Effect of temperature and time parameters of aluminium-silicate melts on the elastic modulus of fibres 
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Introduction
Expansion of the range of composite materials with fibre fillers, especially for structural purposes, requires high strength and modulus of elasticity. Production of fibres with specified properties remains an important scientific and technical task. Basalt continuous fibres (BCF) produced from rocks occupy an intermediate postion in these parameters and are between alumina-magnesia high-modulus and glass fbres of type E [1-2].
The study purpose is to determine the dependence of elastic properties of fibres from temperature and time of melt production, which directly affect their properties [3], in particular the homogeneity of melts and homogeneity of glasses and fibres produced from them [4-5], which further have an influence on the structure and physical and mechanical properties of fibres [6].  

Materials and methods
Aluminosilicate fibres of various chemical compositions produced from melts of natural raw materials, rocks, and nonmetallic minerals were used as materials for the study, both in a single component form and in certain ratios in accordance with the requirements for chemical and mineralogical composition presented in [7-9], such that the resulting melt had a viscosity in the range of 50-200 dPa. s at a temperature of 1450 oC, crystallisation ability and fibre formation interval, which allows producing continuous and coarse fibres by forming a fibre filament from a melt stream. Fibres were produced on a single-filament laboratory stand, the scheme of which is shown in Fig. 1.
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	Fig. 1 - Technological scheme of the universal stand


The universal stand is a laboratory system for studying fibre formation in the process of continuous drawing of fibres from basalt or aluminosilicate melts and provides for the maintenance of the set temperature from 100 to 1500 °C with an accuracy of + 1 °C, the melt level from 10 to 60 mm and the device rotation speed from 1 to 1000 m/min for winding single fibres with a diameter of 5 to 300 µm. The temperature of the melt in the high-temperature furnace was controlled by means of a TPR (B), which is located at the lower edge of the crucible with the melt, in the air space of the furnace without contact with the melt and crucible. The diameter of the fibre of a given size was produced by changing the speed of rotation of the device for winding and, accordingly, drawing the fibre. The diameter of the die ranged from 1.6 to 2.4 mm, depending on the viscosity characteristics of the aluminosilicate melt.
The modulus of elasticity was determined by two methods, the absolute elongation method and the ultrasonic wave transmission method. The first method was used to study the dependence of the elastic properties of the fibre on its diameter. After determining the optimal fibre diameter, the second method was used to determine the dependence of the fibre elastic modulus on the temperature and holding time of the melt during their production. The non-destructive testing method was used to determine the sound propagation velocity C in fibres with a diameter of 30+1.0 μm using an acoustic installation. To calculate the elastic modulus, the density of the fibres was also determined by the weight method. The modulus of elasticity E was calculated by the formula:
                                                                 Е=rС2,                                                             (1)
where r - the fibre density, kg/m3;
          С – sound transmission speed, m/s.
     
[bookmark: _Hlk165385442]Resalts and discussion
To determine the dependence of the elastic modulus on the fibre diameter, aluminosilicate fibres from rocks of different compositions and synthesised from a mixture of natural non-metallic minerals with the amount of SiO2 ranging from 46 to 58 % (wt. %) were used. The results are shown in Fig. 2-3.
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	Fig.2 - Dependence of elastic modulus on fibre (continuous and coarse) diameter in the range from 9 to 300 µm
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	Fig.3 - Dependence of elastic modulus on continuous fibre diameter in the range from 6 to 30 µm


When determining the dependence of the elastic modulus on the diameter for five samples of fibres of different compositions obtained from basalt and similar rocks, it was found that there is a tendency to increase it with a decrease in diameter up to 25 %, but for fibres with a diameter of 9 to 30 µm, the absolute values have a deviation of no more than 2-3 %. Based on the results of the obtained dependence of the elastic modulus on the diameter, to determine the effect of temperature and melt holding time, laboratory samples of aluminosilicate fibres of 15 different compositions with a diameter of 30+1 µm were made and the absolute values of the elastic modulus were determined. When determining the effect of temperature, it was found that the discrepancy between the data, both in one and the other direction, is insignificant, mainly 1-2 %, for some fibre samples up to 6 %. However, with an increase in the melt holding time, an increase in the elastic modulus by 5-6 % is observed.
[bookmark: _Hlk165387468]Conclusion
The modulus of elasticity of aluminium-silicate fibres depends on the chemical composition and diameter of the fibres. With an increase in diameter from 6 µm to 300 µm, the elastic modulus decreases by up to 25 %. For fibres with a diameter of 9 to 30 microns, this decrease is insignificant and is within 2-3 %. The temperature at which fibres are produced within the fibre formation interval for different compositions is characterised by both an increase and a decrease in the elastic modulus, and no clear dependence was found. The melt holding time affects the melt homogeneity and texture of the fibres, which improves the elastic modulus, but only slightly, by 2-3 %. Thus, in order to obtain fibres with higher elastic properties, it is necessary to use fibres of smaller diameter and hold the melt until it reaches a homogeneous condition.
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