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CHARACTERISTICS OF NATURAL RUBBER BLENDS VULCANIZED WITH ELECTRON BEAM AND MICROWAVE

ABSTRACT. This paper presents the effect of the polyfunctional monomers (PFMs) triallyl cyanurate (TAC), triallyl isocyanurate (TAIC), trimethylopropane
trimethacrylate (TMPT) and zinc diacrylate (ZDA) on the mechanical properties of the NR (natural) rubber crosslinked by electron beam (EB) and microwave
processing. The control samples were obtained by crosslinking with benzoyl peroxide in a hydraulic press at 160°C. The most effective polyfunctional monomer
which led to getting the best properties was TMPT followed by ZDA. The results indicate that the application of new technologies will lead to a significant
improvement in physical and mechanical properties of finished products and to optimizing the curing stage, the most important operation of the technological
process for obtaining elastomeric materials.
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REZUMAT. Aceasta lucrare prezinta efectul monomerilor polifunctionali trialilcianurat (TAC), trialilizocianurat (TAIC), trimetil-propan-trimetacrilat (TMPT) si
diacrilat de zinc (ZDA) asupra proprietatilor mecanice ale cauciucului natural (NR) reticulat prin iradiere cu electroni accelerati (EA) si microunde (MU). Probele
martor au fost obtinute prin reticulare cu peroxid de benzoil la temperatura de 160°C intr-o presa hidraulicd. Monomerul polifunctional care a condus la obtinerea
celor mai bune caracteristici a fost TMPT urmat de ZDA. Datele obtinute ne indica faptul ca aplicarea metodei inovative de reticulare prin iradiere cu EA si MU va
conduce la o Tmbunatdtire semnificativda a proprietatilor fizico-mecanice ale produselor finite si la optimizarea etapei de vulcanizare, care este cea maiimportanta
operatie din fluxul tehnologic de obtinere a materialelor elastomerice.

CUVINTE CHEIE: cauciuc natural, reticulare, peroxid, electroni accelerati, microunde, monomeri polifunctionali.

LES CARACTERISTIQUES DES MELANGES DE CAOUTCHOUC NATUREL VULCANISES PAR FAISCEAU D'ELECTRONS ET MICRO-ONDES

RESUME. Cet article présente I'effet des monomeéres polyfonctionnels triallyl cyanurate (TAC), triallyl isocyanurate (TAIC), triméthyl-propane-triméthacrylate
(TMPT) et diacrylate de zinc (ZDA) sur les propriétés mécaniques du caoutchouc naturel (NR) réticulé par irradiation avec des électrons accélérés (EA) et avec des
micro-ondes (MO). Les échantillons de contréle ont été obtenus a I'aide de réticulation par peroxyde de benzoyle a une température de 160°C dans une presse
hydraulique. Le monomére polyfonctionnel qui a conduit a I'obtention des meilleures caractéristiques a été TMPT suivi de ZDA. Les données indiquent que
I'application de la méthode novatrice de réticulation par irradiation avec EA et MO conduira a une amélioration significative des propriétés physiques et
mécaniques des produits finis et d'optimiser la phase de vulcanisation, qui estI'opération la plus importante du processus technologique d'obtention des matériaux
élastomeriques.

MOTS CLES: caoutchouc naturel, réticulation, peroxyde, électrons accélérés, micro-ondes, monomeéres polyfonctionnels.

INTRODUCTION INTRODUCERE

Vulcanisation is the process by means of which Vulcanizarea este procesul prin care amestecul de
rubber blend is changed from essentially a plastic cauciuc este transformat dintr-un material plastic intr-
material to either an elastic or a hard material. There unul cu proprietati elastice sau intr-un material dur.
are several possibilities for the crosslinking of rubber. Exista mai multe posibilitati de reticulare a cauciucului.

