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THE INFLUENCE OF TMPT COAGENT ON THE MECHANICAL PROPERTIES OF THE EPDM RUBBER CROSS-LINKED BY IRRADIATION
ABSTRACT. This paper presents the effect of the polyfunctional monomer trimethylopropane trimethacrylate (TMPT) on the mechanical properties of the ethylene-
propylene rubber (EPDM) cross-linked by electron beam and microwave processing. The control samples were obtained by cross-linking with benzoyl peroxide in a
hydraulic press at 160°C. The results showed an improvement of mechanical properties for samples cross-linked by irradiation.
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INFLUENTA COAGENTULUI TMPT ASUPRA PROPRIETZ\TILOR MECANICE ALE ELASTOMERULUI EPDM RETICULAT PRIN IRADIERE
REZUMAT. Tn aceast3 lucrare este prezentat efectul monomerului polifunctional trimetil-propan-trimetacrilat (TMPT) asupra proprietitilor mecanice ale
elastomerului etilen-propilen-terpolimer (EPDM) reticulat prin iradiere cu electroni accelerati (EB) si microunde (MW). Probele martor au fost obtinute prin
reticulare cu peroxid de benzoil la temperatura de 160°C intr-o presa hidraulica. Rezultatele au aratat o imbunatatire a proprietatilor mecanice pentru probele
reticulate priniradiere.
CUVINTE CHEIE: cauciuc terpolimer etilend-propilena, reticulare, electroni accelerati, microunde, trimetilpropan-trimetacrilat.

L'INFLUENCE DU COAGENT TMPT SUR LES PROPRIETES MECANIQUES D'ELASTOMERE EPDM RETICULE PAR IRRADIATION
RESUME. Dans cet article on présente I'effet du monomere polyfonctionnel triméthylolpropane triméthacrylate (TMPT) sur les propriétés mécaniques
d'élastomere éthyléne-propyléne-terpolymeére (EPDM) réticulé par faisceau d'électrons et traité par micro-ondes. Les échantillons de contréle ont été obtenus par
réticulation avec du peroxyde de benzoyle dans une presse hydraulique a 160°C. Les résultats ont montré une amélioration des propriétés mécaniques pour les
échantillons réticulés parirradiation.
MOTS CLES: caoutchouc terpolymere éthyléne-propyléne, réticulation, faisceau d'électrons, micro-ondes, triméthylolpropane triméthacrylate.

INTRODUCTION INTRODUCERE

Elastomerii sunt materiale utilizate Tntr-un numar
mare de aplicatii industriale si casnice. Unul dintre
tratamentele fizico-chimice cel mai des utilizat este
vulcanizarea (reticulare), ce confera cauciucurilor
stabilitate mecanica si termica. Elastomerii au

Elastomers are materials used in a large range of
industrial and household applications. A common
physical-chemical treatment is curing (cross-linking),
imparting mechanical and thermal stability to the

rubber. Elastomers have low thermal conductivity
values and therefore, require complex and high cost
heating methods in classical vulcanization. In many
cases, ionizing radiation (gamma and electron beam)
processes as well as non-ionizing radiation (microwave)
heating provide distinct advantages over conventional
cross-linking of elastomers, in terms of product
properties, process time saving, increased process
yield and environmental compatibility.

