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Plastics have been used on short-life productsttaey have presented harmful consequences for tueenaue to the
low degradation rate reached by the most commoryofefins, such as the polypropylene. By this walye t
incorporation of pro-oxidants has been shown néseilts to the bio-assimilation of the common polsgn&he aim of
this work is to obtain a modified polypropylene R’y the incorporation of pro-oxidant agents, ane influence of
plasticized starch (TPS) to iPP. TPS was obtainedhk incorporation of glycerin (sub-product of diesel), in a
proportion of 80/20 (wt. starch/wt. glycerin) prgsed into an extruder LGEX 25/26 with L/D=25 andheo
temperatures of 120°C and 240°C. iPP was additig®alg a masterbatch contained, individually, caicistearate
(CasSt) and magnesium stearate (MgSt) in a propodf@0/20 (wt. iPP/ wt. stearate) using tempeestwf 200/21%C.
By the end, it was reached a final amount of steas&0.2% in the blend. The TPS was incorporateth¢ modified
iPP using the same process described above, foltbeing compositions (modified iPP/TPS): 95/5/80, 80/20 and
70/30. The mechanical properties were evaluatedgus20 kgf-load cell and stretching speed ofit/min (ASTM
D-638/99). The melting flow index was performedaimextrusion plastometer using temperature of 180RCpressure
of 2.16 kg (ASTM-D-1238/99). The addition of TPSogressively decreased the mechanical propertieslfahe
blends. The formulations 80/20 and 70/30, presgnifiySt and CaSt respectively, presented the highesies of
Young's Modulus, which were almost 20% higher tipaime iPP. It was also observed that the incorpamadf TPS to
the iPP increased the melting flow index of theyptdfin and the formulations 80/20 and 70/30, ia firesence of
SMg, which have reached values 30% higher thaptine iPP.
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Introduction

Plastics have been applied in the large majoritysbbrt-life products, such as packaging
developments, due to some of the characteristicthe$e materials e.g. low specific weight,
mechanical resistance, a trouble-free processalaitt considerable durability [1]. Alariqui and
collaborators still consider that resistance t@mdl agents, the photo-oxidative degradation and t
the microbiological attack have leaded the polymeniaterials to a highlighted position in the
transformation industries nowadays [1].

By another side, the great number of polyolefimoducts has caused harmful consequences to the
Nature due to the low degradation rates reachethéraditional polyolefins, e.g. low-density
polyethylene (LDPE) and polypropylene (iPP).

By this way, researchers have studied the incotiporaof biodegradable polymers, such as the
starch, to the traditional polyolefins, which isfified by the presence of hydrolysable group$ian t
natural polymer molecules that are capable of imduthe biodegradation of the polyolefins [2-4].



Ramis et al. [5] evaluated the biodegradabilityi®P/starch blends under simulated soil and
observed the materials decomposition under nitrogad oxygen atmosphere, by different
mechanisms of degradation. The biodegradationteffebe starch but not the iPP matrix.

When dealing with starch-derivative materials, tlist can present a thermoplastic characteristic
(commonly called thermoplastic starch or TPS) wilrgorporating glycerin to it, acting as a
plasticizer [6]. Besides of it, the use of glyceras described by Carvalho [6], can increase the
fragmentation rate of the material (morphologidalcture), obtaining though materials with many
distinct characteristics just by varying the amoafiglycerin on the starch.

In this context, it's assumed the possibility ofngsglycerin derived from biodiesel production
process as a plasticizer for starch. As descrilyeBducas [7], during the processing of biodiesel,
each 7 of biodiesel generates 30of glycerin. Because of it, environmental probldmase been
observed around the discharge place of the residugszil.

In general, it is said that in order to let theyodéfins more susceptible to degradation, some kind
of modification is necessary, such as modificatiams the crystallinity degree [8] chemical
degradation and reduction on the molar mass ofnpety to create short molecules that are capable
of being absorbed by microorganisms [9].

It's also interesting the advances on understanthiegeffects of directly incorporating carbonyl
groups present on the pro-oxidative agents [5,9)dg masterbatches [5] or ultraviolet irradiation
(UV) [9]. The UV irradiation or the sun light actiacan reduce the size of the polymeric chains and
then generative oxidative groups, such as carbargiboxyl and hydroxyl. The intermediary
products — hydroperoxides, peroxides, alcoholspriet and some aldeydes — are also present in
lower amounts because there are continuously sudfexidation.

