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CHARACTERISTICS OF SILICONE RUBBER BLENDS
ABSTRACT. In this paper, characteristics of silicone rubber blends cross-linked with various cross-linking systems based on benzoyl peroxide and benzoyl peroxide in
the presence of the triallylcyanurate (TAC) coagent were analyzed. For analyzed samples, physical-mechanical properties, rheologic characteristics, gel fraction and
cross-link density were determined.
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CARACTERISTICILE UNOR AMESTECURI DE CAUCIUC SILICONIC
REZUMAT. Tn aceast3 lucrare s-au analizat caracteristicile unor amestecuri de cauciuc siliconic reticulate cu diferite sisteme de reticulare pe bazi de peroxid de
benzoil, respectiv peroxid de benzoil in prezenta coagentului trialilcianurat (TAC). Pentru probele analizate s-au determinat proprietdtile fizico-mecanice,
caracteristicile reologice, fractia de gel si densitatea de reticulare.
CUVINTE CHEIE: cauciucsiliconic, reticulare, peroxid, trialilcianurat.

CARACTERISTIQUES DES MELANGES DE CAOUTCHOUC DE SILICONE
RESUME. Dans cet article on a analysé les caractéristiques des mélanges de caoutchouc de silicone réticulés avec des systémes de réticulation différents a base de
peroxyde de benzoyle et de peroxyde de benzoyle en présence du co-agent triallyl cyanurate (TAC). Pour les échantillons analysés on a déterminé les propriétés
physico-mécaniques, les caractéristiques rhéologiques, la fraction de gel et la densité de réticulation.
MOTS CLES: caoutchouc de silicone, réticulation, peroxyde, triallyl cyanurate.

INTRODUCTION INTRODUCERE

Elastomeriisiliconici reprezinta un tip de polimeri
cu caracteristici deosebite, datorita domeniului larg de
temperaturi in care pot fi utilizati, de la -100°C pana la
+315°C, la care se adauga rezistenta ridicata la produse
petroliere cu punct de anilind ridicat, la solventi si
intemperii, ca si usurinta de formare a acestora pentru
diferite scopuriindustriale [1-7].

Cea mai importanta etapa din tehnologia de
prelucrare a cauciucului este vulcanizarea / reticularea.
fn timpul vulcanizarii / reticuldrii, moleculele cu
configuratie de lant ale cauciucului se leaga intre ele

Silicone elastomers are a type of polymers with
remarkable characteristics, due to the wide range of
temperaturesin which they can be used, from-100°Cto
+315°C, to which are added high resistance to
petroleum products with high aniline point, to solvents
and weather, as well as easiness of obtaining them for
various industrial purposes[1-7].

The most important stage in the rubber
processing technology is vulcanization / cross-linking.
During vulcanization / cross-linking, rubber molecules

with chain configuration are linked by chemical bridges
/ bonds, and the rubber mass turns from its plastic
mass into is elastic one. Silicone rubber does not cross-
link by means of sulfur. The main cross-linking methods
used to obtain finished silicone rubber products are: (i)
the use of silico-organic compounds in the presence of
metallic catalysts, (ii) with peroxides or (iii) the
exposure to high energy irradiation [8].

In this paper characteristics of silicone rubber
blends cross-linked with various cross-linking systems
based on benzoyl peroxide and benzoyl peroxide in the

prin punti / legaturi chimice, iar masa de cauciuc trece
din forma sa plastica in cea elastica. Cauciucul siliconic
nu reticuleaza cu ajutorul sulfului. Principalele metode
de reticulare utilizate pentru obtinerea produselor
finite de cauciuc siliconic sunt: (i) utilizarea compusilor
silico-organici in prezenta unor catalizatori metalici, (ii)
cu peroxizi sau (iii) expunerea la radiatii de nalta
energie [8].

Tn aceastd lucrare s-au analizat caracteristicile
unor amestecuri de cauciuc siliconic reticulate utilizand
diferite sisteme de reticulare pe baza de peroxid de
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presence of the triallylcyanurate (TAC) coagent were
analyzed. The role of peroxides is to generate free
radicals that then recombine leading to cross-linking
reactions among the polymer chains. The initiation
reaction (peroxide decomposition) can be done
thermally or by irradiation.

