
  
 
 
 

 
 
 
 
 

Proceedings of the 
Iron & Steel Technology Conference 

 
 

16–18 May 2022 
Pittsburgh, Pa. 

U.S.A. 
 

 

 
 

 
Ronald E. Ashburn, Publisher 

 
Amanda L. Blyth, Publications Manager 

 
Jennifer M. Vergot, Technical Editor 

 
Emily C. Williams, Technical Editor 

 
Carolyn Trobaugh, Graphic Designer 

 
A Publication of the Association for Iron & Steel Technology 

Volume I

Volume I 

https://www.aist.org/conference-expositions/aistech
https://www.aist.org/home.aspx
https://www.aist.org/conference-expositions/aistech�
https://www.aist.org/home.aspx�


AISTech 2022 
Iron & Steel Technology Conference Proceedings 

Volume I

Copyright © 2022 by Association for Iron & Steel Technology or the authoring company(ies).  
Contact AIST for specific information on reprinting or repurposing any part of this publication. 

All rights reserved. 
Printed in the U.S.A. 

ISBN: 978-0-930767-06-8 (Print)
ISBN: 978-1-7138-5250-6 (CD-ROM)

ISSN: 1551-6997 

Association for Iron & Steel Technology 
186 Thorn Hill Road 

Warrendale, PA  15086-7528 
U.S.A. 

Phone: +1.724.814.3000 
Fax: +1.724.814.3001 

memberservices@aist.org 
AIST.org 

The Association for Iron & Steel Technology is not responsible for statements or opinions 
expressed in this publication. 

In the development, submittal and presentation of material for publication for any of the Association for Iron & 
Steel Technology’s (AIST’s) media, AIST seeks to maintain the highest standard in its service to the industry. AIST 
expects its members, authors and presenters to adhere to these standards within any AIST function or forum. 
Plagiarism within submitted work will not be tolerated. Any responsibility for the thorough investigation of work 
submitted for publication in AIST media lies with the author or the author’s employer prior to said submission. AIST shall 
not be liable for any outcome related to claims of plagiarism.  

Papers and presentations delivered at AIST-sponsored forums are intended to be technical in nature, with solutions 
supported by verifiable data. Commercially motivated commentary or endorsement of specific brands or companies is not 
acceptable. Each paper/presentation will be peer-reviewed by forum organizers to ensure compliance with this 
policy. If the paper/presentation is deemed to be in violation, the author/presenter will be notified by the forum 
organizer(s) and given the opportunity to revise the content or to withdraw the paper/presentation. To preserve and protect 
the interests of AIST, forum organizers will have the authority and the responsibility to stop any paper/presentation they 
determine to be in violation of this policy. 

mailto:memberservices@aist.org
mailto:memberservices@aist.org
http://www.aist.org/
http://www.aist.org/


TABLE OF CONTENTS 

AISTech® 2022 

 

Volume I 

J. KEITH BRIMACOMBE MEMORIAL LECTURE AND AME KEYNOTE LECTURE 

J. Keith Brimacombe Memorial Lecture and AME Keynote Lecture 

Modern Tools for Steelmaking Research and Optimization ................................................................................. 1 

P. Chris Pistorius 

SAFETY & HEALTH 

Innovations in Equipment & Behavioral Tools 

Ranking and Managing Occupational Hazards in the Workplace: A Case Study of the Iron and 

Steel Manufacturing Industry ............................................................................................................................... 7 

Ephraim Massawe 

Process Specific Safety 

An Application of Performance-Based Design Techniques for Fire Protection of a Batch Annealing 

Process ................................................................................................................................................................ 17 

John Wade, Robert Cloutier, Partha Sarker 

Improving Safety Conditions in the EAF ........................................................................................................... 26 

Fernando Diaz, Vladimir Guinez 

Safety Through Digitalization 

Exploring the Factors Impacting the Implementation Success of IoT-Based Wearable Sensing 

Devices for Safety and Health Monitoring in Steel Manufacturing ................................................................... 39 

Ibukun Awolusi, Chinedu Okonkwo, Aliu Akinsemoyin, Raul Sandoval, Noah Lubbering 

Application of Virtual Reality Simulation as a Tool for Safety-Related Training in the Steel 

Industry ............................................................................................................................................................... 45 

Franz Ramstorfer, Silvio Braz Da Silva, Luis Gaspar Da Silva, Virgina Halty Rivero, Bruno 

Lopes Xavier, Leonardo Martins Demuner 

ENVIRONMENTAL 

Novel Technology Treatment to Reduce Environmental Footprint 

Addressing Operating Cost, Productivity and Emissions Challenges Associated with Dirty,  Oily 

Scrap at Metalfer Steel Mill,  Serbia .................................................................................................................. 56 

Vittorio Scipolo, Prashant Bihare, Nikola Zlatkovic 



Optimizing Blast Furnace Stoves with Fast Stoichiometric Combustion Control .............................................. 65 

Emmaline Mazzei, Trenton Tagessen, Robin Roberts, Robert Bambeck 

Utilizing Advanced Simulation Techniques to Improve Hood Design .............................................................. 72 

Brian Bakowski 

Environmental and Production Improvements in Plate Production by Digitalization of Cooling 

Technologies ...................................................................................................................................................... 79 

John Hinton, Ian Robinson 

Electrical Energy Reduction for Air Pollution Control Systems: Further Improvements on Two 

American Plants with Smooth Fluid-Dynamic Solutions from the Quenching Tower to the New,  

Patented Stack .................................................................................................................................................... 88 

Marco Peter Cudicio, Alberto Feruglio 

Reducing Greenhouse Gas Emissions 

Sustainable Steel Production by Integration of Induction Furnaces ................................................................... 95 

Markus Hagedorn, Marco Rische, Gerald Wimmer, Christopher Carstens, Thomas 

Steinparzer 

Water Treatment & Auxiliary Technologies 

A New “All-In-One” Acid Regeneration Plant Dedicated to Small-Scale HCl Waste Streams ....................... 104 

Andreas Zoellner, Jörg Bollmann 

Zero Liquid Discharge Technology for TMZ’s 500-Ktpy Cold Mill Complex ................................................ 110 

Lorenzo Marino 

IRONMAKING 

Digitization,  Control & Modeling 

Modeling the Impacts of Nuisance Elements on Blast Furnace Operation ...................................................... 116 

Tyamo Okosun, Samuel Nielson, Stuart Street, Gerard Louwerse, Jan Van Der Stel, Chenn 

