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3.2 Confi rmation Tests Using 
Experimental Melting Furnace Steel

Test melting and machinability test were actually 
carried out using the compositions under consideration 
as candidates for a new Pb-free free cutting steel among 
those studied by calculation, and the confi rmation tests 
for the fi nal alloy composition were performed.

The test samples were melted in a 150 kg vacuum 
melting furnace and cast into 160 mm square ingots. 
The ingots were heated to 1 200°C, and hot forging was 
performed to a diameter of 85 mm, followed by normal-
izing at 950°C. Machinability test was then performed. 
Hot ductility was also evaluated in order to study the 
composition with an increment of the S content.

First, the morphology of the sulfi de inclusions was 
observed. Photo 1 shows a comparison of the sulfi de 
inclusions in the intermediate part of the L cross sec-
tion of forged materials with a diameter of 85 mm. The 
temperatures shown in parentheses ( ) indicate the crys-

tallization temperature range of the sulfi de inclusions 
obtained from the phase diagram calculations. The size 
of the sulfi de inclusions in AISI12L14 was small. As in 
that steel, the size of the inclusions was also small in 
the 1Mn-0.3S-1Cr steel, which has the same composi-
tion as AISI12L14, but contains 1 mass% of added Cr. 
On the other hand, with the “Cr addition + S increment” 
systems, like those of 0.5Mn-0.4S-1Cr and 0.5Mn-0.4S-
2Cr, large sulfi de inclusions could be observed. Figure 3 
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