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ABSTRACT

Most of the packaging applications need easy and cheap availability of
material, inertness towards outside factors like heat, chemicals, radiation
and microorganisms. Polyolefins are the right choice and have attracted
much attention of environmentalists in recent years mainly due to their
extensive in the packaging industry. Even though several methods are
adopted to reduce the usage and recycle the used material the final fate of
these materialsisto get incinerated or dumped in land or sea. With the view
to understand the structural changes that are taking place during soil burial
or composting of polyolefin films, in the present investigation, both low
density and high density polyethylenefilmswere buried in clay soil, typical
for Virudhunagar, Tamil Nadu State, India. The samples were retrieved at
different intervals of time and were analyzed for the structural variation
using by FTIR and the mechanical property loss was followed by studying
thetensile propertiesusing an Universal Testing machine. Theresultsclearly
indicate that after an induction period of 200 days, both LDPE and HDPE
film sampl e show the formation of carbonyl groups and then the amount of
carbonyl group gradually increases. The el ongation at break value decreases
at much faster rate for LDPE when compared to HDPE.
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Polymers have been replacing papers, metals,
glasses and cerami csin packaging, transportation, con-
struction, eectrical and € ectronic equi pments, appli-
ances, furniture, pipesand heavy industria equipmentsg.
Inanutshdl, from agricultureto transport and from aero-
space to food packaging, the use of plastics has be-

comeanintegra part of our daily living.
Polyethyleneisideally suited for film application
because of its toughness, puncture resistance and
clarity which areimportant propertiesfor most of the
fina formsof film products. Low density polyethylene
(LDPE) filmsdominatethe applicationsneeding clarity
andflexibility. Thetypica low dengty polyethylenefilm
productsincludefood packaging, retail grocery bags,
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garment bags, heavy duty shopping sacs, industrid lin-
ersand shrink and stretch shopping wraps.

High density polyethylene (HDPE) filmischosen
for productsrequiring high strength, stiffnessand low
permesbility. Merchandisebags, grocery bagsand multi
wall sack linersaretypical productsusing HDPE films.
It should be noted from the proceeding that some prod-
uct applications can useeither LDPE or HDPE. Poly-
ethylene contributesnearly 70 weight % of commodity
plastic waste’>4,

Plastic film packaging and carrier bagsarefairly
resistanceto degradation, are often brightly coloured
and haveahigh surface-to-volumeratio. Thishasled
to such awidespread visual pollution problem. Gov-
ernmentsof different countriesare exploring various
waysof solving thisproblem®. Increasing film thick-
nessto encourage reuse and recycling isone strategy
being considered®. Despitethese efforts, it isantici-
pated that the littering problemwill continuefor some
timeto come.

Thehugevolumeof plastic productsused by con-
sumersand industry become part of themunicipa solid
waste and hasrai sed concern among environmentalist
about disposa!™. Environmentaistsare concerned that
the chemicd inertnessand sability of thermoplagticres-
insmay contributeto solid wastesdisposal problems
becausethe conventiond polymersdo not degrade natu-
rally within areasonable period of time.

Waste plasticsaremainly composed of polyethyl-
ene(PE), polypropylene (PP), polystyrene (PS), poly-
vinyl chloride (PV C) and polyethyleneterephthal ate
(PET)®, The presence of halogenated polymers
places particular challengesupon disposa. Thisvari-
ability createsachdlengeinrecoveringvauefromplas-
ticswaste. So dsoistheneed to depolymerize plastics
inorder to make new products, as depolymerizing the
polymersto themonomersisdifficult and expensive
and recovery of monomersfrom mixed polymersis
impractical.