Zhou 

Interpretable Deep Learning Techniques and Meta Information for Automated Decision Making in 

Ironmaking Plants ............................................................................................................................................. 125 

Matej Vukovic, Dieter Bettinger, Georgios Koutroulis, Petra Krahwinkler, Belgin Mutlu, 

Martin Schaler, Christian Tauber, Stefan Thalmann 

ProcessXpert: A New Generation of Knowledge-Based Blast Furnace Expert System ................................... 136 

Juraj Micak, Franck Giroldini, Fabrice Hansen 

NOx Emission from the Hot Blast System: Formation, Effects and the Possibilities for Its 

Reduction ......................................................................................................................................................... 148 

Bart De Graaff, Jan De Weerdt, Yuriy Lytvynyuk 

Equipment & Maintenance 

Wear-Resistant Copper Staves — an Update ................................................................................................... 158 

Edward Long, Colin Morrison, Dave Osborne 



Improving Blast Furnace Efficiency and Reducing Carbon Emissions with Blast Furnace Oxygen 

Pulsing Technology .......................................................................................................................................... 172 

Ross Edmond, Rainer Klock, Bartosz Smaha, Hauke Bartusch 

Blast Furnace Tuyere Monitoring Powered by Artificial Intelligence ............................................................. 188 

Marc Weydert, Pierre Van Dorpe, Steve Czarnuch, Aissatoundiay Ba 

Operations,  Investigations,  Analysis I 

Influence of Raceway Shape on Species Concentration ................................................................................... 198 

Eva-Maria Wartha, Markus Bösenhofer, Franz Hauzenberger, Hugo Stocker, Christoph 

Feilmayr, Michael Harasek 

Operations,  Investigations,  Analysis II 

Analysis of Deviations During Blast Furnace Smelting in the Blow-In Period and Measures to 

Prevent and Eliminate Them ............................................................................................................................ 206 

Andrey Pishikin, Eduard Scheglov, Michael Alter, Oleg Semenov, Nikolay Logvinov, Vladimir 

Titov, Nikolay Inozemtsev 

Efficiency of Washing Blast Furnace Hearth in Case of Pulverized Coal Injection ......................................... 219 

Yuriy Semenov, Viktor Horupakha, Michael Alter, Sergey Vashchenko, Aleksander 

Khudyakov, Evgen Shumelchik 

Sintering & Pelletizing 

Effect of Adding Calcined Dolomite and Mill Scale to Sinter Mix on the Formation of NO and SO2 ........... 231 

Seongkyu Cho, Leonardo Rocha, Byung-Jun Chung, Sung-mo Jung 

Effect of Adding Calcium Ferrites to the Sinter Mix on the Sintering Temperature and Sinter 

Quality .............................................................................................................................................................. 242 

Leonardo Rocha, Seongkyu Cho, Sung-Wan Kim, Sung-mo Jung 

IRONMAKING/DIRECT REDUCED IRON 

Decarbonization 

Pathway to Green Steel in the U.S. by 2027 ..................................................................................................... 252 

James Kennedy 

H2-Change: Refractory Technologies to Master the Challenge of H2 Atmospheres ....................................... 257 

Jens Sperber, Franz-josef Duennes 

DIRECT REDUCED IRON 

Analysis of Pellets,  Product,  & Operations 

Modeling of Isothermal Reduction of Hematite Pellets Using Hydrogen ........................................................ 266 

Amogh Meshram, Joe Govro, Yuri Korobeinikov, Soumava Chakraborty, Ronald J. O'Malley, 

Sridhar Seetharaman 



Structural Analysis and Failure Prediction of Direct Reduced Iron ................................................................. 275 

Grant Kenny, P. Chris Pistorius 

Direct Reduction & Decarbonization 

Direct Reduction: Dealing with an Uncertain Future ....................................................................................... 283 

Todd Astoria 

The New Age of HBI ....................................................................................................................................... 289 

Johannes Rothberger, Christian Boehm, Robert Millner, Wolfgang Sterrer, Adam Merki, Sean 

Boyle 

Energy & Decarbonization in Operations 

Operational Results of Hot Charging DRI ........................................................................................................ 295 

Brian Voelker, Sean Boyle 

Increased Dependability in Mechanical Conveying of DRI Hot Charge .......................................................... 305 

N. Bassano, Gaetano Coraggio, C. Mantellino 

Melting Behavior of Conventional and Hydrogen-Reduced DRI in a Simulated EAF Steel Bath ................... 319 

Joe Govro, A. Meena, Soumava Chakraborty, Amogh Meshram, Yuri Korobeinikov, K. 

Phillips, Viraj Athavale, Laura Bartlett, J. Smith, A. Emdadi, Sridhar Seetharaman, Ronald J. 

O'malley 

ELECTRIC STEELMAKING 

Challenges With Respect to Raw Materials 

Raw Material and Technology Considerations for Low-C EAF Steelmaking ................................................. 327 

Jeremy Jones 

New Process for Hazardous Contaminated Steel Scrap to Produce Clean EAF Feedstock.............................. 342 

Jan-Henk Wijma, Gonzalo Damm, Felix Firsbach 

Steel Production Experience in Using Pig Iron and Hot Briquetted Iron in the Electric Arc Furnace 

at Steel Dynamics Inc. ...................................................................................................................................... 353 

Kamalesh Mandal, William Lee, Don Bryant, Ron Bohna, Evan Wright, Madhu Ranade 

Energy & Decarbonization 

Decarbonization at Nucor Steel Seattle Inc. Using Tallman Supersonic Carbon Injectors .............................. 363 

Aaron Strelbisky, Michael Strelbisky, Kelly Kurisu 

Linde’s Innovative Method to Improve Energy Efficiency in the EAF ........................................................... 373 

Valmiro Sa, Sumant Warty, Izaias Marques, Vitor Zanotelli, Gustavo Pelisser, Joyce Vieira 

Operational Results and Experience of Burners/Oxygen Injectors with Moving Flame and Oxygen 

Jets Installed in the Electric Arc Furnace of Stahl Und Walzwerk Marienhütte .............................................. 381 

Jaroslav Brhel, Thomas Griessacher 



Performance & Equipment Upgrades I 

Performance and Results of Linde CoJet Technology at Gerdau Long Steel North America 

Midlothian Mill ................................................................................................................................................ 388 

Hamzah Alshawarghi, Rafael Bruch 

Water Detection and Process Optimization Using Intelligent EAF Technology at SDI Pittsboro ................... 394 

