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COPOLYMER AND TRIALLYL CYANURATE BY ELECTRON BEAM IRRADIATION, USING STATISTICAL ANALYSIS OF EXPERIMENTAL DATA OBTAINED
ABSTRACT. The paper presents our experiments regarding the demonstration of reliability and reproducibility of the technology for grafting and crosslinking blends
of ethylene vinyl acetate copolymer (EVA) and triallyl cyanurate polyfunctional monomer (TAC) by electron beam irradiation (EB). Blends based on EVA and TAC
were irradiated with different doses of EB. The physical-mechanical properties of the irradiated samples were compared with those of samples obtained by classic
crosslinking in the presence of peroxides. Experimental data obtained were processed and statistical analysis was performed using SPSS version 13 and regression
models were established. Depending on the dose of irradiation, characteristics of the blends were estimated with a probability of 95% based on established

regression models. The results have shown that the technology is reproducible and reliable.
KEY WORDS: EVA, TAC, electron beam, physical-mechanical characteristics, regression model, estimation of variables

DEMONSTRAREA FIABILITATII $| REPRODUCTIBILITATII TEHNOLOGIEI DE GREFARE $I RETICULARE A UNOR AMESTECURI PE BAZA DE COPOLIMER ETILENA-
ACETAT DE VINIL $I TRIALILCIANURAT PRIN IRADIERE CU ELECTRONI ACCELERATI, UTILIZAND ANALIZA STATISTICA A DATELOR EXPERIMENTALE OBTINUTE
REZUMAT. Articolul prezinta experimentarile noastre privind demonstrarea fiabilitatii si reproductibilitdtii tehnologiei de grefare si reticulare a amestecurilor de
copolimer etilend-acetat de vinil (EVA) si monomer polifunctional trialilcianurat (TAC) prin iradiere cu electroni accelerati (EA). Amestecurile pe baza de EVA si TAC
au fostiradiate cu diferite doze de EA. Caracteristicile fizico-mecanice ale probelor iradiate au fost comparate cu acelea ale probelor obtinute prin reticularea clasica
n prezenta peroxizilor. S-a realizat procesarea si analiza statistica a datelor experimentale obtinute utilizind programul SPSS versiunea 13 si s-au stabilit modelele
de regresie. in functie de doza de iradiere au fost estimate caracteristicile amestecului cu o probabilitate de 95% pe baza modelelor de regresie stabilite. Rezultatele

obtinute au demonstrat faptul ca tehnologia este reproductibila si fiabila.

LA DEMONSTRATION DE LA FIABILITE ET DE LA REPRODUCTIBILITE DE LA TECHNOLOGIE DE GREFFAGE ET DE RETICULATION DE CERTAINS MELANGES A BASE
D'ETHYLENE-ACETATE DE VINYLE ET CYANURATE DE TRIALLYLE PAR IRRADIATION PAR UN FAISCEAU D'ELECTRONS, EN UTILISANT L'ANALYSE STATISTIQUE
DES DONNEES EXPERIMENTALES OBTENUES
RESUME. Cet article présente nos expériences pour démontrer la fiabilité et la reproductibilité de la technologie de greffage et de réticulation des mélanges
d'éthylene-acétate de vinyle (EVA) et monomeére multifonctionnel cyanurate de triallyle (TAC) par irradiation par un faisceau d'électrons. Les mélanges a base de
EVA et TAC ont été irradiés avec différentes doses de EA. Les propriétés physico-mécaniques des échantillons irradiés ont été comparés a celles des échantillons
obtenus par la réticulation classique en présence de peroxydes. On a fait le traitement et I'analyse statistique des données expérimentales en utilisant SPSS version
13 eton a établides modéles de régression. En fonction de la dose d'irradiation on a estimé les caractéristiques du mélange avec une probabilité de 95% a partir des

modeles de régression déterminés. Les résultats ont montré que la technologie est reproductible et fiable.
MOTS CLES: EVA, TAC, faisceau d'électrons, caractéristiques physico-mécaniques, modéle de régression, estimation des variables.

* Correspondence to: Maria Daniela STELESCU, National Research & Development Institute for Textiles and Leather, Division: Leather & Footwear Research Institute,
93 lon Minulescu St., 031215, Bucharest, Romania, e-mail: dmstelescu@yahoo.com

Revista de Pielarie Incaltaminte 13 (2013) 4




E. MANAILA, M.D. STELESCU, G.I. NICULESCU-ARON, D. GURAU

INTRODUCTION

The radiation induced grafting and crosslinking
of polymers are new techniques applied in modifying
polymers. Use of radiations as power source is
justified by the limited classic resources, on the one
hand, and a number of specific benefits, on the other
hand, such as: (1) removing the curing agents, (2)
obtaining new high purity materials, (3) a fast process
which enables an accurate monitoring, (4) an
effective and uniform curing of the whole rubber
body because of the high penetrating ability of
radiation, (5) lack of wastes [1-11].

For this reason, it is important to analyze the
properties of blends irradiated with electron beam
according to the irradiation intensity, so as to obtain a
product with characteristics comparable to those
obtained by classical crosslinking by means of
peroxides.

This paper deals with ethylene vinyl acetate
copolymer (EVA) crosslinking and grafting by using
electron beam (EB) irradiation in the presence of a
polyfunctional monomer such as TAC. Physical-
mechanical characteristics of the samples irradiated
with various EB doses were compared with those of the
sample obtained by classical crosslinking in the
presence of peroxides. The resulting data were
subjected to processing and statistical analysis to show
the reliability and reproducibility of the EVA
crosslinking and grafting technology by means of EB.