coeficienti de conductivitate termica mici, prin urmare,
incalzirea lor este dificila si necesitd procedee clasice
complexe si costisitoare. In multe cazuri, procesele
derulate cu ajutorul radiatiei ionizante (gamma sau
electroni accelerati) sau incalzirea cu ajutorul radiatiei
neionizante (microunde), oferd avantaje distincte fata
de vulcanizarea conventionald a elastomerilor in ce
priveste proprietatile finale, reducerea timpului de
procesare, cresterea randamentului de proces si
compatibilitatea cu mediul inconjurator.
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The first patented process for rubber curing by
means of ionizing radiation was developed by Dunlop
Rubber Co. Ltd. in 1956. Since that year, application of
ionizing radiation in the polymer field has been
investigated by many researchers who have developed
modern, environmentally friendly and fast techniques
for polymer cross-linking and grafting [1, 2]. Due to the
many advantages of such technologies, there are more
than 800 electron accelerators for industrial
applications worldwide, intended particularly for
polymerization, cross-linking, grafting, etc. Atindustrial
level, electron beam (EB) processing brings unique
advantages such as energy saving and the ability to
induce cross-linking at room temperature, but the
required radiation doses are generally too high. Low
irradiation doses are required for an efficient process
and a high dose rate must be used to give large
production capacities. Thus, for industrial scale
processing, the problem of reducing the electrical
energy consumption as well as the electron beam cost
is especially important [3]. Many investigations have
been undertaken to find out the effect of different
polyfunctional monomers (coagents) on the physical
properties of different rubber types cross-linked by
electron beams [4-8]. Appropriate polyfunctional
monomers in polymer matrix can be used to obtain
desired cross-linking density at low irradiation doses.
Also, a good radiation vulcanization of rubber mixtures
can be obtained even at lower doses by additional use
of microwaves (MW) energy to that of electron beam
[9, 10]. MW processing of materials is a relatively new
technology that provides new approaches to improve
the physical properties of materials and to produce
new materials and microstructures which cannot be
achieved by other methods. The advantages of MW
processing and MW systems can be summarized as
follows: rapid energy transfer, volumetric and selective
heating, very high heating rate, convenient and clean
heating, fast switch on and off, clean environment, lack
of combustion products, compact equipment.

Ethylene-propylene elastomers are among the
most versatile, fast growing and interesting synthetic
rubber polymers. Excellent resistance to heat,
oxidation, ozone and weather aging are expected to
provide continued value in demanding automotive,
construction, and mechanical goods applications.

Primul brevet privind vulcanizarea cauciucului cu
ajutorul radiatiilor ionizante a fost realizat de Dunlop
Rubber Co. LTDn 1956. incepand cu acest an, utilizarea
radiatiilor ionizante Tn domeniul polimerilor a fost
studiata de multi cercetatori care au dezvoltat tehnici
moderne, ecologice si rapide pentru grefarea si
reticularea polimerilor [1, 2]. Datorita multitudinii de
avantaje conferite de aceste tehnologii, in lume exista
mai mult de 800 de acceleratoare pentru aplicatii
industriale, Tn special pentru polimerizari, reticulari,
grefari etc. La nivel industrial, procesarea cu fascicule
de EA aduce avantaje unice cum ar fi reducerea
consumului de energie si capabilitatea de a induce
procesul de reticulare la temperatura camerei, dar
dozele de radiatie necesare sunt in general prea mari.
Pentru a avea un proces eficient sunt necesare doze
scazute de iradiere si un debit mare de radiatie trebuie
utilizat pentru a obtine o productie ridicata. Astfel,
pentru procesarea la nivel industrial, problema
reducerii consumului de energie electrica, precum si a
costului fasciculului de electroni accelerati in special,
sunt foarte importante [3]. Au fost intreprinse multe
investigatii pentru a afla efectul diversilor monomeri
polifunctionali (coagenti) asupra proprietatilor fizico-
mecanice ale diferitelor tipuri de cauciucuri reticulate
in fascicule de electroni accelerati [4-8]. Utilizarea
adecvatda a monomerilor polifunctionali in matricea de
polimer poate fi folosita pentru a obtine densitatea de
reticulare dorita la doze mici de iradiere. De asemenea,
o bunad vulcanizare cu radiatii a amestecurilor de
cauciuc poate fi obtinutd chiar si la doze mici prin
utilizarea suplimentara a energiei microundelor alaturi
de energia electronilor accelerati [9, 10]. Procesarea
materialelor cu microunde este o tehnologie relativ
noua ce confera noi abordari pentru imbunatatirea
proprietatilor fizice ale materialelor si producerea de
materiale si microstructuri ce nu pot fi obtinute prin
alte metode. Avantajele procesarii cu microunde si ale
utilizarii sistemelor de microunde pot fi rezumate
astfel: transfer rapid de energie, incalzire volumetrica si
selectiva, viteza mare de incalzire, incalzire convenabila
si curata, pornire si oprire rapida, prietenos mediului,
lipsa produsilor de combustie, echipamente compacte.

