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ANTIBACTERIAL NANOCOMPOUND BASED ON SILICONE RUBBER. PART | — OBTAINING AND CHARACTERISATION

ABSTRACT. The purpose of this paper is to develop an antibacterial polymer nanocompound based on silicone rubber reinforced with TiO,
nanoparticles and with added crosslinkers - dicumyl peroxide. The antibacterial nanocompound polymer was developed by vulcanization on a
laboratory roll mill, so as to be further processed by means of molding using the electric press, with preset parameters for optimum processing.
The antibacterial polymer nanocompound obtained was characterized in terms of physical-mechanical properties in normal condition and
after accelerated aging at 70°C for 168 hours; it was also characterized in terms of immersion in specific environments for the food and
pharmaceutical industries according to standards in force, and structurally by FT-IR. The new advanced material based on silicone elastomer
(silicone rubber) helps to improve product quality, protects human health, sterilizes products against bacteria and microbes and last but not
least protects the environment, but also increases the turnover of domestic and international companies. Following physical-mechanical and
chemical characterization of polymer nanocompounds, two variants were selected (P, and P,) which have potential applications in food and
pharmaceutical industries.
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NANOCOMPOUND ANTIBACTERIAN PE BAZA DE CAUCIUC SILICONIC. PARTEA | — OBTINERE S| CARACTERIZARE

REZUMAT. Scopul acestei lucrdri este obtinerea unui nanocompound polimeric antibacterian pe baza de cauciuc siliconic, ranforsat cu
nanoparticule de TiO, si adaosuri de agenti de reticulare - peroxid de dicumil. Nanocompoundul polimeric antibacterian s-a realizat prin
vulcanizare pe un valt de laborator, astfel incat sa poata fi prelucrat prin metode de formare (in matritd) in presa electricd, la parametri
de procesare optimi prestabiliti. Nanocompoundul polimeric antibacterian obtinut a fost caracterizat din punct de vedere fizico-mecanic
in stare normala si dupa imbadtranire accelerata la temperatura de 70°C, timp de 168 h; din punct de vedere al imersiei in medii specifice
domeniilor alimentar si farmaceutic, conform standardelor in vigoare; si structural prin spectroscopie FT-IR. Noul material avansat, pe baza de
elastomer siliconic (cauciuc siliconic), contribuie la imbunatatirea calitatii produselor, protectiei sanatatii omului, sterilizarea antibacteriana
si antimicrobiana a produselor obtinute si nu in ultimul rand la protectia mediului, dar si la cresterea cifrei de afaceri a agentilor economici
autohtoni si internationali. Tn urma caracterizarii fizico-mecanice si chimice a nanocompoundurilor polimerice obtinute, s-au selectat dou3
variante de nanocompounduri (P, si P) ce au potentiale aplicatii in industria alimentard si farmaceutica.

CUVINTE CHEIE: cauciuc siliconic, nanocompound polimeric, vulcanizare, nanocompound antibacterian

NANOCOMPOSITE ANTIBACTERIEN A BASE DE CAOUTCHOUC DE SILICONE. PARTIE | - OBTENTION ET CARACTERISATION

RESUME. Le but de cet article est d’obtenir un nanocomposite de polymeére antibactérien a base de caoutchouc de silicone renforcé avec des
nanoparticules de TiO, et réticulé avec le peroxyde de dicumyle. Le nanocomposite de polymere antibactérien a été réalisé par vulcanisation
sur un moulin de laboratoire, de maniére a étre traité ultérieurement par moulage a l'aide de la presse électrique, selon les parameétres
prédéterminés pour le traitement optimal. Le nanocomposite de polymeére antibactérien obtenu a été caractérisé du point de vue physique
et mécanique dans un état normal et aprés le vieillissement accéléré a 70°C pendant 168 heures; il a été aussi caractérisé par 'immersion
dans des environnements spécifiques pour I'industrie alimentaire et pharmaceutique selon les normes en vigueur, et structurellement par
FT-IR. Le nouveau matériel avancé a base d’élastomeére silicone (caoutchouc de silicone) contribue a améliorer la qualité des produits, protége
la santé humaine, stérilise les produits contre les bactéries et les microbes et non moins protége I'environnement, mais aussi il augmente le
chiffre d’affaires des entreprises nationales et internationales. Suite a la caractérisation physique, mécanique et chimique du nanocomposite
de polymeére obtenu, on a sélectionné deux variantes de nanocomposites (P, et P;) qui ont des applications potentielles dans I'industrie
alimentaire et pharmaceutique.

