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STUDY ON THE IMPROVEMENT OF PHYSICAL-MECHANICAL CHARACTERISTICS IN THE EVA/PVC BLENDS IRRADIATION WITH ELECTRON BEAM IN THE
PRESENCE OF TRIALLYLISOCYANURATE

ABSTRACT. The paper presents irradiation of thermoplastic elastomers based on ethylene-vinyl acetate (EVA) and poly(vinyl chloride) (PVC) plasticized with small
ionizing radiation doses, in the presence of triallylisocyanurate (TAC), for the purpose of improving their characteristics. Results obtained from the study have
shown that by irradiating blends of EVA/PVC in presence of TAC, new materials with improved properties have been obtained, as a result of crosslinking reactions
and reorientation of sample particles under the influence of accelerated electrons. The optimal irradiation dose and the optimal TAC concentration can be chosen
depending on the composition of each blend and on the applications of the final product.
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STUDIU PRIVIND IMBUNATATIREA CARACTERISTICILOR FIZICO-MECANICE ALE AMESTECURILOR EVA/PVC IRADIATE CU ELECTRONI ACCELERATI iN PREZENTA
DE TRIALILIZOCIANURAT

REZUMAT. Lucrarea prezinta iradierea unor elastomeri termoplastici pe baza de etilen vinil acetat (EVA) si policlorura de vinil (PVC) plastifiata cu doze mici de radiatie
ionizanta, in prezenta de trialilizocianurat (TAC), cu scopul de aimbunatati caracteristicile acestora. Rezultatele obtinute in urma studiului au aratat ca prin iradierea
amestecurilor de EVA/PVC in prezenta TAC, s-au obtinut materiale cu proprietati imbunatatite, ca urmare a reactiilor de reticulare si de reorientare a particulelor
probelor sub influenta electronilor accelerati. Doza optima de iradiere si concentratia optima de TAC se pot alege in functie de compozitia fiecarui amestec in parte
side utilizdrile produsuluifinal.

CUVINTE CHEIE: EVA, PVC, TAC, iradiere, proprietati fizico-mecanice

ETUDE SUR L'AMELIORATION DES CARACTERISTIQUES PHYSIQUES ET MECANIQUES DES MELANGES EVA/PVC IRRADIES PAR FAISCEAU D'ELECTRONS DANS
LA PRESENCE DE TRIALLYL ISOCYANURATE

RESUME. Cet article présente I'irradiation d'élastoméres thermoplastiques mélanges a base d'éthylene-acétate de vinyle (EVA) et le chlorure de polyvinyle (PVC)
plastifié avec de faibles doses de rayonnements ionisants en présence du triallyl isocyanurate (TAC) afin d'améliorer leurs propriétés. Les résultats obtenus a partir
de I'étude ont montré que par l'irradiation des mélanges EVA/PVC en présence de TAC on a obtenu des matériaux avec des propriétés améliorées en raison des
réactions de réticulation et la réorientation des particules d'échantillons sous l'influence des électrons accélérés. La dose optimale de radiation et la concentration
optimale de TAC peuvent étre choisies selon la composition de chaque mélange séparément et selon les utilisations du produit final.

MOTS CLES: EVA, PVC, TAC, irradiation, propriétés physiques et mécaniques

INTRODUCTION

Blends of ethylene-vinyl acetate (EVA)
copolymers and poly(vinyl chloride) (PVC) have been
extensively studied by many authors by means of
different techniques [1-3]. The great interest for
EVA/PVC mixtures is due to the fact that EVA, being a
highly flexible polymer, can act as plasticizer of PVC,
with the advantage to avoid the addition of low
molecular plasticizers. In fact the migration of these

INTRODUCERE

Amestecurile din copolimeri etilen vinil acetat
(EVA) si policlorura de vinil (PVC) au fost studiate
extensiv de multi autori, utilizand diverse tehnici [1-3].
Interesul semnificativ pentru amestecurile EVA/PVC se
datoreaza faptului ca EVA, un polimer foarte flexibil, se
poate comporta ca un plastifiant pentru PVC, avand
avantajul de a nu necesita adaugarea unor plastifianti
cu moleculad mica. De fapt, migrarea celor din urma in
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latter in PVC matrices is a considerable problem,
especially as regards the stiffening of the final products
as well as the potential health risks for medical and
food packaging applications. EVA/PVC is an interesting
system also because it is an example of
homopolymer—copolymer miscible blend although the
homopolymers from the three repeating units are
immiscible among themselves: PVC is immiscible with
polyethylene and also with poly(vinyl acetate), but
forms miscible mixtures with EVA within a specified
range of copolymer composition. It has been suggested
that the dependence of miscibility on the copolymer
compositionis due to repulsion forces between the two
different copolymeric units [1-5].

