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Currently grey cast iron is the most widely used material in foundries. It is characterized 

mainly by its good technological and mechanical properties, which are required by certain 

metallurgical processes, and its solidifying and cooling conditions. There are a number of 

factors in metallurgy that can influence the final quality of cast iron: charge material, 

chemical composition, metallurgical preparation and finishing process of the casting. Small 

changes in the metallurgical processes cause variable melt quality and the development of 

castings defects. The charge material, especially its steel scrap content, has a strong 

influence on the quality of grey iron. After melting in electric furnaces, steel scrap is used 

to produce cast iron, mainly for economic reasons. Its capability of increasing the hardness 

and strength of cast iron has already been documented. However, the influence of the steel 

content of the charge on the final quality of the cast iron and on its properties are still 

unexplored issues. Also, the effects of the nitrogen content on the properties is still 

unknown. Therefore, the examination of the influence of high amount of steel scrap in the 

charge on the quality of cast iron is substantial. 
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iron 

 

Introduction 

The impact of the charge material on the quality of grey iron is extensive. For economic 

reasons, re-melted steel scrap is widely used for producing grey cast iron. 

Pig iron is one of the basic materials of metallic charges and has a great influence on the 

chemical composition and the properties of cast iron, and also on the cost of the production. 

It has been confirmed that the properties are effected by trace elements and other additives, 

like oxygen, nitrogen and hydrogen. The effect of these elements can be suppressed by 

overheating the grey iron and with higher basicity slag. The content of gases, hydrogen, 

nitrogen and oxygen in pig iron ranges from 30 to 80 ppm. 

The typical quantity of steel scrap used is between 10–50%. The more the production 

cost of the charge is to be reduced, the higher content of steel scrap is used. During the 
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production of synthetic grey iron, the use of carburising agents with low sulphur, nitrogen 

and ash content is necessary. The high steel scrap content of the charge increases the 

tendency of chill wedge, shrinkage and perlite development. The content of nitrogen in 

steels is between 0.003–0.0160 percent. A small amount of nitrogen already increases the 

mechanical properties of grey cast iron, especially hardness, and leads to shrinkage and the 

development of chill [1, 2, 3]. 

 

1. Experimental part 

On the basis of the initial statistical results from 122 melts [4, 5, 6], five experimental melts 

of grey cast iron were prepared from standard EN-GJL-250 at a constant degree of 

saturation (Sc): 

Melt 1 – the most commonly produced half-synthetic grey iron, based on current 

production data; 

Melt 2 – half-synthetic grey iron with the melt overheated to 1500 °C; 

Melt 3 – half-synthetic grey iron alloyed with titanium, overheated; 

Melt 4 – synthetic grey iron with carbon increased by 0.5%, compared to melt 1, 

and reduced silicon content due to the nitrogen being bounded by carbon, 

overheated; 

Melt 5 – fully synthetic grey cast iron (100% steel scrap). 

All of these were melted in a Siemens medium frequency induction furnace with the 

following parameters: 

 nominal capacity of the furnace: 6 tons 

 melting power: 5350 kg/h 

 nominal frequency: 500 Hz 

The cast iron was treated with FeSi75 during the heat treatment. 

Next, samples were casted from the melts for various analyses: 

 samples for chemical analysis; 

 samples for step-down test to determine the correspondence between the thickness 

and hardness of the walls. Figure 1 shows an example of a block with 100, 50 

and 20 mm diameter sections which are standard values for the walls of castings; 

 test bars for tensile tests, 30 mm in diameter each (Rm); 

 wedge-shaped test bars, Figure 2 [7]; 

 samples to determine the shrinkage tendencies: cylinder with a diameter of 95 mm 

and a height of 150 mm; 

 samples to determine the nitrogen content of the grey cast iron. 

 

 
                               Figure 1                                                                 Figure 2 

                         Step-down test                                               Wedge-shaped test bar 
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Samples for metallographic analysis were taken from the test bars and prepared in a 

standard manner. 

Blocks were cut in each cross sectional areas. Brinell hardness was measured on every 

section with a HPO 3000 durometer. The hardness values were obtained using a 10 mm 

diameter ball with 3000 N force applied for a period of 10 seconds – 10/3000/10. 

The tensile strength of the test bars, which were 30 mm in diameter, was measured with 

a universal ZWICK crackle machine. 

 
2. Results and discussion 

Table 1 shows data on the mechanical properties, the degrees of saturation (Sc), the carbon 

equivalents, the depth of chills and the tensile stresses of the melts.  