EXPERIMENTAL

Materials

Materials used in the study: (1) ethylene vinyl
acetate copolymers Elvax 260 (27.8% wt% vinyl
acetate content, flow index 5.5 g/10 min at 190°C and
2.16 kg load), (2) antioxidant Irganox 1010, (3)
dibenzoyl peroxide Perkadox 14-40B (1.60 g/cm’
density, 3.8% active oxygen content, 40% peroxide
content, pH 7) as vulcanizing agent for vulcanization
of control samples and (4) polyfunctional monomer
triallylcyanurate Luvomaxx TAC DL 70 (26%
percentage of ash, density 1.34 g/cm’, 30% active
syntheticsilica).

INTRODUCERE

Grefarea si reticularea polimerilor cu ajutorul
radiatiilor este o tehnica noua de modificare a
polimerilor. Folosirea radiatiilor ca sursa de energie este
justificata pe de o parte de limitarea resurselor clasice si
pe de altd parte de o serie de avantaje specifice, cum ar fi:
(1) eliminarea agentilor de vulcanizare; (2) obtinerea de
noi materiale cu grad inalt de puritate; (3) procesul este
foarte rapid si poate fi controlat cu precizie; (4) datorita
puterii mari de penetrare a radiatiilor, are loc o
vulcanizare eficienta si uniformain toatd masa articolelor
de cauciuc; (5) nuse obtindeseuri[1-11].

Din aceasta cauza este important sa analizam
proprietatile amestecurilor iradiate cu electroni
acceleratiin functie de intensitatea iradierii astfel incat
sa obtinem un produs cu caracteristici comparabile cu
cele obtinute prin procedeul clasic de reticulare cu
ajutorul peroxizilor.

Acest articol se refera la reticularea si grefarea
amestecurilor de copolimer etilena-acetat de vinil
(EVA) prin iradiere cu electroni accelerati (EA), in
prezenta unui monomer polifunctional, cum ar fi
trialilcianurat (TAC). Caracteristicile fizico-mecanice ale
probelor iradiate cu diferite doze de EA au fost
comparate cu acelea ale probelor obtinute prin
reticularea clasica Tn prezenta peroxizilor. Datele
experimentale au fost procesate si analizate statistic
pentru a demonstra fiabilitatea si reproductibilitatea
tehnologiei dereticulare si grefare cu EA.

PARTEA EXPERIMENTALA

Materiale

Materiale utilizate in studiu: (1) copolimeri
etilend-acetat de vinil Elvax 260 (27,8% wt% continut
de acetat de vinil, indice de curgere 5,5 g/10 min la
190°C cu apasare de 2,16 kg), (2) antioxidant Irganox
1010, (3) peroxid de dibenzoil Perkadox 14-40B
(densitate 1,60 g/cm’, continut oxigen activ 3,8%,
continut de peroxid 40%, pH 7) ca agent de vulcanizare
pentru probele martor si (4) monomer polifunctional
trialilcianurat Luvomaxx TAC DL 70 (procent de cenusa
26%, densitate 1,34 g/cm’, 30% dioxid de siliciu sintetic
activ).
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Sample Preparation

Blends were prepared by means of blending
technique, on a electrically heated laboratory roller
mill. The blend constituents were added in the
following sequence and amounts: 100 phr EVA and 3
phr TAC polyfunctional monomer. Process variables:
temperature 70+5°C, friction 1:1.1, and total blending
time 6 min.

Plates required for physico-mechanical tests have
been made by compression molding, using an
electrically heated hydraulic press, at a temperature of
120°C, pressure of 150 MPa and time of 5 min. to obtain
sheetsof dimension11.5x11.5x0.2 cm’.

Dibenzoyl peroxide vulcanized samples were
prepared similarly to the experimental ones with the
following specifications: 8 phr of dibenzoyl peroxide as
vulcanizing agent were added and the blend
vulcanization was achieved in a hydraulic press at 160°C
and pressure of 150 MPa; the vulcanization time was
measured by means of Monsanto Rheometer.

Electron Beam Irradiation

The samples were packed in a polyethylene film
and were irradiated at doses ranging from 2 to 25 Mrad
(1 Mrad = 10 Gy) in the ALIN-10 electron accelerator
under atmospheric conditions and at room
temperature. The ALIN-10 electron accelerator was
built in Romania, National Institute for Lasers, Plasma
and Radiation Physics, Electron Accelerator Laboratory
- Bucharest. The optimum values of the EB peak current
I, and EB energy E, to produce maximum output
power P, for a fixed pulse duration ., and repetition
frequency f,, are as follows: E,,=6.23 MeV; |,=75 mA;
P, =164 W (f, = 100 Hz, ,, = 3.5 s). The EB effects are
related to the absorbed dose, D, expressed in Gray (1 Gy
=11J/kg, 10 Gy = 1 Mrad) and absorbed dose rate, D*,
expressedin Gy/s.

