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Abstract

Plastic materia$ in genere areresistant to oxidation and biological attack aftksposal, whict
is attributed to theihigh molecular weight, hydrophobicity, and lackurictional groups and/c
available sites in a polymer cin for microbial attack. Ashe consumption of plas-based short
lifetime products are getting very oftesociety has experienced waste disposal problems
such polymer packagg materia, constantly in the centre of public attent In this context, the
development of techniques to obtain plastics captibbe easily degraded on nature is an ur
So, this paper aims to investigate the thermalibtalof LDPE films containing different p-
degradant agents by means of oxide-induction time (@T). The incorporation of differer
transition metal stearates in LDPE has been ableatase meaningful reduction on the oxidée-
induction time of the polymer. It could be obsertreat each stearate had a degree of influenc
this property, as the llowing order: CoSt > CeSt > MgSt. Additionally,cdan be said theall the
studied prodegradantagents are capable to indueeceleration on the thermal oxidati

degradation of LDPE, even in minimal mass propsi
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Introduction

The use of low density polyethylene (LDPE) as raatarial for innumerous consumable prodt
is really notablegspeciall when it comes to short lifetime products, sucltrash bags, single-use
packaging and agricultural mulch fil. As described byMadani et a [1], LDPE contains
additives that offer protecticagainst the effects of heat, oxygen, light, higbrgg radiation an
so on By this way, this material becon resistant to oxidatiorand biological attack afte
disposal, which is attributed iits high molecular weight, hydrophobicjtand lack of functione
groups and/or available sites in a polymer chamnfiicrobial attac [2-6]. As a consequence,
society has experienc waste disposal problems from supblymer packaging mater [7],
constantly in the centre of public atten.

Corti et al. [2] elaborated a precise review on literature about techniques to increase
degradability rate of pc-consumable LDPE, highlightingofymer copolymerisation, blending
grafting with functional polymers and compoundsyadl as on the use of f-oxidant additives.
In general, all mentioned techniques intend totheesame principle, inducing abiotic oxidation
and then a moleculaveight reduction byolymer chain fragmentation, introcing polar groups
and increasindhydrophilicity, which is thought to make the material much more vulnerab
microbial attack [7]Heat and U-light are good examples of abiotic factors thatatle to induce
polymer oxidation [@8].

When it comes to incorporating j-oxidant additives, Roy et al. [5] explains thatsheadditive:
can accelerate the oxidative degradation procedsttaareby decrease the molecular weigh
these polymers to a ley where biodegradation can take ov@ammon pr-oxidants being used
for the preparation of “o>-degradable” films are stearates of transition msefadrticularlyCe, Co
and Mn. In othepapers, Roy et al. -10] state thattiis well known that transition metals ¢
exhibit variable oxidation statewhich are responsible for their poxddant natur. In the presence
of either light or hei, the additivedead to the generation of free radicals on the pelychain
which further react with oxygen to form carbonyl groups tlyiowa series of reactions. The
carbonyl groupshen undergo photochemical reactions (Norrish Tiypke and 1l1) to finally lead
to chain scission and physical embrittlen of the samples [11-12].

In the study of Roy et al. [11], it was added tracesnainganese stearate on LDPE and it
observed a rapid degradation of the polymeric chdien exposed to xenon -weathering and
air-oven aging. Additionally, by Flyr-Wall-Ozawa kinetics treatment uni N, atmosphere,
predictediifetime of thermally aged samples was reduby a magnitude order of "2 wheren
represents the magnitude order of samples thabtdoamtain manganese stearin other papers,
Roy et al. [5-9]and Konduri et al. [13] conare the effect®f three differenttransition metal
stearateon the therm-oxidative degrad#on of LDPE films. By means of accompanying
variation of carbonyl index, elongation at brealkd amistallinity degree by DSC, the followir
order or influencecan be establisheccobalt stearate > manganestearate> titanium stearate >
iron stearateThe authors state thdegradation initiation and accelerating ability dsmexplainec

by their ability to switch between two oxidation states, ethin turnleac to decomposition of
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hydroperoxidesAdditionally, these results indicate that biodegtiah rate could be enhanced

exposing LDPE to proxidants (photo inducers) and idhddiatior, and followed by microbic
treatment [13].

Other very interestingresults were obtained by Magagula et al. [14] when invediigy the
influence of MRAI and CAl stearates as photodegradants for LDPE filmsvd$ observed th:
thermoeoxidative degradation has occurred right after pssing of LDPE film by screw exder
with profile temperature varying from 90°C to 180°By this way, it is possible to rea
processing stability of the polyethylene despite phesence of such photodegrad by adding a
phenolic and an ami-based antioxidant, suggesting that a ailed ratio of antioxidant/pr-

oxidant can improve the properties of the matevigthout affecting its degradation properties a
discarding.

So, this paper aims to investigate the thermal stgbiif LDPE films containing different p-

degradant agesty means coxidative-induction time (OIT).