The areas of use of silicone rubber are numerous,
namely: in the electrotechnical industry, as
electroinsulating material with various purposes, in
mechanical engineering as gaskets, bellows, elastic
elements. The aviation industry uses pieces of silicone
rubber resistant to a wide range of temperatures. In
medicine, silicone rubber articles are preferred
because they do not contain substances such as
antioxidants, vulcanization accelerators and other
ingredients that are not accepted. They are also widely
usedin the textile industry asimpregnating material.

EXPERIMENTAL

Materials

The following materials were used in the study:

% R 701/70 OH Elastosil silicone elastomers
(polydimethylsiloxane with vinyl groups, (dynamic)
viscosity over 9.000.000 mPa.s, density 1.32 g/cm’);

< 14-40B-GB Perkadox benzoyl peroxide
(density 1.600 g/cm’, active oxygen content 3.8%,
peroxide content 40%);

+» TAC DL 70 triallylcyanurate vulcanization
coagent (density 1.34 g/cm’, contains 70%
triallylcyanurate and 30% active syntheticssilica);

% Toluene (¢,,,...=0.866g/cm’).

Preparation of the Samples

Blends have been obtained by mixing on a
laboratory roll equipped with a cooling system. The
elastomer is plasticized on theroll (1'), the peroxide and
TAC are added and embedded, depending on the recipe
(1'), then the mixture is homogenized and taken off the
roll as a sheet (1-2'). Work temperature is 50-55°C and
friction 1:1.1. Plates necessary to carry out physical-
mechanical determinations have been obtained by
means of a hydraulic press at 160°C and 150 MPa.
Vulcanization time is determined by means of the

benzoil, respectiv pe baza de peroxid in prezenta
coagentului de vulcanizare trialilcianurat (TAC). Rolul
peroxizilor este de a genera radicali liberi care apoi se
recombind, conducand la reactii de reticulare intre
lanturile polimerului. Reactia de initiere
(descompunerea peroxidului) se poate realiza termic
saupriniradiere.

Domeniile de utilizare ale cauciucurilor siliconice
sunt vaste, si anume: in industria electrotehnicd, ca
material electroizolant cu diferite destinatii, n
industria constructoare de masini ca garnituri,
burdufuri, elemente elastice. Industria aeronautica
utilizeaza piese din cauciuc siliconic rezistente la o
gama largd de temperaturi. in medicin3, articolele din
cauciuc siliconic sunt preferate deoarece nu contin
substante ca antioxidanti, acceleratori de vulcanizare si
alte ingrediente care nu sunt admise. Au o larga
intrebuintare si in industria textilda, ca material de
impregnare.

PARTEA EXPERIMENTALA

Materiale

n studiu s-au utilizat urmatoarele materiale:

«* Elastomeri siliconici Elastosil R 701/70 OH
(polidimetilsiloxan cu grupari vinil, vascozitate
(dinamicd) peste 9.000.000 mPa * s, densitate 1,32
g/cm’);

+»+ Peroxidul de benzoil Perkadox 14-40B-GB
(densitate 1,600 g/cm’, continutul de oxigen activ
3,8%, continutul de peroxid 40%);

++» Coagent de vulcanizare trialilcianurat TAC DL
70 (densitate 1,34 g/cm’, contine trialilcianurat 70% si
silice sintetica activa 30%);

% Toluen (¢,,.,=0,866g/cm’).

Pregatirea probelor

Amestecurile s-au realizat prin tehnica
amestecarii pe un valt de laborator prevazut cu sistem
de racire. Elastomerul este plastifiat pe valt (1'), se
introduce si se inglobeaza peroxidul, si respectiv TAC, in
functie de reteta (1'), apoi amestecul este omogenizat
siscos de pe valt sub forma de foaie (1-2'). Temperatura
de lucru este de 50-55°C iar frictia de 1:1,1. Placile
necesare pentru realizarea determinarilor fizico-
mecanice s-au obtinut cu ajutorul unei prese hidraulice
la 160°C si 150 MPa. Timpul de vulcanizare este
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Monsanto rheometer.
Table 1 presents recipes of silicone rubber
blends.

determinat cu ajutorul reometrului Monsanto.
in Tabelul 1 sunt prezentate retetele
amestecurilor de cauciucsiliconic realizate.