Waste management hasanumber of different con-
cepts, which vary intheir usage between countriesor
regions. Thewaste hierarchy classifieswaste manage-
ment strategiesaccording to their desirability. Theterm
3 R’s or “Reduce — Reuse - Recycle” has also been
used for the same purpose. The waste hierarchy has
taken many formsover the past decade, but the basic
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concept has remained the corner stone of the most
wasteminimization drategies. Somewaste management
expertshaverecently incorporated a“Fourth R”: “Re-
think”, with the implied meaning that the present system
may havefundamenta flawsand that athoroughly ef-
fective system of waste management may need an en-
tirely new way of looking at waste. Theaim of thewaste
hierarchy isto extract the maximum practica benefits
from productsand to generate the minimum amount of
waste. Incineration and disposal arethelost choices
preferred in effective waste management. Theutiliza-
tion of waste polymersby incineration has ecological
limitationg™.

Waste disposal can beeither in ocean or in earth.
Although Ocean dumpingisnot apreferred routein
terms of severewater pollution, around 25000 metric
tones of waste materials are being dumped into the
ocean. Open dumping and land filling arethetwo ma
jor routes of wastedisposal in earth.

Open dumping of waste materials causes severe
air, water and land pollution. Disposing of wasteina
landfill isthemost traditiona method of waste disposa
and it remainsacommon practicein most countries. A
well systematic landfill can behygienicand relatively
inexpensvemethod of disposingof wastematerids Na
tureand type of the soil at the site aong with the geo-
graphical location of landfill play asignificant rolein
waste management method.

When apolymeric material issubjected to harsh
and aggressive environments, many agentscaninitiate
or develop physical or chemical processesthat change
themateria properties. In general thedegradationrate
of plasticsseemto beafunction of theprevailingwesth-
ering conditionsincluding sunlight, temperature, rain,
humidity, pollutants, thermal cyclesand oxygen con-
tent?, Taking thesefactorsinto consideration, inthe
present investigation both LDPE and HDPE filmswere
buriedintheclay soil located in Virudhunagar (Tamil
Nadu State, India) area. Samples were retrieved at
varioustimeintervalsand the propertieswereinvesti-
gated. Theresultsare presented and discussed.

EXPERIMENTAL
Materials

Thelow density polyethylene (Grade: 24FS040—
Indian PetrochemicalsCorporation Limited, India) and
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high density polyethylene (Grade: F46003 - Reliance
Industries Limited, India) were used inthe present in-
vestigation. Thematerialswereblownintofilmsusing
standard extrusion technique. Thethicknessesof the
materialswere40 and 89 micronsfor LDPE and HDPE
respectively. Themateridswerecutinto 18 cm (Length)
x 4 cm (Breadth) dimensionsand wereused for further
invegtigations.
L ocation of composting

Thelocation sel ected for composting of packaging
filmswasKamargj College of Engineeringand Tech-
nology premiseswhichisstuatedat S. P. G C. Nagar,
K. Vellakulam Post - 625 701, India, by the National
Highway — 7 which connects Kanyakumari and
Varanas. Thelocationis8 Km North of Virudhunagar
and 36 Km South of Madurai inthestate of Tamil Nadu,
India. Virudhunagar islocated at thelatitude of 9°36°
and longitudeof 77°57 E.

Dimension of composting pit
Thetop view of the composting pit and itsdimen-
sonsisshowninFigurel.

L

- -

58 cm

319 cm

Figurel: Dimensionsof thecomposting pit in centimeters

Theoverdl dimengonof thepit used for composting
thefilm sampleswas 319 (Iength) x 232 (breadth) x 58
(depth) cm. The pit was divided into 12 equal parts
having 4 columnsand 3 rows (Figure 1), each having
thedimension of 58 (Ilength) x 58 (breadth) cm.

Soil analysis

The nature of the soil in which the sampleswere
buried wasfound to be black soil. A completeidentifi-
cation of thetype and property of the soil wasdone at
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theMobile Soil Testing Centre, Tamil Nadu StateAgri-
cultural Department, Aruppukottai — 626 101, Tamil
Nadu State, India. Thecharacter of thesoil anditsvaria-
tion with respect to the depth of the soil ispresentedin
TABLE 1.

TABLE 1: Propertiesof Black Soil Found at theL ocation of
Compogting
Depth (cm)

Character
Very dark brown, clay - strong
coarse angular blocky dry very
hard sticky, moist firm, plastic,
slow permeability, abrupt
smooth boundary.