Elastomerii etilena-propilena sunt dintre cei mai
versatili, cu cea mai rapida dezvoltare si interesanti
polimeri sintetici. Excelenta rezistenta la caldura,
oxidare, ozon si Tmbatranire sunt avantaje care
determina utilizarea lor in industria de automobile,
constructii, sialte diverse aplicatii mecanice.
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EXPERIMENTAL

Materials

The following materials were used in the study:

e EPDMrubber (Nordel 4760) (Mooney viscosity
is 70 ML,,, at 120°C, 70% ethylene content, ENB 4.9 W,
%, density 0.88 g/cm’, 10% cristalinity degree);

e trimethylopropane-trimethacrylate Luvomaxx
TMPT DL 75 (22% percentage of ash, pH 9.2, density
1.36 g/cm3, 75+ 3% active ingredient);

e dibenzoyl peroxide Perkadox 14-40B-GB (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 EPDM with
polyfunctional monomer TMPT, the blend constituents
were added in the following sequence and amounts:
100 phr EPDM and 3 phr TMPT. Process variables:
temperature 75 £ 5°C, friction 1:1:1, and total blending
time 5 min. Plates required for physical-mechanical
tests were obtained by pressing in a hydraulic press at
120 + 5°C and 150 MPa. Dibenzoyl peroxide vulcanized
control samples were 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 best vulcanization time
was measured by means of Monsanto Rheometer.

Experimental Installations and Sample Irradiation

EB and EB + MW exposure experiments were
carried out with the experimental arrangement (Figure
1) consisting mainly of the following units: an electron
linear accelerator of 6.23 MeV and 75 mA (ALIN-10),
and an irradiation chamber. The ALIN-10 electron
accelerator was built in Romania, at the National
Institute for Lasers, Plasma and Radiation Physics,
Electron Accelerator Laboratory, Bucharest. The
optimum values of the EB peak current |, 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;|,=75mA;P,=164 W (f,=
100Hz,,,=3.55).
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PARTEA EXPERIMENTALA

Materiale

n studiu s-au utilizat urmatoarele materiale:

e elastomer EPDM (Nordel 4760) (vascozitatea
Mooney 70 ML, la 120°C, continut de etilena 70%, ENB
4,9W,%, densitate 0,88 g/cm’, grad de cristalinitate 10%);

e trimetilpropan-trimetacrilat Luvomaxx TMPT
DL (continutul de cenusa 22%, pH 9,2, densitate 1,36
g/cm’, contine agentactiv 75 + 3%);

e peroxidul de benzoil Perkadox 14-40B-GB
(densitate 1,60 g/cm’, continutul de oxigen activ 3,8%,
continutul de peroxid 40%, pH=7).

Pregatirea probelor

Amestecurile s-au realizat prin tehnica amestecarii
pe un valt de laborator cu incalzire electrica. Pentru
obtinerea amestecurilor de cauciuc EPDM cu monomer
polifunctional TMPT, materialele componente au fost
addugate in urmatoarea ordine: 100 phr EPDM si 3 phr
monomer polifunctional TMPT. Parametrii procesului au
fost: temperatura 75 + 5°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 120 + 5°C si 150 MPa. Probele
martor pentru vulcanizarea cu peroxid de benzoil au fost
obtinute in 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 intr-o presa hidraulica la 160°C; timpul
de vulcanizare a fost determinat cu ajutorul reometrului
Monsanto.

Instalatia experimentala si iradierea probelor

Iradierile cu EA si EA + MU au fost efectuate cu
ajutorul unei instalatii experimentale (Figura 1)
compuse din urmatoarele: accelerator liniar de
electronide 6,23 MeV si 75 mA (ALIN-10) sio camerd de
iradiere. 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, I, 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;1,,=75mA; P, =164 W (f,=100Hz,,=3,55).
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The EB effects are related to the absorbed dose
(D) expressed in Gray or J kg" and absorbed dose rate
(D*) expressedin Gys ™ orJkg's™.

The MW effects are related to SAR (Specific
Absorption Rate, expressed in W. kg') which is
equivalent to D* and SA (Specific Absorption,
expressedinJ. kg”) whichis equivalent to D.

For EB and EB + MW treatments the rubber sheets
were cut in rectangular shape of 0.1 x 0.03 m’ and
covered with polyethylene foils to minimize oxidation.
The layers of ten sandwiched sheets were irradiated in
atmospheric conditions and at room temperature of
25°C.

Efectele EA sunt redate prin doza absorbita (D)
exprimatad in Gray sau J kg” si debitul dozei absorbite
(D*) exprimatein Gy s* saulkg's™.

Efectele MU sunt exprimate prin SAR (Specific
Absorption Rate, mdsuratd in W. kg') care este
echivalentul D* si SA (Specific Absorption, masurata in
J.kg") care este echivalentul D.

