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Results and discussion
When studying the process of structure formation during rapid solidification of tin – zinc alloys, it is advisable 

to divide them into three groups: 1) tin and zinc alloys with a low concentration of alloying elements; 2) eutectic 
alloy, and alloys whose compositions are close to eutectic; 3) other alloys in which the concentrations of tin and 
zinc are comparable [16].

Rapidly solidified foils of double alloys with a small concentration of alloying elements Sn – 1.2– 2.0 wt. % Zn 
and Zn – 1.5 wt. % Sn after manufacture and exposure at room temperature have a two-phase structure (fig. 1). 
In foils of the Sn – 1.2–2.0 wt. % Zn alloy, dark zinc precipitates are formed, and in foils of the Zn – 1.5 wt. % Sn 
alloy, light tin precipitates are formed. The average size of the precipitates of the second phase after exposure 
for 2 days after their manufacture does not exceed 0.5 µm. There is no formation of dendrites and lamellar zinc 
precipitates in the foils.

The formation of the observed microstructure is due to the fact that when cooling at a high rate of the main 
phase, the capture of alloying elements occurs. As a result, solid solutions based on tin and zinc are formed. 
Since the maximum solubility of zinc in tin and tin in zinc in the solid state does not exceed ∼ 0.36 at. % [16], 
then solid crystalline solutions are supersaturated and have an increased value of free energy F. The room 
temperature for tin and zinc is high. Therefore, diffusion processes are actively occurring in supersaturated 
solid solutions [17]. Due to energy and concentration fluctuations, the decomposition of supersaturated solid 
solutions occurs through the formation and growth of nuclei [18]. The formation of the nuclei of a new phase 
is heterogeneous and occurs mainly in places (dislocations, grain boundaries, crystalliser surface) with an ex-
cess of free energy. The decay of supersaturated solid solutions is confirmed by a change in their crystal lattice 
parameters (table 1).

Ta b l e  1
Parameters of the crystal lattice of tin alloys Sn – 1.2– 2.0 wt. % Zn  

and the crystal lattice of zinc alloy Zn – 1.5 wt. % Sn

Crystal lattice parameter, nm
State of the rapidly solidified alloy

Sn – 1.2 wt. % Zn Sn – 2.0 wt. % Zn Zn – 1.5 wt. % Sn

0.582 7 0.582 4 0.495 2 Alloy foil cured  
for 3 h after fabrication

0.582 8 0.582 7 0.494 5 Alloy foil cured  
for 50 h after fabrication

0.582 8 0.582 8 0.494 4 Unalloyed tin and zinc foils

The radius of the tin atom is greater than the radius of the zinc atom [19]. Therefore, the parameters of the 
crystal lattice of a solid solution of tin decrease, and zinc increase with rapid crystallisation. Exposure of foils 
for 50 h at room temperature leads to an increase in the parameters of the crystal lattice of tin, and to a decrease 
in the parameter of the crystal lattice of zinc. Thus, rapidly solidified tin and zinc alloys containing a small 
amount of alloying elements, after manufacture and exposure at room temperature, consist of solid solutions 
of tin and zinc, and dispersed particles of alloying elements.

Consider the crystallisation of tin – zinc alloys with a concentration of components close to eutectic (the se
cond group of alloys). Image of the microstructure of rapidly hardened foils of hypoeutectic Sn – 4.4 wt. % Zn, 
eutectic Sn – 8.8 wt. % Zn and hypereutectic Sn – 15 wt. % Zn of alloys after exposure for 3 days is shown 

Fig. 1. Microstructure of rapidly solidified foils  
of Sn – 1.2 wt. % Zn (a) and Zn – 1.5 wt. % Sn (b)