Laboratory Tests

Hardness in Shore A was measured by means of a
hardness tester according to ISO 7619-1/2011. Tensile
properties were measured by means of a Schopper
strength tester. Tensile strength was determined using
dumb-bell shaped specimens according to 1SO
37/2012. Tear strength was measured according to SR
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Pregatirea probelor

Amestecurile au fost pregatite prin tehnica
amestecdrii in topiturd, pe un valt de laborator cu incalzire
electrica. Constituentii amestecului s-au adaugat in
urmatoarele cantitati, in ordinea prezentata in continuare:
100 phr EVA si 3 phr monomer polifunctional TAC.
Parametrii de lucru: temperatura de lucru 70+5°C, frictia
1:1.1sitimpul total de amestecare 6 min.

Epruvetele pentru testele fizico-mecanice s-au
obtinut prin modelare prin compresie, folosind o presa
hidraulica incalzita electric, la o temperatura de 120°C,
presiune de 150 MPa si timp de 5 min. pentru a obtine
foi cu dimensiuneade 11,5x11,5x0,2 cm”.

Probele vulcanizate cu peroxid de dibenzoil s-au
pregatit Tn mod similar, cu urmatoarele specificatii:
s-au adaugat 8 phr de peroxid de dibenzoil ca agent
de vulcanizare, iar vulcanizarea amestecului a fost
realizatd intr-o presa hidraulica la 160°Csio presiune de
150 MPa, timpul de vulcanizare a fost determinat cu
ajutorul unui reometru Monsanto.

Iradiere cu electroni accelerati

Probele au fost invelite in film de polietilena si
iradiate la doze de 2 pana la 25 Mrad (1 Mrad = 10 Gy)
utilizdnd acceleratorul de electroni ALIN-10 in conditii
atmosferice si la temperatura camerei. ALIN-10 este un
accelerator de electroni construit in Romania, la
Institutul National de Fizica Laserilor, Plasmei si Radiatiei,
Laboratorul Acceleratori de electroni. Valorile optime
pentru curentul de varf al EA, |,,, si energia EA, E,,, la care
se obtine puterea maxima de fascicul, P, pentru o
duratd a impulsului ,, si o frecventa de repetitie f,,, sunt
urmatoarele: E,, =6.23 MeV; |, =75mA; P, =164 W (f,, =
100 Hz, ., = 3.5 s). Efectele EB sunt redate prin doza
absorbita (D) exprimatain Gray (1Gy=1J/kg, 10Gy =1
Mrad) si debitul dozei absorbite (D*) exprimate in Gy/s
saul/kg*s.

Teste de laborator

Duritatea Shore A s-a masurat cu ajutorul unui
durometru conform 1SO 7619-1/2011. Proprietatile de
tractiune s-au masurat cu ajutorul unui echipament de
tractiune de tip Schopper. Rezistenta la rupere a fost
determinata pe epruvete in forma de haltera conform
ISO 37/2012. Rezistenta la sfasiere s-a masurat in
conformitate cu SR EN 12771/2003, folosind epruvete
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EN 12771/2003 using angular test pieces (type II). Test
specimens were cut off from plates of 150x150x2 mm
by means of an automatic punching die. Curing
characteristics were determined by an oscillating disk
rheometer (Monsanto), at 160°C for 30 minutes,
accordingtothe SRI1SO3417/1997.

Statistical Processing

Statistical processing of data was performed in
the SPSS version 13. It is aimed at explaining the
relationship between the resulting variable (analyzed
blend characteristic) and causal independent variable
— absorbed dose, based on a mathematical relation
known as regression model. Statistical models are
applied to enable predictions of the future states
based on information resulting from the previous
states. They deal certainly with a prediction based on
probably statistical elements, accompanied by some
risks assumed previously to this prediction process
[12-15].

Selection of adequate factorial regression models
and testing their validity are carried out in several
stages, as follows:

e Stage 1. Plotting the relationship between the
effect variable and independent variable by means of
point cloud. Based on such plots the suggested
functions revealing the relationship in the best way
were selected.

e Stage 2. Application of ANOVA dispersion
analysis test to test the model validity. Such a test
involves the calculation of the following variation
types:

de testare unghiulare (de tip Il). S-au taiat specimene
de analiza din placi de 150x150x2 mm, cu ajutorul unei
stante automate. Caracteristicile de vulcanizare au fost
determinate cu ajutorul unui reometru cu disc oscilant
(Monsanto), la 160°C timp de 30 minute, conform SR
1SO3417/1997.

Prelucrarea statistica

Prelucrarea statistica a datelor experimentale s-a
realizat in SPSS versiunea 13. Aceasta are scopul de a
explica relatia dintre variabila rezultata (caracteristica
amestecului analizat) si variabila independentd de
cauzalitate - doza absorbita, pe baza unui raport
matematic cunoscut sub numele de model de regresie.
Modelele statistice sunt aplicate pentru a face predictii
ale viitoarelor conditii pe baza informatiilor rezultate
din conditiile anterioare. Trateaza cu certitudine
predictiile bazate pe elemente de probabilitate
statistica, insotite de o serie de riscuri asumate anterior
inacest proces de predictie [12-15].

