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- TENSILE PROPERTIES OF MATERIALS
THE UNIQUE PROPERTIES OF ELASTOMERS

4 Ceramic
Metal
§ Polymer (thermoplast) |
Strain
.. v Elastomers exhibit an outstandingly high reversible deformation under
ﬁ; relatively low stress.
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> ELASTOMER PROPERTIES

PROS & CONS
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Exceptional elastic, dynamic and dumping properties
Relatively easy processing and forming even into
complex shape

Good mechanical properties/mass ratio

Easy coloring

Good chemical resistance

Very good electrical resistance

Limited UV and aging resistance

Limited recyclability

Worse mechanical durability then metals or ceramics
Low thermal stability and high combustibility
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‘), APPLICATION OF ELASTOMER MATERIALS
THE UNIQUE PROPERTIES OF ELASTOMERS

Transmission belts

/

Elastomer-based
products

Gaskets

..o [N
L]
/

*J& UNIVERSITY OF TWENTE. Sealings Carpets oies 4




>, FLAME RETARDANCY OF POLYMER MATERIALS
TYPES OF FLAME RETARDANT ADDITIVES

Main mechanisms of polymer flame retardancy
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Deactivation of radicals  Barrier-char formation Quenching and cooling
! of burning zone

Ceramification (ceramization)

Temperature
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= CERAMIFICATION (CERAMIZATION)
/M CHARACTERISTICS

A process leading to irreversible transformation from viscoelastic
polymer composite to continuous, rigid ceramic structure, during
exposition of the composite on fire and/or elevated temperature.

Before ceramification: After ceramification:

v" Good processability v Incombustibility

v’ Elasticity v Stiffness

v Facile colouring v High porosity (thermal insulation)
%+ Combustibility v High thermal stability

% Low thermal stability
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REQUIREMENTS FOR COMBUSTION MAINTAINING
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APPLICATION OF CERAMIFIABLE COMPOSITES

» Cables assuring integrity of electrical instalation during
a fire accident: New standard for skyscrapers and specialist
fireproof building applications

» Fireproof glazing seal systems: Cutting off oxygen supply
Into the fire zone

» Protective coatings for steel structures: Steel lose
approx. 50% of its load bearing capability at around 500 °C

» Anti-ablative composites for spacecraft and rocket
structures: Providing shielding effect in high-speed/high-
temperature conditions
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X DISPERSSION TYPE OF COMPOSITES - POLIMER MATRIX + DISPERSSED MINERAL FILLERS

 Polymer matrix -, - Disperssed mineral fillers

R. Anyszka, et al. Polymer Bulletin (2017) DOI 10.1007/s00289-017-2113-0
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Porous ceramic

A Mineral filler particles e i hare

‘ Fluxing agent particles ____ _

Silicone rubber matrix

Before ceramification

R. Anyszka, et al. Polymer Bulletin (2017) DOI 10.1007/s00289-017-2113-0
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—~ THERMAL DECOMPOSITION OF SILICONE RUBBER
= THE BENEFITS OF USING POLYSILOXANES

Thermal degradation mechanisms of PDMS in presence of oxygen results in
formation of amorphous silica
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—~— MECHANISMS OF CERAMIFICATION
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=& CROSS-LINKING OF PDMS LEADING TO SiOC CERAMIC FORMATION
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Propagatlon steps S. Hamdani, et al. Polymer Degradation and Stability (2009) 94: 465-495.

G. Camino, et al. Polymer (2002) 43: 2011-2015.
G. Camino, et al. Polymer (2001) 42: 2395-2402.
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E. Delebecq, et al. ACS Applied Materials & Interfaces (2011) 3: 869-880.
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_— MECHANISMS OF CERAMIFICATION
AT SINTERING OF MINERAL FILLERS PARTICLES

e e e -1
E_*SR-SHICOHG rubber !

Y. Xiong, et al. Fire and Materials (2012) 36: 254-263
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Amorphous silica adsorbs on surface of a mineral filler particles forming
connecting bridges between them

» A
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‘ reference filler particle ¢

@  silica grafted on the surface of filler k Kot

|:| silicone matiix

S. Hamdani, et al. Polymer Degradation and Stability (2009) 94: 465-495.
R. Anyszka & D. M. Bielinski. Analysis and Performance of Engineering Materials: Key Research and Development. (2015) Apple Academic Press
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Ceramization mechanism/parameter Silicone Organic
rubber rubbers
Sintering of mineral filler particles Yes Yes
Fluxing agent application Yes Yes
Deposition of silica on mineral filler surface Yes ?
Sintering of mineral fillers accompanied with bonded silicone rubber Yes No
Creation of SiOC ceramic via cross-lining of silicone rubber Yes No
Creation of SiOC ceramic on surface of silica particles Yes No
Price High Various
Processability Good Various
Maximal capacity of filler ~100 phr < 500 phr
Mechanical properties after addition of high amount of filler Low Avarage
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POLYMER MATRICES APPLIED FOR CERAMIFIABLE
¥ COMPOSITES
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