MOTS-CLES: caoutchouc de silicone, nanocomposite de polymeére, vulcanisation, nanocomposite antibactérien

INTRODUCTION

Worldwide there is a need to develop new
advanced materials based on silicone elastomers
(silicone rubber) with enhanced properties,
reinforced with nanopowders with antimicrobial,
antibacterial, and antifungal properties (ZnO and
TiO,) [1, 2]. Vulcanization process as the main
stage has a major impact on the final properties
of the product, including determination of the
optimal amount of nanometric reinforcing filler
and crosslinking agent used (peroxides) [3-6].

Reinforcing agents in the nanometric range
provide antibacterial, antiseptic and antifungal
properties, help initialize the vulcanization
process, and also improve physical, mechanical
and chemical properties, especially elasticity,
tensile strength, resistance to aggressive
chemical agents, etc.

Silicone elastomers are polymers with special
characteristics due to their high resistance to
temperatures from (-100°C) to above (+300°C)
[7, 8]. These are high temperatures specific to
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sterilization, used to make products for the food,
pharmaceutical and medical industries. ltems
made of silicone elastomers (silicone rubber)
are preferred in medicine because they do not
contain substances such as antioxidants and
other restricted ingredients [9-12].

This paper presents the development of
polymer nanocompounds based on silicone
rubber, reinforced with TiO, nanoparticles filled
with chalk (CaCO,), with stearin as plasticizer
and crosslinked with dicumyl peroxide (PD),
which were characterized in terms of physico-
mechanical and chemical properties by
immersion in specific environments for the
pharmaceutical and food industries (alcohol,
distilled water, cooking oil - sunflower oil)
according to standards in force and structurally
analysed by FT-IR.

EXPERIMENTAL
Materials

The following materials were used in order to
make the antibacterial polymer nanocompound:

1. silicone rubber (Elastosil R701/70-
OH: polydimethylsiloxane with vinyl groups,
(dynamic) viscosity above 9.000.000 mPa x s, in
the form of paste, density — 1.32 g/cm?, colour —
opaque);

2. stearin (in the form of white flakes,
moisture — 0.5% max, ash — 0.025 % max);

3. active zinc oxide (ZnO —93-95% precipitate,
white powder, density — 5.5 g/cm, specific area —
45-55 m?/g);

4. titanium dioxide nanoparticles (TiO, —
white nanopowder, assay = 99.5 % trace metals
basis);

5. chalk (CaCO, precipitate — white powder,
molecular weight 100.09);

6. di(tert-butylperoxyisopropyl) benzene,
powder 40% with calcium carbonate and silica
(PD) - Perkadox 14-40B (1.65 g/cm? density, 3.8%
active oxygen content, pH 7, assay: 39.0-41.0%).

Preparation of Composites
The antibacterial polymer nanocompound
based on silicone rubber, reinforced with
nanometric particles (TiO,), filled with CaCO,
(chalk) and crosslinked with dicumyl peroxide
(Perkadox — PD) was developed by electric
laboratory roll mill mixing (with temperature
adjustment), of 1 kg capacity, with cooling
(rolls are water-cooled). Mixing was performed
without heating the rolls. The order of adding
ingredients was strictly observed, according
to Table 1. Silicone rubber was plasticized
between the rolls for approximately 3 minutes,
the plasticizer — stearin — was added and
mixing continued for 1.5 minutes; zinc oxide
was then added (microparticle) and embedded
into the mixture until homogenisation; TiO,
nanoparticles were added, continuing to mix for
3 minutes until the nanometric component was
embedded; the filler (CaCO,) was then added
and mixing continued for 2-2.5 minutes; the last
ingredient — dicumyl peroxide — is embedded
into the mixture for 2 minutes. After adding all
the ingredients, the mixture is homogenized on
the roll mill for 1 to maximum 3 minutes and
taken off in the form of a 3-4 mm thick sheet. The
resulting nanocompound is tested rheologically
to determine the optimal vulcanization time, in
order to set the optimal parameters for electric
press processing, TP 600, by compression
between its plates at a temperature of 170°C
and preset times. Work stages and conditions

are as follows:

o Pressing at 300 KN pressure -
depending on rheological values (2 min.

pressing);
o Cooling - 10 min.
After 24-hour conditioning at room
temperature, samples were cut out from

the sheets and tested in terms of physical-
mechanical properties: normal condition — at
room temperature — and accelerated ageing at
70°C for 168 hours.

