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THERMODYNAMIC ANALYSIS OF THE INCLUSIONS 

FORMATION IN STEELS FOR THE AUTOMOTIVE INDUSTRY

1 - Introduction and goals

• At present days, there are higher quality requirements for the production 

of special steels, remarkably those intended for automotive industry. 

• Furthermore, such steels are considered critical in relation to their 

production by continuous casting (CC) process, since contents of 

elements such as Al, S, Ca, and O must be controlled. 

• Steels for automotive parts need to have improved machinability and 

mechanical properties (grain size and fatigue resistance). In this sense, 

the production of aluminium killed, high sulphur steels is increasing.

• Concerning continuous casting process, many factors have influence on 

steel castability, such as: refractory materials, slag composition, steel 

covering in the tundish, valve material and design, temperature control 

during the process, waiting times, among others. The control of inclusions 

is only one among these factors; however, it is very important for 

improving castability. Calcium alloys are widely employed to control 

composition, distribution and morphology of oxide and sulfide inclusions in 

steels.

• The computational thermodynamics shows to be an excellent tool for 

comprehending physico-chemical phenomena which occur in steelmaking, 

and, moreover, it can help engineers from industrial plant taking decision. 

• The general purpose of this work is the thermodynamic study of non-

metallic inclusions in the CC tundish for SAE 1141 and SAE 8620 steels. 

The specific purposes are: 

1) obtaining the phases formed and their composition in inclusions by 

applying computational thermodynamic (FactSage); 

2) establishing conditions of steel composition for the improvement of 

steels castability.

2 - Materials

SAE 1141 steel combines both good conformability and machinability in 

the same steel grade. It is widely employed in forging segments to 

produce components with both relative complexity and mechanical 

demand, such as forks and shaft ends for automotive industry.

SAE 8620 steel is classified by SAE-AISI as nickel-chromium-

molybdenum steel, which is a low alloy steel, used in components under 

the cementation process. SAE 8620 steel makes part of a series of steels 

for cementation, which have sufficient hardenability to be oil-quenched, 

acquiring, in their core, good values of ductility. They are employed for 

gear building sets, pieces for light works, small mechanisms, pins, etc, 

generally, materials which present as the most important characteristic 

wear resistance.

3 - Methodology

• Thermodynamic simulations were performed with the commercial 

software FactSage 5.5 and databases (FToxid and FSstel).

• Simulations were carried out by using both global chemical composition 

and average temperature of liquid steel in the CC tundish.

• The result obtained is the steel composition and non-metallic inclusions 

(oxides and sulfides) at the temperature of 1,520oC (SAE 1141) and 

1,540oC (SAE 8620). 

4 - Results

Curves obtained in the figures (resulting in castability or liquid window):

• Calcium-aluminates saturation line (CaO.Al2O3, CaO.2Al2O3), 

considering a minimum of 30 and 35% of CaO in inclusions. 

• CaS saturation lines: maximum of 5 and 10% of CaS.

• Lines of starting liquid, 40% and 100% of liquid phase in inclusions.

Liquid window for SAE 1141 steel and liquid phase formation.

Total oxygen = 24.5 ppm; S = 0.101% and T = 1,520oC

Liquid window for SAE 8620 steel, including formation curves of liquid 

fraction and CaO.Al2O3.

Total oxygen = 18.0 ppm; S = 0.025% and T = 1,540oC

5 - Conclusions

As a general conclusion, a very good correlation was obtained between 

the thermodynamic predictions carried out in this study and the results 

obtained from the castability index of SAE 1141 and SAE 8620 steels 

produced by the continuous casting in the industrial plant. 

Thus, this research can contribute for the study of inclusions in other 

critical steels, as the employment of the methodology proposed here.
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