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Program Schedule 
Day-I  Venue: HRD Building/ Auditorium 
23rd Sep’2022 8:00 AM – 13:15 PM 
8:00 AM- 9:00 AM Registration  
9:00 AM-10:45 AM Inaugural Session 
10:45 AM- 11:15 AM Inaugural Ceremony of Technical Exhibition 
11:00 AM-11:30AM High Tea 
11:30 AM-13:15 PM Plenary / Key note Session 
13:15 PM- 14:15 PM Lunch 
 

Day-I  Venue: Auditorium & HRD Conference-1 
23rd Sep’2022 14:15 PM-17:30 PM 
Expert Opening 
Presentation (Auditorium) 

Safe, effective, EAF refractory maintenance via laser driven, automated, application 
technology 
Scott Grissinger, MINTEQ International, Inc. 

Session I-A (Auditorium) 
(14:45 – 16:00 PM) 

Emerging Technology for Refractory  

Session I-B(Conference-1) 
(14:45 – 16:00 PM) 

Refractory for Iron making 

Tea Break  
Session II-A (Auditorium) 
(16:00-17:30 PM) 

Refractory for Steel making 

Session II-B(Conference-1) 
(16:00-17:30 PM) 

Refractory for Secondary steel rening and casting-1 

 

Cultural Program & Dinner 
 Venue: Bokaro Club 
 19:30 PM onward 
 

Day-II  Venue: Auditorium & HRD Conference-1 
24th Sep’2022 9:00 AM – 13:00 AM 
Session III A (Auditorium) Refractory for Mill Zone 
Session III B(Conference-1) Refractory for Secondary steel rening and casting-1 

Tea Break  
Session IV A (Auditorium) New Product & Advance Refractory Solution 
Session IV B(Conference-1) Quality assurance & Refractory Maintenance  
 

Day-II  Venue: HRD Retreat 
24th Sep’2022 13:15 PM- 14:15 PM 

Lunch 
 

Day-II Venue: HRD Auditorium 
23rd Sep’2022 14:15 PM-15:30 PM 
14:15 PM-15:30PM Valedictory session 
 

  



 

 

Registration 
Day-I Venue: HRD Building 
23rd Sep’2022 8:00 AM – 9:00 AM 
 

Inaugural Session 
Day-I Venue: HRD Auditorium 
23rd Sep’2022 9:00 AM – 10:45 AM 
9:10 -9:15 AM  Lighting of Lamp & invitation of dignitaries to Dias 
9:15 -9:20 AM Welcome addresses 

Shri P K Rath, ED(SRU), SAIL/ Chairman REFIS 4.0 
9:20-9:25 AM Program Introduction 

Shri V P Upadhyaya, CGM (Ref), BSL, SAIL & 
Vice Chairman, REFIS 4.0  

9:25-9:35 AM Address  
Shri B K Tiwari, ED (W), BSL 

9:35-9:45 AM Address by Guest of Honour 
CEO, Dalmia Bharat Refractories Ltd 

9:45-9:55 AM Address by Guest of Honour 
Prof. Rajiv Shekhar, IIT (ISM), Dhanbad 

9:55-10:15 AM Inaugural Address by Chief Guest (online) 
Shri Amarendu Prakash, Dir I/c, BSL 

10:15 – 10:30 AM Video Message & 
Release of Souvenir & Proceeding 

10:30-10:40 AM Vote of Thanks 
Shri Sandeep S Lall, Convener, REFIS 4.0 

10:40 AM National Anthem 
 
10:45-11:15 AM Inaugural Ceremony of Technical Exhibition  
 
11:00-11:30 AM   High Tea 
 

Plenary / Keynote Session 
Day-I Venue: HRD Auditorium 
23rd Sep’2022 11:30 AM-13:15 PM 
Global Scenario and future of Refractories 
Dr. Arup Kumar Chattopadhyay, Ex MD, TRL Krosaki Refractories Limited 
Describing global current trend and scenario of Refractories 
Mr. Sunanda Sengupta,EVP(Sales, Marketing and Customer Care) TRL Krosaki Refractories Limited 
Digital Transformation in refractory sector (online) 
Pawan Raj, Founder & CEO, Sparrow RMS, New Delhi 
Some Aspects of Refractory Research in India 
Prof. Bharat Bhushan Jha, Visiting Faculty, NIT Jamshedpur 
 
 
  



 

 

Expert Opening Presentation 

Day-I Venue: HRD Auditorium 
23rd Sep’2022 14:15 PM-14:45 PM 
Safe, effective, EAF refractory maintenance via laser driven, automated, application technology 
Scott Grissinger, MINTEQ International, Inc. 
 