The paper presents irradiation of blends based on
EVA and PVC with small ionizing radiation doses, in the
presence of triallylisocyanurate (TAC), for the purpose
of improving their characteristics. Through electron
beam (EB) irradiation the purpose is to obtain: (a)
optimization of interfacial tension; (b) stabilization of
the morphology against high stress during
development; and (c) enhanced adhesion between the
phases in the solid state [6-8]. Thus, compatibility
between the two phases is improved and, as a result,
better characteristics are obtained. The main
advantages of sample irradiation compared to other
methods used in processing elasto-plastic materials to
improve their properties are: (a) it can be directly
applied to the finished product, offering dimensional
stability, (b) due to ionizing radiation properties,
certain characteristics can be improved or products
with unique properties can be obtained, which cannot
be achieved using other methods, (c) by using high
power accelerators volatile organic compound
emissions are reduced, energy is better used and a
more exact control of the process is obtained [8-9].
Research papers have been published suggesting that
appropriate polyfunctional monomers (PFMs), also
called coagents, in polymer matrix could be used to
obtain desired physical properties of the blend at lower
irradiation doses. Coagents are multi-functional
organic molecules which are highly reactive towards
free radicals [10-13]. From previous studies [13-14] it
was concluded that the most efficient PFM for EVA
copolymer blends has been triallylisocyanurate (TAC).
In this paper, the influence of TAC concentration on
characteristics of EVA/PVCblends irradiated with EB.

matricele de PVC este o problema importantd, mai ales
cu privire la intarirea produselor finale, precum si
riscurile de sanatate ce pot aparea in cadrul utilizarilor
in medicina si la ambalarea produselor alimentare.
EVA/PVC este un sistem interesant si pentru ca
reprezinta un exemplu de amestec miscibil intre un
homopolimer si un copolimer, desi homopolimerii din
cele trei unitati care se repeta sunt imiscibili intre ei: PVC
este imiscibil cu polietilena si cu poliacetatul de vinil, dar
formeaza amestecuri miscibile cu EVA intr-un anumit
interval al compozitiei copolimerului. S-a sugerat ca
dependenta gradului de miscibilitate de compozitia
copolimerului se datoreaza fortelor de repulsie dintre
cele doua unitati copolimerice diferite [1-5].

Lucrarea prezinta iradierea amestecurilor pe baza
de EVA si PVC cu doze mici de radiatii ionizante, in
prezenta de trialilizocianurat (TAC), in scopul de a
fmbunatati caracteristicile acestora. Obiectivul iradierii
cu electroni accelerati (EA) este de a obtine: (a)
optimizarea tensiunii interfaciale; (b) stabilizarea
morfologiei Tmpotriva solicitarii mari din timpul
dezvoltarii; si (c) o adeziune mai buna intre faze in stare
solida [6-8]. Astfel, se imbunatateste compatibilitatea
dintre cele doua faze si, prin urmare, se obtin
caracteristici mai bune. Principalele avantaje ale
iradierii probelor, Tn comparatie cu alte metode
utilizate la prelucrarea materialelor elasto-plastice
pentru a le imbunatati proprietatile, sunt urmatoarele:
(a) se poate aplica direct pe produsul finit, conferind
stabilitate dimensionala, (b) datorita proprietatilor
radiatiei ionizante, se pot Tmbunatati anumite
caracteristici sau se pot obtine produse cu proprietati
unice, care nu se pot obtine utilizidnd alte metode, (c)
prin utilizarea unor acceleratori de mare putere, se
reduc emisiile de compusi organici volatili, energia este
utilizata mai eficient si se obtine un control mai precis
asupra procesului [8-9]. Au fost publicate lucrari de
cercetare care sugereaza ca anumiti monomeri
polifunctionali (PFMs), numiti si coagenti, se pot utiliza
in matricea polimerica pentru a obtine proprietatile
fizice dorite pentru amestecuri polimerice la doze mici
de iradiere. Coagentii sunt molecule organice
multifunctionale care au o reactivitate foarte mare fata
deradicaliiliberi[10-13]. Din studiile anterioare [13-14]
s-a concluzionat ca cel mai eficient monomer
polifunctional pentru amestecurile de copolimer EVAa
fost trialilizocianuratul (TAC). Tn aceastd lucrare se va
stabili influenta concentratiei de TAC asupra
caracteristiciloramestecurilor EVA/PVCiradiate cu EB.
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EXPERIMENTAL

Materials

The following raw materials were used: (1);
ethylene vinyl acetate copolymer Elvax 260 (2)
plasticized PVC prepared from: PVC with a 64 K-wert
value, dioctyl phthalate (DOP), PVC stabilizer (LGP 8008)
and antioxidant (Uvinul 5050H); (3) polyfunctional
monomer triallylcyanurate Luvomaxx TAC DL 70, (4) zinc
oxide, (5) stearophanic acid, (6) polyethylene glycol PEG
4000. Table 1 presents the materials used in the mixtures
and their main characteristics.

Sample Preparation

Blends based on EVA and plasticized PVC were
obtained in two stages: (1) PVC plasticizing and (2)
preparing blends based on EVA and plasticized PVC.

1. PVC plasticizing was accomplished by plasticizer
(DOP) absorptioninto PVC when mixingin a 2 Lvessel of
plasticorder PLV 330 Brabender at 70 rpm, temperature
of 40°C for 10 min. For a good thermal stability,
temperature stabilizer and antioxidants have been
introduced over time. The resulted plasticized PVC is
processed into a sheet on a laboratory roll electrically
heated, the resulted sheet being used in the next stage
in the blend preparation. Table 2 presents the recipe of
PVCplasticizing blend.