Table 1: Formulations of antibacterial polymer nanocompounds based on silicone rubber

(&
1
Symbol MU (control) P, P, P,
Silicone rubber g 150 150 150 150
Stearin g 7.5 7.5 7.5 7.5
Zinc oxide (microparticles) g 6 4.5 3 1.5
Titanium dioxide (nanoparticles) g - 1.5 3 4.5
Chalk (CaCo,) g 15 15 15 15
PD (dicumyl peroxide — 40% - on silica and CaCO, substrate) g 11.25 11.25 11.25 11.25
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The technological process for developing
antibacterial polymer nanocompounds based
on silicone rubber, reinforced with TiO,

nanoparticles is illustrated in Figure 1.
The analysis of

physical-mechanical

Figure 1. Stages of the technological process
for developing antibacterial polymer
nanocompounds based on silicone rubber

Characterization of Polymer Nanocompound

The obtained polymer nanocompounds
were tested in compliance with the physical-
mechanical standards in effect: °ShA hardness —
SR ISO 7619:2011; elasticity %, ISO 4662:2009;
tensile strength, N/mm? — SR ISO 37-1997,
normal condition and accelerated ageing, SR ISO
188-2010.

Figure 2. Able Jasco FT-IR 4200 spectrometer,
coupled with ATR

Immersion in liquids was performed
according to I1SO 1817:2015 monitoring volume
and mass variation. Samples used for immersion
were 2+0.2 mm thick and their volume was 1-3
cm?. Samples were immersed in tightly sealed
recipients, for 24 hours.

Structural investigations were performed
by FT-IR spectroscopy. Spectral determinations
were performed using a double beam molecular
absorption IR spectrometer, in the 4000-600
cm® range, using an FT-IR Able Jasco 4200
device coupled with ATR cu diamond crystal and
sapphire head, Figure 2.

RESULTS AND DISCUSSIONS

Physical-Mechanical Characterization of
Antibacterial Polymer Nanocompounds
Antibacterial polymer nanocompounds
were tested and characterized according to
standards in force. Table 2 presents values for
physical-mechanical testing.

Table 2: Physical-mechanical testing of polymer nanocompounds based on silicone rubber reinforced
with TiO, nanoparticles

Material
1
(control) P P P

Physical-mechanical characterization: normal condition

Hardness, °Sh A 65 64 54 53
Elasticity, % 12 10 08 07
Tensile strength, N/mm? 3.4 3.8 3.3 3.0
Physical-mechanical characterization: accelerated ageing at 70°C and 168 h

Hardness, °Sh A 71 70 68 63
Elasticity, % 12 09 08 07
Tensile strength, N/mm? 3.4 3.0 3.1 2.5
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characteristics (Table 2) shows the following:

e The hardness of antibacterial polymer
nanocompounds based on silicone
rubberreinforced withTiO, nanoparticles
shows changes compared to control
sample CS, and after accelerated
ageing, hardness increases significantly
compared to normal condition for all
samples, due to plasticizer loss.

e Elasticity. Due to nanoparticle addition,
a decrease in elasticity is noticed
compared to the control sample. After
accelerated ageing, elasticity decreases
in all studied samples.

e Tensile strength. With the addition of
reinforcing agent (TiO,) and crosslinker
(dicumyl peroxide), tensile strength
shows values ranging from 3.0 N/mm?
to 3.8 N/mm?. Tensile strength therefore
increases compared to control sample
CS, depending on the percentage of
reinforcing agent added to the mixtures,
and after accelerated ageing at 70°C for
168 h, tensile strength shows much lower
values compared to the control sample.

Chemical Characterisation — Immersion of
Antibacterial Polymer Nanocompounds

The behaviour of mixtures was tested after
immersion into various working environments —
ethyl alcohol (70% ethyl alcohol concentration),
distilled water, vegetable fat (sunflower cooking
oil) for 24 hours at room temperature, in
brown coloured tightly sealed recipients. Mass
variation, AM, and volumetric variation, AV,
were determined.

Values resulting from immersion are given

in Table 3.

Values obtained for immersion of silicone
rubber-based mixtures reinforced with TiO,
nanoparticles in various specific environments
lead to the following conclusions:

e concentration of the nanometric
reinforcing agent, TiO,, influences mass
variation (AM) and volume variation
(AV), both decreasing proportionally
with the TiO, percentage added to the
antibacterial polymer compounds;

e in distilled water very good behaviour
is noticed, below 1% for mass variation
(AM) and 1.5% for volume variation (AV),
indicating very low swelling in water;

e inethylalcoholand cooling oil (sunflower
oil) variations are negative, below +4%,
indicating that in ethyl alcohol the
extraction of a substance such as stearin,
unreacted crosslinkers and chalk occurs,
including in the vegetable oil immersion
environment (sunflower oil).

FT-IR Spectrometric Analysis

The silicone rubber sample — ELASTOSIL
R701/70-OH, control sample - CS, and
antibacterial polymer nanocompounds — P, and
P, were analysed by FT-IR spectroscopy.