Alegerea unui model de regresie unifactoriald
adecvat si testarea validitatii acestuia presupune
parcurgerea urmatoarelor etape:

e Etapa 1. Reprezentarea grafica a legaturii
dintre variabila dependentda si independenta prin
intermediul norului de puncte. Pe baza acestuia se vor
alege functiile sugerate care redau cel mai bine
legdtura.

e Etapa 2. Utilizarea testului de analiza
dispersionala ANOVA pentru testarea validitatii
modelului. Un asemenea test presupune calcularea
urmatoarelor tipuri de variatie:

le(y -5) (1)

which means the total variance and is marked SST;

carereprezinta variatia totala si este notata cu SST;

Z(y:‘ _5’:')2 (2)
i=1

which means the residual variance and is marked SSE;

care reprezinta variatia reziduala si este notata cu SSE;

" G’i _;) (3)

i=1

which means the variance explained based on the
regression and is marked SSR, where: y, = experimental
values; vy, = values adjusted based on the regression
model; 3 =the mean of the experimental values.

care reprezinta variatia explicata pe baza regresiei si
este notata cu SSR, unde: y, = valori experimentale; y, =
valori ajustate pe baza modelului de regresie; ¥ = media
valorilor experimentale.
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If the variation explained by the observed value
spreading due to the factorial variable, according to the
analyzed regression model, is larger than the spreading
of the same values due to chance, the model is
considered to be valid. To test this statistic assumption
the Fischer ratio was used, calculated using the relation
below.

F;’alc k
where k is the number of factorial variables in the
modeland nisthe number of observations.

If the plot suggested several regression functions,
the test of the dispersion analysis was performed for
each of them, and the models where the value of F ratio
between the variation explained by spreading of values
due to the factorial variable and variation due to
randomness has no statistical significance were
discarded.

e Stage 3. Testing the significance of the
regression model parameters. Judging a model as
valid based only on the dispersion analysis test is
not conclusive. Every regression model parameter
has to have a statistic significance for a probability
of at least 0.95. Tests for parameter significance
were performed by means of the Student test
(Relation 5), considering a trial number less than
30.

t

cale

where: B, is the parameter i of the single factor
regression model (if, assuming that it has no statistic
significance, it is 0); b, is the parameter i estimator for
the regression model obtained from the experimental
data; 8}, =standard deviation of the b,estimator. During the
experimental data analysis the models with parameters of
nostatisticsignificance have been discarded.

e Stage 4. Computing the determination
coefficient R*: This means to find out the ratio of the
variation given by the regression model to the total
variation of the effect variable being analyzed.

_ bi_lBi

Sy

Daca variatia explicata prin imprastierea valorilor
observate datorata variabilei factoriale, conform
modelului de regresie analizat, este mai mare decat
imprastierea acelorasi valori datorate intamplarii se
considera ca modelul este valid. Pentru a testa aceasta
ipoteza statistica, s-a utilizat raportul Fischer calculat cu
ajutorul relatiei de maijos.

_g&_;)/g()ﬁ-_f’j. (4)

n—k—-1
unde k este numarul de variabile factoriale din model,
iar n este numarul de observatii.

Tn cazul in care reprezentarea graficd sugereazd
mai multe functii de regresie, se va efectua testul de
analiza dispersionala pentru fiecare si se va renunta la
modelele pentru care valoarea raportului F dintre
variatia explicata prin imprastierea valorilor observate
datorata variabilei factoriale si variatia datorata
intdmplarii nu are semnificatie statistica.

- FEtapa 3. Testarea semnificatie parametrilor
modelului de regresie. Nu este concludent sa
diagnosticam un model ca valid doar pe baza testului de
analiza dispersionald. Este necesar ca fiecare parametru
al modelului de regresie sa aiba semnificatie statistica
pentru o probabilitate de cel putin 0,95. Testele pentru
semnificatia parametrilor au fost efectuate prin
intermediul testului Student (relatia 5), luand in
considerare un numar deincercdri mai micde 30.

(5)
1

unde: P, este parametrul i al modelului de regresie
unifactorial (in cazul in care, presupunand ca nu are
nicio semnificatie statistica, este 0); b, este estimatorul
parametrului i pentru modelul de regresie obtinut din
datele experimentale; 5,,= abaterea standard a
estimatorului b,. Se va renunta la acele modele care au
parametrifara semnificatie statistica.

e Etapa 4. Determinarea coeficientului de
determinatie R2. Acesta arata proportia variatiei
explicate de modelul de regresie in variatia totala a
variabilei dependente analizate.

2367 /56.-5) o
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If several regression models were validated during
the previous stages, the model with the highest
determination coefficient (R*) valueis to be selected.

e Stage 5. Assessing the values of the analyzed
characteristics. The values of the analyzed characteristics
for various irradiation doses were estimated based on
every validated regression model. The obtained values
have fallen in the confidence intervals presumably
guaranteed (based on therelation 7):

~

where fiD is the estimated value of the characteristic
based on the regression model for a given irradiation
level D, 85, 1s the standard value calculated from the
relation 8, fy/2.,—41 is the value calculated for the
Student distribution based on the safety level a (it was
assumed to be 0.05 as the result guarantee with 95%
probability was intended), and df=n-k-1 is the number of
freedom degrees where n is the number of observations
and k is the number of causal variables (there is a single
independentvariable here:irradiation dose).

n cazulin care, parcurgand etapele anterioare, am
validat mai multe modele de regresie, se va alege acela
pentru care valoarea R’ este mai mare.

e Etapa 5. Estimarea valorilor caracteristicilor
analizate. Valorile caracteristicilor analizate pentru
diferite doze de iradiere au fost estimate pe baza
fiecarui model de regresie validat. Valorile obtinute s-
au fncadrat in intervalele de fincredere probabil
garantate (pe bazarelatiei 7).