2. Blends containing EVA, plasticized PVC, zinc
oxide, stearophanic acid and polyethylene glycol were
prepared by mixing on an electrically heated laboratory
roll at max. 100°C, working time 5'. Plates of 150x150x2
mm?® were prepared to determine physico-mechanical
properties using an electrical laboratory press. Press
working temperature was 160°C, pre-heating time 2,
modeling time 5' and room temperature cooling time
2'. EVA/plasticized PVC blends were developed,
containing 100, 75, 50 and 25% (mass percentages) EVA
respectively. In the blend containing 25% EVA and 75%
plasticized PVC, TAC was introduced in amounts of 3 phr
(parts to 100 parts elastomer), 6 phr, 9 phr and 12 phr,
in order to determine the influence of this type of
polyfunctional monomer on the characteristics of such
a blend. The TAC polyunctional monomer was selected
to be used in crosslinking by electron beam irradiation
of EVA as aresult of previous studies [14].
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PARTEA EXPERIMENTALA

Materiale

S-au utilizat urmatoarele materii prime: (1)
copolimer etilen vinil acetat Elvax 260; (2) PVC plastifiat
preparat din: PVC cu Kw 64, dioctilftalat (DOF),
stabilizator pentru PVC (LGP 8008) si antioxidant
(Uvinul 5050H); (3) monomer polifunctional
trialilcianurat Luvomaxx TAC DL 70, (4) oxid de zinc, (5)
acid stearic, (6) polietilen glicol PEG 4000. Tabelul 1
prezintda materialele utilizate Tn amestecuri si
principalele lor caracteristici.

Pregatirea probelor

Amestecurile pe baza de EVA si PVC plastifiat au fost
obtinute Tn doud etape: (1) plastifierea PVC-ului si (2)
pregatirea amestecurilor pe bazad de EVA si PVC plastifiat.

1. Plastifierea PVC-ului s-a realizat prin absorbtia
plastifiantului (DOF) in PVCin timpul amestecarii in vasul
de 2 Lal Plasticorder-ului PLV 330 Brabenderla 70 rpm, la
temperatura de 40°C timp de 10 min. Pentru o stabilitate
termica buna in timp, s-au introdus stabilizatorul de
temperatura si antioxidanti. PVC-ul plastifiat rezultat s-a
prelucrat sub forma de foaie pe un valt de laborator cu
incalzire electrica, iar foaia rezultata s-a utilizat in etapa
urmatoare, la pregatirea amestecului. Tabelul 2 prezinta
receptura amestecului de PVC plastifiat.

2. Amestecurile care contin EVA, PVC plastifiat,
oxid de zinc, acid stearic si polietilen glicol s-au realizat
prin tehnica amestecarii pe un valt de laborator cu
incalzire electrica la max. 100°C, timp de lucru 5'. S-au
realizat placide 150x 150 x 2 mm’ pentru determinarea
proprietatilor fizico-mecanice utilizdnd o presa
electrica de laborator. Temperatura de lucru la presa a
fost 160°C, timp de preincalzire 2, timp de modelare 5'
sitimp deracire latemperatura camerei 2'. S-au realizat
amestecuri EVA/PVC plastifiat care contin 100, 75, 50,
25% (procente de masa) EVA. Tn amestecul care contine
25% EVA si 75% PVC plastifiat s-a introdus TAC in
cantitati de 3 phr (partila 100 parti elastomer), 6 phr, 9
phrsi12 phr, pentru a se determina influenta acestui tip
de monomer polifunctional asupra caracteristicilor
amestecului. Monomerul polifunctional TAC a fost
selectat pentru a fi utilizat la reticularea priniradiere cu
electroni accelerati a EVA in urma unor studii realizate
anterior [14].
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Table 1: Characteristics of materials used
Tabelul 1: Caracteristicile materialului utilizat

27.8% wt% vinyl acetate content HsC

. g ° |

Elvax 260 Flow index (MFI) 5.5 g/10 min at 190°C and O=(E

hylene vinyl acetate copolymer ) 2.16 kg k.)a.d H H H O

Ethy ) v : .. poly Continut acetat de vinil: 27,8% wt% | |1

Clejaefivnet gl i eas Indice de curgere: 5,5 g/10 min la 190°C si (|:—(|; ?w?
sarcina de 2,16 kg H Hl, LH HJ,

Diatomic lead phosphite content 10-30%
Tribasic lead sulphate content 30-60%
PVC stabilizer LFR 8008 Lead stearate diatomic content 10-30%
Stabilizator PVC LFR 8008 Continut de fosfit de plumb diatomic 10-30%
Continut de sulfat de plumb tribazic 30-60%
Continut de stearat de plumb diatomic 10-30%

Zn content 11%

Zinc stearate Melting point 127°C
Stearat de zinc Continut Zn 11%
Punct de topire 127°C

Density: 1.128 g/cm?