Very dark brown, clay — strong
coarse sub angular blocky to
medium sub angular, very slow
permeability.

Very dark grey, clay — moderate
sub angular, very sticky, plastic,
very slow permeability.

0-14

14-33

33-63

Thesalt content of the soil wasa so estimated and
isfoundtobe0.3-0.6 % desicesim/m (ds/m) and the
pH of theclay soil found at the composting locationis
8.0—8.1. The nutrients (organic compounds, nitrogen,
phosphorusand potassium) inthe soil weretested layer
by layer and aregivenin TABLE 2.

TABLE 2 : The nutrients present in the clay soil at the
composting location

: L Top Middle Bottom
Nutrientsin soil
Layer Layer L ayer
Organic compounds (%) 0.17 0.20 0.23
Nitrogen 62.0 64.0 67.0
Phosphorous 4.0 4.0 40
Potassium 1720  176.0 88.0

Period of composting

The materia s chosen were composted from July
2004 to July 2005. The samplesweredlowed to com-
post for 73, 128 and 201 daysin pits 1 and 2, pits 3
and 4 and pits5 and 6 respectively. In pits 7 and 8, the
sampleswere alowed to compost for 266 daysandin
pits9and 10 thefilm sampleswereburied for 306 and
309 daysrespectively. The sampleswereallowed to
compost for 365 daysin pits11 and 12. The samples
wereretrieved very carefully from the pitsafter thespeci-
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fied daysand were analyzed.
FT IR studies

SHIMADZU 8400SFT IR spectrophotometer was
usedinthispresent investigationto recordthe FT IR
spectrum of al thefilm samples. Therequired dimen-
sion of thecomposted samplewas cut and thefilmwas
scanned inthefrequency region from 4000to 400 cm2,
Themaximum absorbanceat 1715cm* isattributed to
carbonyl group.

Tenslleproperty measurement

Elongation at bresk (%) for thecomposted samples
wasdetermined inaHOUNSFIELD Materid Testing
Machine (S-Series, H5K -S) having aspecial grip de-
signed for holdingthinfilm samples. It was operated at
aspeed of 150 mm/minwith agrip distance of 40mm
for thefilm samples.

RESULTSAND DISCUSSION

Weather report

Environmenta parametersliketemperature, pres-
sure and humidity were measured from July 2004 to
July 2005 (13 months), the period at which the LDPE
and HDPE sampleswere buried in clay soil and re-
trieved periodically. Thedatawererecorded daily and
the averagevalues of each parameter for the particular
month werecal culated and aregraphically presentedin
Figures2(a), (b) and (c). Thetota rainfall datafor the
13 months (July 2004 to July 2005) were a so recorded
and are presented in Figure 2(d).

40 -
2(a)

a0 -

25 +
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Figure2: Weather parameter smeasured duringtheperiod
July 2004 — July 2005: (a) Temperature (°C), (b) Pressure
(mmHg), (c) Humidity (% rd) and (d) Rainfall (cm)
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FromFigure2(a), itisexplicitthat Virudhunagar re-
gionhad theminimummid day temperatureof 27°Cfrom
November 2004 to December 2004 and had maximum
mid day temperature of about 37°C duringthe month of
May 2005 and June 2005. The pressure (Figure 2 (b))
wasfluctuating between 743 mmHg and 746 mmHg.
M aximum humidity wasabout 89 (%ard) inthemonth of
October 2004 and the minimum humidity was59 (Yordl)
inthemonth of May 2005 (Figure 2(c)). Virudhunagar
recaived thebulk of therainfdl (Figure2(d)) duringNorth
East monsoon inthemonths of September, October and
November 2004 (about 16 cm). A reasonabl e quantity
of rain wasnoted during the South West monsoon (4.4
cm) inthemonthsof May, Juneand July 2005.