Pentru a fi tratate cu EA sau EA+MU, probele de
cauciuc au fost tdiate in foi de 0,1 x 0,03 m’ si acoperite
cu folie de polietilena pentru a minimiza procesele de
oxidare. Straturi de cate zece probe au fost iradiate in
conditii atmosferice normale si la temperatura
camerei, 25°C.

ALIN-10 electron linear accelerator of 6.23 MeV
Accelerator finiar de electroni ALIN-10 de 6,23 MeV

Control dozd de EA obsorbitd

D=1

Mechanically and electrically modified microwave
oven far combined EB and MW irradiation
Cuptor cu microunde modificat mecanic i electric
pentru iradiere combinatd EA-MU

EB window (Al foil of 100 pm)
Fereastrd EA (folie Al de 100 pm)

——— -

Figure 1. Photograph of the experimental installation with ALIN-10
Figura 1. Fotografia instalatiei experimentale ALIN-10

Laboratory Tests

Hardness of samples in terms of Shore A was
measured according to ISO 7619-1/2004 using 6 mm
thick samples. Elasticity was evaluated with a Schob
test machine using 6 mm thick samples, according to
ISO 46662/1986. The tensile testing of samples was
carried out with the testing speed 460 mm/min at room
temperature with a Schoppler strength tester machine.

Teste de laborator

Duritatea Shore A a probelor a fost masurata
conform 1SO 7619-1/2004 utilizand placi cu grosimea
de 6 mm. Elasticitatea a fost evaluata cu un aparat de
testare Schob utilizand epruvete cu grosimea de 6 mm,
conform I1SO 46662/1986. Incercarea la tractiune a
probelor a fost efectuatad cu viteza de testare de 460
mm/min la temperatura camerei cu un aparat
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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 IlI). All
measurements were taken several times and the
resulting values were averaged.

RESULTS AND DISCUSSIONS

Polyfunctional monomers (chemical additives or
coagents) are effective on modification of polymer
material by cross-linking. These polyfunctional
monomers are used in combination with radical cure
systems such as organic peroxides and electron beam
irradiation. Polyfunctional monomers can participate
in a number of radical reaction mechanisms, including
grafting and radical addition and can be grouped
according to their influence 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 Il
polyfunctional monomers are based on allyl reactive
sites and increase the state of cure only. Monomeric
forms include allyl-containing cyanurates,
isocyanurates and phthalates. In our study we used
TMPT (trimethylopropane trimethacrylate) which is a
typelcoagent[11].

Table 1 presents characteristics of the mixtures
cross-linked with dibenzoyl peroxide. These, along with
non-irradiated and non-cross-linked samples are
considered control samples for mixtures cross-linked
by irradiation with EB or EB and microwave.
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Schoppler de testare a rezistentei. Rezistenta la rupere
a fost masurata 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 Il). Toate masuratorile au fost
efectuate de mai multe ori si s-a facut media valorilor
rezultate.

REZULTATE SI DISCUTII

Monomerii polifunctionali (denumiti coagenti
sau aditivi) sunt eficienti Tn modificarea unui material
polimeric prin reticulare. Acesti monomeri
polifunctionali sunt utilizati Tn combinatie cu sisteme
radicalice, cum ar fi peroxizi organici sau iradierea cu
electroni accelerati. Monomerii polifunctionali pot
participa Tn reactiile radicalice, cum ar fi grefarea si
aditia radicalica si pot fi clasificatiin functie de influenta
lor asupra cineticii de reactie si proprietatilor fizico-
mecanice. Monomerii polifunctionali de Tip | sunt
puternic reactivi si determina atat cresterea vitezei de
reticulare, cat si a gradului de reticulare (prezinta
functionalitate de tip acrilat, metacrilat sau
maleimide). Monomerii polifunctionali de Tip Il au la
baza pozitii reactive de tip alil (cianurati, izocianurati si
ftalati) care cresc doar gradul de reticulare. in studiul
nostru am utilizat TMPT (trimetil-propan-
trimetacrilat), care este un coagentde Tip I [11].