Polyethylene glycol PEG 4000 Melting point range: 4-8°C 0] _H
Polietilenglicol PEG 4000 Densitate: 1,128 g/cm? H no

Interval punct de topire: 4-8°C
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Table 1: Continued
Tabelul 1: Continuare

Zinc oxide content 99.2%

Zinc oxide - Humidity 0.15%
Vulcanization activator Free zinc 0.14% 7n0
Oxid de zinc - activator de Continut de oxid de zinc 99,2%
vulcanizare Umiditate 0,15%
Zinc liber 0,14%

Table 2: Recipe of PVC plasticizing blend
Tabelul 2: Receptura de plastifiere a amestecului de PVC

PVC

1000

LFR 8008

40

Uvinul 5050

Electron Beam Irradiation

The samples were packed in a polyethylene film
and were irradiated at doses ranging from 5 to 20 Mrad
(1 Mrad = 10 Gy) irradiation in the ILU-6M cavity
electron accelerator at room temperature. The
accelerator consists mainly of two systems: the
electron acceleration system (including resonator, RF
generator, vacuum pumps for the accelerating
structure etc.) or accelerated electron generator, and
accelerated electron scanning system. The ILU-6M is a
resonator-type accelerator, operating at 1155 MHz.
This accelerator generates electron beam pulses of
0.375 ms duration, up to 0.32 A current peak intensity

Revista de Pielarie Incaltaminte 13 (2013) 2

10

Iradierea cu electroni accelerati

Probele au fost invelite in folie de polietilena si au
fost supuse iradierii la doze n intervalul 5-20 Mrad (1
Mrad = 10 Gy) in acceleratorul de electroni ILU-6M la
temperatura camerei. Acceleratorul constd in principal
din doua sisteme: sistemul de accelerare a electronilor
(care include rezonatorul, generatorul RF, pompele de
vid pentru structura de accelerare etc.) sau generatorul
de electroni accelerati si sistemul de scanare cu
electroni accelerati. Acceleratorul ILU-6M este de tip
rezonator si functioneaza la 1155 MHz. Acest
accelerator genereaza impulsuri de electroni accelerati
de durata 0,375 ms, cu intensitatea maxima a
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and up to 6 mA mean current intensity. The cross-
sectional size of the scanned EB at the ILU-6M vacuum
window exit is 1100 mm x 65 mm. The EB effects are
related to the absorbed dose (D), expressed in Gray or
J kg™. The single pass dose with conveyor under the
ILU-6M scanner is adjustable from 12.5 kGy to 50 kGy.
The layers of three sandwiched sheets were irradiated
by repeatedly passing on a conveyor under the ILU-6M
scanner in atmospheric conditions and at room
temperature of 25°C.

According to the Technical Report Series No. 277
[15], the absorbed dose is the major parameter in the
accelerated electron radiation. The vulcanizing and
grafting process performances are provided by the
severe control of this parameter.

Therelation defining the absorbed doseis:

curentului de pana la 0,32 A si intensitatea medie a
curentului de pana la 6 mA. Dimensiunea sectiunii
transversale a sistemului de scanare a EA la fereastra de
iesire a ILU-6M este 1100 mm x 65 mm. Efectele EA sunt
legate de doza absorbita (D), exprimata in Gray sauJkg™.
Doza la o singura trecere a transportorului sub scanner-
ul ILU-6M este reglabila de la 12,5 kGy la 50 kGy.
Sandvisurile cu trei foi au fost iradiate prin trecerea
repetata pe un transportor sub scanner-ul ILU-6M in
conditii atmosferice silatemperatura camereide 25°C.

Conform Seriei de Rapoarte Tehnice Nr. 277 [15],
doza absorbita este principalul parametruin radiatia cu
electroni accelerati. Performantele proceselor de
vulcanizare si grefare sunt date de controlul strict al
acestui parametru.

Relatia care defineste doza absorbitd este:

D = de/dm (1)

where de is the mean energy given up by the ionizing
radiation to the mass amounts dm of the substance
interacting with this ionizing radiation. dm is
emphasized to be very low but not so low that the
mean energy de given up by the radiation would
undergo a significant fluctuation. Absorbed dose is
measured in J/kg. The SI unit measure for the
absorbed dose is the gray (Gy): 1 Gy = 1 Joule/kg; 10
kGy =1 Mrad.

To control the radiation dose EA, the methodology
used was that of measurements of absorbed dose in
accelerated electron beams with the chemical system
"ceric sulfate — cerous sulfate" according to 1SO/DIS
15555/1997 and Manual on Radiation Dosimetry by
Niels W. Holm and Roger J. Berry [16].