The usage of substances that catalyze the thenmaiaio-oxidative degradation, known as pro-
oxidant, is generally composed by transition mefalg. zinc, copper, cobalt, manganese etc).
Bikiaris [9] studied the effect the use of cobakasate in LDPE/starch blends and Roy [10]
evaluated the influence of the latter agent indbgradation of LDPE films.

By this way, this paper presents the mechanical amatphological properties of isotatic
polypropylene (iPP) and thermoplastic starch (Tpi&3ticized with glycerin from biodiesel blends,
as well as the effects of the presence of calcimeh magnesium stearates on the iPP and its

behavior on the blends iPP/TPS by the propertissrideed above.

Experimental
Materials
* |sotatic polypropilene (iPP) — type Prolen®, mmetform of pellets, lot D00617, supplied by

Suzano Petroquimica S.A. (Sao Paulo, SP, Brazil).
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» Starch — type Amidex 3001TM, in powder form, mataass of 34,000-gol-1 and gelatinization
temperature of 90-95°C, supplied by Corn Produagseldientes Industriais (Jundiai, Sdo Paulo,
Brazil).

* Glycerin — in liquid form, obtained from the pess of production of biodiesel, density of 1.29
g-cmi®, containing 80% of glycerol, 7% of humidity, 0.2%%methanol, supplied by Granol Ltda.
(Anapolis, Goias, Brazil).

* Calcium stearate (CaSt) — in the form of powdepplied by Dacarto Benvic S.A. (Diadema, Séao
Paulo, Brazil).

* Magnesium stearate (MgSt) — in the form of powder 200604295, produced by The Spherd
Chemical Company and supplied by AMC do Brasil L{&#o Paulo, SP, Brazil).

Isotatic polypropylene modification

Pure iPP and masterbatches containing 80% of ilIP28%6 of pro-oxidant additive (stearates of
calcium (CaSt) or magnesium (MgSt), individually),mass, were developed by extrusion process
in an extruder LGEX 25/26 with L/D=25. The temparat used for zones 1 and 2 were 190°C and
210°C, respectively, and 50 rpm.

The modified PP was obtained by extruding the iRB the latter masterbatches so that it was
reached a final concentration of 0.2% of stearastanass, in the iPP, following the conditions
described in the last paragraph. The compositioestlaen denominated as iPP, iPPCaSt and
iPPMgSt for unmodified iPP, iPP containing 0.2% @dSt and iPP containing 0.2% of MgSt,

respectively.

Plastification of starch

Starch was plasticized with glycerin derived frohe tprocess of obtaining biodiesel using a
mechanical powder mixer, in a proportion starchdgtin 80/20 (wt./wt.) and let to mixture during
10 min. TPS was obtained by extrusion process imxruder LGEX 25/26 with L/D=25. The
temperatures used for zones 1 and 2 were 130°C4H1¢E, respectively, and 50 rpm.

Preparation of blends

Blends of iPP/TPS, iRRs: /TPS and iPRs(TPS were developed by extrusion process in an
extruder LGEX 25/26 with L/D=25. The temperaturesed for zones 1 and 2 were 190°C and
210°C, respectively, and 50 rpm. The following cosipons iPP/TPS (wt./wt.), with/without pro-
oxidant agents, were obtained: 95/5, 90/10, 80¢2D78€/30.
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Obtaining the films

The films were obtained by a thermostatized congmoes moulder model MA-098 (Marconi
Equipamentos e Calibragcdo para Laboratorios LRieacicaba, SP, Brasil) under a temperature of
210 = 5°C and time exposition of 15 min and, tHento cool until environment temperature. Films

of pure TPS were obtained by the same methodolagg bkemperature of 140 + 5°C.

Mechanical properties

Plates (200 mm x 200 mm x 1.0 mm) and type IV spens (ASTM D-638/99) were stamped with

a cutting tool. The tests were done using a unaleessting machine model DL 2000 NS 5921
(EMIC Equipamentos e Sistemas de Ensaio Ltda.,J886é dos Pinhais, PR, Brazil). The control
program used was Tesc version 3.01 and the loadaxla capacity of 20 kgf. The specimens were
25 mm long and the speed of stretching was 50mimnt.

Melt flow index (MFI)

The melt flow indices for iPP and its modificatiomgere determined using a model MI-1
plastometer (DSM Instrumentacéo Cientifica Ltd&o aulo, SP, Brazil), according to ASTM-D-
1238 (190°C/2.160 kg).

