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I. Purpose

üObtaining by radio-processingof new sustainablecompositematerialsfor
packagingand medical applications,stable under acceleratedthermal and
radiochemicaldegradation(includingsterilizationdoseof 25kGy);

üStudy the thermal degradationmechanismof PLA/SIS blendsas well as
gammairradiationbehavior.



üGammaradiationinducesmajor modifications
in the structure and the physico-chemical
propertiesof polymers;

üDuring irradiation, the polymeric material
absorbsa high amountof energythat is usedby
themostreactivepositions,with thelowestbond
energies(quaternarycarbons,́ bonds),resulting
polymeric chain scission and free radicals
formation;

üA competition between two concurrent and
simultaneous processes takes place with
relativelydifferentrates: degradation(oxidation)
andcrosslinking(recombination);

üThe two competitive effects strongly
influencesthepropertiesof thefinal material.

II. Introduction

Free radicals = initiation centersfor
the modificationsinducedby the two
processes



The result of the competition between oxidation and 
recombination is actually the result of the competition between the 
reaction of free radicals with oxygen and the reaction with another 
radical.

Radio-oxidative degradation

Åfree radicals react with oxygen, resulting peroxyl radicals (very reactive species)and
compoundswith low molecularmass;

Åperoxyl radicals react with the polymeric substrate,generatinghydroperoxides(very
unstable)thatdecomposein oxidativedegradationproducts(aldehydes,ketones,alcohols).

Crosslinking

Åfreeradicalsreactwith the radicalsin thesystem,the radicalsrecombineandeitherreform
theinitial structure,or form new C-C bonds;



üTheratiobetweendegradationandcrosslinkingis influencedby:
thestructureof polymer;

irradiation conditions: absorbedirradiation dose, exposure time, irradiation
environment(inertatmosphere,air, water),irradiationflow rate;

Low flow rate- irradiation energyis lower, the amountof initially formed radicals in low, higher
distancesbetweenthem,theyreactpredominantlywith oxygenthatdiffuseseasilyin thematerialand
thedegradationoccurs;

High flow rate- radicalsreactprimarybetweenthem,thediffusion of oxygenin thematerialis limited-
intermolecularbridgesbetweentwo or more macromolecularchainsare formed, resultinga stable,
crosslinkedstructure.

üThe increasein gammastability of theprocessedmaterialsis basedon
themechanismof diminishingthecompetitionbetweendegradationand
crosslinking,in thefavorof crosslinking.

üTheradio-oxidativestabilizationcanbeachievedby:

Irradiationat high flow rate;

Addition of nanoparticles/fillers(radicalscavengers);

Addition of antioxidants.



I.3. Materials and methods

MATERIALS : blends with various
compositions of PLA and poly-SIS
(30% polystyrene), used as a
processing thermoplastic for PLA
duringmelting

ωThe blendsweresubjectedto irradiation
for establishingthe best compositionin
terms of the competitive effects of
degradation and crosslinking on the
functionalpropertiesandapplicability.
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Properties

Obtaining

- biodegradable aliphatic polyester;

- biocompatible;

- easy processability;

- its properties can be tailored for a wide range of 
applications;

Desadvantages: 

- low hardness;

- brittle material;

- chemically inert (the surface modifications are difficult 
because PLA doesnôt have reactive side groups);

- low thermal stability;

- low barrier properties;

- thermoplastic elastomer;

- important thermal, mechanical and morphological 
properties;

- originality: this paper aims to study the behavior 
of poly-SIS in radio-processing;

Poly-SISPolylactic acid(PLA)

- from renewable resources by controlled

fermentationof polysaccharidesor sugar or by

polymerizationof lacticacid.

- by ionic copolymerization of styrene with 2-

methyl-1,3-butadiene.



Applications

Implications in radiochemistry

ÅMedical: stents, soft tissue implants, drug-controlled
delivery systems, tissue engineering scaffolds, 3D
printingscaffolds,orthopedicdevices;

ÅNon-medical: biodegradable plastics, pesticide and
fertilizer delivery systems, various packaging, food
containers,protectivefood foil ;

Åhardeningagent,compatibilizingagent(improves

thermalstability and miscibility of compatibilized

blends), plastics, pressure-sensitive disposable

adhesives, hygiene adhesives, adhesive labels,

sealingmaterials,gaskets,footwear(moldedsoles),

roadpaving(additivein bituminousproducts);

Poly-SISPolylactic acid(PLA)

Åthe behavior generated by ɔ-radiation in the
chemical structure of poly-SIS has not been
investigatedyet;

ÅPS that represents30% of poly-SIS composition
will be usedas a referencein the radiochemical
approach;

Åthe irradiation of PS involves the stabilizing
activity of benzenerings- the conjugateddouble
bondshavethe role of energydepositionthat can
bedistributedonaromaticrings.

ÅPLA showsa significantoxidation tendencydueto the
random chain scissions, with consequencesin the
crystallinestructureof thematerial;

Åhighcleavageyield;

Åcleavageoccurswith the removalof the esterunit and
the formation of saturated/unsaturatedalkyl-terminal
radicals which are subsequently oxidized into
oxygenatedproducts;

Åfor the extension of applications, three methods are
preferable: crosslinking in the presence of
polyfunctional monomers,compatibilizationwith other
polymers,obtainingblendswith cumulativeproperties.