FT IR studies

Fourier Transform Infra Red Spectroscopy is a
powerful tool to study the structure of organic
compounds. Thistechniqueaffordsasmple, sensitive
and nondestructive meansof detecting degradation. It
isused to identify and follow the quantitativeloss or
growth of aparticular functiona group. Thegrowth of
carbonyl and hydroxyl region has been successfully
followed by FT-IR spectroscopy®**. The evolution
of carbonyl isawell known method to follow thermal
oxidation and photo oxidation in many polymerg1&-18,
The FT IR spectra are taken for all soil buried
(composted) samplesafter being retrieved fromthe pit.
The results for LDPE and HDPE are presented in
Figures 3and 4 respectively.
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Figure3: Comparison of different FTIR spectraof commercial
L DPE samplewith varying daysof composting. (a) O days, (b)
266 days, (c) 365 days

The composting of LDPE and HDPE filmsleadsto
the production of several oxidation products, most of
these are truly characterized by FT IR. The FT IR
spectra recorded were very similar in their shape

C.T.Vijayakumar et al.

359

Curremnt Research Paper

Iy < INGEN
5? [ L. WaLIN
INATEN -
; I-A 8 | 1718 'fi 1

! . I - X ' " . |

I§RE] RN A (R

S o [
kol *}_ H 411 podacf |
e i i o i .;..q.amiq:,_

Figure4: Comparison of different FT1R gpectraof commer cial
L DPE samplewith varying daysof composting. (a) 0 days, (b)
128 days, (c) 365 days

whatever the duration of soil burid is.All thesamples
exhibited carbonyl formationon soil burid environment.
Theinfrared spectraof composted LDPE and HDPE
samplesshowed severd sructura changesasevidenced
by the appearance of a group of sharp peaksin the
region 1600— 1800 cm™. The peskswereassigned to
groupslike carboxylicacid (1700 cm'?), ketones (1714
cmt), aldehydes and esters (1733 cm?), peresters,
peracidsandy - lactones (1780 cm™)[2%-21,

Carbonyl index measurement

Carbonyl index wasdefined astheratio of thein-
tensities of the >C=0 band at 1715 cm* to the C-H
rocking band at 729 cm for polyethylene. The C-H
rocking band remai nsunchanged during the oxidation
process whilethe >C=0 peak increased with the ex-
tent of composting time®.

Absorbance at 1715 cm™
(carbonyl peak)

Carbonyl Index =
Absorbance at 729 cm?

(C - H rocking band)

The carbonyl index parameterswere cal culated for
LDPE and HDPE samples(TABLE 3). Theca culated

TABLE 3: Thevariation of elongation at break and car bonyl

index valuesfor L DPE and HDPE

Exposure = t.LDPE = t_H DPE
H ongation ongation

omy @B TV o Oy

(mm) (mm)
0 260 0.06 125 0.03

73 242 0.05 64 0.03
128 231 0.06 104 0.03
201 213 0.06 107 0.03
266 198 0.05 68 0.05
306 190 0.06 58 0.05
365 150 0.09 100 0.09
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carbonyl index valuesfor LDPE and HDPE filmsare
plotted against the duration of soil burial and arepre-
sented in Figures5 (a) and (b) respectively. Fromthe
figuresitisexplicit that the carbonyl group formation
requires an induction period of 200 days. After that
thereisagradual increasein thecarbonyl index value.
Thissmilar effect of induction periodfollowed by rapid
degradati on was being observed by many authors?
21, Thisfact indicatesthat after 200 days, thefilmsbur-

iedinthesoil startsto get oxidized.
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Figure5: Carbonyl index valueof polyethylenesamplesver -

susduration (days) of sail burial. (a) L DPE, (b) HDPE

Soil buria of LDPE and HDPE filmshasavery
complex processof degradation of specid practical in-
terest. When apolymer is subjected to harsh and ag-
gressiveenvironments, many agentscaninitiateor de-
velop physical and/or chemical processesthat change
thematerid properties. At least four typesof degrada-
tion areimplied dueto the s multaneous action of oxy-
gen, heat, mechanicd stressand moisture. Most forms
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of environmental attack begin at the polymer surface.
An oxidized surface having ahigh oxygen concentra-
tionthusappears, itisbrittle, and surfacecrazingisevi-
dent, showing themorphologica changes. Sometimes
itisobvioudy colored, leadingto aestheticfalure. Then
thedegradation processadvancesing de by adiffusion-
controlled mechanism. Astheduration of soil burid in-
creases after induction period, it showsasudden change
inal macroscopic properties. Thegenerd degradation
mechanismsof polvolefinsareshowninFiaure®.
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Figure6: General degradation mechanism of polyol€efins

