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time steps, depending on their mutual position. The contact of 
layers causes a decrease in growth velocity of envelopes. Thus, in 
these areas where solute diffusion layers do not overlap, 
envelopes are close to a sphere, whereas in the opposite situation, 
envelope segments are similar to Voronoi diagram. This reflects 
the two growth types introduced in the growth algorithm of 
dendritic envelopes. 

When the envelope growth Type-II becomes dominant, 
segments of envelope evolve into cells of VD with distinctive 
vertices. However, the surface of the envelope should be smooth, 
i.e. with rounded corners, because the surface tension tends to 
remelt the edgy corners. Although, this feature has only minor 
effect on the final result, we hope to extend our approach to take it 
into account. 

 
                        

     

      

      
Fig. 1. Solute concentration in the first few moments of the 

process (grain fraction , 0.2, 0.3) for two cooling rates 

 
In Figure 2 liquid phase distribution, both between grains 

(first raw) and within envelopes (second raw), when the eutectic 
temperature is reached, is presented. Corresponding quantitative 
results are summarized in Table 1. When the cooling rate is low, 
more extradendritic liquid phase remains between grains. This is 
because the growth process takes longer and more solute is 
accumulated between grains. Consequently, the dendritic grains 
occupy smaller area and the obtained structure is characterized by 
low grain fractions. 
 

                            

 

 
Fig. 2. Primary solid phase and liquid phase distribution between 
grains (first raw) and inside grain envelope (second raw) for two 

cooling rates 
In the second raw of Figure 2 intragranular liquid distribution 

for two macroscopic elements is presented. To obtain this result 
we used dendrite shape model, presented in Part I of the paper. 
Each dendritic grain has the main arms randomly oriented. As can 
be seen in the second raw of Figure 2, resulting structures consist 
of grains with various orientations, which is one important 
element captured by our model.  

Results related to the second stage of the process are 
summarized in Figures 4–5. Corresponding distributions of the 
two types of structure, for two macroscopic elements, for two 
eutectic modes, and for different time steps (including the final 
structure) are shown in Figures 4 and 5. We can observe that 
different eutectic transformation modes result in different average 
radius of eutectic grains, smaller eutectic grains are observed in 
unmodified alloys.  
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Fig. 3. Cooling curves for two cooling rates (a - ,  
b - ), for two eutectic transformation modes: (s1 

and s2). S1 corresponds to nucleation of independent (from 
dendritic grains) eutectic grains, s2 corresponds to nucleation of 
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