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Abstract: Gray cast iron is the most commonly used materials compared to all other cast 

alloys. Semi solid casting technique is one of the important casting methods for the 

production of metals and alloys to get non dendritic structure of casting. Very few works 

have been carried out in the semi solid processing of iron and steels although lot of works has 

been reported in the field of non ferrous casting. In this study an inclined channel was used to 

carry out the experimental work of semi solid casting. The present study aims at finding the 

mechanical properties of gray cast iron produced by semi solid casting. Liquid metal was 

poured in metal moulds and cylindrical test bars were cast using inclined channel pouring of 

liquid metal under gravity in the molds. Cylindrical test bars were cast to study the 

microstructure and hardness conditions.  

Keywords: Semi Solid Casting, Hardness, Gray cast iron and Microstucture. 

1. Introduction: 

Semi solid casting technique is one of the important casting methods for the production of 

metals and alloys to get non dendritic structure of casting. Gray cast iron is most commonly 

used materials out of all other cast irons. Gray cast irons are of less ductile and more brittle 

and hence their usage has been constrained. Various methods have been employed to 

optimise the properties so as to widen the application of gray cast iron in metal processing 

and manufacturing sectors. Many methods to control the morphology, size and distribution of 

graphite phase were used to improve the mechanical properties of GCI, such as modification, 

spheroiding and alloying, etc. [1-5]. The structure of GCI depends on chemical composition 

before the casting process, inoculants and cooling conditions [6]. The microstructure of GCI 

is characterized by graphite lamellas dispersed into the ferrous matrix. The amount of 

graphite and size, morphology and distribution of graphite lamellas are critical in determining 

the mechanical behavior of GCI [6]. Although there is sufficient information available on 

microstructural characteristics of cast iron, however effect of them on mechanical property 
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(hardness) is not formulated. The effect of high cooling rates in producing fine structures 

results in development of high-strength cast alloys. The undercooling of a melt to a lower 

temperature increases the number of effective nuclei relative to the growth rate, the latter 

being restricted by the rate at which the latent heat of crystallization can be dissipated [7]. 

2. Experimental: 

Silica sand, bentonite and water were added and the mixture is mulled for 10 minutes. 

Moulds are prepared having stepped pattern cavity and the moulds are allowed to dry for 2 

hours. Melting is carried in an induction heating furnace. The molten metal pouring 

temperature is maintained at 1400°C. Molten metal is poured in the mould cavity by 

following a slopped plate of 1 metre and inclined at approximately 10° hence giving a 

cooling rate of 80 Kelvin/second. The composition of the cast metal is determined using 

optical emission spectrometer. The obtained composition of the sample is given in the 

Table1. 

Element C Si P S Mn Cu 

Composition 

(Wt%) 

3.48 1.9 0.15 0.08 0.54 0.35 

Table 1. Composition of the cast sample 

3. Result & Discussion: 

The microstructure of different steps of the cast sample of semi solid condition 

observed under image analyzer is shown in Figure 1. The microstructure of thinner section is 

much finer than that of thicker section. Brinell hardness tests are performed for steps of 

different thickness. Average of three readings is taken for each step. A decrease in hardness is 

observed from step1 to step 4. The Brinell hardness number of different steps of the sample is 

shown in the Table 2. 

Step Hardness number (Brinell) 

S1 198 

S2 172 

S3 127 

S4 104 

 

Table 2: Brinell Hardness Number. 
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Figure 1. Microstructure of different steps of semi-solid cast bar 

 

4. Conclusions: 

Investigation of gray cast iron with different cooling rate shows that the cooling rate has 

remarkable influence on microstructure and hardness. The hardness however, decreases as 

the cooling rate decreases, showing a direct relationship. Semi-solid casting technique results 

in improved mechanical properties. Much finer grains are observed in thinner sections of the 

sample than thicker sections. 
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