Vulcanizarea cu sulf a fost prima metoda de reticulare

Sulphur vulcanisation was the first to be discovered and T el . )
descoperitd si in prezent este inca cea mai cunoscuta.

still is today's most common cure system. Other
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vulcanisation systems, i.e. peroxides, ultraviolet light,
resins, etc. were later discovered and gained more
importance with the progressive development of
synthetic rubbers [1]. Radiation technology (electron
beam, microwave, gamma rays) has emerged as one of
the foremost techniques for the processing of rubber
materials and has many advantages over other
conventional methods [2]. Electron beam (EB)
vulcanization has demonstrated extremely positive
results compared to the conventional curing system
such as: no polymer degradation due to high
temperature, as EB cross-linking occurs at room
temperature, no oxidative degeneration in polymers as
observed in classical cross-linking, direct cross-linking
by C-C linkage by EB, extremely strong bonds, high
degree of cross-linking, extremely short curing cycles,
very high productivity, perfect for thin products, lower
material waste [3, 4]. The advantages of using
microwaves (MW) can be summarized as follows: rapid
energy transfer, volumetric and selective heating, very
high heating rate [5-7]. However, the radiation cross-
linking of NR was not used in larger technical
applications because of the high cost of irradiation to
bring about vulcanization and the low quality of
products from the radiation cross-linked NR. The
radiation cross-linking of NR became an industrial
process when the radiation dose decreased with the
use of some sensitizers. Reported papers suggest that
appropriate polyfunctional monomers (PFMs) in
polymer matrix [8-10] could be used to obtain desired
rubber physical properties at lower irradiation doses
[11-14].

The main idea of this paper is to combine the
effects of EBirradiation, MW heating and PFMs in order
toreduce the required electron beam dose level and to
improve the natural rubber properties. We chose to
study natural rubber, due to its numerous applications.
For example, between 65% and 70% of the total
production of natural rubber is used as raw material for
cartires[15].

EXPERIMENTAL

Materials

The following materials were used in the study:
e natural rubber Crep 1X (Mooney viscosity is 74

Alte sisteme de reticulare, precum cele bazate pe
utilizarea peroxizilor, a radiatiei ultraviolet, a rasinilor
etc., au fost descoperite ulterior si au castigat o mai mare
importanta odata cu dezvoltarea progresiva a
cauciucurilor sintetice [1]. Tehnologia de reticulare cu
radiatii (electroni accelerati, microunde, radiatii gamma)
a aparut ca o alternativa la tehnicile obisnuite utilizate
pentru prelucrarea materialelor din cauciuc si prezinta
multe avantaje fatd de acestea [2]. Vulcanizarea cu
electroni accelerati (EA) a condus la obtinerea unor
rezultate superioare comparativ cu tehnicile conventionale
devulcanizare deoarece: polimerul nu mai este degradat
datorita temperaturilor inalte deoarece reticularea cu EA
are loc la temperatura camerei, nu mai are loc degenerarea
oxidativa observata in reticularea clasica, se realizeaza
legaturi C-C care sunt foarte puternice, un grad mare de
reticulare, ciclurile de reticulare sunt extrem de scurte,
productivitatea este foarte mare, se preteaza foarte bine
la tratarea produselor subitiri, pierderea de material este
foarte mica [3, 4]. Avantajele utilizarii microundelor (MU)
sunt urmatoarele: transfer rapid de energie, incalzire
selectiva si in volum, randament mare de incalzire [5-7].
Cu toate acestea, vulcanizarea cauciucului natural (NR)
cuajutorul radiatiilor nu s-a utilizat pe scara largd datorita
costurilor mari legate de procesul de iradiere, dar si
datorita calitatilor slabe ale produselor conferite de
tratamentul cu radiatii. Vulcanizarea cu radiatii a NR a
devenit un proces industrial atunci cand, prin utilizarea
unor sensibilizatori, doza de radiatii a scazut. Literatura
de specialitate sugereaza ca utilizarea unor monomeri
polifunctionali (MP) adecvati [8-10] poate conduce atat la
scaderea dozei de radiatii, cat si la obtinerea proprietatilor
fizicedorite[11-14].

Ideea acestei lucrdri este aceea de a combina
efectele iradierii cu EA, a incalzirii cu MU si a utilizarii MP
pentru a reduce doza de iradiere cu EA si pentru a aduce
imbunatatiri semnificative proprietatilor produselor din
cauciuc natural. Am ales pentru acest studiu cauciucul
natural, datoritd numeroaselor lui aplicatii. Pentru
exemplificare, amintim doar ca intre 65 % si 70 % din
productia totald de cauciuc natural este folosita ca materie
prima pentru producerea anvelopelor de masini[15].

