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Abstract 

Production practices of IF (interstitial free) steel grades intended for the most qualitatively 

demanding automotive applications calls for their continuous optimization. Precise control of 

steelmaking operation conditions leads to a minimization of clogging issues during their casting, 

but is also related to surface quality imperfections of finished material. With the aim to study the 

impact of RH degasser practices on cleanliness of the IF steel grades, the influence of heat 

chemical reheating was verified. While detailed analyses confirmed overall worse results and a 

higher presence of specific nonmetallic particles on steel samples collected from such treated 

heats, the limited reheating practice did not seem detrimental.  
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1 Introduction 

In general, it can be said that to date, there have only been a few research papers published 

regarding the impact of chemical reheating on the cleanliness of heats processed at an RH (RH-

OB) degasser. This technological operation represents one way of feeding the oxygen into the 

liquid steel. As well, depending on a number of other process parameters, it can strongly affect 

the degree of its cleanliness, casting conditions and consequently, the quality results of the final 

processed material. Fig. 1 characterizes the typical temperature increase related to the amount of 

oxygen blown at the RH degassing station with steel grades deoxidized only by aluminum, or by 

a combination of aluminum and silicon. It is evident that the processed steel grades deoxidized 

only by aluminum have particularly at high volume of oxygen blown, higher efficiency of the 

chemical reheating process [1 - 4]. 

In this regard, the greatest attention should be paid to the conditions of formation and to the 

ways of minimizing the occurrence of mainly small alumina inclusions (under 10µm). Besides 

this, the area of concern is often focused also on other complex types of inclusions, in particular 

based on Titanium, whereas in view of its alloying, these steel grades exhibit the negative 

impact thereof on the conditions of removing inclusions from the molten steel and related issues 

during their casting [5 - 7]. Fig. 2 indicates that the heat treatment of the processed heats in 

terms of the chemical reheating leads to a significant deterioration of steel cleanliness through 

the increase of concentration of Al2O3 inclusions in heat, mainly during the oxygen blowing for 

the reheating [8]. Although this finding is a common feature of most of the available research 

work on this topic, opinions and findings concerning the overall final level of steel cleanliness 
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with a consequent impact on its castability and quality of the final processed material differ      

[9-13]. 
 

 
Fig. 1 Typical temperature increase during chemical heating at RH degassing station under 

different deoxidation practices  
 
 

 
Fig. 2 Characteristic trend of steel cleanliness (T.O. – Total Oxygen) during chemical 

reheating practice   
 
 

2 Materials and experimental methods 

Understanding the origin of inclusions and developing practices to control their composition and 

content in liquid steel are key points for optimization of production processes and parameters 

14, 15. To study the inclusions in the steelmaking process and final products, techniques are 

being developed to rapidly identify inclusions in steel 16. The inclusion analysis technique 

used in this work was based on a computer-controlled scanning electron microscope known as 

the Automated Steel Cleanliness Assessment Tool (ASCAT). Using image analysis of the 

backscattered electron image, inclusions are systematically located, sized and analyzed for 
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composition using EDS. The process of analysis and identification of each inclusion on ASCAT 

is depicted in Fig. 3. The process consists of four steps:  (1) inclusion is detected and sized, (2) 

spectrum is analyzed and the percentage of each element is determined, (3) spectrum data is 

processed through special modules and rules, (4) inclusion classification is assigned.  Further 

description of the ASCAT may be found elsewhere 17, 18. 
 

 
Fig. 3 Process of inclusion analysis and identification on ASCAT 

 
 

To verify the overall influence of chemical reheating at the RH degassing station on cleanliness 

of selected IF steel grade heats, the process liquid steel samples were taken and contents of the 

most important categories of nonmetallic inclusions were evaluated. Within this context, the 

cleanliness results of twenty heats of IF steel grades that were chemically reheated by blowing 

the oxygen in volume of 50 to 210 m3 were compared with regularly produced heats without 

temperature adjustment. In both cases, the area fraction of investigated inclusions was used as 

the main steel cleanliness evaluation criteria.  
 
 

3 Results and discussion 

Fig. 4 presents the results of cleanliness in terms of pure alumina inclusions (Al2O3) in both size 

categories that were compared (below and above 10µm), which are related to the nature of the 

reaction of chemical reheating itself.  In addition, Fig. 5 subsequently presents the results of 

complex inclusions based on Al2O3 x TiOx, and Al2O3 x MgO (spinels) in the size category 

below 10µm.   
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Fig. 4 Cleanliness results of the compared heats - pure Al2O3 below and above 10 µm 

 
 

 
 

 
 

Fig. 5 Cleanliness results of the compared heats – complex Al2O3 x TiOx and Al2O3 x MgO 



Acta Metallurgica Slovaca, Vol. 22, 2016, No. 2, p. 95-101                                                                                           99  

 

DOI 10.12776/ams.v22i2.734 p-ISSN 1335-1532 
 e-ISSN 1338-1156 

Based on this comparison it can be concluded, that the heats with temperature adjustment 

(reheating) at the RH degassing station have generally higher area fraction of pure alumina 

inclusions in both compared size categories. 
 