Table 1: Blend recipes
Tabelul 1: Retetele amestecurilor

Elastosil R 701/70 OH siliconic rubber, g

Cauciuc siliconic Elastosil R 701/70 OH, g

Perkadox 14-40B -GB benzoyl peroxide, g
Peroxid de benzoil Perkadox 14 -40B -GB, g

Methods

Mechanical Properties

The tensile testing of samples was carried out
with the testing speed 460 mm/min at room
temperature with a Schoppler strength tester machine.
The tensile strength was measured on dumb-bell
shaped specimen according to I1SO 37/2005. Tear
strength was performed according to SR EN
12771/2003 using angular test pieces (type II).
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 I1ISO
46662/1986. The densities of elastomer samples were
measured according to ISO 2781/2008. All
measurements were taken several times and the
resulting values were averaged.

Rheologic Properties

Curing characteristics were determined by using
Monsanto rheometer (an oscillating disc rheometer) at
160°Cfor 12 minutes, accordingto SR1SO 3417/1997.
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Metode

Proprietdti mecanice

Tncercarea latractiune a probelor a fost efectuata
cu viteza de testare de 460 mm/min la temperatura
camerei cu un aparat Schoppler de testare a rezistentei.
Rezistenta la rupere a fost masurata pe un specimen in
forma de haltera conform 1SO 37/2005. Rezistenta la
sfasiere a fost efectuata conform SR EN 12771/2003
utilizand epruvete unghiulare (tip Il). Duritatea Shore A
a probelor a fost masurata conform 1SO 7619-1/2004
utilizand placi cu grosimea de 6 mm. Elasticitatea a fost
evaluatd cu un aparat de testare Schob utilizand
epruvete cu grosimea de 6 mm, conform ISO
46662/1986. Densitatile probelor de elastomeri au fost
masurate conform 1SO 2781/2008. Toate masuratorile
au fost efectuate de mai multe ori si s-a facut media
valorilor rezultate.

Proprietdti reologice

Caracteristicile de vulcanizare au fost
determinate folosind reometrul Monsanto (reometru
cu disc rotativ) la 160°C timp de 12 minute, conform SR
ISO3417/1997.
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Gel Fraction

The sol-gel analysis was performed on cross-
linked silicone rubber to determine the fraction of
insoluble PDMS samples (gel). The samples were
swollen in toluene and extracted after 24 h in order to
remove any scissioned fragments and unreacted
materials. The networks were then dried in air for 6
days, and reweighed. The gel fraction was calculated as:

Gel fraction = (m,/m,) x 100 (1)

where m, and m, are the weight of the dried sample
after extraction and the weight of the sample before
extraction, respectively. At least five measurements
were taken on each sample and the average and
standard deviation values were calculated.

Cross-link Density

The number of moles of cross-linked basic units
per weight unit of the cross-linked polymer is called
cross-link density. The cross-link density of the PDMS
samples was determined on the basis of equilibrium
solvent-swelling measurements (in toluene at 23-25°C)
by application of the well-known modified Flory-
Rehner equation for tetrafunctional networks. The
samples (2 mm thick) were initially weighed (m) and
immersed in toluene for 24 h. The swollen samples
were removed and cautiously dried to remove excess
solvent before being weighed (m,); and during this
operation, the samples were covered to avoid toluene
evaporation during weighing. Traces of solvent and
other small molecules were then eliminated by drying
in air for 6 days. Finally, the samples were weighed for
the last time (m,), and volume fractions of polymer in
the samples at equilibrium swelling v,, were
determined from swelling ratio G, and calculated as
follows:

where

G

Fractiunea de gel

Analiza sol—gel a fost efectuata pe cauciucsiliconic
reticulat pentru a determina fractiunea probelor PDMS
insolubile (gel). Probele au fost gonflate in toluen si
scoase dupa 24 h pentru a indeparta fragmentele
scindate si materialele nereactionate. Retelele au fost
apoi uscate la aertimp de 6 zile si recantarite. Fractiunea
de gel afost calculata dupa cum urmeaza:

Fractiunea de gel= (m,/m,) x 100 (1)

unde m, si m, reprezinta greutatea probei uscate dupa
extractie, respectiv greutatea probei inainte de
extractie. S-au efectuat cel putin cinci masuratori
pentru fiecare proba si s-au calculat valorile variatiei
medii si standard.