PARTEA EXPERIMENTALA

Materiale

n studiu s-au utilizat urmatoarele materiale:
e cauciucul natural Crep (vascozitatea Mooney
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ML,,,at 100°C, 0.32% volatile materials content, 0.38%
nitrogen content, 0.22% percentage of ash, 0.021%
impurities content);

« triallylcyanurate TAC DL 70 (2% percentage of
ash, density 1.34 g/cm’, 30% active syntheticsilica);

 triallylisocyanurate TAIC DL 70C (pH 2.6,
density 1.34 g/cm’);

e trimethylopropane-trimethacrylate TMPT DL
75 (22% percentage of ash, pH 9.2, density 1.36 g/cm’,
75+ 3% active ingredient);

e zinc-diacrylate ZDA GR 75 (75 + 3% active
ingredient, density 1.23 g/cm’);

e dibenzoyl peroxide Perkadox 14-40B (1.60
g/cm® density, 3,8% active oxygen content, 40%
peroxide content, pH=7).

Preparation of the Samples

Blends were prepared on an electrically heated
laboratory roller mill. For preparation of NR with
polyfunctional monomers, the blend constituents were
added in the following sequence and amounts: 100 phr
NR and 3 phr polyfunctional monomers (TAC, TAIC,
TMPT and ZDA respectively). Process variables:
temperature 25-50°C, friction 1:1.1, and total blending
time 5 min. Plates required for physico-mechanical
tests were obtained by pressing in a hydraulic press at
110 £ 5°C and 150 MPa. Dibenzoyl peroxide vulcanized
samples ware prepared similarly to the experimental
ones with the following specifications: 8 phr of
dibenzoyl peroxide as vulcanizing agent was added and
the blend vulcanization was achieved in a hydraulic
press at 160°C; the vulcanization time was measured by
means of Monsanto Rheometer.

Experimental Installations and Sample Irradiation

The rubber samples were subjected to the
following vulcanization methods:

e Conventional vulcanization with benzoyl
peroxide (BP-V) at 160°C and 150 MPa by using an
electrical hydraulic presser;

e EB vulcanization (EB-V) and EB+MW
vulcanization (EB+MW-V) with an experimental
installation that permits separate and successive or
simultaneous EBand MW processing.

The experimental installation consists mainly of
the following units: an accelerated electron beam
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74 ML,,,la 100°C, continutul de materii volatile 0,32%,
continutul de azot 0,38%, continutul de cenusa 0,22%,
continutul deimpuritati0,021%);

 trialilcianurat TAC DL 70 (continutul de cenusa
26%, densitate 1,34 g/cm3, contine agent activ 70% si
silice activa 30%);

 trialilizocianurat TAIC DL 70 (densitate 1,34
g/cm’, pH 2,6);

e trimetilpropan-trimetacrilat TMPT DL 75
(continutul de cenusd 22%, densitate 1,36 g/cm’,
contine agentactiv75+3%, pH9,2);

 diacrilatde zincZDA GR 75 (contine agent activ
75+ 3%, densitate 1,23 g/cm’);

e peroxidul de benzoil Perkadox 14-40B-GB
(densitate 1,60 g/cm’, continutul de oxigen activ 3,8%,
continutul de peroxid 40%).

Pregatirea probelor

Amestecurile s-au realizat prin tehnica amestecarii pe
un valt de laborator cu incalzire electrica. Pentru obtinerea
amestecurilor de cauciuc natural cu monomeri
polifunctionali, materialele componente au fost adaugate in
urmatoarea ordine: 100 phr NR si 3 phr monomer
polifunctional (TAC, TAIC, TMPT si respectiv ZDA). Parametrii
procesului au fost: temperatura 25-50°C, frictia 1:1:1, timpul
total de amestecare 5 minute. Placile necesare pentru
realizarea determinarilor fizico-mecanice s-au obtinut cu
ajutorul unei prese hidraulice la 110 + 5°Csi 150 MPa. Probele
martor pentru vulcanizarea cu peroxid de benzoil au fost
obtinute Tn mod similar cu obtinerea probelor pentru iradiere,
cu urmatoarea diferenta: s-au adaugat 8 phr peroxid de
benzoil ca agent de vulcanizare si probele au fost vulcanizate
ntr-o presa hidraulica la 160°C; timpul de vulcanizare a fost
determinat cuajutorulreometruluiMonsanto.

