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Abstract

Research into the development of siloxane rubbers with increased thermal and fire resistance was carried
out. Rubber nanocomposites based on SKTV-1 siloxane rubber that were filled with aluminium trihydrate
were obtained using domestic and foreign manufacture organobentonites. It was found that the introduction
of organobentonites into siloxane rubbers filled with Al(OH); contributed to an increase in their thermal
and fire resistance. Fire-resistant and heat-protective materials, and also preparation technology of tissues
by glue spreading using IVO 3320 and Siltex spreading machines were developed according to the results
of experiments using glass, silica, and aramid fabrics as a reinforcing frame. Tests of the resulting materials

were carried out and areas of application of protective clothing based thereon were proposed.
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INTRODUCTION

Currently, technique development is
characterised by toughening of operation
conditions of various products and, accordingly,
by the elevation of requirements to materials
used in their manufacture. This also refers to
elastomeric materials. In this regard, rubbers
based on special caoutchoucs, including siloxane
ones, are of great interest. They are notable
for a wide temperature range of operation,
good resistance to UV radiation, ozone, thermal
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Kazan, Republic of Tatarstan..

ageing in air and in vacuum, extra electrical
properties, and also for physiological inertness
[1=3]. Due to their properties, siloxane rubbers are
used in electrical engineering, aerospace industry,
machine-building and shipbuilding, medicine, and
construction. They are used for the manufacture
of wires and cables short-time working in
fire conditions, the insulating protection seals,
coatings for space ships and missiles, as well as
for systems where unacceptable failures of the
equipment. Extension of the scope of siloxane
rubbers, continuous tightening of requirements
to them, including on thermal and fire resistance,
requires the search for new approaches during
their development.

Traditional methods can no longer signifi-
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cantly improve the properties of rubbers, includ-
ing siloxane ones, so the attention of researchers
is increasingly attracted to the methods of chem-
ical and physical modification of caoutchoucs and
rubbers. Creating elastomer-based nanocompos-
ites using different nanoscale fillers appears to be
one of the most promising trends [4—10]. Analysis
of papers using the introduction of nanoscale fill-
ers both during synthesis of caoutchoucs and at
the stage of processing in preparation of rubbers
demonstrates especial effectiveness of this ap-
proach. Its application in case of siloxane rubbers
allowed obtaining nanocomposites with elevated
thermal and fire resistance.

It is known that organobentonites (OB) have
proven themselves good in the development of
polymer nanocomposites [11, 12]. Different poly-
mer nanocomposites modified with quaternary
ammonium salts of natural layered aluminosili-
cates have elevated barrier properties, thermal,
and fire resistance during preservation or even
improvement of their physicochemical properties.

Earlier [13, 14], there had been studied mod-
ification of siloxane rubbers of OB of foreign
(Southern Clay Company, USA) and domestic
manufacture. An opportunity for intercalation
and exfoliation of SKTV-1 siloxane rubber in
the presence of Cloisite 15A OB or domestic
brands was determined using X-ray phase and
structural analysis.

It was found that the introduction of OB
slowed down processes of peroxide vulcanization
and contributed to an increase in tension upon
100 % elongation, strength, and elasticity with
some decrease in relative elongation hardness,
and in turgescence of modified siloxane rubbers
in toluene [15].

Furthermore, OB exhibit properties of ef-
ficient thermal stabilizers, which is expressed in
a shift of initial temperature of the destruction

TABLE 1

of vulcanizates (according to differential scan-
ning calorimetry) and a decrease in mass loss
dynamic heating conditions (as reported by ther-
mogravimetric studies). Preservation of strength
and elongation of siloxane rubbers after thermal
ageing also attests to this [15].