 
Fig. 6 Relation of chemical reheating at RH degasser and castability of IF steel grades 

 
 

Vice versa, presented findings indicate that this technological operation has no effect on the steel 

cleanliness in the case of assessing other types of complex Titanium-based and MgO-based 

spinel inclusions represented in these IF steel grades that could have significant influence on 

their castability 10, 19, 20. Direct relation of chemical reheating and overall stability of the 

casting process is also evident from Fig. 6, which characterizes the effect of the volume of 

oxygen blown for chemical reheating at the RH degassing station on IF steel grades castability 

[21 - 26].  
 

 
Fig. 7 Influence of volume of oxygen blown for chemical reheating at the RH degasser on 

cleanliness of IF steel grades 
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However, according to results of the latest conducted wider research presented in Fig. 7, it 

appears that in the case of heats with the chemical reheating and oxygen blowing at 1,000 to 

3,000 SCF (about 30 to 85 m3), the impact on the cleanliness of such processed heats is less 

significant [27]. 
 
 

Conclusions 

This research study focused on investigating the influence of the chemical reheating practice at 

the RH degasser on cleanliness of selected IF steel grades. According to presented steel 

cleanliness results it was confirmed that heats with temperature adjustment (reheating) have 

generally higher area fraction of pure alumina inclusions in both compared size categories 

(below and above 10µm), but this technological operation has no negative effect in the case of 

assessing other types of complex Titanium and MgO-based spinel inclusions.  

Even if the chemical reheating at the RH degasser generally deteriorates the overall steel 

cleanliness, the stability of the casting process and the final quality of processed material, its 

application in the case of oxygen blowing at 1,000 to 3,000 SCF (about 30 to 85m3) appears to 

be less significant. 
 
 

References 

[1] W. G. Jung, L. S. Choi, W. W. Huh, B. D. You, Y. C. Yoon: Influence of Aluminum 

Heating on the Melt Cleanliness in the RH-OB Process, Process Technology Conference 

Proceedings, Vol. 14, 1995, p. 109-113 

[2] L. Socha, Z. Hudzieczek, V. Pilka, Z. Piegza: Metallurgija, Vol. 54, 2015, No. 4, p. 611-614 

[3] K. Gryc, M. Strouhalová, B. Smetana, L. Socha, K. Michalek: Archives of Metallurgy and 

Materials, Vol. 60, 2015, No. 4, p. 2867-2871, doi: 10.1515/amm-2015-0458 

[4] L. Socha, K. Michalek, J. Bažan, K. Gryc, P. Machovčák, A. Opler, P. Styrnal: Archives of 

Metallurgy and Materials, Vol. 59, 2014, No. 2, p. 809-813, DOI: 10.2478/amm-2014-0138 

[5] M. M. Pande, M. Guo, S. Devisscher, B. Blanpain: Ironmaking and Steelmaking, Vol. 39, 

2012, No. 7, p. 519-529, DOI:10.1179/030192312X13313073941699 

[6] C. Bernhard, G. Xia, M. Egger, A. Pissenberger, S. K. Michelic: Experimental Investigation 

Into the Influence of Ti on the Clogging of ULC Steels in Continuous Casting, AISTech 

Conference Proceedings, Atlanta, USA, 2012, p. 2191-2200 

[7] M. Burty, L. Peeters, D. Salvadori, F. Schadow, E. Perrin, P. Colucci, J. Valcarcel, O. 

Botvinikova: Zero Clogging or Continuous Casting of Ti-SULC Steel”, 27th ATS 

International Steelmaking Conference, Paris, France, 2006 

[8] W. Yang, X. Wang, L. Zhang: Steel Research International, Vol. 84, 2013, No. 5, p. 473-

489 DOI: 10.1002/srin.201200213 

[9] L. B. McFeaters: The Effect of Process Variables on CAS-OB Steel Refining, Steelmaking 

Conference Proceedings, Vol. 76, 1993, p. 465-468 

[10] C. Lyons, P. Kaushik: Inclusion Characterization of Titanium Stabilized Ultra-Low Carbon 

Steels - Impact of Oxygen Activity at Deoxidation, AISTech 2011 Conference Proceedings, 

