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ABSTRACT KEYWORDS
The biodegradability rates of two different kinds of polyethylene bonded Starch;
with corn and potato starch are studied in this paper. While it is usual to Biodegradation;
use soil as the environment for biodegradation, an aerated sludge tank Kinetic;
wasused in this study which offersaricher microbial medium and increases Low density polyethylene;
the rate of biodegradation. The biodegradability is determined by two FTIR.

ways: first, comparing differences in the weight change of two samples,
one placed inside distilled water and the other placed in aerated sludge
tank. Second test for biodegradation is by examination of FTIR
spectroscopy. Through FTIR spectroscopy, the biodegradability rate and
reduction in some of the existing bondsin polymer before and after placing
the samples inside aerated sludge tank is exhibited and the consumption
of polymer by microorganismsis also revealed. Kinetic correlations for
both samples are presented which shows that the kinetic rate closely
followslimiting first order reactions.  © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION
In recent years, biodegradabl e polymers have at-
tracted specid attention of researcherswith respect to

theenvironment, petroleum reservoirsand landscapes,
but a so decreases CO2 production and presentsagreen
solutionin asustainable devel opment®®.

reducing the volume of solid wastes*2. Biodegradable
polymersarematerid sthat could beconverted to natura
compounds such as water, CO2, methane and other
biologica componentsby meansof microorganismsauch
as fungi, bacteria, algae and other natural
agentd*+5. Most of the biodegradable polymerswere
devel oped by blending petroleum based polymerssuch
asLow Dengty Polyethylene (LDPE) with natura bio-
degradable materials. Thismethod not only conserves

Study on starch-based synthetic polymersbeganin
1970s when environmental issues attracted
attention® . Starch is an abundant, biodegradable, ca-
pableaf recyding andinexpensvenatura polymer which
is obtainablefrom many botanical sourced”. Starchis
composed of two parts. amylose and amylopectin
whose percentages aredifferent in variouskinds. On
the contrary to amyl ose, amylopectin isbranched and
formsthewater soluble part of the starchi®. The pro-
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portion of amyl oseto amylopectin affectsthe manufac-
turing process and properties of thefind product!®.

Low density polyethyleneisemployed in packag-
ingindustry, in production of bags, bottlesand many
other itemsaswell asbeing used in compositeswith
other material§°1%, Onthe other hand, starchisan
attractive biopolymer for packaging material and the
exigenceof amyloseingtarch givesriseto sronger films
However, biodegradable products based on starch,
possess weaknesses, mainly attributed to the water
solubility, brittle nature of starch filmsand poor me-
chanical properties. One of the effective measuresto
overcomethe poor mechanical properties, while pre-
serving the biodegradability of the materids, isto asso-
ciate starch with chitosan derived from renewablere-
sourcesto obtain biocomposited*?*9

Kinetic studies on biodegradability of low density
polyethyl ene bonded with corn and potato starch and
blended with Chitosan werestudied in thispaper using
weight lossand FTIR spectroscopy.

Weight lossisacommon method to measurethe
rate of biodegradation. Dueto thelong timerequired
for apolymer sampleto degradein soil, weight lossin
an aerated dudgetank, rich in microorganismsiscon-
S dered asan accel erated method for studying the bio-
degradability of the samples*®. Moreover, FTIR spec-
troscopy of the samplesreved stherate of degradation
of theexisting bonds of the compound after exposure
to aerated s udge environment™4.

Experimental part

For thisstudy two sampleswere prepared and used
in the experimentations: Low density polyethylene
blended with corn starch (20% weight) called ascom-
poundA, and low density polyethylene mixed with po-
tato sarch (20%wei ght) and hereinafter named ascom-
pound B. The compoundswere produced in form of
0.4 mmthick pressurized sheets.