Yo Lozt XS5, SYp S Vptilyisnka Ry (7)

unde J7D este valoarea estimata a caracteristicii pe
baza modelului de regresie pentru o doza de iradiere
data, D, §;, este valoarea standard calculata din relatia
8, y/2.nk-1 este valoarea calculatd pentru distributia
Student pe baza nivelului de siguranta a (s-a presupus a
fi 0,05 deoarece s-a urmarit garantarea rezultatului cu
probabilitate de 95%) si df=n-k-1 este numarul de grade
de libertate unde n este numarul de observatii si k este
numarul de variabile cauzale (exista o singura variabila
independenta: doza deiradiere).

SSE
o\ n—k—-1

where D is theirradiation mean dose and Z,"(D: —5}
is the total variation of the independent variable
(irradiation dose).

RESULTS AND DISCUSSIONS

The physico-mechanical characteristics of
blends based on EVA and TAC crosslinked with
peroxides are taken as reference values and are
presentedinTable 1.

1+ 4 (D_B} (8)

n Y'(D,-D)

unde D estedoza medie deiradieresi Z,"(D: —5}
este variatia totala a variabilei independente (doza de
iradiere).

REZULTATE Sl DISCUTII

Caracteristicile fizico-mecanice ale amestecurilor
pe baza de EVA si TAC, reticulate cu ajutorul peroxizilor,
sunt considerate valori de referinta si sunt prezentate in
Tabelul 1.
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Table 1: Reference characteristics
Tabelul 1: Caracteristici de referinta

Hardness, °ShA
Duritate, °ShA

Tensile strength, N/mm?
Rezistenta la rupere, N/mm’

Residual elongation, %
Alungire remanentd, %

Within the analysis of experimental data, a
distinct analysis was performed for each characteristic,
attempting to validate a model to synthesize the way in
which these characteristics change depending on the
intensity of electron beam irradiation.

Hardness of EVA and TAC blends crosslinked and
grafted by means of electron beam against the
irradiation dose is presented in Figure 1. Experimental
value spreading has suggested a relationship as a
second degree curve between the two variables.
Equation for the validated regression model is the
following:

Tn analiza datelor experimentale s-a efectuat o
analiza distincta pentru fiecare caracteristica incercand
sa se valideze un model care sa sintetizeze modul in
care aceste caracteristici se modifica in functie de
intensitatea iradierii cu electroniaccelerati.

Duritatea amestecurilor pe baza de EVA si TAC
reticulate si grefate cu ajutorul electronilor acceleratiin
functie de doza de iradiere este prezentata in Figura 1.

Tmprastierea valorilor experimentale sugereazi ci intre

cele douad variabile exista o legatura sub forma unei
parabole de gradul 2. Ecuatia pentru modelul de
regresie validat este:

Vi) = 81,853+0,530- x, 0,024 - x7 9)

The value of the determination coefficient (R’) is
0.258, suggesting that the regression model has
explained 25.8% of this characteristic variation.
According to this model, the blend hardness has
increased by sample irradiation, reaching a maximum
value of 84.76°ShA corresponding to an irradiation of
11.04 Mrad, and afterwards the characteristic value
has decreased. To obtain the best value for the
characteristic, close to 82°ShA obtained by
crosslinking with peroxides, the blend is
recommended to be irradiated with electron beam of
8-15 Mrad.
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Valoarea coeficientului de determinatie R® este
0,258, sugerand ca modelul de regresie explica 25,8% din
variatia acestei caracteristici. Conform acestui model,
prin procedura deiradiere a probelor se obtine o crestere
a duritatii amestecului, atingandu-se o valoare maxima
de 84,76°ShA corespunzatoare unei iradieri de 11,04
Mrad, dupa care valoarea caracteristicii scade. Pentru a
obtine valori optime ale caracteristicii, comparabile cu
cea de 82°ShA, obtinuta prin metoda de reticulare cu
ajutorul peroxizilor, se recomanda sa se realizeze o
iradiere a amestecului cu electroni accelerati la o
intensitateinintervalul 8-15 Mrad.
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Figure 1. Hardness of blends based on EVA and TAC depending on irradiation intensity
Figura 1. Duritatea amestecurilor pe baza de EVA si TAC in functie de intensitatea iradierii

Tensile strength for the EVA and TAC blends
crosslinked and grafted by means of the accelerated
electron beam against the irradiation dose is presented
in Figure 2. The experimental value spreading has
suggested a relationship as a parable of grade 3
between the two variables. As a result of performing
the dispersion analysis test, a value of Fischer ratio of
240,901 was obtained, which makes us state with a
probability close to unity that the variance explained by
the model is significantly higher than the residual
variance. Equation for the validated regression model is
the following:

Yoy =3,728-x,-0,312-x7 +0,007 - x;

The initial tensile strength value increases with
increasing radiation intensity, reaching a maximum of
13.5 N/mm’ for 8 Mrad irradiation intensity, then
decreases. The values 8btained are up to 215% higher
thanthose obtainedin crosslinking using peroxides. It is
recommended that the mixture be subjected to
electron beam irradiation with doses in the range of 6-
10 Mrad in order to obtain the maximum values for this
feature.