Densitatea de reticulare

Numarul de moli al unitatilor de baza reticulate
per unitatea de greutate a polimerului reticulat este
numit densitate de reticulare. Densitatea de reticulare
a probelor PDMS a fost determinata pe baza
masuratorilor gradului de gonflare in solvent (in toluen
la 23-25°C), prin aplicarea bine-cunoscutei ecuatii
modificate Flory-Rehner pentru retelele
tetrafunctionale. Probele (2 mm grosime) au fost initial
cantarite (m,) siimersate in toluen timp de 24 h. Probele
gonflate au fost scoase si sterse cu grija pentru a
indeparta solventul Tn exces Tnainte de a fi cantarite
(m,); in timpul acestei operatiuni, probele au fost
acoperite pentru a evita evaporarea toluenului in
timpul cantaririi. Urmele de solvent si moleculele mici
au fost apoi eliminate prin uscare laaer timp de 6 zile. Tn
cele din urma, probele au fost cantarite pentru ultima
oard (m,), si fractiunile de volum ale polimerului din
probe gonflate v,_, au fost determinate plecand de la
gradul de gonflare G, si calculate dupa cum urmeaza:

(2)

14+G’

unde

my;—nmg p.
=_= " uyTE

s (3)
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¢, and ¢, are the densities of elastomer samples
and solvent, respectively.

The samples cross-link densities, v, were
determined from measurements in a solvent, using the
Flory—Rehner relationship, given by

= =

o, si d, sunt densitatile probelor de elastomer,
respectivde solvent.

Densitatile de reticulare ale probelor, v, au fost
determinate din masuratorile in solvent, utilizand
ecuatia Flory—Rehner, data de

Ll'lfl = m) + by + :{llr%m (4)

V[ (r=

where V, = 106.5 cm’/mol is the molar volume of
solvent (toluene), v, is the volume fraction of polymer
inthe sample at equilibrium swelling, ® = 4 is the cross-
link functionality and x,, = 0.47 is the interaction
parameter between polymer and solvent—toluene [9].

RESULTS AND DISCUSSIONS

Cross-linking occurs principally through a free
radical mechanism, and it improves the tensile
properties and Shore A hardness [10-11].

The physical-mechanical and rheological
properties of samples are summarized in Tables 2 and
3, and Table 4 presents moistening characteristics and
cross-link density.

From the analysis of blend characteristics, it is
noticed that a quantity of 4 phr benzoyl peroxide (parts
per 100 rubber parts) led to obtaining the best tensile
strength and elongation at break values and the lowest
optimal cross-linking time (T,,). Tear strength and
hardness increase as the peroxide quantity in the blend
decreases; the best obtained results are for the blend
containing 2 phr Perkadox.
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unde V, = 106,5 cm’/mol este volumul molar al
solventului (toluen), v, este volumul fractiei
polimerului din proba gonflata, ® = 4 este
functionalitatea reticuldrii si x,, = 0,47 este parametrul
interactiunii dintre polimer si solvent—toluenul [9].

RESULTS AND DISCUSSIONS

Reticularea are loc in principal prin mecanism
radicalic, si Tmbunatateste proprietatile de tractiune si
duritatea Shore A[10-11].

Proprietatile fizico-mecanice si reologice ale
probelor sunt prezentate pe scurt in Tabelele 2 si 3, iar
in Tabelul 4 sunt prezentate caracteristicile de gonflare
sidensitatea dereticulare.

Din analiza caracteristicilor amestecurilor se
observa ca o cantitate de 4 phr peroxid de benzoil (parti
la 100 parti de cauciuc) a condus la obtinerea celor mai
bune valori ale rezistenteila rupere si alungirii la rupere
si la cel mai mic timp optim de reticulare (T,).
Rezistenta la sfasiere si duritatea cresc pe masura ce se
micsoreaza cantitatea de peroxid introdusa in amestec,
cele mai bune rezultate fiind obtinute pentru
amestecul care contine 2 phr Perkadox.
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Table 2: Physical-mechanical characteristics of blends
Tabelul 2: Caracteristicile fizico-mecanice ale amestecurilor

Physical-mechanical characteristics / SiP1  SiP2  SiP3  SiP4
Blend symbol

Caracteristici fizico-mecanice /

Simbol amestec

Elasticity, %
Elasticitate, %

Elongation at break, %
Alungirea la rupere, %

4

Tear strength, N/mm
Rezistentd la sfasiere, N/mm 27 295 32 225

Table 3: Rheologic characteristics of blends
Tabelul 3: Caracteristicile reologice ale amestecurilor

No.  Rheologic characteristics/ SiP1 SiP2 SiP3  SiP4
Blend symbol
Caracteristici reologice /
Simbol amestec
2 M max (dNm) 45.8 44,7  46.8 65
4 M90 (dNm) 42,64 4129 4385 61

Table 4: Moistening characteristics and cross-link density of samples
Tabelul 4: Caracteristicile de umectare si densitatea de reticulare a probelor