M. Khan, Elena Uchiteleva, Vittorio Scipolo, Colin Meidell 

Performance & Equipment Upgrades II 

Improving Consistency and Safety of Electric Arc Furnaces by Incorporating a Refractory Lining 

on the Water Panels .......................................................................................................................................... 404 

Angelo Cristante 

Next Generation of Electric Furnace Bottom Technology ............................................................................... 408 

Jacob Kerr, Ashraf Hanna, Matheus Naves Moraes 

Anti-Vortexing One-Piece EBT Tap Tubes Improve Steel Cleanliness, Yield and Productivity ..................... 414 

Bill Porter 

Numerical Investigation of EAF Arc Exposure and Water Panel Overheating ................................................ 418 

Yuchao Chen, Qingxuan Luo, Armin Silaen, Chenn Zhou 

OXYGEN STEELMAKING 

Hot Metal & Raw Materials 

Development of Highly Efficient Fluidized Lime for Hot Metal Desulfurization Based on 

Thermodynamic Calculations and Industrial Validation .................................................................................. 431 

Joyce Aderhold, Felix Firsbach, Christopher Pust, Leomar Marcon, William Johnson, Martin 

Boike 

Potential for Increased Scrap Melting in a BOF ............................................................................................... 441 

Nirmal Madhavan, Geoffrey Brooks, M. Akbar Rhamdhani, Bapin Rout, Aart Overbosch 

Modeling 

Software for Dimensional and Wear Control of Lance Tip Face and Nozzles — WRL .................................. 450 

Breno Maia, Willian Lima, Thiago Pinto Wandekoken, Marco Antônio De Souza Leite 

Cuadros, Caio Santos, Paulo Vasconcellos Leal Silva, Hewerton Folli, Gustavo Maia De 

Almeida 

Operations 

Rotating Lance Tip - An Evolution and Revolution in the Blowing Process for Steel Refining in 

BOF .................................................................................................................................................................. 461 

Breno Maia, Willian Lima, Haysler Lima, Roberto Tavares 

Real-Time Slopping Prediction Based on Recurrent Neural Networks ............................................................ 471 

Christoph Kirmse, Dehong Yuan, Maximilian Christ 



BOF Lance and Functions ................................................................................................................................ 480 

Willian Lima, Breno Maia 

Slag Chemistry 

A Statistical Approach to Understand and Control of BOF Slopping by Using Dynamic Model and 

Process Measurements ...................................................................................................................................... 493 

Bapin Rout, E. M. Beunder, Aart Overbosch, R. Plug, S. Willemsen, J. Sun 

Continuous Developments of Usiminas Ipatinga Steel Works 1 Through Slagless Clean Up® 

Technology ....................................................................................................................................................... 505 

Breno Maia, Willian Lima, Carlos Alberto Souza, Fabricio Silveira Garajau, Adeilson 

Roberto Ribeiro, Marcelo De Souza Lima Guerra, Guilherme Silva Machado, João Domingos 

De Athayde Junior 

Improvements in the Process of Steel Dephosphorization in the Basic Oxygen Furnace ................................ 518 

Denis Gabriel Viano 

Artificial Vision Measures for BOF Mouth and Lance Skulls — LanceSkullMeVi ........................................ 524 

Breno Maia, Willian Lima, Thiago Pinto Wandekoken, Marco Antônio De Souza Leite 

Cuadros, Gustavo Maia De Almeida, Caio Santos 

SPECIALTY ALLOY & FOUNDRY/METALLURGY — PROCESSING, PRODUCTS,  & 

APPLICATIONS 

Specialty Alloy & Foundry/Metallurgy — Processing, Products,  & Applications 

High-Temperature Compression Behavior and Phase Transformations During Continuous Cooling 

of a Low-Alloy Cr-Ni-Mo Ultrahigh-Strength Steel ........................................................................................ 531 

Rogerio Antao Cardoso, Mario Buchely, Viraj Athavale, Soumava Chakraborty, Ronald J. 

O'Malley, Laura Bartlett, Krista Limmer, Katherine Sebeck, Daniel Field 

Identification of Microstructural Constituents Based on Hardness Measurements Results ............................. 541 

Dmitry Tsvetkov, Jagnyaseni Tripathy 

Technologies for Melting, Continuous Casting & Heat Treating 

Flexible Tundish Configuration for Stainless Steel Producers ......................................................................... 557 

Abhishek Chakraborty, Johan Richaud, Rakesh Tiwari, Devashish Nagori, Arnab Kundu, 

Arijit Saha Podder, Rajesh Saxena, Jagmohan Sood 

Highest Yields and Lowest Conversion Costs for Stainless Steel Operations .................................................. 566 

Gerald Wimmer, Markus Hagedorn, Denis Vaillancourt, Christopher Carstens, Marco Rische 

Level Control: Performance Module for Quality Improvement ....................................................................... 572 

Ronald Wilmes, Lothar Schaps 

Thermodynamic Simulation of Precipitation Hardening Stainless Steel .......................................................... 579 

Ana Laura Hernandez Sustaita, Luis Aldolfo Leduc-Lezama, Edgar Iván Saldaña, Martha P. 

Guerrero Mata 



LADLE & SECONDARY REFINING 

Ladle Maintenance & Vacuum Degassing 

Lances for Vacuum Degassing – Applications and Failure Analysis ............................................................... 589 

Breno Maia, Willian Lima 

Diversified Mechanical Vacuum Pump Solutions for VD/VOD ...................................................................... 597 

Anke Teeuwsen, Aditya Agrawal, Frank Shi 

Performance Optimization 

Slag-Based Nitrogen Removal from Third-Generation Advanced High-Strength Steel .................................. 602 

Panwen Su, P. Chris Pistorius 

Volume II 

Numerical Simulation of Desulfurization in a Steel Ladle ............................................................................... 607 

Congshan Mao, Xipeng Guo, Nicholas Walla, Armin Silaen, Vivek Thapliyal, Chenn Zhou 

CONTINUOUS CASTING 

Casting Technologies & Process Improvements I 

New Breakthroughs in the Modeling of Tundish Stopper Rods ....................................................................... 616 

Bruce Forman, Hongbin Yin, Y. Lee 

Fully Automated In-Line Strand Condition Monitoring for Enhanced Roll Gap Measurement and 

Control in Continuous Casting ......................................................................................................................... 628 

Grant Mcbain, Will Smailes 

Anomaly Detection of the Continuous Casting Strand Guide by Monitoring the Withdrawal Force 

Using Machine Learning .................................................................................................................................. 632 