Rezistenta la rupere a amestecurilor pe baza de
EVA si TAC reticulate si grefate cu ajutorul electronilor
accelerati Tn functie de intensitatea radiatiilor este
prezentatd in Figura 2. Tmprastierea valorilor
experimentale sugereaza ca intre cele doua variabile
existd o legdtura sub forma unei parabole de gradul 3. Tn
urma efectudrii testului de analiza dispersionala s-a
obtinutovaloare araportului Fischer de 240,901, ceeace
ne determina sa afirmam cu o probabilitate apropiata de
unitate ca variatia explicatda de model este semnificativ
statistic mai mare decat variatia rezidualda. Ecuatia
pentru modelul de regresie validat este urmatoarea:

(10)

Valoarea rezistentei la rupere initial creste odata
cu cresterea intensitatii radiatiilor atingdnd o valoare
maxima de 13,5 N/mm’ pentru o intensitate a iradierii
de 8 Mrad, dupa care scade. Valorile obtinute sunt de
pana la 215% mai mari decat cele obtinute in
reticularea cu peroxizi. Se recomanda ca amestecul sa
fie supus unei iradieri cu electroni accelerati cu doze
cuprinse intre 6-10 Mrad pentru a putea obtine valori
maxime ale acestei caracteristici.
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Figure 2. Tensile strength of blends based on EVA and TAC depending on irradiation dose
Figura 2. Rezistenta la rupere a amestecurilor pe baza de EVA si TAC in functie de doza de iradiere

Elongation at break of blends based on EVA and
TAC crosslinked and grafted with electron beam
depending on the intensity of radiation is presented in
Figure 3. Spreading of experimental values suggests
that there is an exponential relationship between the
two variables. As the calculated value of F ratio is
101.61 and the significance level is close to 0, we can
state with a probability close to unity that the created
model is valid. The validated model is given by the
following relationship:

V) = 608.625- JCr_(—o,oe;s)

The relationship between electron beam
irradiation intensity and elongation at break is very
strong (correlation ratio is 0.872) and the variance
explained by the analyzed regression model accounts
for 76% of total variance of the analyzed characteristic.

The residual elongation of blends based on EVA
and TAC crosslinked and grafted by means of electron
beam depending on the irradiation dose is shown in
Figure 4. Spreading of experimental values 3uggests
that there is an exponential relationship between the
two variables. Interpreting analysis of variance test
results, we conclude that the characteristic variation
explained by the regression model is significantly
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Alungirea la rupere a amestecurilor pe baza de
EVA si TAC reticulate si grefate cu ajutorul electronilor
accelerati in functie de intensitatea radiatiilor este
prezentatd in Figura 3. Tmpréstierea valorilor
experimentale sugereaza cdintre cele doua variabile exista
o legatura de forma unei exponentiale. Deoarece valoarea
calculatd a raportului F este 101,61 iar nivelul de
semnificatie este aproape de 0, putem afirma cu o
probabilitate apropiata de unitate ca modelul construit
este valid. Modelul validat este dat de urmatoarearelatie:

(11)

Legatura dintre intensitatea iradierii cu electroni
accelerati si alungirea la rupere este foarte puternica
(raportul de corelatie este 0,872), iar variatia explicata
prin modelul de regresie analizat explica 76% din
variatia totald a caracteristicii analizate.

Alungirea remanenta a amestecurilor pe baza de
EVA si TAC reticulate si grefate cu ajutorul electronilor
acceleratiin functie de doza de iradiere este prezentata
in Figura 4. Tmprastierea valorilor experimentale
sugereaza ca Intre cele doua variabile exista o legatura
de forma exponentialda. Interpretand rezultatele
testului de analiza dispersionala, putem concluziona ca
variatia caracteristicii explicatda prin modelul de
regresie este semnificativ statistic mai mare decat
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higher than the residual variance. We can guarantee variatia reziduald. Putem garanta aceasta afirmatie cu o
this assertion with a probability close to unity. The probabilitate apropiata de unitate. Modelul explica
model explains 75.1% of the variation analysis 75,1% din variatia variabilei analizate (R°=0,751) si este

(R’=0.751) and is given by the following equation: datde urmatoarea ecuatie:
Yy = 347,839 507 (12)
As we seek to get blends with the lowest residual Deoarece cdutdm ca, prin reticulare, sa obtinem
elongation by crosslinking, it is recommended to use an amestecuri cu o alungire remanentd cat mai scazutd, se
irradiation intensity as high as possible. recomanda sd se utilizeze o intensitate a iradierii cat

mai mare.
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Figure 3. Elongation at break of blends based on EVA and TAC depending on irradiation intensity
Figura 3. Alungirea la rupere a amestecurilor pe baza de EVA si TAC in functie de intensitatea iradierii
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Figure 4. Residual elongation of blends based on EVA and TAC depending on irradiation intensity
Figura 4. Alungirea remanenta a amestecurilor pe baza de EVA si TAC in functie de intensitatea iradierii
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Tear strength of blends based on EVA and TAC
crosslinked and grafted by electron beam depending
on irradiation intensity is presented in Figure 5.
Spreading of experimental values suggests that there is
a reverse exponential relationship between the two
variables. As the calculated value of the F ratio is
56.537, and the significance level is close to 0, we can
state with a probability close to unity that the created
modelisvalid.