Laboratory Tests

Mechanical properties of samples were measured
on a Schopper tensile tester with a nominal rate of the
traverse of the moving grip of 460 mm/min. Modulus at
100% strain, tensile strength and elongation at break
tests were carried out according to the conditions
described in 1SO 37/2012, on dumb-bell shaped
specimens of Type 2. Tearing strength tests were
carried out using angular test pieces (type Il) according
to SR EN 12771/2003. Hardness of materials was
measured using the Shore A scale with samples of 6 mm

unde de este energia medie cedata de radiatia
ionizanta cantitatilor de masd, dm, ale substantei care
interactioneaza cu aceasta radiatie ionizanta. Se
subliniaza ca dm trebuie sa aiba o valoare mica, insa nu
atat de mica incat sa duca la o fluctuatie semnificativa a
energiei medii de cedate de radiatie. Doza absorbita se
masoara in J/kg. Unitatea de masura conform Sl pentru
doza absorbita este Gray (Gy): 1 Gy =1 Joule/kg.; 10 kGy
=1Mrad.

Pentru a controla doza de radiatie cu EA, s-a
utilizat metodologia masurarii dozei absorbite in
fasciculele de electroni accelerati in sistemul chimic
"sulfat de ceriu — sulfat ceros" conform [SO/DIS
15555/1997 si Manualului de dozimetrie a radiatiilor
de Niels W. Holm si Roger J. Berry [16].

Teste de laborator

Proprietatile mecanice ale probelor au fost
determinate cu un aparat de fincercare mecanica
Schopper, la o vitezd a capetelor de prindere de 460
mm/min. Modulul de elasticitate la intindere 100%,
rezistenta la rupere si alungirea la rupere au fost
determinate conform conditiilor descrise in ISO
37/2012, pe epruvete in forma de haltera de tip 2.
Testarea rezistentei la sfasiere s-a efectuat utilizand
epruvete de testare unghiulare (de tip Il) conform SREN
12771/2003. Duritatea materialelor s-a masurat pe
scara Shore A pe epruvete de 6 mm grosime, utilizand
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thickness, by using a hardener tester according to I1SO
7619-1/2011. Elasticity was evaluated with a Schoob
test machine using 6 mm thick samples, according to
I1SO 4662/2009.

RESULTS AND DISCUSSIONS

Establishing the Composition Action onto the Physico-
Mechanical Characteristics

In order to establish how the compositions acts on
the characteristics were prepared blends based on
EVA(Elvax 260)/plasticized PVC and containing
different percentages: 100, 75, 50, 25 and 0% (EVA
weight from the total polymer mass).

Analyzing the physico-mechanical properties of
EVA/plasticized PVC blends in Table 3, it is noticed that
the decrease in EVA amount in the blends results in: an
irregular variation of hardness and elongation at break,
a decrease in elasticity and a minimum value for tear
strength and 100% modulus. These characteristics
indicate that EVA/PVC blends have low degrees of
miscibility.

Many studies have shown that EVA/PVC blends
form one-phase, two-phase and semi-compatible
phases. These blends have been thoroughly studied by
various techniques [1-6] and it has been shown that by
varying the concentration of vinyl acetate (VA) in the
copolymer and the composition of EVA in the blend,
one may observe the different phase relations. The VA
concentration in the EVA copolymer appears to be the
controlling factor concerning the compatibility of the
EVA/PVC blends. When the VA concentration is less
than 40 or greater than 75 weight %, it is commonly
accepted that the corresponding copolymer is
immiscible with PVC. The EVA/PVC blend goes through
what may be termed a "window of miscibility" when
the VA concentration of the copolymer is between 40
and 75 weight % [3]. In this VA concentration region
there exists at least partial compatibility between the
EVA copolymer and poly(vinyl chloride). Blends of
EVA/PVC containing 60-75 weight % VA in the EVA
copolymer have been found to be completely miscible;
whereas, only partial compatibility has been suggested
for blends when the VA concentration is between 40
and 60% [1-6,17].
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un aparat de testare a duritatii conform ISO 7619-
1/2011. Elasticitatea s-a evaluat cu un aparat Schoob
utilizdnd probe de 6 mm grosime, conform SO
4662/2009.

REZULTATE Sl DISCUTII

Stabilirea influentei compozitiei asupra caracteristicilor
fizico-mecanice

Pentru a stabili influenta compozitiilor asupra
caracteristicilor, s-au pregatit amestecuri pe baza de
EVA (Elvax 260)/PVC plastifiat, cu diferite cantitati de
EVA, sianume: 100, 75, 50, 25 si 0% (procente de masa
de EVA din masa totald a polimerului).

Analizand proprietatile fizico-mecanice ale
amestecurilor EVA/PVC plastifiat din Tabelul 3, se
observa ca, odata cu scaderea cantitatii de EVA din
amestecuri, au loc: o variatie neuniforma a duritatii si
alungirii la rupere, scaderea elasticitatii iar rezistenta la
rupere si modulul 100% prezintda un minim. Aceste
caracteristici indica faptul ca amestecurile EVA/PVC au
grad scazut de miscibilitate.