Franz Ramstorfer, Gabriel Yoshiharu Sato, Leonardo Martins Demuner 

Targeting Superheat in Thin-Slab Casters to Improve Productivity and Quality ............................................. 640 

Eloy Martinez Rehlaender 

Mold Behavior 

Alternative Caster Mold Water Treatment for Leaky Closed System .............................................................. 645 

Matthew Clardy, James Gleason 

Proceedings Computational Analysis of Surface Wave Fluctuation Utilizing Electromagnetic 

Braking in a Continuous Caster ........................................................................................................................ 650 

Saswot Thapa, Armin Silaen, Chenn Zhou, Mauro Ferreira, Wesley Rollings 

New Field Results on Ultrasonic Mold Thermal Mapping for Quality Improvement and Initial 

Solidification Diagnostics ................................................................................................................................ 658 

Giovanni Schiavon, Stefano Spagnul, Isabella Mazza, Stefano Miani 



Development of Exothermic Granule Mold Powder with Improved Thermal Insulation by Adding 

Metallic Material .............................................................................................................................................. 669 

Shoji Takahashi, Junya Ito, Masanori Okada, Jim Gilmore 

New Installations & Modernizations 

Experience in Casting and Rolling an Octagonal Section at CMC Steel Arizona ............................................ 677 

Gilbert Hutton, Andrea De Luca, M. Isera, A. Burini 

World Premiere for a New Type of Mold Level Control to Reach a New Degree of Mold Level 

Stability ............................................................................................................................................................ 687 

Veit Humer, Philipp Wieser, Josef Watzinger, Ferencz Bordas, Markus Nolan, Peter Wimmer, 

Robert Hornbachner, Andreas Schatz 

CONTINUOUS CASTING/METALLURGY — STEELMAKING & CASTING 

Continuous Casting/Metallurgy — Steelmaking & Casting 

Evaluating the Onset of Hot Tearing in High-Strength and Lightweight Steels Using Controlled 

Deformation Testing ......................................................................................................................................... 698 

Katelyn Kiser, Simon Lekakh, Mario Buchely, Viraj Athavale, Soumava Chakraborty, Ronald 

J. O'Malley, Laura Bartlett, Krista Limmer, Katherine Sebeck, Daniel Field 

Combining Time Series and Chemical Composition Data for Early Longitudinal Crack Detection at 

the Continuous Caster ....................................................................................................................................... 711 

Davi Sala, Andy Van Yperen-De Deyne, Erik Mannens, Azarakhsh Jalalvand 

Commencing and Improving the Production of if Steel Slabs at Chengsteel, HBIS ........................................ 719 

Jacques De Vos, Hong Jia Huang, Giuseppe Pratolongo, Antonello Di Salvo 

HOT SHEET ROLLING 

Hot Sheet Rolling I 

New Laminar Cooling Technology Enables Baosteel HSM 2050 to Produce New High-Quality 

Steel Grades and Formats ................................................................................................................................. 727 

Naoto Migakida, Alois Seilinger, Ye Wen, Xiaozhen Yang, Jianfeng Wu 

Turn-Up and Turn Down Analysis at Roughing Mill Vertical Scalebreaker ................................................... 733 

Nicolas Legrand, Rajat Bathla 

Hot Sheet Rolling II 

Various Strategies for the Distribution of Reductions in the Finishing Stands of a Hot Rolling Mill .............. 746 

Eugene Nikitenko 

Toward Lights-Out Factory: Improved Roughing Mill Operation by Camber-Free Rolling Reduces 

Strip Steering Challenge in the Finishing Mill of SSAB Borlänge, Sweden,  and Paves Way to 

Fully Automatic Flat Rolling ............................................................................................................................ 752 

Mats Thurgren, Siegfried Latzel, Klaus Pronold, Eberhard Becker 

Slab and Billet Grinding and Deburring Solutions ........................................................................................... 758 

Norbert Asamer 



Enhanced Dynamic Response to Impact for Hot Rolling Mills ....................................................................... 773 

Bernardo Sainz, Rommel Villarreal 

Hot Sheet Rolling III 

Zero-Carbon Emission Hot Rolling of Direct Application Sheet with Real Endless Strip Production ............ 781 

Andreas Jungbauer, Lukas Preuler, G. Schwarz, T. Lengauer, B. Kradel 

Effect of Mold Powder Residue on Thin-Cast Slab Scale Structure Evolution During Reheating and 

Descaling .......................................................................................................................................................... 790 

Richard Osei, Dmitry Tsvetkov, Anthony Bader, Simon Lekakh, Ronald J. O'malley 

HOT SHEET ROLLING/COLD SHEET ROLLING/ROLLS 

Roll Grinder Rebuild Projects 

Importance of Roll Oxide to Increase Roll Life in a Hot Rolling Mill ............................................................. 800 

Sebastien Flament, Hugo Uijtdebroeks, Gisele Walmag, Z. Koont 

COLD SHEET ROLLING 

Cold Sheet Rolling I 

Successful Operation of an Anti-Chatter Solution at ArcelorMittal Dofasco's Tandem Cold Mill .................. 810 

Georg Keintzel, Konrad Krimpelstaetter, Simon Mittlboeck, Adam Junkin 

A Practical Analysis of Benefits of AC Drives Over DC Drives in Cold Rolling Mills .................................. 818 

Navneet Singh, Samir Bansal, Manish Kumar, Ravinder Kumar 

Cold Sheet Rolling II 

Upgrading Steel Dynamics Inc. – Flat Roll Group Columbus Division’s Continuous Pickling and 

Cold Rolling Operation for Increased Throughput and Production of Advanced High-Strength 

Steels ................................................................................................................................................................ 826 

Byron Mcnair, Cody Dyar, Brent Adams, Anthony Wills, Jeff Mclain 

The Evolution of Continuous Annealing and Processing Lines for the Production of Electrical 

Steels ................................................................................................................................................................ 834 

Stefano Martines, Christian Wuppermann 

Building Sustainable Mini Cold Rolling Complexes ....................................................................................... 850 

Deepak Khanna, Navneet Singh 

New Cold Mill Complex in Ukraine — Technologies and Achieved Performances ....................................... 856 

Marco Girardi, Cristian Bini 

Cold Sheet Rolling: II 

Aspects of Boundary Lubrication in Advanced High-Strength Steel Rolling .................................................. 865 

Bas Smeulders 



COLD SHEET ROLLING/ROLLS 

Cold Roll Texturing 

Cr Plating Alternative for Improved Surface Reliability on Cold Rolling Mill Work Rolls ............................ 878 

