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ABSTRACT

Plastics packing material are collected, separated, cleaned from solid
impurities, washed and polyethylene wastes are recycled by solvent-
recrystallization method using xylene and methanol. Recycled polythene
was blended with starch, sodium salt of partially carboxymethylated starch
(Na-PCMS) and starch acetate (SA) in different amount by using Brabender
mixer. Theresulting blend, weretested for Melt Flow Index, Flexural Strength,
Tensile Strength, % elongation and Durometer hardness. Also tensile
properties of recycled polyethylene were analyzed. Properties of recycled
blend composition were found better compareto recycled polyethylene and
virgin Low density polyethylene. Biodegradation of blend composition was
carried out by Bacillus species. After regular interval blend composition
were analysed for %o weight loss, total cellular protein and tensile properties.
After thirty days46% blend composition were consumed by Bacillus species.
Further, Surface morphology of blend composition before and after
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degradation was studied by scanning electron microscopy (SEM).
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INTRODUCTION

Over thelast 50 years, synthetic plastics have be-
comethemaor new materialsreplacingthetraditiona
once such aspaper, glass, steel and auminium inmany
gpplications. Thus, thetotd volumeof plasticsproduc-
tion now aday exceedsthat of steel®. Their main ad-
vantages arethey can beeasily formulated producing
materid swithdesirablepropertiesthet arelightinweight,
cheap to produce and with low energy requirements
for their transport and especially for their production.

But plasticsd so have somedisadvantages, mainly, the
non-biodegradability of most of them causing many
environmental problemsassociated with plasticsdis-
posdl after their usage. Plasticsareavisible part of the
problems because of their extended usein daily life.
Some polyol efin such as polyethylene and pol ypropy-
lene have excellent physical propertiesand therefore
they areproduced in higher and higher quantity every
subsequent year. But unfortunately they areresistant to
degradation.

Theorganic matter in municipa wasteissystemati-


mailto:drnirmalpatel@yahoo.com

24 Novel biodegradable packaging materials based on recycled polyethylene waste

MMAIJ, 10(1) 2014

Full Paper e

caly fragmented by microorganismsinto CO2, H20,
NH3 or smilar low molecular weight compounds, im-
parting fertility tothe sail?. Theaccumulated plastics
wastein soil can neither add to thefertility of soil nor
improvesitsfirmnessinlandfill operations. Many solu-
tions have been operated for soil waste management of
plastics, likeincineration, landfill disposd, degradable
plasticsand recycling. Incineration of plasticswill re-
|easetoxic gasesand vapours, which could proveto be
aserioushedth hazard. Use of plasticsin landfill op-
erationisleast preferred because of space constraints.

The polymer recycling and use of recycled poly-
mer becomesoneof themost important aspectsto over-
cometheproblem of environmentd pollution. Recycled
plasticisconsidered to be asource of new materials
with an economicimpact. A mixture of post-consumer
polyethylenewaste (HDPE/L DPE) waspyrolyzed over
various catalysts using afluidised-bed reactort®.

Polyethylene production/ consumption areincreass-
ing day by day. Polyethyleneisgenerally not affected
by microorganisms. But PE issusceptibleto heat and
light in presence of oxygen, it undergoesthermo oxida:
tive and photo oxidative degradation®*4. Thisaffects
someof itsuseful properties. The stability of PE de-
pends on trace amounts of impurities such as hydro
peroxide carbonyl and metallic compoundg*>29,
Thermo-oxidative degradation of PE isafreeradica
chanreactionwhere peroxy [O2*] and dkyl [R*] radi-
casareformed during the degradati on process, which
further propagate the degradation reaction. Thesere-
actionscausedeteriorationin useful physicd and physico
mechanica propertiesi.e. tenslestrength, solutionvis-
cosity etcl*-2!l, Since oxidative degradationisadel-
eterious process??,

Theeffect of non-degradability of Polyethylenecan
be minimized by recycling but theresultsin aworl d-
wide scal e have not been too successful so far. The
biggest percentage of recycling hasbeen achievedin
Indiaand some European countries. Indiais|eading
country for plasticsrecycling in theworld. About 60%
of plasticsarerecycledinIndia Therecycling of plas-
ticsrequires efficient combination of mechanical and
chemica methods. A variety of mechanicd methodsfor
recycling plasticshave already been developed and a
large portion of recycled plastic can beusedfor energy
production#? . Significant progresshasbeen achieved
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in the last few yearsin the technology of plastics as
well. Thisindudesmixingand depolymerisation of plas-
ticsinto their corresponding monomers, which can be
reused.

Itiscalculated that worldwide, only 1% of the pro-
duced plasticsisrecycled asin?, whereasremaining
part, especially of plasticsused for packaging materi-
as, areupinmunicipal buria sites. Itisestimated that
plastics compose approximatey 7.2wt% (20% by vol -
ume) of thetotd filler, contributing significantly to the
problem of filler management’”.