Multe studii au aratat ca amestecurile EVA/PVC
formeaza o faza, doua faze si faze semi-compatibile.
Aceste amestecuri au fost studiate Tn detaliu prin
diverse tehnici [1-6] si s-a demonstrat ca variind
concentratia de acetat de vinil (VA) din copolimer si
compozitie de EVA din amestec, se poate observa
diferitele relatii de faza. Concentratia de VA din
copolimerul EVA pare sa fie factorul decisiv in privinta
compatibilitdtii amestecurilor EVA/PVC. Céand
concentratia de VA este mai mica decat 40 sau mai
mare decat 75 procente de masa, copolimerul
corespunzator este imiscibil cu PVC. Amestecul
EVA/PVCtrece prin ceea ce se poate numi "fereastra de
miscibilitate" cand concentratia de VA din copolimer se
situeaza intre 40 si 75 procente de mas3 [3]. in aceasta
zona de concentratie a VA exista compatibilitate cel
putin partiald Tntre copolimerul EVA si policlorura de
vinil. S-a aratat ca amestecurile de EVA/PVC care contin
60-75 procente de masa VA in copolimerul EVA sunt
complet miscibile; in timp ce doar o compatibilitate
partiala s-a sugerat pentru amestecurile cu
concentratie VAintre 405i60% [1-6, 17].
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Rellick et al. [3] have shown that blends of an
ethylene-vinyl acetate copolymer containing 45% by
weight VA (EVA45) and PVC are completely miscible
only at the composition extremes of the blend. When
the EVA45 concentration is between 10 and 75%, the
blends have been described as semi-compatible. There
has been some debate regarding the nature of this
compatibility and several articles have reviewed this
aspect of the EVA45/PVC blend [1-6]. As in the blends
we developed EVA concentration is between 10 and
75%, and at the same time the VA concentration is less
than 40 weight %, it is commonly accepted that the
corresponding copolymer is immiscible with PVC,
therefore EVA/PVC blends obtained have been shown
to form two-phase and semi-compatible phases.
Physico-mechanical properties of blends obtained
confirm these results found in the literature.

Rellick et al. [3] au aratat ca amestecurile dintr-un
copolimer etilen vinil acetat care contine 45 procente de
masa VA (EVA45) si PVC sunt complet miscibile doar la
valori extreme ale compozitiei amestecului. Cand
concentratia EVA45 se situeaza intre 10 si 75%,
amestecurile au fost descrise ca fiind semi-compatibile.
A existat o dezbatere cu privire la natura acestei
compatibilitati si cateva articole au analizat acest aspect
al amestecului EVA45/PVC [1-6]. Deoarece in
amestecurile realizate de noi concentratia de EVA se
situeazdintre 105i 75% si, in acelasi timp, concentratia de
VA are mai putin de 40 procente de masa, copolimerul
corespunzator este imiscibil cu PVC-ul, deci s-a
demonstrat cd amestecurile EVA/PVC obtinute formeaza
doua faze si faze semi-compatibile. Proprietatile fizico-
mecanice ale amestecurilor obtinute confirma aceste
rezultate din literatura de specialitate.

Table 3: Physico-mechanical characteristics versus blends composition
Tabelul 3: Caracteristicile fizico-mecanice in functie de compozitia amestecurilor

Hardness, °ShA
Duritate, °ShA

100 % Modulus, N/mm
Modul 100%, N/mm

Elongation at break, %
Alungirea la rupere, %

Establishing the EB Action onto the Physico-
Mechanical Characteristics of Blends

As noticed from results presented in Table 3,
obtained EVA/PVC blends have poor physico-
mechanical characteristics compared to those of their
components, indicating a low degree of miscibility
between the two phases of EVA/PVC blends. In order to
improve physico-mechanical properties of blends,
samples are irradiated with EB. Figures 1-6 present the
influence of physico-mechanical characteristics

Stabilirea influentei EA asupra caracteristicilor fizico-
mecanice ale amestecurilor

Asa cum se observa din rezultatele prezentate in
Tabelul 3, amestecurile EVA/PVC obtinute au
caracteristici fizico-mecanice slabe comparativ cu cele
ale materialelor componente, indicand un grad scazut
de miscibilitate ntre cele doua faze ale amestecurilor
EVA/PVC. Pentru imbunatatirea proprietatilor fizico-
mecanice ale amestecurilor se realizeaza iradierea cu
EA a probelor. in Figurile 1-6 este prezentata influenta
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depending on the irradiation dose for EVA/PVC blends
with various compositions. The obtained results
reveal that upon increasing the irradiation dose, for
all blends, there was an increase in hardness,
elasticity, 100% modulus, a decrease in elongation at
break, and tensile and tear strength showed a
maximum specific for each composition, following a
slight decrease. These changes are more prominentin
blends with a higher EVA content. They occur as a
result of: (1) EVA crosslinking (formation of
crosslinking bridges between EVA macromolecules)
by EB irradiation, leading to an increase in hardness,
elasticity, 100% modulus, tensile strength and tear
strength and a decrease in elongation at break; (2)
formation of a copolymer at the interface of the two
phases as a result of EB action, which has the role of
compatibilizer and leads to improving properties by
optimization of interfacial tension, enhanced
adhesion between the phasesin the solid state etc.

