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ABSTRACT 

Thermal properties of modified vermiculite mineral are studied. It is shown that activation of vermiculite with 

their subsequent treatment with sodium silicate - Na2SiO3 improves their thermophysical properties. The method of 

differentially-thermal analysis is undertaking a study of deposit of every component as fireproof addition. The results of 

thermo analysis allowed will set mechanism of action of treat vermiculites on the processes of thermooxidizing 

destruction of material got on their basis and together with it more exactly to manage the process of decomposition. 
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INTRODUCTION 

Today, one of the effective methods used to identify the properties of various materials are thermal 

techniques of analysis. Thermal analysis allows to define a number of physical, chemical and thermo-chemical 

parameters, as well as to get information about the mechanism of action of the ingredients in the process of 

pyrolysis and thermo-oxidative disrupture of materials [1-6]. Thermal analysis data allow managing the processes 

of decomposition of substances and materials more accurately. 

Significant acceleration of development of new types of flame retardants and flame retardant materials is 

achieved when using the methods that demonstrate the contribution of each flame retardant additive in a variety of 

indicators. Also this is contributed by the focus in selecting the desired formulation due to the fact that the 

mechanism of action of the used flame retardants is set taking into account a particular formulation and the mutual 

influence of components. Application of thermal analysis methods in the area of research traditionally gives 

information about the beginning of the kinetic and thermal features of the processes of thermal and thermo 

transformations. 

METHODS AND INSTRUMENTS 

Vermiculite from Tebinbulak (Karakalpakstan, Uzbekistan) was used as starting material. At this work in 

order to assess the contribution of vermiculites activated by nitric and phosphoric acid in the general protective 

function of heat and flame retardants received by us, followed by the reagent treatment, the activities related to 

definition and analysis of differential thermal analysis (DTA) in the samples were carried out. Thermal studies of 

obtained dispersed materials were carried out on NETZSCH STA 409 PG/PC. Heating was conducted in the air up 

to 500°C at 3°C/min. 
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RESULTS AND DISCUSSIONS 

Preliminary experiments carried out by grinding and heating mineral vermiculite powder (raw rocks) up to 900°C 

gave the results that can be successfully used in the preparation of the effective flame retardant mixtures7. It has been found 

that grinding of mineral vermiculite lead to a shift in the DTA curves endothermic effects coming from the absorption of 

external heat, to about 70-80oC towards lower temperatures. This means that the swelling of vermiculite and the formation 

of a fire retardant barrier out of vapor on the way of spread of fire starts already at relatively low temperatures.                           

This fact is very important when using the coating for protection of wooden and metal structures from the ravages of fire. 

Thus, in the case of finely dispersed vermiculite at temperatures ≈ 100°C in the flame-retardant mixture the processes 

opposing the spreading of fire front begin. 

 Further works on the production of efficient fire-resistant protective compounds of highly decorative quality were 

carried out using vermiculites with a grain size of 10-160 microns. Grains of such size are swelling slightly [7], as they are 

small enough, and this does not allow to effectively use such a powder of vermiculite as a flame retardant additive in the 

development of heat and flame retardant finishing and decorative mixtures and coatings. Therefore, to control the 

properties and to achieve optimal degree of swelling of Tebinbulak vermiculite the investigations on acid activation were 

carried out followed by treatment with various reagents in order to use them as effective filler in the heat and flame 

retardants. 

Under activating of vermiculite by acids the processes in which the vermiculite itself takes the role of sufficiently 

porous matrix with the interlaminar spaces and pores are being cleaned of impurities by the penetration of the molecules of 

the corresponding acids and by dissolving of this impurity on them to be understood. Moreover, in such case, depending on 

acid concentration, treatment time and conditions, there is a partial destruction of the crystal structure due to chemical 

interaction with the crystal structure elements of vermiculite, in particular by magnesium or aluminum. 

In the case of activation with phosphoric acid - H3PO4 by partially destruction of a crystal structure of vermiculite 

aluminum phosphate is formed in a small amount. With further gradually adding of a mixture of sodium silicate - Na2SiO3 

in the pores of vermiculite crystals sodium orthophosphate - Na3PO4 is being formed. Intermediates in a number of 

chemical reactions which occur during this time are as follows: sodium dihydrogen phosphate - NaH2PO4 and disodium 

phosphate - Na2HPO4, and readily disintegrates silicic acid - H2SiO3.  

A general scheme of the chemical reactions in the interlayer space and micropores of vermiculite:  

 

It should be noted that while the resulting sodium orthophosphate Na3PO4 is a hard-to-degrade compound, which 

requires temperatures 400-600oC for complete transubstantiation which leads to certain division and stretchability of 

endothermic effects in the resulting mixture in the range from 100 to 680 oC (curve 2 of Figure 1). In this case the resulting 

porous SiO2, as noted above, may fill its pores by sufficiently large amount of water (which takes place upon dilution with 

water or with dry blends of water-based emulsions). Adding to the mixture of sodium silicate - Na2SiO3                                    

(or soluble water glass) smoothes out a lot endoeffects, except for the low temperature of about 100-180 oC with a 
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minimum of 136°C      (curve 3 in Figure 1).  

    

Figure 1                                                             Figure 2 

Thus there is a noticeable increase in the low-temperature endoeffect associated with the removal of significant 

amounts of water. It is also obvious that excrete of large amount of water in the range of 100-200°C is accompanied by 

significant swelling of vermiculite material - to form a quasi ceramic solid porous layer. Such a layer with a high content of 

water vapor is a reliable barrier for flame propagation to overcome which a flame front is forced to spend an appreciable 

amount of thermal energy that shall results in time delay and spreading speed of the flame front. In some cases, the delay is 

sufficient to remove all or a part of the suppression of a fire.  

In the case of nitric acid - HNO3, the following sequence of chemical reactions is implemented: 

Vermiculite + 2НNО3 + Na2SiO3                               Vermiculite + 2NaNО3+ H2SiO3 

            H2SiO3                             SiO2 + Н2О 

Here sodium nitrate acts as a factor leading to the appearance of the DTA curves of new areas with pronounced 

endothermic effects (curve 2 in Figure 2). 

Thus, a pronounced extremum on the curve 1 in the region of 140-160°C is being split to 3-4 less pronounced 

extrema at 100, 160, 366 and 446°C with somewhat larger effective area (curve 2 in Figure 2). In the vermiculite activated 

by nitric acid after 640-660°C active removing of the adsorption and crystallization water is being observed. It is clear that 

in all these cases it is necessary to expend a certain amount of external heat for implementation of the described 

endothermic effects.  

The experiments carried and calculations permit to make the following important conclusion: in the presence of 

the flame-retardant mixture of activated vermiculite throughout the time of flame formation a mixture displays effectively 

its anti-pyren qualities, actively opposing gas layers of water vapor to the firing front. Such sequentially formed gas layers 

(Figure 1 and 2, curve 2), manifested in the area of 100-200, 300-500 and 600-900о
С significantly lower the temperature of 

the fire front, delaying spread of flames for a time and stretching (in some cases preventing) a phase of active burning. 
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CONCLUSIONS 

Thus, obtained compositions containing vermiculite activated by mineral acids, followed by modification by 

various reagents, act as a protective barrier, actively opposing to the temperature increase on the surface of the treated 

material and the process of spreading of fire front. 
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