Michael Breitsameter, Gregorio Fuentevilla 

Latest Developments in Digital Printing for Coil Coating Business ................................................................ 882 

Marco Mazza, Michele Chiappa 

GALVANIZING 

Galvanizing 

Improving Combustion Heating Energy and Emissions Via Retrofit Ceramic Inserts ..................................... 885 

Bradley Nakanishi, Pierre Gougeon, Catherine Goulas, Christophe Kulej, Thomas Briselden 

Quality Optimization of Hot-Dip Galvanized Strip Using Model Predictive Control ...................................... 894 

Berend Brasjen, C. J. Boeder, M. Bsibsi, J. Ponsioen, R. Speets, R. Verhoef 

PLATE ROLLING 

Plate Rolling 

Improved API X80 Heavy-Gauge Large-Diameter Pipe Mechanical Property Stability Through 

Cost-Effective Optimized Niobium Metallurgy Performance .......................................................................... 902 

Jiang Jinxing, Huo Chunyong, Zhang Yongqing, David Han, Jose Bacalhau, Doug Stalheim 

Development of High-Toughness Steel Plates for Offshore Pipelines ............................................................. 914 

Daniel Matsubara, Ricardo Faria 

Effect of Plate Rolling Strategy and Nb Microalloying in the HAZ Performance After Welding ................... 923 

Pello Uranga, Nerea Isasti, Jose M. Rodriguez-Íbabe, Nobuyuki Ishikawa, Daichi Izumi, 

Doug Stalheim, David Jarreta, David Martin 

Production of Steel Heavy Plates Up to 100 Mm by TMCP with Accelerated Cooling at NLMK 

DanSteel ........................................................................................................................................................... 934 

Eugene Goli-Oglu, Zibrandt Greisen 

High-Performance Plate Production at the New Steckel Plate Mill at Shandong Iron & Steel in 

Rizhao,  China .................................................................................................................................................. 945 

Klaus Pronold, Alexander Reske, Liu Huibao, Stephan Mosbleck, Weihua Sun 

LONG PRODUCTS 

Automation 

Autonomous Trimming and Sampling of Wire Rod Coil Head and Tail ......................................................... 959 

Jens Nylander, Antonio Ambra 



New Technologies 

A Winning Combination to Enhance Rolling Speed, Stability and Tolerance ................................................. 967 

Jozi Shuli, Federico Tortul 

Improvement of Performances of Cold Heading Quality Wire Rod Produced by HBIS Chengsteel 

Works ............................................................................................................................................................... 971 

Antonio Mollo, Baohua Wang, Giuseppe Pratolongo, Antonello Di Salvo 

PIPE & TUBE 

Pipe & Tube 

Role of Microstructure and Texture Synergy on Low-Temperature Toughness of Heavy-Gauge 

Line Pipe Steels ................................................................................................................................................ 978 

Jing Su, Michael Gaudet, Muhammad Rashid, Muhammad Arafin 

Key Attributes to Consider for Optimum Fracture and Fatigue Performance of API Grade Pipeline 

Steels in Gaseous Hydrogen Applications ........................................................................................................ 988 

Doug Stalheim, Andrew Slifka, Enrico Lucon, Matthew Connolly, Pello Uranga 

Line Pipe Material Consideration for Transport of High-Pressure Hydrogen ................................................ 1000 

Aquiles Perez, Richard Hill 

ROLLS 

Rolls 

High-Performance Roll End Hubs for Maximum Rolling Mill Availability .................................................. 1005 

Peter Grawenhof, Jim Fraser 

Lifetime-Extended Steel Mill Rollers Produced by Laser Cladding .............................................................. 1010 

Thomas Schlaefer, Tahnee Bathurst, Brian Probets, Christiane Schulz, Colin Hall 

METALLURGY — STEELMAKING & CASTING 

Inclusions 

Evaluation of Thermo-Calc and FactSage Predictions in Liquid Steelmaking Processes .............................. 1029 

Andrew Huck, Bryan Webler, Stephano Piva 

Selective Slag Systems for Steel Inclusion Cleanliness ................................................................................. 1043 

Eloy Martinez Rehlaender 

Metallurgy — Steelmaking & Casting 

Transient Analysis of Flow in a Multi-Strand Delta-Shaped Tundish ............................................................ 1049 

Pedro Domingos, Pavan Shivaram, Richard Komanecky, Guido Peloquin 

Studying the Flow and Thermal Dynamics in a Small Single-Strand Tundish .............................................. 1058 

Pavan Shivaram, Pedro Domingos, Alexandre Resende, Richard Komanecky, Jeremy Stickan, 

Preston Barrett 



Control of the Tundish Superheat by Modeling the Temperature Loss After the Final Secondary 

Refinement Process Step Using a Machine-Learning Approach .................................................................... 1074 

Franz Ramstorfer, Bruno Suveges Cerchiari, Leonardo Martins Demuner 

Titanium Nitride Nucleation and Growth During Steel Solidification ........................................................... 1082 

Peter Wilkerson, P. Chris Pistorius, Bryan Webler 

METALLURGY — PROCESSING, PRODUCTS & APPLICATIONS 

Alloying, Heat Treatment & Corrosion 

The New Generation of Q-Level+: Advanced Steel Level Combined with Flux Level Control .................... 1093 

Marcellino Fornasier, Luigi Orsettig, Gabriele Donati, Cristiano Pezzutto, Martin Stepanek 

Process Guidance: Process Optimization, Condition Monitoring, Quality Evaluation, Metallurgical 

Parameter Administration and Operator Guidance Integrated in One System ............................................... 1102 

Ronald Wilmes, Lothar Schaps, Georg Nowark, Uwe Plociennik 

Automation, Simulation & Modeling 

Hydrogen-Based Annealing Technologies for High-Alloyed Steel Strips Open Various Market 

Segments ........................................................................................................................................................ 1109 

Sascha Eppensteiner 

Prediction Model of Hot-Rolled Coil Temperature and Phase Transformation Applied Local Heat 

Flux Considering Coil Shape .......................................................................................................................... 1118 

Yuta Sano, Keiichi Yamashita, Masanori Kobayashi, Hiroharu Takahashi, Koki Fukushima 

High-Strength Steels & Microstructures 

Development of Nanoprecipitation-Strengthened Cold-Rolled Batch Annealed HSLA Sheet Steels 

(>490MPa Yield Strength) with Superior Formability ................................................................................... 1128 