Instalatiile experimentale si iradierea probelor

Problele de cauciuc au fost supuse urmatoarelor
metode de vulcanizare:

e Vulcanizarea clasica cu peroxid de benzoil (PB-
V) la temperatura de 160°C si presiune de 150 MPa,
utilizand o presa hidraulica electrica.

e Vulcanizarea cu EA (EA-V) si vulcanizarea cu
EA+MU (EA+MU-V), utilizdnd o instalatie experimentala
care permite iradierea separata si succesiva sau
simultana cu EAsi MU.

Instalatia experimentald are urmatoarele
componente principale: o sursa de EA, o sursa de MU
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source, a microwave source of 2.45 GHz and a
multimode rectangular cavity used as reaction
chamber. As accelerated electron beam source is used
the electron accelerator ILU-6M of 1.8 MeV and 10.8
kW output power. It is placed at Electrical Project and
Research Institute from Bucharest, Romania. 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 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. For EB and EB+MW treatments the rubber
samples were cut as compressed sheets of 2 mm thick
in the polyethylene foils to minimize oxidation. The
layers of three sandwiched sheets were irradiated by
repeatedly passing on a conveyor under the ILU-6M
scanner.

Figure 1 presents the photograph of sandwiched
rubber sheets under EB scanner of ILU-6M.

Conveyar
Transportor

Probe de cauciuc sandwich

Sandwiched rubber sheets covered
with 100 pm thick aluminum foil

acoperite cu folie de aluminiu de 100 pm

de 2,45 GHz si o cavitate rectangulara multimod,
utilizata drept camera de reactie. Ca sursa de EA s-a
folositacceleratorul de electroni ILU-6M cu energia de
1,8 MeV si puterea de 10,8 kW. Acesta se afla la
Institutul de Proiectare si Cercetare Electrica din
Bucuresti, Romania. ILU-6M este un accelerator de tip
rezonator, care opereaza la 1155 MHz si care
genereaza un fascicol pulsat de electroni cu durata
pulsuluide 0,375 ms pana la o intensitate a curentului
devarfde 0,32 Asiointensitate medie a curentului de
6 mA. Sectiunea transversala a fascicolului de EA
scanat la fereastra deiesire este de 1100 mm x 65 mm.
Efectele EA sunt corelate cu doza absorbita (D),
exprimatd in Gray sau J kg'. Doza absorbitd pe o
singura trecere a conveiorului prin fascicol se poate
ajustainintervalul 12,5 kGy pana la 50 kGy. Pentru a fi
tratate cu EA sau EA+MU, probele de cauciuc s-au
taiat in foi de 2 mm grosime, intre care s-au pus foi de
polietilend pentru a minimiza oxidarea. Straturi de
cate trei foi s-au iradiat prin trecerea repetata a
acestora cu ajutorul conveiorului pe sub fascicolul
scanat de EA generat de acceleratorul ILU-6M.

in Figura 1 este prezentatd fotografia probelor
de cauciuc - sandwich, aflate pe conveiorul
acceleratorului chiar in momentul Tn care acesta se
aflaintrecere prin fascicol.

EB scanner of ILU-6M
electron accelerator

Baleiorul acceleratorului
ILU-6M

Figure 1. Photograph of sandwiched rubber sheets under EB scanner of ILU-6M
Figura 1. Fotografia probelor de cauciuc - sandwich aflate sub baleiorul acceleratorului ILU-6M
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Mechanical Properties

The tensile strength was measured on dumb-bell
shaped specimen according to ISO 37/2005. Tear
strength was performed according to SR EN
12771/2003 using angular test pieces (type Il). The
testing of samples was carried out with the testing
speed 460 mm/min. at room temperature with a
Schoppler machine. Elasticity was evaluated with a
Schob test machine using 6 mm thick samples,
accordingto SO 46662/1986.