Thus, inthelast oneor two decades, therehasbeen
anincreased interest in the production and use of fully
bi odegradabl e polymerswith the main goal beingthe
replacement of non-biodegradableplastics, especialy
those used in packaging materids. But thefully biode-
gradable polymersare estimated to befour to six times
more expensive than PE or PP, which are the most
widdy used plasticsfor packaging applications.

Fallingintheaboveareasof research god of 100%
biodegradability withinafew monthsisnot awisechoice.
But acontrolled period of biodegradation spanning from
monthsto yearsdepending on theapplicationisawise
choice.

So, inthepresent work both recycling of used poly-
ethyleneandit’sblendingwith natural and modified natu-
ra polymer has been attempted.

Many research and industria attemptshave been
focused ontheuseof natura biopolymerssuch asgtarch,
cellulose, lignin, chitinand chitosan, whicharefully bio-
degradable. In addition these materialsarevery cheap
and they are produced from renewabl e, natural sources.
But the use of these polymersin pureform (natural
forms) leadsto poor physica propertiesinfinal prod-
uct. Some approaches to overcome these problems
includechemica modification by changingtheir hydro-
philic character to hydrophobic such asstarch and cel-
lulose esterg?-32,

Starch having higher degradationrate, it was used
inadditivesin synthetic polymersin order to decrease
their cost aswell asnon-biodegradability of polymers
likePE, PP, PVAC,ABS, EAA and EVA?2?"-3-3¢ How-
ever most of the starch applicationsarefocusedin poly-
ethylene. Thelater iswidey used as packaging materi-
adsandasmulchfilminagricultura application. Inboth
casesrecyclingisvery important, but are not widely
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employed.

Severd commercid productshavebeen devel oped,
most of them containing low amount of starch®?. In-
creasing theamount of starch causesadecreasein both
TSand %e ongation. Asaresult, themateriaslosethar
ability to produceblownfilms. Thisdecreasearisesfrom
poor adhesion between LDPE and starch dueto the
different polar character of LDPE and starch.

For better compatibility and biodegradability inthe
present work starch is modified to Na-PCMS and
starch acetate.

Polyethylenewastefrom packagingindustries, phar-
maceutical industriesetc. are collected. Thesewastes
are separated according to their nature, use and colour.
Thesewastearerecycled by dissolving them into xy-
leneand preci pitated out usng methanol. Theserecycled
PE istested for tensile properties. These polyethylene
were blended with starch, Na-PCM S and starch ac-
etatein different amount by using Brabender mixer.
Theresulting blend, weretested for MFI, FS, TS, %
elongation, Durometer hardnessand tensile strength.
Theresulting blendswere used for biodegradation us-
ing Bacillus speciesand properties after degradation
weremeasured. Also, thesurface morphol ogy of blends
before and after degradati on was monitored by scan-
ning el ectron mi croscopy.

MATERIALSAND METHODS

Starch, monochloroacetate (MCA), was purchased
from national chemicals. Solventsand other chemicas
areof LR grade. They were used after routinepurifica
tions.

Preparation of sodium salt of partially
car boxymethylated starch (Na-PCM YS)

Na-PCMS was synthesized by standard slurry
method asreported by N. K. Patel et al*".

Starch and isopropanol were stirred vigorously,
whilerequired amount of 30% (w/v) agueous NaOH
were added drop-wise during 10minutesat room tem-
perature. Stirring was continued for 1 hour to activate
the starch. Then sodium monochl oroacetate was added.
The mixturewas placed on awater bath at 55°C for 5
hourswith gtirring. Then product wasfiltered, suspended
inmethanol and neutrdizewith aceticacid. Thenwashed
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with ethanol and dried at 60°C.
Prepar ation of star ch acetate (SA)

Starch acetate was prepared by using the method
asdescribed by N. K. Patel %1,

Required amount of pyridineand starchwerere-
fluxed at 115°C for 1 hour. The suspensionwas cooled
to about 60°C and required amount of acetic anhy-
dridewasadded slowly with continuousstirring. The
mixture was then maintained at 100°C for 2.5 hr.
(150minutes). Then cooled to room temperature and
starch acetate was preci pitated using large quantity of
ditilled water. The product wasfiltered, washed with
water and dried.

Recycling of plastics

Polyethylene, which areseparated and cleaned from
the waste and xylene, were taken into three-neaked
flask equipped with tirrer, thermometer and water con-
denser. The mixture was heated at 100°C with con-
stant stirring for 2hrs. The sol ution wascooled to room
temperature and preci pitated in methanol . Product was
filtered and dried in vacuum to constant mass.