Siddhartha Biswas, Bilin Chen, Shobhit Bhartiya, V. S. Y. Injeti, Mark Sexton, Amar De 

Microstructural Evolution During Normalizing Rolling of Niobium-Microalloyed Steels and Its 

Correlation with Toughness ........................................................................................................................... 1142 

Ricardo Faria, Daniel Matsubara, José Silveira, Marcelo Rebellato, Antonio Gorni, Pello 

Uranga 

ENERGY & UTILITIES 

CO2 Reduction in Operations 

Increasing Furnaces' Overall Efficiency with Various Heat Recovery Systems ............................................ 1152 

Narayan Raut, Alessandro Venanzini 

Danieli Centro Combustion Hydrogen Burners: Effective Green Solutions for Reheating and Heat 

Treatment Furnaces ........................................................................................................................................ 1158 

Massimiliano Fantuzzi, Matteo Mazza, Cristina Apalyras, Giovanni Curedda, Ian Candellero 



Decarbonization of the Steel Industry 

Danieli’s Way to Decarbonization: An Opportunity for the American Steel Industry ................................... 1169 

Marco Lapasin, Antonio Sgro 

Integration of Green Steel Production in Renewable Energy-Dominated Grids ............................................ 1176 

Nandhakumar Vijayakumar, Rajesh Pai, Dominik Mildt 

Hydrogen & CO2 Reduction 

CO2 Reduction Options for High-Temperature Heating in the Iron and Steel Industry ................................ 1188 

Scott Brown, Michael Cochran, Keenan Cokain 

Dry Furnace: A New Step Toward Decarbonization ...................................................................................... 1197 

Elisa Salamone, Alessandro Venanzini, Narayan Raut 

Use of Hydrogen in Operations 

Regenerative Burner Systems with Hydrogen Fuel for Decarbonization of High-Temperature 

Processes ........................................................................................................................................................ 1203 

Justin Dzik, Mark Hannum 

Numerical Modeling of Hydrogen Application in a Reheating Furnace ........................................................ 1210 

Chukwunendum Uzor, Emily Higley, John Rosser, Armin Silaen, Kelly Tian, Joe Maiolo, 

Lawrence Fabina, Chenn Zhou 

ELECTRICAL APPLICATIONS 

Electrical Applications I 

Nucor Steel-Decatur Pickle Line #2 Drive and Motor Replacement .............................................................. 1222 

Thomas Richards, Rich Erickson, Lee Mccreless 

Electrical Applications II 

Safer, More Efficient Water-Cooled Power Cable Changeout ....................................................................... 1232 

Karl Schwenk 

Efficient and Reliable Method to Upgrade Static Var Compensator (SVC) Control Reusing the 

Solid-State Valves .......................................................................................................................................... 1236 

Jorge Haros, Antonio Mariscal, Eric Martinez, José Luis Pepe, Bernardo Sainz 

Volume III 

DIGITALIZATION APPLICATIONS 

Big Data Strategies 

Eliminating CO2, Energy and Quality Inefficiencies Through Application of AI ......................................... 1239 

Michael Peintinger, Falk-florian Henrich 



Aligning Production to Available Energy with an Energy Consumption Forecast ........................................ 1244 

Stefan Albers 

Intelligent Solutions 

Utilizing SCR Power Controllers to Improve the Industrial Heat Treat Process Through Predictive 

Maintenance and Intelligent Power Control ................................................................................................... 1254 

Tony Busch 

Asset Tracking: Choosing the Correct Technology ........................................................................................ 1261 

Philip Levin 

Machine Learning for Steel 

Machine-Learning Model for Hydrogen Content Estimation During the Vacuum Degassing Process .......... 1267 

Maria Argáez-Salcido, Nelson Sanchez, Alex Alvarez, Daniel Alvarado 

Energy Savings and Quality Reliability by Superheat Control Prediction to the Continuous Casting 

Through Machine Learning ............................................................................................................................ 1274 

Esnardo Morales, Maria Argáez-Salcido, Nelson Sanchez, Alex Alvarez 

Facilitating the Integration of Machine Learning into Condition Monitoring Systems Using 

DataXpert ....................................................................................................................................................... 1284 

Christian Dengler, Marc Weydert, Fabrice Hansen, Cedric Shockaert 

Optimizing the Digital Mill 

Digital Scrap Yard .......................................................................................................................................... 1290 

Luca Argiolas, Lorenzo Bacchetti 

Direct Rolling Scheduling is Like Tightrope Walking Between Casting and Rolling ................................... 1294 

Peter Knoop, Andréa De Sá 

Forward Dressing: Toward a More Dynamic and Effective Material Allocation and Production 

Process ............................................................................................................................................................ 1300 

Alessandro Stenico, Marc Schwarzer 

Design Features and Innovations of Modern Electrical Arc Furnaces ........................................................... 1307 

Eneko Sedano, Jon Serrano 

Training 4.0 

Practical Overview of Augmented Reality for Worker Development, Safety and Skills Retention ............... 1323 

Eric Almquist 

Enhanced Digital Twin Solution for Continuous Casting .............................................................................. 1333 

Kyle Toth, Yifan Fei, Aleeha Zafar, Chenn Zhou, Nicholas Gregurich, Lidia Yakovleva 

Industry 4.0 Operator Training: TrainLab Provides 3D Self-Education and Improves Learning 

Retention ........................................................................................................................................................ 1341 

Fabian Pizzuto, L. De Plaen 



DIGITALIZATION APPLICATIONS/SENSORS 

Applied Digitalization 

A Foundation for Data Analytics in Manufacturing Using ibaPDA and Open-Source Machine-

Learning Tools ............................................................................................................................................... 1350 

Marcelo Cardoso 

Time Series AI for Anomaly Detection and Diagnosis in Steel Production ................................................... 1354 

Crick Waters, Prerna Jain, Raj Talla, Keval Bhanushali 

Optimized Tool Use of Saw Blades on Cold Circular Saws Through the Use of a Condition 

Monitoring System ......................................................................................................................................... 1366 

Andreas Kellner, Heimo Huemer, Reinhard Pollhamer 

SENSORS 

Sensors 

Making the Most of Investments — Using Existing Asset Data to Power Predictive Maintenance .............. 1374 

Niall Sullivan 

Next-Generation Eddy Current Testing with Expandable and Configurable Instruments and Multi-

Segment Sensors ............................................................................................................................................. 1377 

Hari Muthuswami 

Advances in Slag Detection Help Steel Mills Increase Yield While Reducing Environmental 

Impact ............................................................................................................................................................. 1383 