in Tabelul 1 sunt prezentate caracteristicile
reologice si mecanice ale probei de EPDM/TMPT
vulcanizatain prezenta peroxidelor de benzoil. Aceasta,
impreunad cu proba neiradiata este considerata proba
martor fata de probele vulcanizate cu EA si EA + MU.
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Table 1: Characteristics of EPDM mixtures cross-linked with dibenzoyl peroxide
Tabelul 1: Caracteristicile amestecurilor de EPDM reticulate cu peroxid de benzoil

T90 (minutes)

23'30”

M max (dNm) 46.8
M90 (dNm) 42.64

Physical-mechanical characteristics
Caracteristici fizico-mecanice

Elasticity, %
Elasticitate, %

Elongation at break, %
Alungirea la rupere, %

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

60

135

The EB and EB + MW irradiation methods applied
to the EPDM rubber are based on our researches
reported in [12-16], that demonstrated an important
reduction of EB absorbed dose by MW additional use to
EBenergy.

The mechanical properties of samples are
summarized in Figures 2-9.

Metodele de iradiere cu EA si EA + MU a probelor
de elastomer EPDM au la baza studiile noastre
efectuate anterior [12-16], care au demonstrat o
reducere semnificativda a dozei de EA prin utilizarea
aditionald aenergieiMU laceaaEA.

Proprietatile mecanice ale probelor supuse
acestor tratamente sunt sintetizate in Figurile 2-9.
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64

Hardness 05 hA
Durita te, aShA

O kGy; 0" MW

30 kGy + B3s MW
120 kGy + 369 s MW
180 kGy +552 5 MW

Irradiation conditions
Conditii de iradiere

Figure 2. The EB and EB + MW effects on the hardness

of the EPDM samples (EB: 6.23 MeV,

D* = 4.2 kGy/min; MW: 2.45 GHz; SAR = 2 kW/kg)
Figura 2. Efectul EA si EA + MU asupra duritatii
pentru probele de EPDM (EA: 6,23 MeV,

D* = 4,2 kGy/min; MU: 2,45 GHz; SAR = 2 kW/kg)

0 kGy; 0" MW

60 kGy +175s MW

80 kGy + 2055 MW

100% Modulus, N/'mm?
Modul de elasticitate 100%, N/mm*

Irradiation conditions
Conditii de iradiere

Figure 4. The EB and EB + MW effects
on the 100% modulus of the EPDM samples
(EB: 6.23 MeV; D* = 4.2 kGy/min;
MW: 2.45 GHz; SAR = 2 kW/kg)

Figura 4. Efectul EA si EA + MU asupra modulului
de elasticitate 100% pentru probele de EPDM
(EA: 6,23 MeV; D* = 4,2 kGy/min;

MU: 2,45 GHz; SAR = 2 kW/kg)
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Irradiation conditions
Conditii de iradiere

Figure 3. The EB and EB + MW effects on the elasticity

300% Modulus, N/mm”
Modul de elasticitate 300%, N/,

of the EPDM samples (EB: 6.23 MeV,

D* = 4.2 kGy/min; MW: 2.45 GHz; SAR = 2 kW/kg)
Figura 3. Efectul EA si EA + MU asupra elasticitatii
pentru probele de EPDM (EA: 6,23 MeV,

D* = 4,2 kGy/min; MU: 2,45 GHz; SAR = 2 kW/kg)

2

mm
N
w
1

O kGy; 0" MW

0,5 ]

30 kGy + 83 s MW
G0 kGy+ 175 s MW

0,0 |

Irradiation conditions
Conditii de iradiere

Figure 5. The EB and EB + MW effects
on the 300% modulus of the EPDM samples
(EB: 6.23 MeV; D* = 4.2 kGy/min;
MW: 2.45 GHz; SAR = 2 kW/kg)

Figura 5. Efectul EA si EA + MU asupra modulului
de elasticitate 300% pentru probele de EPDM
(EA: 6,23 MeV; D* = 4,2 kGy/min;

MU: 2,45 GHz; SAR = 2 kW/kg)
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Tensile strength, Nf/mm?
Rezistenta la rupere, N‘mm’

120 kGy + 369 s MW
180 kGy + 552 5 MW

Irradiation conditions
Conditii de iradiere

Figure 6. The EB and EB + MW effects
on the tensile strength of the EPDM samples

(EB: 6.23 MeV; D* = 4.2 kGy/min;

MW: 2.45 GHz; SAR = 2 kW/kg)
Figura 6. Efectul EA si EA + MU asupra rezistentei

la rupere pentru probele de EPDM

(EA: 6,23 MeV; D* = 4,2 kGy/min;
MU: 2,45 GHz; SAR = 2 kW/kg)