Prepar ation of blend composition

Polyethylene was melt blended with starch, Na-
PCM S and starch acetatein different composition us-
ing Brabender having twin screw and mixing head with
acapacity of 200gms.

Polymerswere vacuumdried at 60°C prior to mix-
ing. Thecomponentswerephysically premixed before
being fed into the Brabender. Mixing was performed at
110°C, 70rpm for 15 minutesto maximum torque of
20Nm. Moisturegain by the blend wasrestricted by
placing theminto vacuum des ccatorsimmediately after
preparation.

Prepar ation of polymer sheets

Sheets of specified thickness were prepared by
sandwi ching the blend between mould plates of [abo-
ratory compression moulding machineat 110°Cfor 15
minutes. The sheetswere held under 60 kg/cm? pres-
sure for 5 minutes and then taken out of mould and
cooled to room temperature.

Melt flow index (MFI)
The measurement of MFI was carried out as per
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the process described in ASTM D1238-53T. The
weight of polymericblend flowedin 10 minuteunder a
2160gm load (approximately 43.25psi pressure) at
190°C was measured by melt indexer.

Durometer hardness(DH)

Durometer hardness measurementsweredoneas
per the process described inASTM D 2240-75. Hard-
nessismeasuredintermsof shoreA and shoreD. They
represent the hardness of the material whenit issub-
jected to acertain force through apenetrating object of
wel| defined dimension.

Flexural strength (FS)

Themeasurement of flexural strength wasdoneas
per the procedure described inASTMD 790. A three
point loading system utilizing Centrd loadingonasingle
supported beamwas used for the measurement. Across
head speed 2.5 cm/min. was used for all the speci-
mens.

Tensilestrength and % elongation

Tens e strength and % el ongati on measurements
were conducted by using atensiletester at room tem-
perature following the process described inASTMD
638. Across head speed of 10 cm/minutewasusedin
al measuremen.

| solation of blend degradation culture

Organismscapable of degradation blendswereiso-
lated by enrichment culturetechniqueusingNa-PCM S
(1.1 w/v) asasole sourceof carbon.

M edium employed for isol ation of bacteria con-
Sisted of

Ingredient gmg/lit
Magnesium Sulphate 0.2
Calcium Chloride 0.02
Monaopotassium phosphate 1.0
Dipotassium phosphate 1.0
Ammonium Nitrate 1.0
Ferric Chloride 0.05

Suspend 3.27gms of mediumin 1000 ml distilled
water 50 ml of above medium wasdispersed in 250m
Erlenmeyer flasks. The medium was autoclaved at
121°Cfor 15 minutes Na-PCM Swas added upon ster-
ilizationto each flask and theseflaskswereinocul ated
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with 5ml of 10% (w/v) soil suspensionsprepared using
garden soil. Theseflaskswerethenincubated on rotat-
ing shaker (150 rpm) till visibleturbidity and disappesar-
ance of insoluble Na-PCM S particleswere observed.
Loop fall of these enrichment cultureswere streaked
on starch agar platesin order to isolate amylase pro-
ducing bacteria. Aroundfivedifferent amylase produc-
ing bacteriaspp. wereobtained viz. isolate BS to BS,.
Amongst, thesefiveisolates, isolate BS, was sel ected
for further study asit showed maximum amylase pro-
ductiononsolid medium.

Degradation of blend composition

50gm of aboveblend wastakenineach 1000ml flask
containing sterileminerd medium (pH7). Toit 10%v/v of
culturesuspension of isolated BS, was added. All the
flaskswere kept on shaker (150rpm) and every alter-
nate day oneflask was removed and analyzed for dry
weight of blend, totd cdlular protein, tenslegtrengthand
percent elongation. A biotic control included blendin
medium without culture. Above setswerein duplicate
and resultsaretheaverage of reading obtained.

Weight loss

Blendswerefiltered through whatmann filter paper
no. 1. Theresidue waswashed with ethanol and dried
a 40°Cinvacuum oventill constant weight. Thefiltrate
was used for determined total cellular protein.

Total cellular protein

1 ml liquid full suspension was centrifuged at
4000rpm for 15 minutes and cellswere washed with
normal sdine(N-Sdine) andrecentrifugedthecdl pellet
was than suspended in 1 ml. of 1IN NaOH and cells
werelysed by incubating the suspensionin boiling wa-
ter bath for 10minutes. It wasrecentrifuged for 10 min-
utesand supernatants were analyzed for protein con-
tent by method of Lowary et al. (1951)19.