Table 1 

Results of chemical analyses, mechanical properties, depth of chills and tensile stresses 

Melt  

Portion 

of steel 

scrap 

[%] 

wt. [%] 

Sc 
CE 

[%] 

Rm 

[MPa] 
HB 

Depth 

of chill  

[mm] 
C Si N2 

1 33 3.23 1.612 0.0113 0.848 3.721 297.25 
185.87 

*(205.25) 
5 

2 35.5 3.33 1.52 0.0152 0.868 3.793 351.75 
204.58 

*(223.78) 
1 

3 35.5 3.32 1.486 0.0091 0.863 3.773 268 
217.02 

*(224.50) 
1 

4 81.7 3.79 1.026 0.0073 0.951 4.103 256.25 
211.81 

*(221.22) 
6 

5 97.8 3.28 1.69 0.0175 0.869 3.805 257.67 
243.84 

*(312) 
10 

* HB measured on the thinnest wall of the samples (20 mm) 

 

 
Figure 3  

Tensile strength and Brinell hardness values of the melts 
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The tensile strength and the Brinell hardness of melt 1–5 are shown in Figure 3. All melts 

were undereutectic cast irons, the degree of saturation was always under 1 and the carbon 

equivalent was under 4.23. The data on the chemical composition and the mechanical 

properties correspond to the EN standard for cast iron GJL-250. All melts were inoculated 

with approximately 0.2% wt. “INOCAST” or approx. 0.3% wt. SiC during the heat 

treatment. 

According to the chemical analyses, the degree of saturation was between 0.848–0.869 

in all but one of the melts. Melt 4 had high carbon and low silica content, and low degree of 

saturation, all of which correspond to the EN standard GJL-250. The nitrogen content was 

the lowest in melt 4 and 3, the latter of which was alloyed with titanium. Melt 5 had the 

highest nitrogen content, the source of which was the steel scrap the sample was made out 

of. 

The tensile strength results complied with the EN standards in case of all melts. Melt 5 

had the lowest value, 257 MPa, so in this case overheating above 1450 °C is required. The 

expected impact of the high nitrogen content on the tensile strength could not be observed. 

The Brinell hardness values ranged from 185 to 243 at 50 mm wall thickness which 

corresponds to standard STN and EN-GJL-HB255 (185–200 HB). It was remarkably high 

in melt 5. 

The dependency of hardness on the wall thickness for each melts is shown in Figure 4. 

 

Figure 4  

The change of the Brinell hardness of the blocks 

The depth of chill was the highest, up to 10 mm, in melt 5. This indicates that nitrogen has 

negative impact on the depth of chill, whereas it increases the stability of carbides and 

perlite in the structure. 

The depth of chill in melt 2 and melt 3 was 1 mm. The reason behind this was the 

overheating in case of melt 2, and the negative effect of nitrogen influenced by the titanium 

content in melt 3. In melt 1, which was the standard melt, the depth was 5 mm. 

Synthetic cast iron had the greatest degree of shrinkage which reached 15 mm and had 

the greatest cross section with 30 mm, which confirms the negative impact of nitrogen. In 

the other melts, shrinkage was approximately 18 mm in diameter and 4 mm deep. 
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The results of the metallographic analyses are shown in Table 2. 

Table 2 

The results of the metallographic analyses 

The allocations of lamellar graphite were type C, D, and also type E in melt 3, in which the 

lamellae were shorter, thinner and corrugated, typically 30–60 μm long. Microstructures of 

melt 3 are shown in Figure 5 and microstructures of melt 2 in Figure 6. 

  
          a) Magnification: 200x       b) Magnification: 500x 

Figure 5  

Microstructures of melt 3 

 

  
          a) Magnification: 200x        b) Magnification: 500x 

Figure 6  

Microstructures of melt 2 

Melt No. 

Perlite in 

structure 

[%] 

Graphite size 

[µm] 

Allocation of lamellar 

graphite 

1. standard melt 92 60–120 Type C – mixed 

2. overheated to 1500 °C 96 60–120 
Type D – interdendritic 

undirected 

3. melt with Ti 96 30–60 
Type E –  interdendritic 

undirected 

4. higher C content 96 120–250 Type C – mixed 

5. full-synthetic 100 60–250 Type C – mixed 

b) 

b) 

a) 

a) 
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Cementite was not observed in the structure of the melts which was the result of the 

inoculation. Melt 5 had fully pearlitic microstructure and carbide could also be detected in 

the structure, as shown in Figure 7. The presence of carbide was the cause of the higher 

hardness of this grey iron sample. 

 

Figure 7  

Microstructure of melt 5 after 2% nital etching; 500x magnification 

Conclusions 

The quality of cast iron is influenced by a large number of factors from which the influence 

of steel scrap in the charge and the nitrogen content are especially important. The 

correspondence between the increase in some mechanical properties, i.e. Brinell hardness, 

and the thickness of the walls can be observed. A significant difference could be noticed in 

the hardness of the thin- and thick-walled cross-sections in case of the fully synthetic cast 

iron. Melt 2 had the highest tensile strength value and the lowest deviation of Brinell 

hardness in case of the different wall thicknesses. 

The quality of the grey cast iron is partially based on customer requests but also on 

financial conditions. The use of steel scrap has a significant importance in achieving the 

desired mechanical properties, in particular, the hardness of the cast iron. As the results 

showed, the negative impacts of high steel scrap content could be eliminated by 

inoculation, overheating the melt up to 1500 °C, and alloying with 0.1–0.3% titan. 

The cost of the metal accounts for approximately 40% of the total production cost of 

castings made from grey cast iron. In conclusion, the composition of the charge should 

receive more attention for the above-mentioned reasons. 

On the basis of the obtained information, melt 4 and 5 are recommended for the 

production of thick-walled castings and melt 3 for thin-walled castings. 

During the production of thick-walled castings with higher hardness, alloying with up to 

0.5% chromium is recommended in addition to overheating and inoculating the melt. 
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