Vol. 2, 2011, p. 575-583 

[11] T. Kvačkaj: Metalurgija, Vol. 39, 2000, No. 3, p. 185-189 

[12] T. Kvackaj, J. Bidulska: Advanced Materials Research, Vol. 783-786, 2014, p. 842-847, 

DOI: 10.4028/www.scientific.net/MSF.783-786.842 

[13] T. Kvackaj et al.: High Temperature Materials and Processes, Vol. 26, 2007, No. 2, p. 147-

150 



Acta Metallurgica Slovaca, Vol. 22, 2016, No. 2, p. 95-101                                                                                           101  

 

DOI 10.12776/ams.v22i2.734 p-ISSN 1335-1532 
 e-ISSN 1338-1156 

[14] E. B. Pretorius, H. G. Oltmann, B. T. Schart: An Overview of Steel Cleanliness From an 

Industry Perspective, AISTech 2013 Proceedings, 2013 

[15] S. R. Story, G. E. Goldsmith, R. J. Fruehan, G. S. Casuccio, M. S. Potter, D. M. Williams: 

Study of Casting Issues using Rapid Inclusion Identification and Analysis, AISTech 

Conference Proceedings, Cleveland, USA, Vol. 1, 2006, p. 879-889 

[16] P. Kaushik, J. Lehmann, M. Nadif: Metallurgical and Materials Transactions B, Vol. 43B, 

2012, No.4, p. 710-725, DOI: 10.1007/s11663-012-9646-2 

[17] S. R. Story, S. M. Smith, R. J. Fruehan: Application of Rapid Inclusion Identification and 

Analyses, Iron&Steel Technology, 2005, p. 41-49 

[18] S. R. Story, Q. E. Liu, C. R. Cathcart, M. Molnár: Effect of Process Route on Inclusion 

Modification by Calcium Treatment, Clean Steel 9 Proceedings, Budapest-Hungary, 2015 

[19] H. Cui, Y-P. Bao, M. Wang, W-S. Wu: International Journal of Minerals, Metallurgy and 

Materials, Vol. 17, 2010, No. 2, p. 154-158, DOI: 10.1007/s12613-010-0206-y 

[20] S. R. Story, N. Gupta, M. Potter, and G. Casuccio: Analysis of Ti-, Mg- and Zr- bearing 

Inclusion in Ultra-low and Low Carbon Steels, AISTech Conference Proceedings, 

Pittsburgh, USA, Vol. 2, 2010, p. 1-10 

[21] P. Kaushik, D. Kruse, M. Ozgu: Assessment of Castability Issues in Interstitial Free Steel, 

Revue de Métallurgie, Vol. 105, 2008, p. 92-101 

[22] D. Chatterjee: Advanced Materials Research, Vol. 585, 2012, p. 359-363, DOI: 

10.4028/www.scientific.net/AMR.585.359 

[23] V. Rega, M. Molnár, M. Jusko, B. Buľko, J. Kijac, P. Demeter: Acta Metallurgica Slovaca, 

Vol. 22, 2016, No. 1, p. 4-13,  DOI: 10.12776/ams.v22i1.649 

[24] B. Bul’ko, M. Molnár, P. Demeter: Metallurgist, Vol. 57, 2014, No. 11-12, p. 976-980, 

DOI: 10.1007/s11015-014-9832-3 

[25] B. Bul'ko, B., Demeter, J. Kijac, P. Demeter: Acta Metallurgica Slovaca, Vol. 20, 2014, No. 

1, p. 11-17, DOI: 10.12776/ams.v20i1.206 

[26] B. Buľko, P. Demeter, J. Havran: Acta Metallurgica Slovaca, Vol. 20, 2014, No. 3, p. 318-

325, DOI: 10.12776/ams.v20i3.357 

[27] S. R. Story, N. Gupta, M. Molnár: Effect of Oxygen Sources on Steel Cleanliness in Ti-

Stabilized Ultra-Low Carbon Steels, Clean Steel 8 International Conference Proceedings, 

Budapest, 2012 
 
 

Acknowledgements 

The authors would like to thank United States Steel Corporation for permission to publish this 

manuscript. The assistance of colleagues from U. S. Steel Research and Technology Center in 

Munhall by samples preparation and analyses on ASCAT is also greatly appreciated. 
 
 

Disclaimer     

The material in this paper is intended for general information only. Any use of this material in 

relation to any specific application should be based on independent examination and verification 

of its unrestricted availability for such use and a determination of suitability for the application 

by professionally qualified personnel. No licenses under any patents or other proprietary 

interests are implied by the publication of this paper. Those making use of or relying upon the 

material assume all risks and liability arising from such use or reliance. 

 