RESULTS AND DISCUSSIONS

Polyfunctional monomers are effective on
modification of polymer material by crosslinking.
Generally speaking, there are two factors which affect
the functionality of polyfunctional monomers in
polymer: one is the unsaturation of polyfunctional
monomers and the other is the solubility of
polyfunctional monomers in polymer [16]. The
polyfunctional monomers can participate in a number
of radical reaction mechanisms, including grafting and
radical addition. These polyfunctional monomers can
be grouped according to theirinfluence on cure kinetics
and ultimate physical-mechanical properties. Type |
polyfunctional monomers are highly reactive and
increase both the rate and state of cure (acrylate,
methacrylate, or maleimide functionality). Type |l
polyfunctional monomers are based on allyl reactive sites
and increase the state of cure only. Monomeric forms
include allyl — containing cyanurates, isocyanurates and
phthalates. For elastomers with high reactivity or high
unsaturation levels such natural rubber, type | is best
suited for increasing tensile strength, modulus and
minimizing compression set. For elastomers with lower
reactivity or a fully saturated structure such as chlorinated
polyethylene, type Il may be best to improve physical-
mechanical properties[17,18].

In our study we used four polyfunctional monomers:
TAC (triallylcyanurate) and TAIC (triallylisocyanurate) of
typel,and TMPT (trimethylopropane trimethacrylate) and
ZDA (zincdiacrylate) of typell.

The EB and EB + MW irradiation methods, applied
to the above mentioned rubber types, is based on our
research reported in [6], that demonstrated an
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Determinarea proprietatilor mecanice

Rezistenta la rupere a fost madsurata utilizand
epruvete in forma de haltera conform 1SO 37/2005.
Rezistenta la sfasiere a fost efectuata conform SR EN
12771/2003 utilizdnd epruvete unghiulare (tip ).
Determinarile au fost efectuate cu viteza de testare de
460 mm/min. la temperatura camerei cu un aparat
Schoppler. Elasticitatea a fost evaluata cu un aparat de
testare Schob utilizand epruvete cu grosimea de 6 mm,
conform 1SO 46662/1986.

REZULTATE SI DISCUTII

Monomerii polifunctionali sunt eficienti atunci
cand se doreste modificarea unui material polimeric prin
reticulare. Se cunosc doi factori care pot afecta
functionalitatea MP in polimer. Acestia sunt nesaturarea
MP si solubilitatea lui Tn polimer [16]. MP pot participa
activ Intr-un numar de mecanisme de reactie radicalice,
incluzand grefarea si aditia radicalica. Acesti monomeri
polifunctionali pot fi clasificati, in functie de influenta pe
care o au asupra cineticii reactiilor sau proprietatilor fizico-
mecanice. Monomerii polifunctionali de tipul | sunt
puternic reactivi si conduc atat la cresterea vitezei de
reticulare, cat si la cresterea gradului de reticulare (sunt de
tip acrilat, metacrilat sau maleimide). Monomerii
polifunctionali de tipul Il sunt cei bazati pe pozitiile reactive
ale gruparii alil si care cresc doar gradul de reticulare.
Tipurile de monomeri care includ grupari alil — contin
cianurati, izocianuratisi ftalati. in cazul elastomerilor cu
reactivitate mare sau un grad mare de nesaturare, cum
este cazul cauciucului natural, tipul | de MP este cel mai
potrivit pentru ca imbunatateste rezistenta la rupere,
modulul si reduce deformarea permanenta la
compresie. Pentru elastomerii cu reactivitate scazuta
sau avand o structurd saturata cum ar fi polietilena
clorurata, MP de tipul Il sunt cei mai potriviti pentru a
imbunatati proprietatile fizico-mecanice [17, 18].

Tn cazul studiului nostru am utilizat patru MP: doi
de tipul |, respectiv TAC (trialilcianurat) si TAIC
(trialilizocianurat) si doi de tipul Il, respectiv TMPT
(trimetilpropan-trimetacrilat) si ZDA (acrilat de zinc).

Metoda de iradiere combinata cu EA si MU a
probelor de cauciuc de tipul celor mentionate mai sus
are la baza studii efectuate anterior [6], care au
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important reduction of EB absorbed dose by MW demonstrat o reducere semnificativa a dozei de EA prin
additional use to EB energy. utilizarea aditionala a energiei MU la cea a EA.