Obtaining of blends and specimens 

Obtaining of blends

üBy extrusion,at180ęC,6 minutes,therotor speedof 50 rpm;

üBefore mixing, PLA beads(hydroscopicmatrix) were dried at 60ÁC, for 24
hours;

üElastomercontentis 10, 20Ἠi30 % wrt. PLA.



Obtaining of specimens

üThe moltenproductswerepressedto form plateswith dimensions(150 x 150 x 1)
mm andfilms with a maximumthicknessof 100µm anda diameterof about30 cm x
0.1 mm.

Table 1. Parametersfor films andplatesobtaining

Parameters Unit Film, max. thicknessof 0.1 mm Plate, thicknessof 1 mm

Preheatingtime minute 4 4

Pressing time minute 2 6

Pressing temperature 0C 185 185

Pressure atm. 150 175

Coolingtime minute 45 45

Fig.1. Platesand films 

obtained for experiments



I.3. Materials and methods

Exposure to ionizing radiation

CONDITIONS: air, room temperature,60Cosource, four 
total absorption doses: 10, 25, 50 si 100 kGy, irradiation flow 
rate of1 kGy h-1

Chemiluminescence

Årepresentsthelow energylight emissionwhich accompanies
theoxidationreactionof thecompounds

Åthe mechanismof CL emissionis the result of the species
reactionsinvolved in theoxidationpropagation(peroxyland
hydroperoxidefreeradicals)

Åthe analysis was performed to determine the oxidation
resistanceof thematerials

CONDITIONS: staticair atmosphere, in isotherm (170, 180 
and190 ęC)as well as in non-isotherm regime (heating rate 
of 10 ęC min-1), temperature range 30-250 ęC 



FTIR Analysis

Åwas performed to evaluate the accumulationof the degradation
productscontaining carbonyl groups and to characterizethe aging
effect

Åthe carbonyl index values were calculatedby the applied surface
methodbasedon thefollowing relation:

Åwhere: AC = O is theabsorbanceof thecarbonylband,measuredin the
maximumof the range1700-1760cm-1 andACH2 is theabsorbanceof
the bandfrom 1452 cm-1 usedas internal standard(characteristicof
thedeformationvibrationof C-H bond)

CONDITIONS: room temperature,resolution 4 cm-1 in the spectral
range4000- 400cm-1

DSCAnalysis

Åwas usedto get information about the thermalbehavior,changesin
crystallinity andoxidationresistanceof PLA, SISandPLA/SISblends

Åthedegreeof crystallinity wascalculatedaccordingto theformula:

Åwhere: ȹHm is the total melting enthalpy (J g-1), ȹHcc is the cold
crystallineenthalpy(J g-1), ȹHm

* is themelting temperaturefor 100%
crystalline PLA (93 J g-1)

CONDITIONS: non-isothermal, in the temperaturerangeof 30-300
ÁC, in syntheticair atmosphere(gas flow of 50 mL min-1), with a
heatingrateof 10 K min-1



I.4. Results and discussions
Chemiluminescence

ÅOxidative degradationoccursin threesuccessivesteps:
initiation, propagation,termination; thesigmoidshapeof
the curve reflects this sequenceso that the variation in
CL intensityfollows theevolutionof theaccumulationof
ketoneproducts;

Isothermal CL spectra on nonirradiated
samplesof PLA, SIS,PLA/SIS

ÅPLA andSIS exhibit different waysthroughwhich they
aredegraded: PLA is degradedby depolymerizationand
smoothoxidation and SIS behavesas a polyolefin with
radicalmechanism(oxidativedecomposition);

ÅThe decompositionrate of PLA is higher than the
decompositionrateof SIS;

ÅAccording to the oxidation mechanism, intensity
providedby PLA intermediatesis weak one due to the
structuraldecompositionof the PLA chains- therefore
the overall picture of the blendsis predominatedby the
minor componentSIS, whoseemissionmakesindistinct
thecontributionof PLA;

ÅBecause there are not literature referenceson the
degradationof SIS,theanalogywith polystyrenemustto
betakeninto consideration.

Fig.2. Isothermal CL spectra recorded on nonirradiated samples 

(a) blending components; (b) PLA / SISblends: (1) 90/10, (2) 

80/20, (3) 70/30. Testing temperature: 150 ęC



ÅFor the PLA/SIS composition 90/10, the
oxidation inductiontime is higher,showinga
higher stability compared to the other
compositionsandwith theinitial components;

ÅThe increaseof the SIS fraction in the PLA/
SIS blends leads to a more pronounced
oxidation (the intensity of CL emissions
increasesprogressively).

Fig.3. Isothermal CL spectra recorded on  nonirradiated 

samples: (1) PLA, (2) PLA / SIS: 90/10, (3) PLA / SIS: 80/20, 

(4) PLA / SIS: 70/30, (5) SIS. Testing temperature: 150 ° C