Scanning el ectr on micr oscopy
Thetest sampleof blend composition before and
after degradation was examined with ESEM TMP,
Philipsmodel e ectron microscope.
RESULTSAND DISCUSSIONS

Optimization of blend compositionswascarried out
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with respect to Recycled polyethylene, Na— PCMS, Mét flow index

Starch acetateand starch. Propertiesof optimumecom- Ml valuesof theblends at 190°C aretabulated in
positionaretabulatedin TABLE 1. TABLE 1. Addition of Na-PCMSS, starch acetate, and

TABLE 1: Propertiesof L DPE, recycled polyethyleneand blends

Properties
Blend Composition MEI Durometer Hardness Flexural Strength Tensile Strength % elongation
ShoreA ShoreD Kg/ Cm? Kg/ Cm? %
LDPE (Virgin) 0.5 90 40 69.63 31 100
Recycled Polyethylene — (A) 04 85 35 60.00 28 90
A: NaPCMS (70:30) 111 88 39 70.20 35 145
A:NaPCMS:SA (60:30:10) 1.23 90 41 67.89 36 135
A:NaPCMS:SA:Starch (55:30:10:5) 1.25 89 40 67.80 37 140

starch increasethe melt flow index. Which indicates
that decreased inresi tanceto flow that lowersthemet
viscosity and isadvantage out from processing points
of view.

Durometer hardness

DH was measured in terms of shoreA and shore
D. The DH values are tabulated in TABLE 1. DH
showed two different trends. Addition of Na-PCM S
and garch acetateincreased, while starch addition low-
eredtheDH vaues. Theoverall effectin DH wasether
increaseor it remained nearly sameasvirgin polyethyl-
ene.

Flexural strength

Flexurd strength v uesof theblendsaretabulated
in TABLE 1. Addition of NaPCMS increased and
starch acetate (SA) lowers the FS, while there was
nearly no change observed in FS due to addition of
starch.

Tensilestrength and % elongation

Tendlestrength and % el ongation at room tempera-
turearetabulated in TABLE 1. Addition of Na-PCMS,
darchacetateand sarchincreased tenslestrength, while
% el ongation wasincreased on addition of NaaPCM S
and starch. Addition of Starch acetate lowers the %

elongation.
% Weight lossafter biodegradation

The sampleswereincubated for 30 days, and one
samplewasremoved after every three daysand ana-
lyzedfor weight loss. Theresultsaretabulated in Table
2. Maximum 46 % of weight losswas observed after

30 days. It conclude that BS, utilized starch, starch
acetate, NaaPCM S aswell asrecycled polyethylene

Total cellular protein

Totd cellular protein was estimated by Lowary’s
method. Theresultsaretabulatedin TABLE 2. Total
cellular protein was increased up to 18 days for the
blend composition. Whichreflectsincreasein biomass
after which growth wasfound to cease. Thisindicates
that extracelular enzymesareinvolvedinthedegrada-

TABLE 2: Propertiesof blend after biodegr adation

A:NaPCM S: SA: Starch (55:30:10:5)
Total

Time  Weight Cellular Tensile %
(Days) loss orotein strength  elongation
% pg/ml  Kglem? %
0 0 136 37 140
3 35 180
6 4.0 207 36 130
9 11.0 293 ———-
12 19.0 299 34 120
15 26.0 350 ----
18 32.0 565 30 100
21 35.0 460
24 39.0 430 28 Q0
27 45.0 400 ----
30 46.0 290 27 85
tion of blends.

Tendlepropertiesafter biodegradation

Tensle strength and % el ongation of blendswere
measured after every six daysof incubation. There-
sultsaretabulated in TABLE 2. Both tensile strength
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and % el ongation were decreased asthe degradation
time progresses. After 30 daystensile propertieswas
lower than that of polyethyle. So, it may concludethat
someamount of polyethylenewas utilized by BS3

Scanning electr on micr oscopy

The microphotographs of before and after degra-
dation of 30 daystimeare shownin Figure 1-2 respec-
tively. Beforetheattack of BS2, the overall surface of
theblendisclear and homogeneous. After thirty days
large hol es appeared suggesting more and more con-
sumption of NaPCM S, starch acetate and starch by

Figure2: Blend composition after degr adation (30days)
BS2.

CONCLUSION

In an attempt to prepare cost effective biodegrad-
ableplagticshaving optimum mechanica properties, First
starch was modified to starch ether and starch acetate.
Polyethylenewererecycled and blended with natural
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and modified naturd polymers. Thisgivestheadvan-
tage of recycling aswell aspreparing plastics, which
has biodegradation characteristics without hampering
theoptimum mechanical properties. Biodegradation of
the blend composition resultsin 46% degradation after
onemonth. Thismay concludethat theaim of prepara-
tion of degradable plasticshaving good characteristics
properties was achieved. Blends can be used where
ever Biodegradablepolymersarerequired aswell asin
the packaging application and wherever polyethylene
and polypropylene used.
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