200

30 kGy

30 kGy + 83 s MW

G0 kGy + 1755 MW

Residual e longation ,%
Alungirea remanenta ,%
g
1
60 kGy

80 kGy + 2055 MW

120 kGy

120 kGy + 369 s MW

90 kGy
180 kGy + 552 s MW

150 KGy + 466 5 MW
210 kGy
210kGy + 810 s MW

150 kGy
180 kGy

Irradiation conditions
Conditii de iradiere

Figure 8. The EB and EB + MW effects
on the residual elongation of the EPDM samples
(EB: 6.23 MeV; D* = 4.2 kGy/min;
MW: 2.45 GHz; SAR = 2 kW/kg)
Figura 8. Efectul EA si EA + MU asupra alungirii
remanente pentru probele de EPDM
(EA: 6,23 MeV; D* = 4,2 kGy/min;
MU: 2,45 GHz; SAR = 2 kW/kg)

Elongation at break,%

Tearing strength ,N/mm
Rezitenta la sfasiere ,N/'mm
]

1

1100

1000

900

800

T00 4

600

0 KGy + 83 s MW

500 4

B0 kGy + 1755 MW

400

90 KGy + 205 5 MW

120 kGy + 365 s MW

300 4

Alungirea la rupere, %

150 kGy + 466 5 MW
210 kGy +B10 s MW

180 k Gy + 552 s MW

Irradiation conditions
Conditii de iradiere

Figure 7. The EB and EB + MW effects
on the elongation at break of the EPDM samples

(EB: 6.23 MeV; D* = 4.2 kGy/min;

MW: 2.45 GHz; SAR = 2 kW/kg)
Figura 7. Efectul EA si EA + MU asupra alungirii

la rupere pentru probele de EPDM

(EA: 6,23 MeV; D* = 4,2 kGy/min;
MU: 2,45 GHz; SAR = 2 kW/kg)

28

24

20

80 kGy + 235 s MW

120 kGy + 368 s MW
180 kGy + 552 s MW

30 kGy+ 835 MWV

Irradiation conditions
Conditii de iradiere

Figure 9. The EB and EB + MW effects
on the tear strength of the EPDM samples

(EB: 6.23 MeV; D* = 4.2 kGy/min;

MW: 2.45 GHz; SAR = 2 kW/kg)
Figura 9. Efectul EA si EA + MU asupra rezistentei
la sfasiere pentru probele de EPDM

(EA: 6,23 MeV; D* = 4,2 kGy/min;

MU: 2,45 GHz; SAR = 2 kW/kg)
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THE INFLUENCE OF TMPT COAGENT ON THE MECHANICAL PROPERTIES OF THE EPDM RUBBER CROSS-LINKED BY IRRADIATION

Analyzing the mechanical characteristics
obtained from the EB and EB + MW cross-linked
samples compared with those cross-linked with
peroxide, it can be observed that:

- The hardness (Figure 2) increases with 7°ShA by
EBirradiation at a dose of 120 kGy and with 5°ShA by EB
+ MW irradiation at 30 kGy + 83 sand 60 kGy + 176 s. For
the other treatments, hardness changes insignificantly
- with 1-2°ShA; also, there is no significant difference
between the EB and EB + MW crosslinking. Analyzing
the irradiated samples (with EB or EB + MW) and the
control sample crosslinked with peroxide (see Table 1),
it can be noticed that there are no significant
differences. The hardness increase in samples
crosslinked by irradiation or by curing with peroxide
compared with non-crosslinked sample is due to the
reinforcing effect that occurs as a result of the
formation of crosslinking bridges.

- The elasticity (Figure 3) does not change
significantly by irradiation with EB or EB + MW (an
increase of only 2%). There is a growth of elasticity with
maximum 1% for EB + MW compared with EB only, for
the treatment of 30 kGy + 88 s. The same increase in
elasticity was observed in the case of the sample cross-
linked with peroxide.

- The 100% module (Figure 4) and 300% module
(Figure 5) increase by irradiation, but the obtained
values are small because the material is uncharged.
There are small differences between values obtained
by peroxide, EB and EB + MW cross-linking. Considering
the fact that the module is a measure of the cross-
linking degree, the obtained values show that by means
of samples irradiation the cross-linking degree
increases [16].