The mechanical properties of samples are Proprietatile mecanice ale probelor supuse unui
summarizedin Tables 1-4. astfel de tratament sunt sintetizate in Tabelele 1-4.

Table 1: Physical-mechanical characteristics of blends: NR+TAC
Tabelul 1: Caracteristicile mecanice ale probelor NR+TAC

Elasticity, %
Elasticitate, %

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

Residual elongation, %
Alungirea remanentd, %

Table 2: Physical-mechanical characteristics of blends: NR+TAIC
Tabelul 2: Caracteristicile mecanice ale probelor NR+TAIC

Elasticity, %
Elasticitate, %

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

Residual elongation, %
Alungirea remanentd, %

m Leather and Footwear Journal 11 (2011) 1
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Table 3: Physical-mechanical characteristics of blends: NR+TMPT
Tabelul 3: Caracteristicile mecanice ale probelor NR+TMPT

Elasticity, %
Elasticitate, %

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

Residual elongation, %
Alungirea remanentd, %

Table 4: Physical-mechanical characteristics of blends: NR+ZDA
Tabelul 4: Caracteristicile mecanice ale probelor NR+ZDA

Elasticity, %
Elasticitate, %

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

Residual elongation, %
Alungirea remanentd, %

Analyzing the mechanical characteristics Analizand rezultatele caracteristicilor mecanice
obtained from the EA cross-linked samples compared obtinute la probele reticulate cu EA in comparatie cu
with those of cross-linked with peroxide mixturesin the cele ale amestecurilor reticulate cu peroxid in prezenta
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presence of the same types of MP the following can be
observed:

- significant improvements in tensile strength
(between 130% for NR+TAIC and NR+ZDA at 10 Mrad,
and 912% for NR+TMPT at 5 Mrad;

- elongation at break increases, for all
polyfunctional monomers type, the smallest increase
being 142% for NR+ZDA at 5 Mrad and highest 1112%
for NR+TMPT at 10 Mrad;

- tear strength increases with radiation dose,
(between 180% for NR+TAIC at 5 Mrad, and 1410% for
NR+TMPT at 10 Mrad;

- for all samples a decrease in elasticity was
noticed.

Relatively low residual elongation values indicate
agood returntoits original shape after applying aforce,
and therefore an efficient curing for all samples. In
conclusion, even at a dose of 5 Mrad an efficient
crosslinking of NR was achieved. The polyfunctional
monomer influence on these parameters for the
samples vulcanized with EB is the following: TMPT >
ZDA>TAC>TAIC.

Comparing the mechanical characteristics
obtained from the EA+MW cross-linked samples with
those cross-linked with peroxide mixtures in the
presence of the same types of MP a significant
improvement can be observed in tensile strength (up to
411% for NR+TAC, 400% for NR+TAIC, 960% for
NR+TMPT and 184% for NR+ZDA), in elongation at
break (up to 974% for NR+TAC, 877% for NR+TAIC,
1208% for NR+TMPT and 382% for NR+ZDA) and tear
strength (up to 450% for NR+TAC, 420% for NR+TAIC,
835% for TMPT and 300% for NR+ZDA). The order of
influence of polyfunctional monomers on the studied
parameters for EA+MW is identical to that in the case of
irradiation with EA (TMPT >ZDA > TAC > TAIC).

Improved characteristics of hardened mixtures
with EA and EA + MW from the hardened peroxide are
due, on the one hand, to the advantages of accelerated
electrons (the process is very fast, and due to high
penetration power of radiation there is an effective and
uniform curing), and on the other hand, to the
advantages of microwave (promote a narrow
distribution of the molecular masses, as the cross-
linking occurs simultaneously in the bulk of material
because of the microwave interaction with all material
under irradiation; promote fast cross-linking processes)
[3, 6]. Also, due to reduced processing time, thermal

acelorasitipuride MP, se poate observa:

- imbunatatirea semnificativa a rezistentei la
rupere (cu 130% pentru NR+TAIC si NR+ZDA iradiate cu
10 Mrad, si cu 912% pentru amestecurile NR+TMPT
iradiate cu 5 Mrad);

- cresterea alungirii la rupere pentru toate
amestecurile iradiate, cea mai mica crestere fiind de
142% pentru amestecurile NR+ZDA, iar cea mai mare
de 1112% pentru amestecurile de NR+TMPT);

- cresterea rezistentei la sfasiere cu doza de
iradiere (cuprinsa intre 180% pentru amestecul
NR+4TAIC iradiat cu 5 Mrad, si cu 1410% pentru
amestecul NR+TMPT iradiat cu 10 Mrad);

-scaderea elasticitatii pentru toate probeleiradiate.