Rezistenta la sfasiere a amestecurilor pe baza de
EVA si TAC reticulate si grefate cu ajutorul electronilor
accelerati in functie de intensitatea radiatiilor este
prezentatd in Figura 5. Tmprastierea valorilor
experimentale sugereaza ca intre cele doua variabile
existda o legdturd inversa de forma exponentiala.
Deoarece valoarea calculata a raportului F este 56,537,
iar nivelul de semnificatie este aproape de 0, putem
afirma cu o probabilitate apropiata de unitate ca
modelul construit este valid.
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Figure 5. Tear strength of blends based on EVA and TAC depending on irradiation intensity
Figura 5. Rezistenta la sfasiere a amestecurilor pe baza de EVA si TAC in functie de intensitatea iradierii

Based on results of Student test, it can be stated that
the modelisvalidated and has the following relation:

Pe baza rezultatelor testului Student se poate
afirma ca modelul este validat siare urmatoarearelatie:

Yy = 67,812 x5 (13)

The regression model explains 63.9% of the
analyzed characteristic variation. Tear resistance value
decreases with increasing radiation intensity. It is
recommended that the mixture not be subjected to
electron beam irradiation above 10 Mrad in order to
obtain values &f this characteristic comparable to those
of samples crosslinked with peroxides.

100% modulus of the blends based on EVA and
TAC crosslinked and grafted by means of electron beam
depending on the intensity of the radiation is shown in
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Modelul de regresie explicd 63,9% din variatia
caracteristicii analizate. Valoarea rezistentei la sfasiere
scade odata cu cresterea intensitatii radiatiilor. Se
recomanda ca amestecul sa nu fie supus unei iradieri cu
electroniaccelerati mai mare de 10 Mrad pentru a putea
obtine valori ale acestei caracteristici comparabile cu
cele ale probelor reticulate cu ajutorul peroxizilor.

Modulul 100% al amestecurilor pe baza de EVA si
TAC reticulate si grefate cu ajutorul electronilor
accelerati in functie de intensitatea radiatiilor este
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Figure 6. Spreading of experimental values 3uggests
that the two variables are linked by a 2nd degree
parabola relationship. Estimated parameters based on
the model used are significantly different from 0, and
variance explained by the model exceeds the residual
variance (Fischer ratio value is 8.246 and the
significance level is close to 0). The validated model is
given by the following equation:

Vi) =3:191+0,086-

The value of R’ indicates that the variation
according to the model explains 34.7% of spreading of
thisvariable.

300% modulus of the blends based on EVA and
TAC crosslinked and grafted using electron beam
depending on irradiation intensity is shown in Figure 7.
Spreading of experimental values 3uggests that the two
variables are linked by a reverse linear function
relationship. Estimated parameters based on the linear
model are significantly different from 0, and variance
explained by the model exceeds the residual variance
(Fischer ratio value is 99.614 and the significance level
is close to 0). The validated model is given by the
following equation:

prezentat in Figura 6. Imprastierea valorilor
experimentale sugereaza ca intre cele doua variabile
exista o legatura sub forma unei parabole de gradul 2.
Parametrii estimati pe baza modelului utilizat sunt
semnificativ diferiti de 0, iar variatia explicata de model
o depdseste pe cea rezidualda (valoarea raportului
Fischer este 8,246, iar nivelul de semnificatie aproape
de 0). Modelul validat este dat de urmatoarea relatie:

x,—0,003- x (14)

Valoarea Iui R’ aratd ca variatia conform
modelului explica 34,7% din Tmprastierea acestei
variabile.

Modulul 300% al amestecurilor pe baza de EVA si
TAC reticulate si grefate cu ajutorul electronilor
accelerati in functie de intensitatea radiatiilor este
prezentat in Figura 7. Tmprastierea valorilor
experimentale sugereaza ca intre cele doua variabile
existd o legatura sub forma unei functii liniare inverse.
Parametrii estimati pe baza modelului liniar sunt
semnificativ diferiti de 0, iar variatia explicata de model
o depdseste pe cea reziduald (valoarea raportului
Fischer este 99,614 iar nivelul de semnificatie aproape
de 0). Modelul validat este dat de urmatoarea relatie:

Ye,) =2,784+0,594- x, (15)

The value of R’ indicates that the variation
according to the model explains 85.4 % of spreading of
this variable. There is a very strong direct relationship
between the two variables (correlation ratiois 0.924).

Valoarea lui R” aratd cu variatia conform modelului
explicd 85,4% din imprastierea acestei variabile. intre
cele doua variabile exista o legatura foarte puternica
directa (raportul de corelatie este 0,924).
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Figure 6. 100% modulus of blends based on EVA and TAC depending on irradiation intensity
Figura 6. Modulul 100% al amestecurilor pe baza de EVA si TAC in functie de intensitatea iradierii
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Figure 7. 300% modulus of blends based on EVA and TAC depending on irradiation intensity
Figura 7. Modulul 300% al amestecurilor pe baza de EVA si TAC in functie de intensitatea iradierii
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Once the regression models are validated, Odata validate modelele de regresie, se pot
characteristics of blends for various irradiation dose estima caracteristicile amestecurilor pentru diferite
values can be estimated. They are presented in Tables valori ale dozei de iradiere. Acestea sunt prezentate in
2-6. Tabelele 2-6.
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Table 2: Estimation of blend characteristics for 6 Mrad
Tabelul 2: Estimarea caracteristicilor amestecului pentru 6 Mrad

Hardness, ShA
Duritate, ShA

300% modulus, N/mm
Modul 300%, N/mm

Elongation at break, %
Alungirea la rupere, %

Tear strength, N/mm
Rezistentd la sfdsiere, N/mm

84.17 80.32 88.01

561.48 561.14 561.82

64.26 2. 0. 63.96 64.56

*df is the number of degrees of freedom corresponding to the residual variance taken from the corresponding ANOVA table
*df reprezintd numdrul de grade de libertate corespunzdtor variatiei reziduale preluat din tabelul ANOVA corespunzdtor