Session: I-A(Parallel Session): Emerging Technology for Refractory 

Day-I Venue: HRD Auditorium 
23rd Sep’2022 14:45 PM-16:00 PM 
Use of Artificial Intelligence, Machine Learning & Big data in Refractory Technology 
Prakash Bharati, José María Domínguez, José Torres Alemany, Margarita Álvarez, Alfran-Nrl, Alfran 

Refractory raw materials: Problems and prospects 
S. Sinhamahapatra, V.P. Reddy, S. Pasari, K. Dana, H.S. Tripathi, CSIR-CGCRI Kolkata 
Innovative solutions and trends of high alumina refractories for modern iron and steel applications 
Shankha Chatterjee, Andreas Buhr, Almatis Alumina Pvt. Ltd. India/ Almatis GmbH 

Challenges & Opportunities for Refractory Industry 
H.L. Rai, Zircar Refractories Ltd 

Adaption of a Corundum Refractory lining Technology in Lime Dolomite Calcination plant and Major capital repair 
technique through top-down approach at SAIL-ISP 
Prasanta Baidya , B K Sinhamahapatra, Tarun Misra , V K Rai, M. Bose SAIL-IISCO Steel Plant 

 
Session: I-B (Parallel Session): Refractory for Iron making 

Day-I Venue: HRD Conference-1 
23rd Sep’2022 14:45 PM-16:00 PM 
Introduction of Slide Gate System for drainage of Trough Hot Metal in Iron Making 
Suchit Kr Mahanta*, Gautam Kr. Choudhary, Shubhashis Paul, Sahin Ali, Utpal Chakraborty, Ujjwal Kumar, Deepak Kumar, Sunanda Sengupta, 
P.B Panda, ** Dinesh Vishwakarma &** Mousom Bag, **Avick Ghosh *TRL Krosaki Refractories Ltd. **Tata Steel Ltd. 

Development of a New Refractory Repair Technology in Hot Blast Stove in pressurized condition at SAIL-IISCO Steel Plant 
B K Sinhamahapatra, Tarun Misra, V K Rai, M. Bose, C L Gaikowad, Shaubhik Roy, SAIL-IISCO Steel Plant, Burnpur 

Development of Alumina Zirconia Castable for refractory coating in the bore of Double Chambered Copper Tuyers in high 
productive Blast Furnaces 
R.K. Pradhan*, P. Singh, S. Kundu, B.Mahata, S. Sarkar, SAIL Refractory Unit IFICO 

Advancements in Fused Silica Refractory Technology for Coke Oven wall rebuilding 
K.G.Venkatesan, Fosbel India Private Ltd. 

A Novel approach to reduce Torpedo ladle preheating time by introducing no cement bonded spout castable 
Biswajit Sahu, Manoranjan Kumar Singh, Avinash Singh, Prasanta Panigrahi, Tushar Agrawal, Sujat Ali Khan, Brijender Singh, TATA STEEL, 
Jamshedpur, India 

Refractory design developments & application for stoves of blast furnaces in SAIL plants 
Surendra Prasad, A.C.Goyal, A.Dewangan, T.C.Joshi & S.Manna, CET, SAIL, Ranchi 

 
16:00-16:10 PM Tea Break 
 

 

Session: II-A (Parallel Session): Refractory for Steel making 

Day-I Venue: HRD Auditorium 
23rd Sep’2022 16:10 PM-17:30 PM 
Cost effective refractory handling manipulator for safe & better ergonomics 
Gaurav Pandey*, Suchit Kr Mahanta,  Gautam Kr. Choudhary, S. Paul, Ujjwal Kumar, Deepak Kumar Hiroshi Nagata, Sunanda Sengupta, P.B 
Panda, **Navneet Sinha, **Rajeev Ranjan; *TRL Krosaki Refractories Ltd.. **Tata Steel Ltd. 

Study on Recycling of Used Mag-Carbon Brick in production of Mag carbon Bricks 
Pallavi Singh, Anjali Bharti, Amit Charit, Sandeep Srivastava, SAIL Refractory Unit Bhilai 
Insight into BOF bottom purging 
Kaushik Dasgupta, RHI Magnesita India Limited 

A case study - use of recycled material in rh degasser lower vessel magnesia chrome brick 
Avishek Mitra, Sanat Hazra, Dalmia Bharat Refractories Ltd, Rajgangpur 
Optimization of EAF Tap weight by Improving the Refractory Design In SMS-1 & Best Operation Practices   
Argha Ghosal , Deepak Chaudhary  & Asis Kumar Sarkar, JSW Odisha 
Improvement in lining life of 300t converter in BSL / SAIL 
R. Pandey*, K. Nandan*, MK Kujur**, R.K. Gupta***, A. Mohanty*, *SRU, **RDCIS, *** BSL, SAIL 
A Discussion on Importance of Spinel Bricks in Steel Making Processes 
Deepak Mane, Maithan Ceramics Ltd 



 

 

Session: II-B (Parallel Session): Refractory for Secondary steel refining and casting-1 

Day-I Venue: HRD Conference-1 
23rd Sep’2022 16:10 PM-17:30 PM 
Effect of fume silica reduction on the properties of alumina magnesia castable for steel ladles 
Satyam Kumar, Ritwik Sarkar, NIT Rourkela, Odisha 