EVATS5PVC25
i EVAS0PVC50
E=EVA25PVCT5

Hardness, ShA
Duritate, ShA

0 5 10 15 20
Irradiation dose. Mrad
Doza iradiere, Mrad

Figure 1. Hardness versus EB irradiation dose
and blends type
Figura 1. Duritatea fiecarui tip de amestec
in functie de doza de iradiere cu EA
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caracteristicilor fizico-mecanice in functie de doza de
iradiere pentru amestecurile EVA/PVC cu diferite
compozitii. Rezultatele obtinute arata ca la cresterea
dozei de iradiere, la toate amestecurile are loc o crestere
a duritatii, elasticitatii, modulului 100%, o scadere a
alungirii la rupere, iar rezistenta la rupere si rezistenta la
sfasiere au prezentat o valoare maxima specifica pentru
fiecare compozitie in parte, urmata de o usoara scadere.
Aceste modificari sunt maiaccentuate laamestecurile cu
un continut mai mare de EVA. Ele apar ca urmare a: (1)
reticularii EVA (formarii unor punti de reticulare intre
macromoleculele de EVA) prin iradiere cu EA care
conduce la cresterea duritatii, elasticitatii, modulului
100%, rezistentei la rupere si rezistentei la sfasiere si la
scaderea alungirii la rupere; (2) formarii unui copolimer
la interfata dintre cele doua faze sub actiunea EA, care
are rol de compatibilizator si conduce la imbunatatirea
proprietatilor prin optimizarea tensiunii interfaciale,
adeziuneaimbunatatita intre faze in starea solida etc.

ES]EVATSPVC25
Bl EVASOPVCS0
E=JEVA25PVC75
40
N
o ¥ 30 N
2 5 20]] % :
oS N
w \:
8
10- N
Y
N
N
0 'i/-‘§5

0 5 10 15
Irradiation dose, Mrad
Doza iradiere, Mrad

N
o

Figure 2. Elasticity versus EB irradiation dose
and blends type
Figura 2. Elasticitatea fiecarui tip de amestec
in functie de doza de iradiere cu EA
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B EVA
EVAT5PVC25
B EVAS0PVC 50
E=EVA25PVCT5

100% elastic modululus, Nfmm’®
Modlul elastic 100%, N/mm?2
o
1

0 5 10 15 20
Irradiation dose, Mrad
Dozé iradiere, Mrad

Figure 3. 100% elastic modulus
versus EB irradiation dose and blends type
Figura 3. Modulul elastic 100% al fiecarui tip
de amestec in functie de doza de iradiere cu EA

Establishing the TAC Amount Action onto the
Characteristics of an EB Irradiated EVA/PVCBlend

Chemical additives known as coagents are used
in conjunction with radical cure systems such as
organic peroxides and electron beam (EB) irradiation.
They are used in the cure of elastomers to promote
crosslinking reactions and improve physical
properties. Coagents are typically polyfunctional
monomers (PFMs) and can participate in a number of
radical reaction mechanisms, the most beneficial
being grafting and radical addition. By increasing the
crosslink density of the compound, network
performance can be improved [10-13]. From previous
studies [13-14] it was concluded that the most
efficient PFM for EVA copolymer blends has been
triallylisocyanurate (TAC).

In our experiments, the EVA/PVC blend (25% EVA
and 75% PVC mass proportion reported to the amount
of polymer in the blend) was grafted and crosslinked by
means of the accelerated electrons in the presence of a
multifunctional monomer - TAC, and the influences of
the TAC percentage and accelerated electron
irradiation dose on the physical-mechanical
characteristics of the samples were investigated. The
obtained results reveal that (Figures 7-12): all physico-

v o EVAT5PVC25
16 4 7 B EVAS0PVCED
EVA25PVCTS

Tenslle strength , N/mm 2
Rezistenta la rupere, N/mm?

0 5 10 15

Irradiation dose, Mrad
Doza iradiere, Mrad

Figure 4. Tensile strength
versus EB irradiation dose and blends type
Figura 4. Rezistenta la rupere a fiecarui tip
de amestec in functie de doza de iradiere cu EA

Stabilirea influentei cantitatii de TAC asupra
caracteristicilor unui amestec EVA/PVCiradiat cu EA

Aditivii chimici cunoscuti drept coagenti sunt
utilizati Tn conjunctie cu sisteme de vulcanizare radical3,
precum peroxizii organici si iradierea cu electroni
accelerati (EA). Acestia sunt utilizati in vulcanizarea
elastomerilor pentru a facilita reactiile de reticulare si
pentru a imbunatati proprietatile fizice. Coagentii sunt
de obicei monomeri polifunctionali (PFMs) si pot
participa intr-o serie de mecanisme de reactii radicale,
cele mai avantajoase fiind grefarea si aditia radicalica.
Performanta retelei se poate imbunatati prin cresterea
densitatii de reticulare a compusului [10-13]. Din studiile
anterioare [13-14] s-a concluzionat ca cel mai eficient
PFM pentru amestecurile de copolimeri EVA a fost
trialilizocianuratul (TAC).

in experimentele noastre, amestecul EVA/PVC
(25% EVA si 75% PVC proportie de masa raportat la
cantitatea de polimer din amestec) a fost grefat si
reticulat utilizand electroni accelerati in prezenta unui
monomer multifunctional - TAC si s-a investigat
influenta cantitatii de TAC si a dozei de iradiere cu
electroni accelerati asupra caracteristicilor fizico-
mecanice ale probelor. Rezultatele obtinute arata ca
(Figurile 7-12): toate caracteristicile fizico-mecanice se
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mechanical characteristics improve for blends
containing TAC (Figures 7-12) compared to similar ones
in which TAC was not introduced (Figures 1-6), the
highest increases were for 100% modulus, tensile
strength and tear strength. The best results were
obtained for blends containing 3 phr TACand 6 phr TAC,
respectively.