Theaerated dudge system cons sted of semi-batch
tanksequi pped with aeration devisessupplying dissolved
oxygentoasuspenson of microorganiamsinwater. The
volumeof first tank was 9 liters, hdf filled with settled
urban sewage and half filled with normal tap water. A
second tank wasfilled with distilled water and main-
tained under the samelaboratory conditionsin order to
verify theeffect of richmicrobia environment. Two
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samplesfrom compoundsA and B werecutin4cmx1.5
cm and weighed accurately. One of them was placed
insidethe aerated sludge and the other insidedistilled
water tank. Nutrients such asacarbon source (sugar),
nitrogen (urea) and phasphorus (ammonium phosphate)
were added to the aerated sludge tank to ensure mi-
croorganism growth. Furthermore, to control thenuitri-
ent and dissolved oxygen content and thegrowth of the
microorganisms, volatile suspended solids (V SS) tests
were employed regularly. The PH and temperature of
thetankswereheld intherange of 7.5+ 1 and 26+ 1
&%C, respectively. To compensate for water evapo-
ration during the experiments, tap water wasadded on
aregular basicto hold the system volumeat 9 liters.
Thesuppliedar ensured adequate mixing and prevented
theformation of atwo phase mixture dueto settlement
of thesolids.

Water absorption rate of the samples, wascarried
out at seven daysinterval for atotal period of 49 days
(7 weeks). A sample of compounds A and B were
placedinadistilled water tank and smilarly in aerated
dudgetank. After acertaintimeinterva, each sample
wastaken out of thetank, dried with apieceof cloth
and weighed for determination of the amount of ab-
sorbed water. After weight measurement, the samples
werereturned back to the distilled or aerated sludge
tank accordingly, immediately.

Inorder to confirm the samplebiodegradability in
aerated sludge tank, FTIR tests were performed on
each samplebeforeand after placingit in the aerated
dudgetank. Thetestswere performed using equinox
55 made by Bruker at 23 degreescentigrade. Thetests
were run according to ASTM E 1252-07 and the
sampleswere scanned at 4 cm? resol ution.

RESULTSAND DISCUSSION

InFigures1and 2 the FTIR spectrafor sampleA
containing low density polyethylene, corn starch and
chitosan, and sample B containinglow dengity polyeth-
ylene, potato starch and chitosan are shown respec-
tively, beforeand after degradation in aerated dudge.
As can be seen, the peak which fallsin the range of
1400-1550 confirmsthe existence of C-H groups. On
theother handinal 4 spectrathe pesk whichfdlsinthe
range of 1730-1750 confirmsthe existence of Carbo-
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nyl groups. The different peak which falls around
1465cm-1 appearsfor both samplesand isrelated to
C=H bonds. Thereduction of thispeak after exposure
to aerated d udge suggests carbon consumption by mi-
croorganismg?®® hastaken place. Thereductioninthe
peaks of therange 1730-1740 a so showsthereduc-
tion of Carbonyl groups of chitosan or amine groups.
Amineand O-H groupsare derived from chitosan and
starch, respectively. Any reduction in thisrange sug-
gestshiodegradation of starch and chitosanwhichmeans
these material s have been consumed by microorgan-
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Figurel: FTIR spectraof corn garch based L DPE compound
beforeand after exposureto aerated dudge.
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Figure2: FTIR spectraof samplespotato star ch based L DPE
compound beforeand after exposuretoaerated dudge.

ismspresent in aerated dudgetank.
AccordingtoFigure3, increasingtheexposuretime
for samplesindistilled water, obvioudy increasestheir
wel ght and amount of water absorbed. Therateof water
absorption wasfound to be higher for sampleA, con-
taining corn starch in comparison with sample B, and
containing potato starch. Therate of water absorption
wasfound at itshighest level, during thefirst 5to 10
days. For both samples, therate of water absorption
was higher than therate of hydrolysis, which suggests

thehydrophilic property of starch. Thehydroxyl groups
of starch can establish Hydrogen bonds with water
molecules. Chitosanisadso ahydrophilic polymer trap-
ping water moleculesby NH2 groups. Thewater ab-
sorption rate for samples exposed to aerated sludge
was|ower than samples exposed to distilled water due
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Figure3: Increasein sampleweight soaked in digtilled water.

to the consumption of starch by microorganisms.

