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|. Purpose

U Obtaining by radio-processingof new sustainablecompositematerialsfor
packagingand medical applications, stable under acceleratedthermal and
radiochemicatlegradatiorfincludingsterilizationdoseof 25 kGy);

U Study the thermal degradationmechanismof PLA/SIS blendsas well as
gammairradiationbehavior




ll. Introduction

U Gammaradiationinducesmajor modifications
in the structure and the physicechemical
propertieof polymers

U During irradiation, the polymeric material
absorbsa high amountof energythatis usedby
the mostreactivepositions,with thelowestbond
energieqquaternarycarbons, bonds),resulting
polymeric chain scission and free radicals
formation

U A competition betweentwo concurrentand
simultaneous processes takes place with
relatively differentrates degradatior{oxidation)
andcrosslinking(recombinatior)

U The two competitive effects strongly
influencesthe propertiesof thefinal material

The radiation induced effects in
polymeric materials

Scission / \ Crosslinking

Free radicals = initiation centersfor
the modificationsinducedby the two
processes



Radic-oxidative degradation

Afree radicals react with oxygen, resulting peroxyl radicals (very reactive species)and
compoundsvith low molecularmass

Aperoxyl radicals react with the polymeric substrate,generating hydroperoxides(very
unstablethatdecomposén oxidativedegradatiomproductyaldehydesketonesalcohols)

Crosslinking

Afree radicalsreactwith the radicalsin the system the radicalsrecombineand eitherreform
theinitial structureor form new C-C bond

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.




U Theratio betweerdegradatiormndcrosslinkingis influencedby:
the structureof polymer,

irradiation conditions absorbedirradiation dose, exposure time, irradiation
environmen{inertatmosphereair, water),irradiationflow rate

Low flow rate irradiation energyis lower, the amountof initially formed radicalsin low, higher
distancedetweenthem,theyreactpredominantlywith oxygenthatdiffuseseasilyin the materialand
thedegradatiormccurs

High flow rate radicalsreactprimary betweerthem,thediffusion of oxygenin the materialis limited-
intermolecularbridgesbetweentwo or more macromoleculaichainsare formed, resulting a stable,

crosslinkedstructure

U Theincreasan gammastability of the processeanaterialsis basedon
the mechanisnof diminishingthe competitionbetweendegradatiorand
crosslinking,in thefavor of crosslinking

U Theradio-oxidativestabilizationcanbe achievedy:
Irradiationat high flow rate
Addition of nanoparticles/fillerg¢radicalscavengers)
Addition of antioxidants



|.3. Materials and methods

CONDITIONS
~

temperature

availability resistance

Y,

non-hazardous mechanical
degradation resistance

wThe blendswere subjectedo irradiation
for establishingthe bestcompositionin
terms of the competitive effects of
degradation and crosslinking on the
low price and functionalpropertiesandapplicability. flexibility

high quality

high ease of
processability recycling

high barrier

properties
against gas
and water



Polylactic acid(PLA)

Poly-SIS

Properties

- 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 modificatiom® difficult

- thermoplastic elastomer;

- important thermal, mechanical and morphologica
properties;

- originality: this paper aims to study the behavior
of poly-SIS in radieprocessing;
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because PLA doesnodot have ) .
- low thermal stability;
- low barrier properties; SIS
O
/[/D\HH} Obtaining
CH,

- from renewable resources by controlled
fermentationof polysaccharidesor sugar or by
polymerizatiornof lactic acid

- by ionic copolymerization of styrene with 2
methyt1,3-butadiene



Polylactic acid(PLA)

Poly-SIS

Applications

AVedicat stents, soft tissue implants, drug-controlled
delivery systems, tissue engineering scaffolds, 3D
printing scaffolds,orthopediadevices

ANon-medical biodegradable plastics, pesticide and
fertilizer delivery systems, various packaging, food
containersprotectivefoodfoil ;

Ahardeningagent,compatibilizing agent(improves
thermal stability and miscibility of compatibilized
blends), plastics, pressuresensitive disposable
adhesives, hygiene adhesives, adhesive labels,
sealingmaterials gasketsfootwear(moldedsoles),

roadpaving(additivein bituminousproducts)

Implications in radiochemistry

APLA showsa significant oxidationtendencydueto the
random chain scissions, with consequencesn the
crystallinestructureof the material

Anhigh cleavageyield;

Acleavageoccurswith the removalof the esterunit and
the formation of saturated/unsaturatedlkyl-terminal
radicals which are subsequently oxidized into
oxygenategroducts

Afor the extensionof applications,three methodsare
preferable crosslinking in  the presence of
polyfunctional monomers,compatibilizationwith other
polymers,obtainingblendswith cumulativeproperties

Athe behavior generagd by o-radiation in the
chemical structure of poly-SIS has not been
investigatedset;

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

Athe irradiation of PS involves the stabilizing
activity of benzenerings the conjugateddouble
bondshavethe role of energydepositionthat can
bedistributedon aromaticrings.