The mechanismsof oxidative degradation of poly-
mers have been extensively studied and reviewed 20,
Itisgenerdly accepted that thekey intermediatesare
hydroperoxide, which are always present because of
oxidation during preparation or processing and decom-
poseunder theinfluenceof hedt, light or trangtion meta
catalysisto producefreeradicals. Onceradicasare
produced they enter into achainreaction with oxygen
and C-H bondsin the polymer, to produce arange of
oxidation products. Although the primary productsare
hydroperoxides, their decompositionyid dsakoxy radi-
calswhich areresponsiblefor many secondary prod-
ucts. Elimination of alkoxy radicals competeswith H
abstraction, and leadsto chain scission and formation
of avariety of carbonyl products*®.

Inthe present investigation thetwo natural param-
etersliketemperatureand therainfall may haveadras-
tic influence on the degradation of the polyolefinfilm
samples. Asaready stated, the average temperature
increasesfrom 27 to 37°C and smilarly enoughrainfal
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isnoted during the summer season. Owingto theheavy
dampnessin the clayey soil during the rainy season,
andthegradud increaseinthetemperature, the samples
undergo both aerobic anaerobic degradation and may
also beinfluenced by microbia attack.

M easurement of tensile properties

M easurement of the mechanical propertiesof ade-
graded polymer isarapid way to determinethe degree
of degradation. Althoughthisprovideslittiebasicinfor-
mation about theageing process, it isimportant for prac-
tical purposesandisroutinely used asapart of an age-
ing study. Theultimatetensileelongationismoresens-
tiveto degradation than istheultimate strength. Tensile
properties of composted L DPE and HDPE were mea:
sured and have been compared with the virgin com-
mercial LDPE and HDPE films (TABLE 3). There-
sultsfor LDPE and HDPE aregraphically represented

inFigures7(a) and (b) respectively.
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Figure7: Variation of elongation at break ver susdur ation

(days) of soil burial. (a) LDPE, (b) HDPE
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The elongation at break value progressively de-
creasesasthecomposting period increases. Eventhough
theformation of carbonyl groups needsan induction
period, themechanica property whichisfocusedinthe
present investigation does not show such behaviour.
Further the LDPE samplesshow much strong mechani-
ca loss, when compared to HDPE. Themolecular ar-
chitecture and other structural parametersalso decide
thevariation of themechanica propertieswith respect
toincreasein compostingtime. Thepresenceof branch-
ing and the probability of easy attack of reagentsowing
to theamorphous nature may play arolein theloss of
mechanical propertiesin LDPE during composting.

CONCLUSION

The LDPE and HDPE films undergo significant
changesintheir chemica structurewhenburiedinclay
soil, typicd for Virudhunagar, Tamil Nadu State, India.
Considerable quantities of oxidation products, mainly
carbonyl group incorporation and deterioration of me-
chanical propertiesarenoted. Theintroduction of car-
bonyl moiety in both LDPE and HDPE needsan in-
duction period of at least 200 dayswhen these materi-
dsarecompostedinaclay soil. Thelossintensileprop-
erty (elongation at break) of thesamplesisprogressive
for both LDPE and HDPE samples. Commercid LDPE
samplesdeterioratefaster than HDPE samplesand can
be explained on the basisof their molecular architec-
ture. Further theamount of rainfal andtheexternd tem-
perature may also play afavorablerolefor the degra
dation of LDPE and HDPE films. Although composting
of LDPE and HDPE werefollowed for ashort period
(13 months), the present investigation givesan idea
about theinitial changesthat are occurringinthesema:
terid sduring composting.
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