EXPERIMENTAL

To prepare rubbers, dimethylvinyl rub-
ber SKTV-1 was used. The basic formulation
included the following filling agents: aerosil-
A-300 (TU 241-321695418-002—2003, 40 mass
parts), anti-structuring additive ND-8 (8 mass
parts), peroximone F-40 (1.6 mass parts), and
Treefil-744-300 VST aluminum trihydrate (120
mass parts). Vulcanizates were also obtained
according to the formulation with the addition
of OB based on bentonite from the Top-Nurlat
field of the Republic of Tatarstan, modified
with dimethyldialkylammonium chloride (5
mass parts). Peroxide was not introduced into
the composition of radiation vulcanizates.

Rubber compounds were prepared using
Brabender plasticorder at a temperature of
70°C, a rotor frequency of 60 min~!, and a total
mixing time of 8 min. Vulcanization was per-
formed in a hydraulic press with heat tracing at
160°C for 20 min; the pressing pressure was 10
MPa. Rubberized fabrics were produced by the
technique of spreading of rubber compounds
as 25—30 % solutions in nefras S-2 using IVO
3320 and Siltex spreading machines. Radiation
vulcanization was carried out by y-radiation
(Co®) using RV-1200 setup.

Thermogravimetric analysis was performed
in the air using a SDC Q600 thermal analyzer,
a heating rate of 10°C/min. Properties of rub-
berized materials were analyzed in accordance
with regulatory documents.

Effect of composition on thermal (TG-DTG) properties of siloxane rubbers based on SKTV-1 containing Al(OH),

Samples Temperature range, °C

(Mass loss, mass % )

Temperature of mass Total mass loss

loss beginning, °C in 25—600 °C range, mass %

Basic formulation  25-150  150-260 260-360 360-560 203 276 379  38.93%=02
(0.09) (2.59) (1219)  (23.91)

The same + OB 25-150  150-260 260-350 350560 201 274 420  40.58=0.2
(0.15) (3.04) (12.95)  (24.20)
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Fire test was carried out by firing samples
in a MEGA 1 type burner with Kovica KS-1005
piezo ignition (Korea). Samples with dimensions of
2—4 cm, a thickness of 1 mm were brought to the
burner at an angle of 90°C, ignited along the cen-
tre, were aged in an open flame for different times
(5—60 s). Afterwards, the nature of ignition, burning

TABLE 2
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time after the removal from the open flame, and
the ability to self-extinguishing were determined.

RESULTS AND DISCUSSION

It was found that despite an increase in ther-
mal resistance of siloxane rubbers, OB were inef-

Technical characteristics of flame-resistant rubberized materials (OTS)

Indicators Regulatory documents  GOST R 53264 Actual value
for determinable indicator =~ requirements OTS-800 OTS-500 OTSF

Reinforcing frame type Silica CrekaoTkanb Aramid
fabric KOHCTPYKLMOHHAA

Surface density of the fabric, g/lrn2 620 390 134

Surface density of the material, GOST 17073-71 300750 790 =20 550+ 20 380+20

g/m?

Breaking load, N, GOST 30303—95

— warpwise, not less than 500 196030 3528+30 102920

— fillingwise, not less than 500 784+20 3234%30 1617+30

Breaking load after exposure to GOST 30303—-95

300 °C (16 min), N,

— warpwise, not less than 250 166630 2401+30 2744+30

— fillingwise, not less than 250 784+20 99020 142130

Tear resistance, N, GOST 30304—95

— warpwise, not less than 40 64+5 59+5 392=+10

— fillingwise, not less than 40 69+5 54+5 29410

Tear resistance after exposure GOST 30304-95

300 °C (16 min), N,

— warpwise, not less than 20 39+5 29=+5 2556=*10

— fillingwise, not less than 20 49+5 34+5 186=*10

Water resistance at a static GOST R 53264—2009 1 first water first water  1.5+0.5

pressure of 1000 mm water Section 7.9 drop at 900 mm drop at 700 mm

column, min, no less than water column water column

Shrinkage after getting wet

and drying, %,

— warpwise, not less than GOST 30157.0-95 2.5 2.1+0.3 1.8+0.3 <25

— fillingwise, not less than GOST 30157.1-95 2.5 2.0+0.3 1.6%0.3 <25

Abrasion resistance, cycles, GOST R 53264—-2009 1000 1000+30 100030 500050

no less than Section 7.11 No cracks, No cracks, No cracks,
no tearing no tearing  no tearing
off off off

