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/ Return of Tramp Elements - A Carbon-Neutral, Circular, Low- \
Carbon Ecosystem Model

Tramp elements are residuals in steel after recycling ferrous scrap, mainly copper,
nickel, tin, arsenic, chromium, molybdenum, and lead. These elements can impair steel
quality, with high copper levels causing hot shortness and surface defects during hot
rolling. Currently, nickel addition is a primary mitigation strategy. As global demand for
circular and low-carbon steel increases, especially in Europe, the use of scrap steel is
rising. Companies like Mercedes-Benz and BMW aim for significant reductions in
greenhouse gases by 2030 and 2039, respectively, through increased use of carbon-
neutral and low-carbon steel. Thyssenkrupp's Bluemint® Recycled product exemplifies
efforts to lower CO, emissions by increasing scrap ratios in blast furnace operations.
While hydrogen-based direct reduced iron technologies are under development, their
large-scale adoption faces challenges due to hydrogen supply limitations and
immature processes for conventional ores. Therefore, maximizing scrap steel use
remains the most practical short-term solution for CO, emission reduction. This lecture
reports tramp element concentrations in scrap-based steel, particularly rebar from
domestic electric arc furnace producers in South Korea. It reports results from high-
temperature oxidation tests, liquid copper distribution at the steel interface, and hot
shortness observations using laser microscopy. Based on these results, strategies for
managing tramp elements in a sustainable steelmaking process are proposed.

Joonho Lee has been a professor in the Department of Materials Science and
Engineering at Korea University since 2005 and founded the Department of Battery
and Smart Factory Studies in 2021 and has served as the department head. His
research focuses on developing eco-friendly materials and processes, particularly high-
strength, environmentally friendly steel, improving quality, developing next-generation
hydrogen-based iron and steelmaking processes to reduce greenhouse gas emissions,
and recycling industrial waste such as slag and dust. He has received numerous
awards, including the Presidential Commendation on the 20th Steel Day, the Best
Paper Award from the Calphad journal, the Minister of Trade, Industry and Energy’s
Award in the New Technology category, the Industrial Technology of the Month Award
w 2021, the Dongguk Songwon Academic Award, etc. j
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Phenomena in High-Temperature Metal-Ceramic Systems: From Al-MgO to
In-Situ Composites

The study of wettability and reactivity in high-temperature metal—ceramic systems plays a central role
in designing advanced structural and functional materials. My research has focused on experimental
and modeling approaches to understand interfacial interactions, with particular attention to AlI-MgO
and Al-MgAl,O, systems as model cases for in-situ Al-Al,O03; composites. Through sessile drop
experiments, thermodynamic calculations, and microstructural characterization, | have explored how
wettability and interfacial reactivity govern phase formation, microstructural stability, and ultimately
the performance of composite materials.

These investigations are relevant not only to composite design but also to broader areas where high-
temperature metal—-ceramic interactions occur, including alloy solidification, joining technologies, and
advanced energy materials. The seminar will present key experimental findings, discuss challenges in
correlating thermophysical data with interfacial evolution, and highlight potential applications of this
knowledge in developing new generations of ultra-high temperature materials.

Rafat Nowak received his M.Sc. degree in Metallurgy and Materials Science from the AGH University
of Science and Technology in 2001, with a thesis on the Structure and properties of composites:
Bi2223 superconductor phase — PZT piezoelectric phase. In 2010, he earned his Ph.D. in Materials
Engineering at the Institute of Metallurgy and Materials Science, Polish Academy of Sciences,
defending a dissertation focused on the The role of wettability and reactivity in Al/MgO and
Al/MgAl,04 systems in shaping the C4 microstructure of In-Situ Al-Al,Os composites.

His research has consistently centered on interfacial phenomena between molten metals, alloys, and
ceramic substrates, with emphasis on wettability, thermodynamics, and phase formation at high
temperatures. He has developed and applied experimental methods, including patented testing
equipment, for in-situ investigations of liquid metal—-ceramic interactions under both isothermal and
non-isothermal conditions.

Rafat Nowak has contributed extensively to the advancement of ultra-high temperature materials,
nickel- and silicon-based alloys, and their applications in aerospace, energy, and electronics. His work
also extends to thermodynamic modeling, surface tension measurements, and the design of
innovative metal-ceramic composites for energy storage and high-temperature applications.

He has authored or co-authored over 60 scientific publications and participated in numerous
international projects (ESA, HORIZON2020, HORIZON Europe), focusing on the design of advanced
alloys, intermetallics, and composites. His contributions have been recognized with multiple patents
and international awards for innovation.
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