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MECHANISM OF DIATOMACEOUS BIOSILICA INFLUENCE ON THE FIRE 

RESISTANCE OF SILICON PROTECTIVE COATING 

 

It is well known that textiles are highly combustible materials and therefore are a risk factor 

in terms of fire safety. For thermal and fire protection of fabrics, as well as to prevent the negative 

effects of oxygen, ozone, water and UV light, coatings based on silicone polymers [1] are widely 

used. To obtain fire-resistant coatings, flame retardants are used, which differ in the mechanism 

of action [2]. Firstly, these are flame retardants (halogen-containing additives) in the gas phase, 

which are almost never used for environmental reasons. Secondly, coking catalysts, i.e. substances 

that promote the formation of coke residue at the "polymer-flame" interface. Thirdly, substances 

that reduce the surface temperature of the material, such as aluminum trihydrate or magnesium 

hydroxide. One more mechanism can be added to the listed mechanisms, namely, the barriers 

formation in polymer volume. This effect is typical for lamellar or flake fillers, such as mica, talc, 

montmorillonite, etc. The presence of barriers slows down both the diffusion of combustible gases 

from the bulk of the polymer into the gas phase and the penetration of oxygen into the polymer, 

see the diagram in Fig. 1 (a). 

 

 

 

Fig. 1. Scheme of the barrier (a) and the proposed mechanism (b) of flame retardation 

 

It was recently shown [3] that introduction of an unusual filler as diatomaceous biosilica to 

the silicone elastomer Sylgard-184 significantly improves the heat resistance of the protective film. 

Thus, the temperature corresponding to a 30% weight loss increases by almost 150°C for 

diatomaceous biosilica-filled silicone rubber compared to a composition without filler or filled 

with talc microblades, as it clearly seen in Fig. 2. This figure represents TGA data concerning the 

mass loss for composition on a base of elastomer Sylgard-184 without filler (curve 1) and for 

coating with 3% of diatomaceous biosilica. It should be noted that difference between two curves 

is very significant temperature more 500°C. This means that combustible decomposition products 

of the polymer are not released into the gas phase. 

Particles of diatomaceous biosilica (shells of algae) are micro-containers with a diameter 

of about 4 μm. Individual shell flaps, which are similar in shape to a Petri dish, are perforated with 

an ordered system of pores 150-200 nm in diameter. /// The filler serves as a natural sink for 

combustible decomposition products, as shown in Fig. 1b. If the average distance between the 

particles is less than the thickness of the sample, then the primary sink for combustible gases will 

be not the film surface, but the filler particles, which play the role of unusual flame retardant. 

According to our data the protect coating on a base of elastomer Sylgard-184 with a filler 

of diatomaceous biosilica increases also the fire resistance of the fabric. The tests on fire retardant 



were carried out in accordance with accepted requirements (DSTU 4155-2003). The results of tests 

are shown in Fig. 3. As it seen from the data of Fig. 3b the application of the coating "Sylgard-184 

+ diatomaceous biosilica" on aramid fabric leads to the fact that the fabric retains its integrity after 

6 minutes of exposure to an open flame. Moreover, the fabric partially retains elasticity even at the 

site of exposure to an open flame, i.e. in the region of maximum temperature. At the same time, 

the sample without filler burns out after 3 minutes, see Fig.3a. The term "burns through" here 

means the appearance of cracks and the subsequent destruction (shedding of the sample) of the 

tissue in the area of exposure to an open flame. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. TGA data for composition on a base of elastomer 

Sylgard-184 without filler (1) and Sylgard-184 with 3% 

of diatomaceous biosilica (2) 

Fig. 3. Photo of samples after tests.   

Sylgard-184 coating without filler (a) 

and proposed composition (b) 
 

A known barrier mechanism for increasing the fire resistance of polymer has been 

considered above. This mechanism is characteristic of fillers in the form of plates or scales. When 

biosilica is used as a filler, its particle is similar to a Petri dish; such particles can serve not only 

as a barrier, but also as a concentrator of decomposition products. Hydrogen, methane, and ethane 

are the most flammable among the volatile decomposition products of the silicon matrix. We 

believe that namely these gases can be accumulated in the closed (semi-closed) volume of the filler 

particles. If the average distance between the particles is less than the thickness of the coating, then 

the primary sink for combustible gases will be not the film surface, but the micro-containers of a 

filler. With prolonged heating, a gas bubble may form in this place. The formation of gas bubbles 

slows down the process of mass loss and shifts the slope of curve 1 to the right in the Fig. 2. So, 

the filler of diatomaceous biosilica may be play a role of a flame retardant. This assumption needs 

careful verification.  

Usually, the coating performs several purposes, in addition to the function of thermal and 

fire protection of the substrate material, it is desirable that the coating is hydrophobic, wear-

resistant, reliably protects the fabric from atmospheric factors, has high adhesion to the substrate, 

contributes to the extension of the service life [1, 4]. It is known that the polymer base of Sylgard-

184 is able to provide solutions for some of these purposes [5-7] like waterproof coating, adhesion 

promoter and even luminescence layer [6].  To implement the last two purposes, it is necessary to 

dope the composition with a phosphor, such as coumarin, or an adhesive, such as halloysite or 

microwollastonite. 

Flakes of the filler prevent the oxygen diffusion into polymer and hinder the transport of 

gaseous products of pyrolysis, see scheme in fig. 1a. Particles of diatomaceous biosilica (shells of 

algae) are micro-containers with a diameter of ~ 4 μm. Individual shell flaps, which are similar in 

shape to a Petri dish, are perforated with an ordered system of pores 150-200 nm in diameter. The 

filler serves as a natural sink for combustible decomposition products, as shown in Fig. 1b. If the 

average distance between the particles is less than the thickness of the sample, then the primary 
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sink for combustible gases will be not the film surface, but the filler particles, which play the role 

of a flame retardant 
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МЕХАНИЗМ ВЛИЯНИЯ БИОКРЕМНЕЗЕМА НА ОГНЕСТОЙКОСТЬ 

КРЕМНИЙОРГАНИЧЕСКИХ ЗАЩИТНЫХ ПОКРЫТИЙ 
 

Запропоновано новий механізм підвищення термо- та вогнестійкості силіконових 

композицій для захисних покриттів. Показано, що покриття на основі еластомеру Sylgard-

184 з биокремнеземом в якості наповнювачу забезпечує як термостійкість, так і 

вогнестійкість тканинної підкладки, якщо вміст наповнювача складає 1-3% мас. На основі 

запропонованого механізму дано пояснення процесів, що пояснення процесів, що 

призводять до уповільнення розкладання матриці.  
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