Frost resistance, °C, GOST 15162—82 -40 -40=+2 -40=+2 -40=+2

no higher than

Resistance to contact with solid GOST R 53264—2009 15 6osee 15 Hosee 15 Hosee 15

surfaces heated to 400 °C Section 7.13

no less than

Resistance to open flame, s, GOST R 53264—2009 30 bosee 120 6osee 120 6osee 30

no less than Section 7.14

He MeHee

Hardness, N, not more than GOST 8977-74 0.3 0.23+0.05 0.17+0.05 0.1+0.05
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fective as antipyrenes and did not improve their
fire-resistance. For this reason, the efficiency of
OB was assessed in combination with traditional
antipyrenes, in particular, with alumina trihydrate.
The results of thermogravimetric studies of modi-
fied siloxane rubbers containing Al(OH); attest to
increasing in the temperature of the beginning of
mass loss due to complicated diffusion of volatile
rubber decomposition products, slowing of thermal
oxidation processes and coking processes (Table 1).

It was determined that the introduction of OB
into siloxane rubbers containing Al(OH); as anti-
pyrene substantially improved their open flame
resistance, moreover, these rubbers have self-
extinguishing properties even after long exposure
to flame, while their oxygen index reaches 60.

Preservation of properties of siloxane rubbers
after open flame impact was assessed. It is found
that even after being in open flame for 15 s, modi-
fied OB retained residual strength, while reference
rubbers decomposed.

Thus, based on the developed rubbers one may
obtain rubberized materials with improved prop-
erties, flame resistance, and lowered permeability
towards aggressive media.

There were developed rubberized materials
using reinforcing one-sided fabrics of different
nature: OTS-800 (silica fabric), OTS-500 (construc-
tional fiberglass), OTSF (aramid). Rubber coatings
of fabrics are made on the basis of SKTV-1 silox-
ane rubber. Vulcanization of materials was carried
out by radiation (y-radiation dose of 100 kGy). In
OTSF material, a fluororubber based coating was
applied onto the basic rubber layer.

The information in Table 2 indicates that
OTS materials (lightweight silicone fabric)
with a rubber coating based on methylvinyl
siloxane caoutchouc have high mechanical
strength, open flame resistance and the direct
contact with a solid surface heated to 400°C.
The materials do not ignite or burn; there are
no traces of soot on the surface of the samples
of the material even after prolonged open flame
impact. Physical and mechanical parameters
are reduced slightly after ageing the material
for 16 min in a drying oven at 300°C (GOST R
53264—2009 requirement) [16]. The OTSF mate-
rial is characterised by higher indicators of tear
resistance and abrasion resistance. Coating mass
over OTS materials varies within 180—200 g/m?.
A fire-resistant and heat-protective material

is also resistant to aggressive media, solvents,
and oils.

The OTS material ensures protection when
exposed to toxic gaseous chemicals with chlo-
rine content in the gas-air mixture of (2890+40)
mg/m? for 50 min, with ammonia content
therein (710%30) mg/m? for 45 min. Elastic OTS
materials (the stiffness coefficient of less than
0.3 N) and OTSF (01 N) can be used for making
protective clothes for firemen, electrical and gas
welders, specialists of metallurgical, oil and gas
industry working in conditions of exposure to
thermal radiation and open flame, during extin-
guishing fires and carrying out various rescue
operations in close proximity to open flame.

CONCLUSION

Thus, it is found that the use of
organobentonites in siloxane rubbers containing
aluminium trihydrate as antipyrene allows
substantially increasing their both thermal
stability and fire-resistance. Their properties,
and also resistance towards aggressive media
have been improved in the resulting rubberized
materials using developed rubbers.
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