- Tensile strength (Figure 6), elongation at break
(Figure 7), residual elongation (Figure 8) and tear
strength (Figure 9) decrease with the irradiation dose
increasing for both EB and EB + MW irradiation
(compared with non-irradiated control sample), but
the characteristics from cross-linking by irradiation are
better compared with cross-linking with peroxide. For
all these mechanical features the best results are
obtained for a dose of 150 kGy (crosslinking with EB)
and 150 kGy +466 s (crosslinking with EB + MW).

Following the obtained results it can be stated
that a dose of maximum 150 kGy + 466 s. leads to a
good crosslinking degree, for which there is a return to
its original shape after a very good stretching (29%).
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Analizand rezultatele caracteristicilor mecanice
obtinute pentru probele reticulate cu EAsi EA+ MU prin
comparatie cu probele reticulate cu peroxid, se poate
observa:

- Duritatea (Figura 2) creste prin iradiere cu 7°ShA
prin iradierea cu EA la doza de 120 kGy si cu 5°ShA prin
iradierea cu EA + MU la 30 kGy + 83 s 5i 60 kGy + 176 s.
Pentru celelalte tratamente duritatea se modifica
nesemnificativ — cu 1-2°ShA; de asemenea, nu exista
diferente mariintre reticularea cu EA si cea cu EA + MU.
Analizand probele iradiate cu proba martor reticulata
cu peroxid (vezi Tabelul 1) se observa ca nu exista
diferente semnificative. Cresterea duritatii probelor
reticulate prin iradiere sau prin vulcanizare cu peroxid
fata de proba nereticulata este datorata efectului de
ranforsare care apare prin reticulare ca urmare a
formarii puntilor de reticulare.

- Elasticitatea (Figura 3) nu se modifica
semnificativ prin iradiere cu EA sau cu EA + MU (o
crestere de doar 2%). Exista o crestere a elasticitatii cu
maxim 1% pentru EA + MU fata de EA, pentru
tratamentul 30 kGy + 88 s. Aceeasi crestere a
elasticitatii s-a observat siin cazul amestecului reticulat
cu peroxid.

-Modulul 100% (Figura 4) simodulul 300% (Figura
5) cresc prin iradiere, Tnsa valorile obtinute sunt mici
deoarece materialul este nesarjat; exista diferente mici
intre valorile obtinute prin reticularea cu peroxid, cea
cu EA si cea cu EA + MU; avand in vedere faptul ca
modulul este o masura a gradului de reticulare, valorile
obtinute indica faptul ca prin iradierea probelor are loc
cresterea gradului de reticulare, deci reticularea
probelor [16].

- Rezistenta la rupere (Figura 6), alungirea la
rupere (Figura 7), alungirea remanenta (Figura 8) si
rezistenta la sfasiere (Figura 9) scad la cresterea dozei
de iradiere atat pentru iradierea cu EA, cat si pentru
iradierea cu EA + MU (fatd de proba martor —
neiradiata), Tnsa la reticularea prin iradiere
caracteristicile sunt mai bune fata de cea cu ajutorul
peroxidului. Pentru toate aceste caracteristici
mecanice cele mai bune rezultate se obtin pentru o
doza de 150 kGy (reticularea cu EA) si pentru 150 kGy +
466s. MU (reticularea EA+ MU).

Tn urma rezultatelor obtinute se poate afirmaci o
doza de max. 150 kGy + 466 s. MU conduce la un grad
bun dereticulare, la care avem o revenire foarte buna la
formainitiala dupadalungire (29%).




E. MANAILA, D.M. STELESCU, D. IGHIGEANU, G. CRACIUN, D. BERECHET

CONCLUSIONS

Comparing mechanical parameters of the samples
obtained by EB and EB + MW cross-linking with samples
cross-linked with dibenzoyl peroxide, it is easy to
observe that efficiency is higher for the former.
Improvement in tensile strength, elongation at break,
residual elongation and tearing strength is considerable
for both EB irradiation (at 150k Gy) and for EB + MW
irradiation (at 150 kGy + 4665.).

Cross-linking by EB and EB + MW also shows a
series of advantages, such as: reduced cross-linking
time, no polymer degradation due to high temperature
(as in the classic peroxide curing) because EB and EB +
MW cross-linking is performed at room temperature,
the process is very fast and it can be controlled
precisely.
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