Lucas Demysh, Shiva Bissoon 

Improved Stability in Control of Sinter Feed Basicity by Using GEOSCAN Real-Time On-Belt 

Analysis .......................................................................................................................................................... 1388 

Luke Balzan 

Latest Solutions for Slab Surface Defect Detection: Combining Laser Sectioning, Machine Vision 

and Machine Learning for Best Results.......................................................................................................... 1395 

Marco Appio, Angelo Lugnan 

PROJECT & CONSTRUCTION MANAGEMENT 

Project & Construction Management I 

Experience with Operation and Maintenance of the Spray-Cooled EAF Roof at Ovako Hofors ................... 1401 

Markus Abel, Louis Valentas, Scott Ferguson 

Design, Construction and Start-Up of the Continuous Galvanizing Line #3 at Steel Dynamics Inc. – 

Flat Roll Group Columbus Division — the 10th Galvanizing Line of Steel Dynamics Inc. .......................... 1409 

Brandon Ensor, Andrew Howard, Jeff Baumann, Tom Herb, Jeff Roach, Madhu Ranade 

Danieli’s Modular Design Concept ................................................................................................................ 1414 

Andrea Carboni, Alessandro Pigani 



Project & Construction Management II 

Best Practices for Planning and Executing Complex Brownfield Outages .................................................... 1419 

Neil Tannyan, Thomas Ruffner, Lou Covelli 

MAINTENANCE & RELIABILITY 

Maintenance & Reliability 

Autonomous Maintenance .............................................................................................................................. 1426 

Lyle Bufogle 

Sublances: New Conceptions for Best Performances ..................................................................................... 1431 

Breno Maia, Willian Lima, Bruno Santos, Alenísio Alexandre Alves Nogueira, Haroldo 

Xavier 

Improving Gearbox Service Life .................................................................................................................... 1440 

Mike Allega 

LUBRICATION & HYDRAULICS 

Lubrication & Hydraulics II 

Lubrication Technology and Selection for High-Temperature Applications in the Steel Industry ................ 1445 

Dustin Greiner, Tim-oliver Mattern 

Evaluation of Grease Technology Used in Continuous Casters ..................................................................... 1451 

Tim-Oliver Mattern, Dustin Greiner 

Improvement of Work Safety and Reduction of Environmental Issues with Fire-Resistant 

Lubricants in Steel Plants ............................................................................................................................... 1461 

Ronald Knecht 

REFRACTORY SYSTEMS 

Blast Furnace Refractory Technology 

Improving Metallurgical Vessels Efficiency Using Coating Technology ...................................................... 1464 

Angelo Cristante, Manoj Kumar Mahapatra, James Mark Frost 

Burns Harbor Stove Repairs Using Monolithic Materials .............................................................................. 1471 

Bob Byerman, B. Eschbach, B. Hansen, F. Van Laar, Jesse Carreau 

The Role of Ti(C, N) in Retarding Dissolution of Graphite Refractory ......................................................... 1484 

Thomas Britt, P. Chris Pistorius 

Improve Blast Furnace Safety, Operational Stability and Hearth Wall Preservation with Tailored 

Taphole Clay Technologies ............................................................................................................................ 1495 

Tomás Moreira De Oliveira, Aloísio Simões Ribeiro, William Headrick Jr., Felipe Nonaka 



BOF/EAF & Steelmaking Refractory Practice 

Hot Repairing MgO-C Self-Flow Castable for BOF Converter with Zero Fume Emission ........................... 1502 

Carlos Pagliosa, Vanderlúcio Madalena, José Alvaro Sardelli, Marcelo Borges, Victor 

Carlos Pandolfelli 

How 3D Laser Scan is Adding Value and Performance to Refractory Lining Inside the Steel 

Industry ........................................................................................................................................................... 1508 

Julia Macedo, Aloísio Simões Ribeiro, Felipe Nonaka, Bruno Guimarães, Victor Morais, 

Haylander Avila 

Phenol-Free Magnesia Carbon/Alumina Magnesia Carbon Refractories for Ladle Lining ............................ 1520 

Seungseok Choi, Jeongwoo Lee, Dongbaek Kim, Namjun Park 

New BOF Solution — Ternium Brazil ........................................................................................................... 1531 

Bruno Cezar Calazans De Andrade, Antônio Augusto De Rezende Martins, Gilvan 

Nascimento De Souza, Leonardo Martins Demure, Simão Pedro De Oliveira, Maria Luiza 

Gonçalves Pereira, Eduardo Valbão Bastos, Gilson Rangel Souto, Leôncio Machado De 

Rezende, Rúbia Teodoro Silva, Bruno Nery Stoco 

Tundish and Flow Control Refractories 

Ladle-To-Mold Refractory Design Optimization for the New Caster at Nucor Steel Gallatin ...................... 1533 

John Rogler, Neil Sutcliffe, Giovanna Busolin, Marcellino Fornasier, Johan Richaud 

Development of a New Sustainable Tundish-To-Mold Shroud ..................................................................... 1542 

Fabienne Ruby-Meyer, Jonathan Foulon, Romuald Mazurier, Martin Kreierhoff, Johan 

Richaud 

Variety of Technologies Applied for Anti-Clogging Submerged-Entry Nozzle ............................................ 1552 

Hiroyasu Niitsuma, Ryota Okazaki, Yukio Ohkawa, Takayuki Matsunaga, Toshio Horiuchi, 

Masakazu Iida, Xiaodong Li 

MATERIAL HANDLING/TRANSPORTATION & LOGISTICS 

Material Handling/Transportation & Logistics 

Automatic High-Bay Warehouse for Wire Rod Coils at ABS QWR4.0 ........................................................ 1561 

Lorenzo Bacchetti, Sami Koivuluoma 

CRANES 

Cranes 

Configuration of Charging and Teeming Cranes: The Features that Make the Difference ............................ 1565 

Lorenzo Bacchetti 

Automatic Scrap Bucket Handling by Charging Crane at ABS Meltshop ..................................................... 1570 

Lorenzo Bacchetti, Francesca Foschiani 



DECARBONIZATION 

Decarbonization 

Best Practices to Reduce the Iron and Steel Industry’s CO2 Emissions by 2030 ........................................... 1575 

Nicholas Aubry, Ian Cameron, Richard Elliott, Sa Ge, Alisha Giglio, Britt Mackinnon, Mitren 

Sukhram 

The Roadmap from BOF Toward EAF Operation — a Concept Study for an Exemplary European 