Table 3: Estimation of blend characteristics for 8 Mrad
Tabelul 3: Estimarea caracteristicilor amestecului pentru 8 Mrad

Hardness, ShA
Duritate, ShA

300% modulus, N/mm
Modul 300%, N/mm

Elongation at break, %
Alungirea la rupere, %

Tear strength, N/mm
Rezistentd la sfasiere, N/mm

84.56 80.73 88.38

554.26 553.92 554.60

63.71 2.0 0.3 63.41 64.01

*df is the number of degrees of freedom corresponding to the residual variance taken from the corresponding ANOVA table
*df reprezintd numdrul de grade de libertate corespunzdtor variatiei reziduale preluat din tabelul ANOVA corespunzdtor
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Table 4: Estimation of blend characteristics for 10 Mrad
Tabelul 4: Estimarea caracteristicilor amestecului pentru 10 Mrad

Hardness, ShA
Duritate, ShA 84.75 80.93 88.57

300% modulus, N/mm
Modul 300%, N/mm

Elongation at break, %
Alungirea la rupere, %

Tear strength, N/mm
Rezistentd la sfasiere, N/mm

548.72 548.38 549.06

63.29 2.0 0.3 62.99 63.58

*df is the number of degrees of freedom corresponding to the residual variance taken from the corresponding ANOVA table
*df reprezintd numdrul de grade de libertate corespunzdtor variatiei reziduale preluat din tabelul ANOVA corespunzdtor

Table 5: Estimation of blend characteristics for 12 Mrad
Tabelul 5: Estimarea caracteristicilor amestecului pentru 12 Mrad

Hardness, ShA
Duritate, ShA

300% modulus, N/mm
Modul 300%, N/mm

Elongation at break, %
Alungirea la rupere, %

Tear strength, N/mm
Rezistentd la sfdsiere, N/mm

84.76 80.93 88.58

10.51

544.24 543.90 544.57

62.94 2.0 0.3 62.64 63.24

*df is the number of degrees of freedom corresponding to the residual variance taken from the corresponding ANOVA table
*df reprezintd numdrul de grade de libertate corespunzdtor variatiei reziduale preluat din tabelul ANOVA corespunzdtor
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Table 6: Estimation of blend characteristics for 15 Mrad
Tabelul 6: Estimarea caracteristicilor amestecului pentru 15 Mrad

Hardness, ShA

Duritate, ShA B

300% modulus, N/mm

Modul 300%, N/mm 11.69

80.55 88.25

11.09 12.30

Elongation at break, %

Alungirea la rupere, % >38.80

538.46 539.14

Tear strength, N/mm

Rezistentd la sfasiere, N/mm 62.52

62.22 62.82

*df is the number of degrees of freedom corresponding to the residual variance taken from the corresponding ANOVA table
*df reprezintd numdrul de grade de libertate corespunzdtor variatiei reziduale preluat din tabelul ANOVA corespunzdtor

CONCLUSIONS

Analyzing characteristics of EVA and TAC blends
irradiated with EB, it can be concluded that the optimal
dose of crosslinking is in the range of 7-14 Mrad, but
irradiation dose necessary for crosslinking and grafting
is chosen depending on the desired physical and
mechanical properties. Comparing physical and
mechanical characteristics of the samples irradiated at
the same irradiation dose and irradiated control
samples (crosslinked with peroxides), it is found that
they are reproducible, that the desired effect is
achieved (crosslinking and grafting), demonstrating the
functionality and usefulness of the crosslinking and
grafting technology with EB.

Experimental data were statistically analyzed and
processed and a separate analysis was performed for
each feature. A regression model was validated for
each feature separately, synthesizing the way in which

CONCLUZII

Analizand caracteristicile amestecurilor de EVA si
TACiradiate cu EA, se poate concluziona ca doza optima
de reticulare poate fi considerata in intervalul 7-14
Mrad, Tnsa alegerea dozei de iradiere necesara grefarii
si reticularii se face in functie de proprietatile fizico-
mecanice pe care dorim sa le obtinem. Comparand
caracteristicile fizico-mecanice ale probelor iradiate la
aceeasi doza de iradiere, precum si probele iradiate cu
cele martor (reticulate cu peroxizi), se observa ca
acestea sunt reproductibile, ca se obtin efectele dorite
(reticularea si grefarea), demonstrand astfel
functionalitatea si utilitatea tehnologiei de reticulare si
grefare cu EA.

Datele experimentale au fost analizate si
prelucrate statistic si s-a efectuat o analiza distincta
pentru fiecare caracteristica. A fost validat cate un
model de regresie pentru fiecare caracteristica in parte
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the feature changes depending on the dose of electron
beam irradiation. Based on validated regression
models physical-mechanical properties of EVA and
TAC blends were estimated for different irradiation
doses.

The results obtained demonstrated that the
technology for grafting and crosslinking EVA and TAC
polyfunctional monomer blends by electron beam
irradiation is reproducible and reliable.

care sa sintetizeze modul in care caracteristica se
modifica in functie de doza de iradiere cu electroni
accelerati. Pe baza modelelor de regresie validate au fost
estimate proprietatile fizico-mecanice ale amestecurilor
de EVAsi TAC pentru diferite doze de iradiere.
Rezultatele obtinute au demonstrat faptul ca
tehnologia de grefare si reticulare a amestecurilor de
EVA si monomer polifunctional TAC prin iradiere cu
electroniaccelerati este reproductibila si fiabila.
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