Solidification of supercooled molten zinc chloride
M. Rodová, A Cihlář and K. Nitsch

Institute of Physics, AS CR, Cukrovarnická 10, 162 53 Praha 6, Czech Republic

INTRODUCTION

The melts of chemical elements and compounds do not solidify immediately as their temperature decreases below their melting point but they become supercooled. According to the conditions such as temperature, rate of the melt cooling and development of the crystallization nuclei certain molten materials solidify into a crystalline form while others are transformed into a glass-like aggregate state. However, there are also compounds which after the same thermal treatment either transform into glasses or crystallize depending on the cooling rate. Such a compound which is able to exist in both crystalline and glassy states is zinc chloride ZnCl2. Although it is designated as a strong or typical glass former [1], it is able to solidify into a crystalline form at adequately low cooling rate.

This communication deals with an experimental study of molten zinc chloride behavior during controlled solidification. Its aim is to determine experimentally the minimal cooling rate under which molten zinc chloride is just transformed into a glass-like aggregate state.

Experimental
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The cooling rate study for zinc chloride solidification was performed by methods of thermal analysis described elsewhere [2]. The sample of tested zinc chloride was sealed in a quartz ampoule (8 mm in inner diameter and 80 mm in length) and thermally treated in a vertical furnace. The melt column was about 30 mm in height. Heating rate was 40 K/min., overheating time 60 min. and homogenization temperature 640°C. Cooling rates ranged between 0.1 K/sec. and 6 K/sec. Temperature profile in the ampoule was measured by four thermocouples regularly located in a capillary tube along the ampoule axis. Temperature measured was recorded at intervals of 1 sec. by a measuring unit Ahlborn 2290-8 Almemo. 

Results 

Molten zinc chloride was cooled at various rates and crystallization or glass formation were monitored. The minimal cooling rate for glass formation was determined as 1.5 K/sec. At lower cooling rates the melt crystallized and on the contrary at higher rates the melt transformed into glass. 
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The time dependence of temperature during ZnCl2 solidification at a cooling rate of 1.2 K/sec. is shown in Fig. 1. There are cooling curves measured by four thermocouples in the ampoule and we managed to catch a rare situation where the melt in the ampoule bottom formed glass while that in the upper part crystallized. The cooling rate was not constant along the ampoule - higher in the bottom, lower in the top - and such a small difference in cooling rates initiated quite different behavior of the melt. 
After cooling down and solidification described in Fig. 1, the ampoule was heated up at a rate of 40 K/min. The time dependence of temperature is shown in Fig. 2. On the curves two great effects can be observed - first the ZnCl2 glass crystallization (onset at approximately 230°C) and the other corresponds with the melting at 318°C. 



Conclusions 

Solidification of supercooled molten zinc chloride was experimentally studied by a direct temperature measurement during cooling of the molten ZnCl2 and the minimum cooling rate for zinc chloride glass formation was determined as 1.5 K/sec. Although ZnCl2 is designated as a strong glass former its melt crystallizes at relatively high cooling rates, eg. natural cooling in air. 
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Fig. 2. Time dependence of temperature at heating of solidified ZnCl2.





Fig. 1. Time dependence of temperature during molten ZnCl2 solidification - crystallization and glass formation. 





Fig. 2. Time dependence of temperature at heating of solidified ZnCl2 at a heating rate of 40 K/min.