Scanning electron microscopy (SEM)

Photomicrographs of iPP and its modifications ste$aafter freezing in liquid nitrogen were
obtained using a JEOL model JSM-5900LV scanningteda microscope (JEOL Ltd, Akishima,
Japan).

Results and Discussion

Mechanical properties
Figure 1-3 show the mechanical properties for pBfe and TPS, and their blends, without/with
modifications for the iPP.
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Figure 3 — Values of Young's modulus for pure iPP and T&#i their
blends without/with the presence of pro-oxidantrage

By analyzing Figure 1, it can be observed thatittterporation of TPS reduces the values for
tensile strength at break for iPP, that is, théh@igconcentrations of TPS in the blend, the lower
values for the properties were reached. This cabagily be justified by the low tensile strength

presented by pure TPS, almost 90% lower than tree pesented by iPP. By this way, it's

suggested that the characteristics of TPS was prea@nt in the blend. The incorporation of the

pro-oxidant agents did modify neither the mech&eicavior of the blend nor for the pure iPP.

The observation of Figure 2 reflects that the ipooation of TPS to PP reduced meaningfully the
elongation at break of the blends, when comparegdgainmodified iPP (40% of reduction) and to

the TPS (85% of reduction). It's also importantttttee amount of TPS is not important for the

values of the latter property, so there are no meéul variations among the compositions iPP/TPS



95/5, 90/10, 80/20 and 70/30. The presence of gidaat agents has not caused any alterations for
the iPP and their blends with TPS.

Finally, Figure 3 shows that the incorporation d?SI'to PP caused a reduction for Young's
modulus to the blends, indicating that the blerespnts now a lower toughness than the pure iPP.
It can be analyzed, otherwise, that an increasingjl® on the Young’s modulus probably was
caused by a better compatibilization and higheremdbr organization for the iPP and TPS chains.
As presented in the latter paragraphs, the proamtichgents did not cause any meaningful
alteration.

So, it can be seen that the mechanical properters wot modified by the incorporation of pro-
oxidant agents what suggest no influence of theqssing of the materials, differently of observed
by Coaquira [11], in which the temperature of pssteg has already initiated the degradation of

the materials, activating the function of catalggthe referred process.

Melting flow index
Figure 4 presents the values of melting flow index pure iPP and their blends with TPS,

without/with modifications for the iPP.
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Figure 4 — Values of melting flow index for pure iPP anéitthlends with

TPS, without/with the presence of pro-oxidant agent

It can be seen that, as observed for the mechaproglerties (Fig.1-3), the increasing on the
amount of TPS has reduced the melting flow indethefblend for the lower 10% (Fig.4), what can
be justified by the amorphous domain presented B8 &nd its influences in the structure of the
blend.[12]

Analyzing the presence of the pro-oxidant agemtsam be seen that the compositionsciRAPS
presented a reduction on the melting flow index nveempared to the blends iPP/TPS. For the

compositions iPRys/ TPS, it was observed a highlighted increasingttierreferred property when
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compared to all the other compositions, what suggélsat, under high temperatures, the
magnesium stearate is activated and it starts i cbaction of breaking the chemical chains and

producing low molecular weight products, which haveigher potentiality for melting.

Morphological characteristics
Figure 5 presents the surface electron microgrdphspure iPP and TPS, and their blends,

without/with modifications for the iPP.
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compositions pro-oxidant With CaSt  With MgSt
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By the analysis of Figure 5, it can be noted thatihcreasing of the amount of TPS in the blend
increases the morphological disorder in the contjpos, leading to an amorphous characteristic,
possibly due to the same disposition presenteddrgls which reflects all the discussions done for
all the properties analyzed.

Morphologically, it can be seen that the composiilBR-,s{TPS 70/30 presents bigger crystalline
domains than any other composition and the fornaraPR.ys/ TPS 90/10 also presents a very
well defined crystalline structure but with a suppeal area lesser than the former composition.
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Conclusions

The modification of iPP did not cause a meaningéduction on the mechanical properties and
melting flow index for the polyolefin, what suggeshat there was not any degradation due to the
processing of the material. For the compositionB/TIPS, iPRas{TPS and iPRys/TPS, it was
observed that the mechanical properties and thangdlow index were reduced by increasing of
the amount of TPS. For the blends with the Mg, rirelting flow index was increased for the
compositions with TPSt, what suggests a high-séitgibf the stearate when exposed to elevated
temperatures, and that the stearate acts more rgrapethe blends containing high amounts of

TPS, so changing the amorphous domains of the lend
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