Integrated Plant ............................................................................................................................................... 1587 

Felix Firsbach, Per Lückhoff, Patrick Hansert, Peter Van Der Velden 

VIRTUAL PROGRAM 

Cokemaking & Ironmaking 

Hydrogen-Ready Energiron: The Way to Zero GHG Emissions ................................................................... 1602 

Dario Pauluzzi, Ashton Hertrich Giraldo, Luca Tommasi, Alessandro Martinis 

The Tenova Hydrogen SmartBurner for Reheating: Analysis of the Industrial Results in 

TenarisDalmine .............................................................................................................................................. 1608 

Mattia Bissoli, Davide Astesiano, Alessandro Della Rocca, Guido Jochler, Fabio Praolini 

Steelmaking 

Study of the Temperature and of the Slag Properties Effects on Hot Metal Dephosphorization 

Efficiency ....................................................................................................................................................... 1622 

Caio Vaccari Silva, Elton Volkers Do Espírito Santo, Kessia Paradella, Inamara Amanda 

Souza Santos, José Roberto De Oliveira 

Evaluation of Stirring and Flux Type Influence on Hot Metal Desulfurization Efficiency ............................ 1632 

Elton Volkers Do Espírito Santo, Flaviani Marculano Marchesi, Késsia Gomes Paradela, 

Caio Vaccari Silva, Inamara Amanda Souza Santos, Marcelo Lucas Pereira Machado, José 

Roberto De Oliveira 

Development and Application of Waste Gas Model on 210-Ton Converter .................................................. 1642 

Pan Gao, Bin Chen, Tengfei Jiang, Haibo Li, Guibin Huang, Yanhui Sun 

Numerical Simulation of Flow Modifier Effect on Fluid Flow Pattern, Wall Shear Stress and 

Inclusion Removal in a Two-Strand Tundish ................................................................................................. 1652 

Xuefeng Bai, Zhijie Guo, Yanhui Sun, Hongjun Shen 

Effect of Basicity on the Phase Composition and Recycling of Steel Slag .................................................... 1665 

Hao Ning, Jingang Liu, Tian Zhihong, Jia Yanan, Kong Xiangtao, Haibo Li 

Investigation on the Cleanliness Control Technology of Martensitic Gas Valve Steel .................................. 1671 

Min Zhang, Xuefeng Bai, Zhijie Guo, Yanhui Sun, Jianhua Zeng 

Dynamic Control of Top-Blowing Gas Jet Velocity by Applying Actuation Gas ......................................... 1678 

Nobuhiko Oda, Yumi Murakami, Shingo Sato, Goro Okuyama, Takeshi Murai, Naoki Kikuchi 

Multiple-Reactor Approach Dynamic Basic Oxygen Steelmaking Process ................................................... 1686 

Prasenjit Singha, Ajay Kumar Shukla 



Danieli's Latest Dynamic Soft Reduction Technology for Bloom Continuous Casting at Baoshan 

Iron and Steel Co. Ltd. ................................................................................................................................... 1694 

Pierluigi Armenante, Przemyslaw Remigiusz Pardela, Raul Dose, Valeria Daneluzzi, Loris 

Busolini, Qingyu Meng 

Super-Strong Babbitt ...................................................................................................................................... 1704 

Michele Marchetti, Enrico Veronesi, Filippo Pelizzo 

Refining & Casting 

Evolution of Steel Chemistry and Cleanliness During RH Degassing Process .............................................. 1713 

Diti Garg, P. P. Sahoo, P. K. Tripathi, Biswajit Ghosh, Hitesh Hasmukhrai Shah, N. N. 

Viswanathan, Deepoo Kumar 

Ladle Steelmaking Processes Using FactSage and Its Macro Facility ........................................................... 1723 

Prasenjit Singha, Sunil Yadav, Ajay Kumar Shukla 

Enhanced Blast Furnace Through Syngas Injection from Natural Gas: A New Era for Blast Furnace 

Technology Enabling Reduced GHG Emissions, OPEX Improvements, Efficient Carbon Capture 

and Lean Gas Valorization ............................................................................................................................. 1729 

Marco Perato, Fabio Cravino, Peter Kinzel, Cristiano Castagnola 

Advances in Cored Wire Injection and Calcium Treatment in Steelmaking .................................................. 1739 

Edgar-Ivan Castro-cedeño, Alexandre Carré, Jose Lujan 

Rolling & Processing 

Danieli’s Leveler: The Latest Generation for Extended Capability Range .................................................... 1746 

Enrico Zambon, Alexander Meyer, Enrico Crisa, Marco Mossutti 

Strip Steering Control — a Cutting-Edge Technology for Hot Strip Mills .................................................... 1753 

Olaf Norman Jepsen, Christian Mengel, Michael Breuer 

New Heavy Plate Mill Project at Nucor Steel Brandenburg ........................................................................... 1761 

Enrico Zambon, Paulo Da Costa, Lorenzo Lusina, Marco Mossutti 

Metallurgy — Steelmaking & Casting 

Injecting Metallic Calcium into Steels: Is it a Massive Solution? .................................................................. 1769 

Jorge Petroni 

Thermodynamic Simulations to Predict the Susceptibility of the Inclusion Formation in Steel 

Production Process ......................................................................................................................................... 1783 

M. S. Oliveira, José Roberto De Oliveira, Felipe Fardin Grillo, R. M. Souza, Estefano 

Aparecido Vieira 

High Phosphorus Content Control Technology at the End of the Converter Blowing: Principle and 

Application ..................................................................................................................................................... 1792 

Pan Gao, Haibo Li, Xiaodong Zhao, Tengfei Jiang, Yanhui Sun 

Research on Tundish Capacity Expansion and Process Optimization of Single-Strand Slab Caster ............. 1800 

Jingang Liu, Hao Ning, Zhang Lijun, Wang Zhenming, Chu Rensheng, Li Zhanjun 



Digitalization 

Detection of Stirring at Low Flowrates Using Acoustic Sensors ................................................................... 1814 

Rohini Kadam, Geoffrey Brooks, Michelle Dunn, David Sly 

Porosity in Iron Ore Sintering ........................................................................................................................ 1821 

Isis Ignacio, Geoffrey Brooks, Mark Pownceby, M. Akbar Rhamdhani, W. John Rankin 

Application Bottleneck and Optimization of Big Data Technology in Blast Furnace Ironmaking ................ 1831 

Yong Deng, Ran Liu, Qing Lyu, Fu-Long Liu, Liang-yuan Hao 

Author Index 

 