Valorile relativ scazute ale alungirii remanente
indica o foarte buna revenire la forma initialda dupa
aplicarea unei forte, deci o vulcanizare eficienta pentru
toate probele. in concluzie, chiar sila o dozi de 5 Mrad
s-a realizat o reticulare eficienta a NR. Influenta
monomerilor polifunctionali asupra acestor parametri
pentru vulcanizarea cu EB scade in ordinea TMPT > ZDA
>TAC>TAIC.

Comparand rezultatele caracteristicilor mecanice
obtinute pentru probele reticulate cu EA+MW si respectiv
cu peroxizi in prezenta acelorasi tipuri de MP, se observa o
Tmbunatatire semnificativa a rezistenteila rupere (de pana
la 411% pentru NR+TAC, 400% pentru NR+TAIC, 960%
pentru NR+TMPT si 184% pentru NR+ZDA), a alungirii la
rupere (de pana la 974% pentru NR+TAC, 877% pentru
NR+TAIC, 1208% pentru NR+TMPT si 382% pentru
NR+ZDA) siarezistenteila sfasiere (de panala 450% pentru
NR+TAC, 420% pentru NR+TAIC, 835% pentru NR+TMPT si
300% pentru NR+ZDA). Ordinea influentei MP asupra
parametrilor studiati Tn cazul tratamentului combinat
EA+MU este identica cu cea din cazul iradierii cu EA (TMPT
>ZDA>TAC>TAIC).

imbunatitirea caracteristicilor amestecurilor
reticulate cu EA si EA+MW fata de cele reticulate cu
peroxid se datoreaza pe de o parte avantajelor aduse
de EA (procesul este foarte rapid, datorita puterii mari
de penetrare a radiatiilor, are loc o vulcanizare eficienta
si uniforma in toatd masa elastomerului), iar pe de alta
parte avantajelor aduse de microunde (realizeaza o
distributie Tngustd a maselor moleculare deoarece
procesul de reticulare si grefare se initiaza simultan n
toatd masa sistemului ca efect direct al proprietatii
microundelor de a interactiona cu tot volumul de
material supus iradierii; realizeaza o accelerare a
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degradation, which can occur when keeping the
elastomer at high temperatures of about 160°C for 10-
30min., isremoved.

Analyzing the influence of polyfunctional
monomers type on characteristics, it can be seen that
the best results were obtained using TMPT followed by
ZDA (Type | curing coagents). Type | polyfunctional
monomers are highly reactive and increase the rate and
state of cure. Type Il (TAC and TAIC) polyfunctional
monomers increase only the state of cure. Also, the
influence of polyfunctional monomers on the increase
of the mechanical characteristics is determined by the
reactivity, the number of reactive groups (functionality):
TMPT has functionality three and ZDA has functionality
two [17-18].

CONCLUSIONS

The study demonstrated that mechanical
properties such as tensile strength, elongation at break
and tearing strength improved as a function of
increased irradiation dosage and polyfunctional
monomers type. Comparing mechanical parameters of
the samples obtained by EB vulcanization and EB+MW
vulcanization with those vulcanized with dibenzoyl
peroxide, it is easy to notice a higher efficiency.
Improvement in tensile strength, elongation at break
and tearing strength is considerable for TMPT and ZDA
(type | polyfunctional monomers) whereas only
marginal improvements are seen for TAC and TAIC (type
Il polyfunctional monomers).

Crosslinking by EB and MW also shows a series of
advantages, such as: reduced crosslinking time and
power expenditure, no polymer degradation due to
high temperature as EB cross-linking occurs at room
temperature, the process is very fast and can be
precisely controlled, the electron beam can be steered
very easily to meet the requirements of various
geometrical shapes of the products to be cured, very
high productivity, perfect for thin products [3, 6].
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