Obtaining of blends and specimens

Obtaining of blends
U By extrusionat180e (5,minutestherotorspeeddf 50 rpm;

i Before mixing, PLA beads(hydroscopicmatrix) were dried at 60C, for 24
hours

U Elastomercontentis 10, 20'H80 % wrt. PLA.




Obtaining of specimens

U The moltenproductswere pressedo form plateswith dimensiong150 x 150 x 1)
mm andfilms with a maximumthicknessof 100 um anda diameterof about30 cm X
0.1 mm.

Table 1. Parameter$or films andplatesobtaining

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

Preheatindime minute
Pressing time minute 2 6
Pressingemperature oC 185 185
Pressure atm. 150 175
Coolingtime minute 45 45

Fig.1. Platesand films
obtained for experiments



|.3. Materials and methods

Exposure to ionizing radiation

CONDITIONS: air, room temperaturé®Co source four
total absorption dose$0, 25, 50 si 100 kGyradiation flow
rate ofl kGy ht

Chemiluminescerte

Arepresentshe low energylight emissionwhich accompanies
the oxidationreactionof thecompounds

Athe mechanisnof CL emissionis the resultof the species
reactionsnvolvedin the oxidationpropagationperoxyland
hydroperoxiddreeradicals)

Athe analysis was performed to determine the oxidation
resistance®f thematerials

CONDITIONS: staticair atmospheren isotherm(170, 180
andl 9 0 agwel as in noimsotherm regime (heating ratef,
of10 e @), tempaeraturerang@>-250 e C |




FTIR Analysis

Awas performed to evaluate the accumulation of the_deﬁrada_tion
p%odlgctscontammg carbonyl groups and to characterizethe aging
effec

Athe carbonyl index values were calculatedby the applied surface
methodbasedon thefollowing relation »; — Zc=o

Awhere A, _, is the absorbancef the carbonylband,measuredn the
maximuniof the rangel7001760cnt! andAg,,, is the absorbancef
the bandfrom 1452 cnm! usedas internal standard(characteristicof
the deformationvibration of C-H bond)

CONDITIONS: room temperatureresolution 4 cm! in the spectral
range4000 400cnt?!

DSC Analysis

Awas usedto get information aboutthe thermal behavior,chan?es'n
crystallinity andoxidationresistancef PLA, SISandPLA/SISblends

Athe degreeof crystallinity wascalculatedaccordingto the formula:
AH_ — AH.
AH?

m

Awhere is the total melting enthalpy (J g?1), is the cold
crystal[ir%lg?’lthaép?g\] ql), pH, g|’s the mepl%/iglg ?er)np%orlgfuréor 100%
crystaline PLA ( g4

CONDITIONS: nonrisothermal in the temperaturagangeof 30-300
AC, in syntheticair atmospherggas flow of 50 mL mint), with a
heatingrateof 10K mint

%x=( )*100



|.4. Results and discussions

Chemiluminescence

AOxidative degradatioroccursin three successivesteps
Initiation, propagationtermination the sigmoid shapeof
the curve reflects this sequenceso that the variationin
CL intensityfollows the evolutionof the accumulatiorof

ketoneproducts,

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

APLA and SIS exhibit different ways throughwhich they
aredegradedPLA is degradedoy depolymerizatiorand
smoothoxidation and SIS behavesas a polyolefin with
radicalmechanisn{oxidativedecompositior)

AThe decompositionrate of PLA is higher than the
decompositiomrateof SIS,

AAccording to the oxidation mechanism, intensity
provided by PLA intermediatess weak one dueto the
structuraldecompositionof the PLA chains- therefore
the overall picture of the blendsis predominatedby the
minor componentS1§ whoseemissionmakesindistinct
the contributionof PLA;

ABecause there are not literature referenceson the
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degradatiorof SIS, the analogywith polystyrenemustto Fig.2. isothermal CL spectra recorded on nonirradiated samp
(a) blending componentgb) PLA / SISblends (1) 90/10Q (2)

betakeninto consideration

80/20, (3) 70/30. T&ing temperature 1 50

e C



Fig.3. Isothermal CL spectra recorded on nonirradiated AFor the PLA/SIS _Com_pos_ltlon 90/101 the
samples(1) PLA, (2) PLA/ SIS: 90/10, (3) PLA/ Sis: 80/20, - 0XIdation inductiontime is higher,showinga
(4) PLA / SIS: 70/30, (5) SIS. B&ng temperaturel50° C h|gher Stablllty Compared tO the other

compositionandwith theinitial components

AThe increaseof the SIS fraction in the PLA/

SIS blends leads to a more pronounced
oxidation (the intensity of CL emissions
Increaseprogressively)