In Figure 4, therelative data of weight measure-
mentsfor samplesin agrated sludge are shown. Like
previoustest the more exposuretime, the morewater
absorption and for both sampl es, therate of water ab-
sorptionishigher than therate of hydrolysisand bio-
degradation by microorganisms. Onthecontrary todis-
tilled water, sampleA in aerated sludge shows|ower
weight gainin comparisonwith sampleB. Lower weight
gainin aerated dudge means higher degradability of
sampleA containing cornstarchincomparisontosample
B containing potato starch. Thisdifference becomes
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Figure 4 : Increase in sample weight soaked in aerated

dudge.

moresgnificant with passngtime.
Theweight |oss of the samplesduring aspecific
exposuretimeisexpressed asthefollowing relation-
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ship and isconsidered asthe benchmark of their bio-
degradability™:

[Percentage of Sample’s weight loss]= [percentage of
sample’swater absor ption in distilled water] —[per centage
of sample’swater absorption in aerated dudge] D
According to Figure 5, the percentage of absolute
weight lossfor sampleA containing corngtarchishigher
than that of sample B containing potato starch confirm-
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Figure5 : Percentage of Sample’sabsolute weight lossin
accordancewith equation (1)

ing the higher biodegradability of corn starch.

If areversiblekinetic model ispresumed for the
weight change of each sampleineither distilled water
or aerated Sludgewith first order forward and reverse
reactions, then equation (2) can be presented. Inthis
reaction, M isthe solid biodegradabl e plastic sample
whichismadeup of LDPE, starch and chitosan mol-
ecules. It absorbs water and in the absence or pres-
ence of microorganismsdissolvesin agueousenviron-
ment. R representsthe product of thisreactionthat con-
stitutesthewater soluble or interactive-with-microor-
ganism part of A that may be re-absorbed by the solid
plastic sample. Forward and reverse rate constants of
eguation (2) are called as Kf and Kr, respectively.
Therefore

M <—> R @
d
=K m, K, m, @

Wheretistheexposuretime, MM and mR arethein-
stantaneouswel ght of the sample and product respec-

tively.
Thefractional conversion of M isdefined asfollows:
X = my, —My

m,, 4
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Inwhichmy, istheorigina weight of thesample. In

Figures3and 4, experimenta dataof “100xX” against
exposuretimewas plotted for each sample.
Using X other relationshipsare presented as.

m, = X.m,. )

m, =m,, (1-X) (6)
dXx

mMO.E:Kf.mMO(l—X)—Kr.X.mMO )

Solvingtheabovedifferentia equationthefollowingre-
sultsobtained:

Kf
X =(
K, +K

Theequilibriumfractiond converson of Aisobtained:

)[1-ep(~(K, +K)D] g

r

| K,
X, =limX =
oo K, +K,

If K isset equd tothesum of forward and reverserate
condants:

(9-1)

K=K +K (9-2)
Therefore:
X = X,.(1-exp(-kt)) (9-3)

Inasmilar way and through similar assumptions, aki-
netic correlation isalso attained for wel ght change of
each samplein agrated dudge environment:

Y =Y,.(1-exp(-k 1)) (10-1)
Where:

i K
Ye=!'ng= KK (10-2)
K'=K'+K% (10-3)

Therefore, theoverall kinetic correlation for therate of
sample’s weight loss could be calculated as follows
which can be counted asabenchmark for biodegrad-
ability rate:
Z=Y-X (11-1)
InFigure5, experimental dataof “100xZ” versus ex-
posuretimewereplotted for each sample.
Subgtituting equations (9-3) and (10-1) into equa
tion (11-1) results:
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Z =Y,.(1-exp(-k 1)) - X_.1-exp(-kt)) (112
TheTaylor seriesfor the exponentia function”e”in
neighbourhood of zeroisasfollows:
1 2 3

€=1+—+—+—+

o2 3
Inwhichif “t” takes small enough values, terms with
higher order than 2 can be neglected from the Taylor
expangon, thus:

2

€ =1+t +% (if t is small enough)

(12)

(13)

Substituting equation (13) into equation (11-2) results:

' 2 2
Z=Y Y, (1Kt +%) CX, 4 X, (LKt +%) (14-1)

2
Z = (YK = X K)t+(X_k? —Yek'z)% (14-2)

Ontheother hand, if weassumeakinetic correlation
similar tothose used for thefractional conversionin
distilled water (X) or aerated dudge (Y), also gpply to
theoverdl fractiona conversion (2):

Z=7_.(1-exp(-k"1))
Inwhich,

(15-1)