Blend symbol m; m, m; [oR G v v
Simbol amestec (g) (g) (g) (g/cma) am (10'4 moI/cma)
SiP2 0.4977 0.9244  0.4800 1.4043 1.5013 0.3998 6.217
SiP4 0.5384 0.8660  0.5202 1.3976 1.0727 0.4825 11.551
Adding 3 phr TACin the blend with 2 phr Perkadox Introducerea a 3 phr TAC in amestecul cu 2 phr
led to obtaining a sample with the highest values of the Perkadox a condus la obtinerea unei probe care
minimum and maximum torque, a decrease of toluene prezinta cele mai mari valori ale momentului minim si
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soluble polymer fraction and a significant increase of
delta torque (maximum-minimum torque) and cross-
link density.

In samples SiP1, SiP2 and SiP3 respectively, it is
noticed that, as the peroxide quantity decreases, there
is a decrease of swelling ratio G (toluene soluble
polymer quantity) and a slight increase of volume
fractions of polymer in the samples at equilibrium
swelling (v,,) and of cross-link density (v). It is known
that a large peroxide quantity produces a higher
number of radicals which recombine, leading to both
elastomer cross-linking and its degradation, obtaining
shorter polymer chains soluble in toluene. The values
of the above-mentioned samples indicate that upon
increasing the peroxide quantity in the blend over a
certain value, the degradation reactions of the polymer
chainsincrease.

CONCLUSIONS

As the peroxide quantity decreases, there is a
decrease of swelling ratio G (toluene soluble polymer
quantity) and a slight increase of volume fractions of
polymerinthe samples at equilibrium swelling (v,,.) and
of cross-link density (v), thus indicating an increase
degradation reactions, obtaining shorter polymer
chains soluble in toluene. The best values of tensile
strength and elongation at break and the lowest
optimal cross-linking time (T,,) were obtained for
blends containing 4 phr peroxide. By using the TAC
coagent, higher values of the minimum and maximum
torque, a decrease of toluene soluble polymer fraction
and a significant increase of delta torque (maximum-
minimum torque) and cross-link density were
obtained.

Silicone rubbers can be used in the
electrotechnical industry, mechanical engineering,
aviation industry, medicine, textile industry etc.
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maxim de torsiune, o scadere a fractiei de polimer
solubil in toluen si o crestere semnificativa a variatiei
cuplului de torsiune (a momentului maxim-minim de
torsiune) sia densitatii de reticulare.

La probele SiP1, SiP2, respectiv SiP3, se observa
ca, pe masura ce scade cantitatea de peroxid introdusa
arelocoscadere a gradului de gonflare G (a cantitatii de
polimer solubil in toluen) si o usoara crestere a
fractiunilor in volum ale polimerului din probe gonflate
(v,,) si a densitatii de reticulare (v). Se cunoaste faptul
ca o cantitate mare de peroxid conduce la obtinerea
unui numar mai mare de radicali care se recombind
conducand atat la reticularea elastomerului, cat si la
degradarea acestuia cu obtinerea unor lanturi
polimerice mai scurte solubile in toluen. Valorile
probelor mentionate maisus indica faptul cd la marirea
cantitatii de peroxid din amestec peste o anumita
valoare, creste ponderea reactiilor de degradare a
lanturilor polimerice.

CONCLUZII

Pe masura ce scade cantitatea de peroxid
introdusa are loc o scadere a gradului de gonflare G (a
cantitatii de polimer solubil in toluen) si o usoara
crestere a fractiunilor in volum ale polimerului din
probe gonflate (v,.) si a densitatii de reticulare (v),
indicand astfel o crestere a ponderii reactiilor de
degradare cu obtinerea unor lanturi polimerice mai
scurte solubile in toluen. Cele mai bune valori ale
rezistentei la rupere si alungirii la rupere si cel mai mic
timp optim de reticulare (T,) s-au obtinut pentru
amestecurile care contin 4 phr peroxid. Prin utilizarea
coagentului TAC s-au obtinut valori mai mari ale
momentului minim si maxim de torsiune, o scadere a
fractiei de polimer solubil in toluen si o crestere
semnificativa a variatiei cuplului de torsiune (a
momentului maxim-minim de torsiune) si a densitatii
dereticulare.

Cauciucurile siliconice se pot utiliza in industria
electrotehnica, industria constructoare de masini,
industria aeronautica, medicina, industria textila etc.
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