ESSJEVAT5PVC 25
500 HEE EVASOPVCED
- F=—]EVA25PVCT5
i
> . 4004
s o
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2,:_'3 300 4
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0 5 10 15 20
Irradiation dose, Mrad
Doza iradiere, Mrad

Figure 5. Elongation al break
versus EB irradiation dose and blends type
Figura 5. Alungirea la rupere a fiecarui tip
de amestec in functie de doza de iradiere cu EA

EZZZ23 phr TACB
16 phr TAC
EEEE 0 phr TAC
E=12phr TAC

Hardness, ShA
Duritate, ShA

0 5 10 15 20
Irradiation dose, Mrad
Doza iradiere, Mrad

Figure 7. Hardness versus EB irradiation dose
and TAC concentration
Figura 7. Duritatea in functie de doza de iradiere
cu EA si concentratia TAC
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fmbunatadtesc la amestecurile care contin TAC (Figurile
7-12) comparativ cu cele similare in care nu s-a introdus
TAC (Figurile 1-6), cele mai mari cresteri au fost pentru
modulul 100%, rezistenta la rupere si rezistenta la
sfasiere. La amestecurile care contin 3 phr TAC,
respectiv. 6 phr TAC s-au obtinut cele mai bune
rezultate.

EZZAEVA
EVA75PVC25
[ EVA S0PV CS0

E=EVA25PVC75

Tearing strength, N/mm
Rezistenta la sfasiere, N/mm

0 5 10 15 20
Irradiation dose, Mrad
Doza iradiere, Mrad

Figure 6. Tearing strength
versus EB irradiation dose and blends type
Figura 6. Rezistenta la sfasiere a fiecarui tip
de amestec in functie de doza de iradiere cu EA

EZZ 3 phr TAC
B 6 phr TAC
B 9 phr TAC
E=12phrTAC
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Elasticity, %
Elasticitate, %

15
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Irradiation dose, Mrad
Doza iradiere, Mrad

Figure 8. Elasticity versus EB irradiation dose
and TAC concentration
Figura 8. Elasticitatea in functie de doza de iradiere
cu EA si concentratia TAC
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BZZ 3 phr TAC
B3 6 phr TAC
EEEH 9 phr TAC
E=J12phr TAC
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10 15 20
Irradiation dose, Mrad
Doza iradiere, Mrad

Figure 9. 100% elastic modulus
versus EB irradiation dose and TAC concentration
Figura 9. Modulul elastic 100% in functie de doza
de iradiere cu EA si concentratia TAC

7243 phr TAC
EEE 6 phr TAC
EEEE © pht TAC

2004 [E3312 phrTAC

Elongation at break, %
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Irradiation dose, Mrad
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Figure 11. Elongation at break
versus EB irradiation dose and TAC concentration
Figura 11. Alungirea la rupere in functie de doza
de iradiere cu EA si concentratia TAC

EZZ3 3 phr TAC
14 4 B3 6 phr TAC
B 0 phr TAC
4 1 |E=312 phrTAC

Tensile strength Nfmm?2
Rezistenta la rupere, N/mm?

5 15
Irradiation dose, Mrad
Doza iradiere, Mrad

Figure 10. Tensile strength
versus EB irradiation dose and TAC concentration
Figura 10. Rezistenta la rupere in functie de doza
de iradiere cu EA si concentratia TAC

EZZ13 phr TAC
B 6 phr TAC
EEE 9 phr TAC

804 |E=12phrTAC

Tearing strength , N/mm
Rezistenta la sfasiere, N/mm

0 5 10 15 20
Irradiation dose, Mrad
Doza iradiere, Mrad

Figure 12. Tearing strength
versus EB irradiation dose and TAC concentration
Figura 12. Rezistenta la sfasiere in functie de doza
de iradiere cu EA si concentratia TAC
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CONCLUSIONS

By irradiating blends of EVA/PVC in presence of
TAC, new materials with improved properties have
been obtained, as a result of crosslinking reactions and
reorientation of sample particles under the influence of
accelerated electrons. The best irradiation dose and
the best TAC concentration can be chosen depending
on the composition of each blend and on the
applications of the final product.

CONCLUZII

Prin iradierea amestecurilor de EVA/PVC in
prezenta TAC, s-au obtinut noi materiale cu proprietati
imbunatatite, ca urmare a reactiilor de reticulare si
reorientare a particulelor probelor sub influenta
electronilor accelerati. Doza optima de iradiere si
concentratia optima de TAC se pot alege in functie de
compozitia fiecarui amestec in parte si de utilizarile
produsuluifinal.
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