) K",
Z =limZ=

T 152)
KIIEKIIf+KIIr (15_3)
Substituting equation (13) into equation (15-1) results:

"\ 2
Z=2-Z.(1-Kt+ (k9 ) (16-1)
. v t?
Z=ZK1t-ZK? 5 (16-2)

Comparing equations (14-2) and (16-2) concludes:

o LYK - XK
T YK - Xk (=

(Y = X k)’
SRETO T 72

In the performed experiments, the compoundswere

exposed to distilled water or aerated dudge environ-
ment around 50 dayswhich can beconsidered arela
tively short timefor completebiodegradation of theplas-
tic samples. Therefore, the gpproximation of omitting
higher order terms of the Taylor expansionisreason-
able, and the absol ute weight loss or biodegradability
of thesamplesisindicated asfollows:

_ (Yel'(v - Xek)2 Yek'2 - Xek2
= [ Y.k? - X Kk - ap{{ YK — X k ]tJ (18)
Figures6and 7 in additionto TABLES 1 and 2 dem-
onstrate theresultsfrom curvefitting of experimental
datawith the above suggested kinetic correlations. The
reported R-squared valuesin TABLES 1 and 2, indi-
caetha theassumption of reversiblekineticmode with
first order forward and reversereactionsfor thewe ght
changeof samplesindidtilledwater andin aerated dudge
isacceptable. Besides, the gpproximation used for ob-
tainingtheoverdl fractiona converson(Z) inasmilar
way tothoseused for thefractional conversionindis-
tilled water (X) or aerated dudge (Y), isasojustified .
Specid attention should be paid to the reported values
of fractiona conversions(Xe, Ye) inthese TABLES
which are negative originating from thefact that the
samplesgainweight in both distilled water and aerated
sludge. However, sincethe vaues of overall sample
welight change are negative, thefractional conversions
(Ze) are expected to be positive.
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Figure6: Curvefitting of experimental datareativetosample

A’srateof water absorptionin distilled water (equations(9-

3)), water absor ption in aer ated sludge (equation (10-1)) and

overall weight loss (equation (15-1)).
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Onthebasisof Zevaluesreportedin TABLES 1
and 2, it can be concluded that Sample A containing
corn starch ismore biodegradabl ethan Sample B con-
taining potato starch.

| | Samgle B, coptaning patala siarch |
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Figure7: Curvefitting of experimental datareativetosample
B’srateof water absorptionin distilled water (equations(9-
3)), water absorption in aerated dudge (equation (10-1)) and
overall weight loss (equation (15-1)).

TABLE 1: Parametersof thesuggested kinetic correlations
for sampleA.

Equation (9-3) Equation (10-1) Equation (15-1)
100X, k R® 100.Y. K R® 100Z, K R?
-6.565 0.04536 0.9948 -7.616 0.01485 0.9977 2.017 0.2107 0.9931

TABLE 2: Parameter sof thesuggested kinetic correlations
for sampleB.

Equation (9-3) Equation (10-1) Equation (15-1)
100X, k R 100.Y. K R® 100Z. K R?
-6.565 0.04536 0.9948 -7.616 0.01485 0.9977 2.017 0.2107 0.9931

CONCLUSION

Inthisstudy, the biodegradakility of polyethylenemixed
with cornand potato starch was studied by placingthem
inside an aerated sludge environment. It is concluded
that aerated 9 udge environment isasuitable medium
for biodegradability measurement of polymer samples.
Whilesimilar studiesusing soil asmedium takesmore
than 24 weeks, the agrated 9 udge environment reduced
thistimeto 6-7 weeks.

By comparing the rate of weight change of the
samplesindistilled water and in aerated sudge, aki-
netic mode for eachisproposed. The biodegradation
studiesindicated that the biodegradability of sample

containing low density polyethylenebonded with corn
garchishigher than samplecontaninglow dengty poly-
ethylene bonded with potato starch when exposing to
aerated dudge. Theexamination of their FTIR spectra
aso confirmsthisissue.

Limiting or reversed first order kineticswas pro-
posed for biodegradation rates and results show the
assumed kinetics closely follows experimental data.
Derived equations can well be used in prediction of
degradation time of thesetypes of bio-plastics.
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