As aresult of determinations, the following
were found:

1) The spectrum (Figure 3) recorded for
the silicone rubber sample — ELASTOSIL
R701/70-OH - shows IR frequencies
(cm-1) and vibration attributions given in
Table 4.

2) The spectrum recorded for the

Table 3: Mass variation (AM) and volume variation (AV) of polymer nanocompounds based on silicone
rubber reinforced with TiO, nanoparticles in various environments

Cs,
Material Py Pe P,
(control)
AM AV AM AV AM AV AM AV
Ethyl alcohol (70%) -0.76 -1.11 -1.52 -2.07 -1.21 -1.71 -0.77 -1.66
Distilled water 0.17 0.69 0.44 1.52 03 071 pgp8 041
Cooking oil (sunflower oil) -1.23 -1.65 -2.15 -3.31 -2.22 -2.94 -2.32 -2.43
Frequency Vibration attributions
696 0 Si(CH,),
_ o o 787.271 v Si(CH,)
Table 4: Frequencies and vibration attributions
for the silicone rubber sample 866.338 Si(CH,), (r)
1007.12 Si(- CH,=CH,)
1258.78 8 SiCH_
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Figure 3. IR spectrum recorded for silicone
rubber — ELASTOSIL R701/70-OH

Table 5: Frequencies and vibration attributions
for the control sample

Frequency Vibration attributions
697.141 0 Si(CH,),
786.815 v Si(CH,)
871.667 Si(CH,),+ Si(CH,),
1006.66 Si(- CH,=CH,)
1258.32 6 SiCH,
1451.17 v CH,(CH,),-CO- (stearic acid)
2849.31 Si-O-C
3361.32 0 (OH) linked

Figure 4. IR spectrum recorded for antibacterial
polymer compound, control sample — CS,

Table 6: Frequencies and vibration attributions
for antibacterial polymer nanocompound P,

Frequency Vibration attributions
694.458 v Si(CH,),
787.002 v Si(CH,)
870.911 Si(CH,),+ Si(CH,),
1005.09 Si( - CH,=CH,)
1258.53 8 SiCH,
1450.41 v CH,(CH,),-CO- (stearic acid)
2850.48 Si-O-C

Figure 5. IR spectrum recorded for antibacterial
polymer nanocompound, sample P,

Table 7: Frequencies and vibration attributions
for antibacterial polymer nanocompound P,

Frequency Vibration attributions
694.459 v Si(CH,),
787.002 v Si(CH,)
870.911 Si(CH,),+ Si(CH,),
1005.9 Si( - CH,=CH,)
1258.53 6 SiCH,
1459.09 v CH,(CH,),-CO- (stearic acid)
2849,52 Si-0-C

®

787022 om1

om0 000 zo0 1000 E

Figure 6. IR spectrum recorded for antibacterial
polymer nanocompound, sample P,

antibacterial polymer compound CS, —
control sample —is given in Table 5.

3) The spectrum recorded for the
antibacterial polymer nanocompound P,

is given in Table 6.
4) The spectrum recorded for the
antibacterial polymer nanocompound P

is given in Table 7.
IR spectra recorded for  each
nanocompound show that the disperse phase
— silicone rubber (silicone elastomer) is in

6
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the highest amount, as it is the materials into
which all other ingredients are embedded (the
predominant material). The reinforcing agent in
the form of nanoparticles — TiO, — does not stand
out due to its low amount and to its uniform
embedding in the disperse phase.

Conclusions
This paper presents the technology
for developing antibacterial polymer

nanocompounds based on silicone rubber
(silicone elastomer), plasticizer — stearin, filled
with chalk, reinforced with TiO, nanoparticles
(with antifungal, antibacterial and antimicrobial
properties) and crosslinked with dicumyl
peroxide (PD).

After immersing samples in specific work
environments, formulations do not undergo
surface modifications in terms of colour
change and cracking, which indicates that the
technologies and processing parameters are
optimal.

FT-IR spectra confirm the presence of silicone
rubber by the intensity of the characteristic
peaks of the predominant material (the material
in which the other ingredients are embedded).

Giventheresistanceofnanometricreinforcing
agent — TiO, (with antimicrobial, antibacterial
and antifungal role) to high temperatures, over
+300°C, specific to sterilization, the polymer
compounds based on silicone rubber may be
used in the food and pharmaceutical industries.

Based on the values of physical-mechanical
and chemical characteristics of antibacterial
polymer nanocompounds based on silicone
rubber, reinforced with TiO, nanoparticles,
variants P, and P, were selected for potential
applications in the food and pharmaceutical
industries.
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