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Fig. 4. The temperatures in the casting and in the mould at gravity 
casting

Fig. 5. The temperatures in the casting and in the mould at the operat-
ing pressure 150 MPa

3.1. Heat flux and heat transfer coefficient

The heat flux at the casting-mould interface was determined 
from the temperature at the mould surface and temperatures 
2 mm below the mould surface using equation (1). The results 
of heat transfer coefficients were calculated by equation (2). The 
course of heat flux and heat transfer coefficient for each sample 
is shown in Figures 6-15.

Fig. 6. Heat flux and HTC in gravity casting at pouring temperature 
710°C

Fig. 7. Heat flux and HTC at pouring temperature 670°C and pressure 
50 MPa

Fig. 8. Heat flux and HTC at pouring temperature 670°C and pressure 
100 MPa

Fig. 9. Heat flux and HTC at pouring temperature 670°C and pressure 
150 MPa

The results of the measurements clearly show that there has 
been a sharp increase in the heat flux and heat transfer coefficient, 
resulting in faster cooling of the cast. This fact led to a change 
in the investigated sample structure.
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3.2. Microstructure evaluation

It is apparent from the microstructure evaluation that the 
applied pressure had the greatest impact on refinement and 
regularisation of the structure. Figs. 16 and 17 show the micro-
structure of the sample cast without applying pressure.

Figs. 18 and 19 show a squeeze-casting sample, cast under 
pressure of 150 MPa, which exhibited a finer-grain structure 
compared with the gravity cast sample. There has also been regu-
larisation of eutectic silicon exclusion throughout the structure, 
wherein we observed no eutectic agglomerates compared with 
the gravity cast sample. In the sample, we observed no significant 

Fig. 10. Heat flux and HTC at pouring temperature 690°C and pres-
sure 50 MPa

Fig. 11. Heat flux and HTC at pouring temperature 690°C and pres-
sure 100 MPa

Fig. 12. Heat flux and HTC at pouring temperature 690°C and pres-
sure 150 MPa

Fig. 13. Heat flux and HTC at pouring temperature 710°C and pres-
sure 50 MPa

Fig. 14. Heat flux and HTC at pouring temperature 710°C and pres-
sure 100 MPa

Fig. 15. Heat flux and HTC at pouring temperature 710°C and pres-
sure 150 MPa
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change in the eutectic silicon morphology. This was caused the 
fact that the primary alloy was inoculated with Ti.

3.3. Mechanical properties

The cast samples were tested for mechanical properties – in 
particular, we evaluated the strength and elongation. Under the 
effect of pressure applied during casting there was a significant 
increase in the material strength and elongation – both the 
properties increased with increasing applied pressure. Casting 
temperature variation had no significant effect on changes in the 
material mechanical properties. The highest increase in strength 
(by up to 25%) was observed in the sample cast at 670°C and 
applied pressure of 150 MPa. The strength of this sample was 
202 MPa. Fig. 20 shows the strength values for each sample.

Elongation of the material exhibited a similar tendency. The 
highest elongation was observed in the sample cast at 670°C 

and applied pressure of 150 MPa. The value of elongation in 
that sample was 16%. Fig. 21 shows the elongation values for 
each sample.

Fig. 16. Microstructure of the sample cast without applying pressure, 
zoom 100×, etching 0.5% HF

Fig. 17. Microstructure of the sample cast without applying pressure, 
zoom 400×, etching 0.5% HF

Fig. 18. Microstructure of the sample cast under pressure with value 
150 MPa, zoom 100×, etching 0.5% HF

Fig. 19. Microstructure of the sample cast under pressure with value 
150 MPa, zoom 400×, etching 0.5% HF
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Fig. 20. Effect of change in casting parameters on the strength of the 
experimental material




