1510.097827 151.4551531
7 70+30 39.53851798 1800.787343 107.2811558
8 80+20 39.73762708 3184.806139 96.60724882
9 90+10 40.15141639 4361.228034 39.44458505
10 95+05 41.30330563 4947.642641 33.76678709

Figure 3 Scanning Electron Micrographs of (a) 10:90, (b) 50:50, (c) & (d) 70:30, (€) & (f) 90:10 film composites
(a)

2pm Mag = 20.00 KX EHT = 2000 kv Date :25 Jun 2011 ﬁ

WD= 6mm Signal A = VPSE Time :16:07:00

200 nm Mag = 100.00 K X EHT =20.00 kv

Date :25 Jun 2011 ﬂ
Time :16:08:49

WD= 6mm Signal A = VPSE

200 nm Mag = 200.00 K X EHT = 20.00 kv’

Date :25 Jun 2011 W
Time :16:09:48

WD= 6mm Signal A =VPSE
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200 nm Mag = 200.00 K X EHT = 20.00 kv Date 25 Jun 2011 W

WD= 6mm Signal A =VPSE Time :16:09:48

100 nm Mag = 100.00 K X EHT = 20.00 kv Date :25 Jun 2011 ﬁ

WD= 6mm Signal A = VPSE Time :16:13:42

ﬂnm Mag = 100.00 K X EHT = 20.00 KV Date :25 Jun 2011 w

WD= 6mm Signal A= VPSE Time :16:13:40

CONCLUSION

Composites were developed by film casting methddbisture absorption results shows that
modified cellulose plays great role in increasing tomposite properties such as mechanical
properties, since as the proportion of modifiedutese increases water uptake by the film
composite was less. Film composites produced Isyrtt@thod shows very good biodegradation
behavior, which renders them advantageous in tefresvironmental protection. The produced
film composites possess higher tensile strengtihh@groportion of modified cellulose increases
and higher elongation at break as the proportioRLoA increases. So modified cellulose plays
vital role in increasing the tensile strength éhficomposites.OTR and WVTR test values shows
that modified cellulose plays powerful role in ieasing the gas barrier properties. Hence these
films can be used as a packaging to protect fomu foxidation reaction and moisture.
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