Materials and Methods

Materials

Low-Density Polyethylene (LDPE- supplied as pellets by Zaraplast S.A. (Sao Pawlo Bgazil),
density = 0.923 g-crh(ASTM D-1505) and melting flow index = 22 g-(10n™* (ASTM D-1238);
Cobalt stearate (CoS— supplied as pellets by Strem Chemicals INewburypor, MA, USA);
Cerium stearate (CeS— supplied as powder by Strem Chemicals INewburypor, MA, USA);
Manganese stearabased additive (MnSi- supplied agellets by RES Brasil (Valinhos, S

Brazil).
Methods

Preparation of LDPE films

In the first part of the process, ma-batches containing LDPE arwériun stearate (CaSt), or
cobalt stearate ((B1) ormagnesium stearate-based additive (Mgth proprtion of 80/20 (wt.
LDPE/ wt. stearate), were obtained by extrusiorhw@mperatures in the range of -190°C.
Later on, a new fraction of raw LDPE was aggregatethe maste-batches to obtain the desir
modified LDPE containing p-degradant agentsia final proportion of 0.2%. Films we
obtained by a thermostatized compression molderem®A-098 (Marconi Equipamentos
Calibracao para Laboratérios Ltda., Picaba, SP, Brazil) undéemperature of 190°C + 5°C a

then cooled to room temperatt
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Thermal characterization

Oxidativeinduction time (OI") tests were performed erkin ElImer DSC60( and applying
samples ob mg £ 0.2 mg into aluminum crucibleThe flow rate of inert (l,) and oxidative (Q)
gases was set 80 mL mir’. The temperature program was accordinghe specifications ¢
ASTM D3895-07.

Once the specimen was loaded into DSC cell, the samples were let to be purged at
temperature in Nfor 5 minutes and then heated up to 200°C at zof 20°C mini*. When the set
temperature has been reactthe samples were equilibrated for 5 nfince the equilibrium tim
has expiredatmosphere was chan¢ to oxygen andsothermal operatioicontinued until the
maximumexotherm has been reached to allow a compxamination othe entireoxidation. The

tangent method wasse( to determine the OIT.

Results and discussion

Figure 1 to Figure 4 shc respectively the DSQurves for pristine LPDE and the

variations containing MnSt, CeSt and C

«— —>
N2

OIT = 18.2 min

e

OIT =13.2 min

5

OIT =0.250 min

Heat flow (W)

*Oxidat:ion started Pristine LDPE

before §5Witching to G — LOPE + MgSt

! LOPE + CeSt

Tendo — |LDOPE + CoSt
I I I : I I I I I |

1] 3 10 13 ' 20 25 30 33 40 43

Time {min)

Figure 1 — DSC curveshowingOIT calculation for pristine LDPE and LDPE containing manganese
stearate cerium stearate and cobalt steara.
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The first analysis based (Fig. 1is that the addition of the different metal steasab LDPE
caused a considerable reduction on the oxid-induction time of the polymer when comparer
its pristine composition. Despite all commercialRIP contains certain level ontioxidant on its
composition, the studied transition metal steis have played their role on accelerating
oxidative degradation in a favorable conditionsaggested by Magagula e. [14] and Ammala
et al. [16].

It is also remarkablthat different behaviors have been observed for OIT dependirth® stearat
added CoSt has reached the highest impact on LDPE, aneasi observed that the polymer |
already been degraded just much before the oxglaimosphere to be switched into DSC
cell. These observations corroborated the ones pullish&oy et al. [15], onceobalt stearate
accelerated both pyroly: as well as thermo-oxidative degradatiamich can also be indicatby
a reduction on the activation enewalues evaluated.

Although not as pronounceable as CoSt, the addition of &ls8 caused a good impact
oxidative degradation of LDPE, presenting a considie reduction on the OITEven if some
authors portrageSt as good oxidative ageor plastics which areensible to IV light [16-17],
these results indicate that it can also be useddopositions that will pass by thermice
induced oxidation processy another side, the incorporation of MgSt to LDRé& bt caused
meaningful alteration on the OIT, although it Id be detected and quantifiecDespite the fact
that Royet al. [11] observed a great reduction on propeftie compositions containing tt
additive,this was due to a g-exposition to UV light, indicating that Mg8&buld be bette
qualified as phot®ensitizer thaias thermo-sensitizer for LDPE, howetlis do not happen

polypropylene, as described by Rosa et al.

Conclusions

The incorporation of different trsition metal stearates in LDR1as bee able to cause
meaningful reduction on the oxidat-inductiontime of the polymer. It could |
observed that all studied |-degradant agents are capable to induce accelematitre
thermal oxidative degradation of LDPE, even in mial mass proportions. Mcover,
each stearate hahowna differentdegree of influence on this property, as the foliay
order: CoSt > CeSt > Mgs¢
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