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Have you ever wondered how can a fireman stay in a building on fire without his clothes catching it? Or why is it that some wood burns slower than other? How can a simple paint protect your wood? The answer is fire retardants, substances that reduce flammability. To reach these results, retardants are added into a polymer base to enhance its qualities.

It is not long ago when they had not existed. Nowadays, in this modern world, it is hard to imagine life without them, especially in the building industry.

This article will show you one of the possible ways how these retardants are made using phosphazene derivates.

So  what do we know about phosphazenes ?

Phosphazenes are nitrogen-phosphorus compounds with regularly repeating –P=N– agglomeration whose features change with the substituents on phosphorus atoms. By substituent we mean atom or a group which replaces the original atom. Two of the best-known phosphazenes are hexachloro-cyklo-triphosphazene and diamidotetrachloro-cyklo-triphosphazene. Both of these crystalline white substances are well resoluble in nonpolar solvents (which are, for example, benzene or diethyl ether), so it is really easy to work with them and their chemical reactions can be divided into two types: reactions where the amount of molecules in cycle stays unchanged, and reactions where the cycle gets destroyed or expands. Reaction used in this work is of the first type when a certain amount of chloride atoms is replaced by a different substituent, in case of this research, with aniline and sodium fenolate.
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Hexachloro-cyklo- triphosphazene

The goal was to prepare phosphazenes with all its atoms replaced by a different atom or group with suitable qualities to spin them (make nanofiber layers) using NanospiderTM (a device which allows us to spin enhanced polymers). How can we be sure it all went right and the substituents have done their work? To discover if the experiments were successful it is necessary to research prepared phosphazene derivates under NMR spectroscopy. NMR spectroscopy stands for Nuclear Magnetic Resonance. This method helps us to identify newly prepared compounds - liquid compounds in kyvetes (long slim glass containers) are placed into the device which prepares a graph. From this graph it is further possible to find out which substances are in the compound. 

But why should we use phosphazene derivates as fire retardants?

As you have read before, fire retardants are substances that can reduce flammability. These days, the most effective substances used as fire retardants are halogen substances. We can distinguish retardants on bromine basis and retardants on phosphorus basis. 

Retardants on phosphorus basis are unlike others friendly to the environment, however, their small resistance against chemical cleaning prevents against their larger spread out. Therefore, it is important to find suitable phosphorus substances that would be more resistant. Now we are getting to the reason why to use phosphazenes because as we know from before, phosphazenes have phosphorus in their cycle.

Now you could ask why we even care to prepare such layers when it is clearly not easy…

Well… These prepared nanofiber layers can find their use in many specializations. For example, biomedicine or cosmetics. Since the structure of nanofibre layers is very similar to human tissue, it is possible to use them in biomedicine as a replacement of human tissue to regain the functions of an original tissue. Another possible use is in the textile industry for outdoor clothing, as filter materials for their ability to filter away bacteria, micro particles and viruses, or in the cosmetic industry as a component of products with healing or cleaning power. 

Preparation of these layers is divided into many methods which are different in the process of making and in physical-chemical principles. However, most of these methods are used just in laboratory since they are not suitable for mass production.

The best method for industrial production is the method of electrospinning, because it allows us to make a bigger amount of layers.

The principle is that by using electric power, we can prepare long and smooth nanofibres with a very small diameter out of polymer solution or melt (polymer is a macromolecule substance formed by a large amount of molecules which are layered into long chains oriented into space or linearly oriented).

To understand more how this device works, see the picture bellow.
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It uses two electrodes for stretching and splitting the polymer on high voltage which is between both electrodes. One electrode works as a collector by constantly moving a roll of paper attached above the polymer solution where the just spun fiber lands, dries and creates a layer. The second electrode is a rotating roller which partly lies in a solution or fusion and by its rotating it covers itself with a thin layer of the solution. In the process of spinning, the fiber gets longer and the surface widens. As the long white fiber lands on the collector, the solvent vaporizes.

NanospiderTM is a device constructed and patented by a Czech company Elmarco in cooperation with Technical University of Liberec. Its main qualities are production of high quality nanofiber material, easy service and cleaning and mass production capacity.

To be sure that it was managed to spin the enhanced polymer, samples of layers are examined under electron microscope. With this type of microscope we can easily see the structure since the glass lenses that are usually in microscopes are replaced by lenses electromagnetic. These lenses are much more effective and they can zoom the examined samples better.

It was found out that the best polymers for spinning are polystyrene and polyamide. Experiments with aniline and polyamide were both unsuccessful due to high coagulation. Therefore, the attention was moved to polystyrene. Unfortunately tetrafenoxo-cyklo-triphosphazene was coagulating too. Finally, hexafenoxo-cyklo-trifosfazen added into a solution of polystyrene was possible to spin. After analysis that have been made, it was proved that derivate is part of the nanofibers. Their thermal stability and possibility to use them as fire retardant of polystyrene fibers will be further analysed.
Hana Holmanová, Septima A
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