Alumina Rich Spinel Refractories for Steel Ladle Application – A Complete Solution by TRL Krosaki 
J. P. Nayak*, R. Dutta, B. Ghosh, P. B. Panda, TRL Krosaki Refractories Limited 
Co-relation of various refractory & operational parameters on the steel ladle life of ISP 
M. Bose, B K Sinhamahapatra, Tarun Misra, V K Rai, Prasanta Baidya, SAIL-IISCO Steel Plant, Burnpur 

A case study - life enhancement of alumina spinel burnt bricks for slag dumping area of ladle metal zone 
Avishek Mitra, Sanat Hazra, Dalmia Bharat Refractories Ltd, Rajgangpur 

Performance improvement of Steel ladle life by modelling operating parameters 
Goutam Ghosh, Nabid Anjum Khan, Santanu Saha, Prasanta Panigrahi, Sujat Ali Khan, Brijender Singh, Tata Steel  
Implementation of Double Porous Plug Gas Stirring in Steel Ladles to Improve Gas Stirring Efficiency and Increase Ladle 
Lining Life  
Rajeev Kumar Singh, Kiran Kr. Keshari, RDCIS, SAIL 
Interaction between Refractory and Liquid Steel Regarding Steel Cleanliness: A Review 
Santosh Kumar, B Sunita Minz, Smita Toppo, Snehanshu Roy, Somnath Kumar and N Mondal, RDCIS, SAIL 

 

 

Session: III-A (Parallel Session): Refractory for Mill Zone 

Day-II Venue: HRD Auditorium 
24th Sep’2022 9:00 AM-10:45 AM 
How can endoscopic inspection enhance industrial monitoring especially focusing on refractory lining status? Today and 
tomorrow 
Michel Julien VREYSEN, ADI-Industrial Services 

High performance alternate quality refractory for hearth of reheating furnace  
I.Roy#, M.K.Kujur#, S.Aman#, A.Paul#, R.K.Pradhan*, R.K.Singh* # RDCIS, SAIL , * SRU, SAIL 

Total Refractory Management in Re-heating Furnace in Bokaro Steel- A new experiment and new experience. 
Subhash Singh and P.Sengupta, SKG Refractories Ltd 

Development of a New Refractory Repair Technology in Roof Area of Reheating Furnaces in hot condition at SAIL-Bokaro 
Steel Plant 
RK Gupta, I Majumdar, J Kerketta, BSL, SAIL 
Development of a New Refractory Repair Technology in Ceramic Module Area of Reheating Furnaces in hot condition at 
SAIL-Bokaro Steel Plant 
PK Sengupta, I Majumdar, J Kerketta, BSL, SAIL 
Replacement of Module Area with High Alumina Refractory Bricks in Recuperative Zones of Reheating Furnace#2,4 
S C Mohapatra, A K Rajak, Sabir Ali, BSL, SAIL 
 

Session: III-B (Parallel Session): Refractory for Secondary steel refining and casting-2 

Day-II Venue: HRD Conference-1 
24th Sep’2022 9:00 AM-10:45 AM 
Bottom Purging Improvement of Steel Ladle at LD#3 (TSL JSR) 
Amit Banerjee, Monoj Halder,  Prasanta Panigrahi, Navneet Sinha, Brijender Singh Tata Steel 

Modern Techniques In Improving Steel Quality In Tundish 
Ashish Gadre ( Director ) Allied Metallurgical Products Pvt Ltd 

Refractory Design Modification and improvement of Steel Ladle life in SMS-III BSP 
Amit Roy, Prasanta Saha, BSP, SAIL 
An overview of steel ladle at Durgapur Steel Plant 
Niral Topno (SMS), Sandipan Sen (Refractory) DSP, SAIL 

Design of the State-of-Art Technology of RH Snorkel and its Performance 
Soumen Jana*, S. Satpathy, A. K. Samanta, H. Nagata. S. Sengupta, P. B. Panda, TRL Krosaki Ref.Ltd 
BSP, SMS-III RH Degasser Refractory Design Modification 
Jitendra kumar , Amit Roy , Pronab Roy, BSP, SAIL 
Automatic Mould Level Control With Eddy Current Sensor, Automatic Surface Inspection System and Wireless 
Continuous Temperature Measurement System 
Arpan Chakraborty and  Hannu Suopajärvi, Vesuvius India Limited 
 
10:45-11:00 AM Tea Break 

  



 

 

  
 

Session: IV-A (Parallel Session): New Product & Advance Refractory Solution 

Day-II Venue: HRD Auditorium 
24th Sep’2022 11:00 AM-13:00 PM 
Technologies for preventive maintenance for the extension of the lifetime of coke ovens and hot blast stoves 
Matthieu LEHEUT, FIB-Services International S.A. Luxembourg 

Laser Contouring System – Scanner (Refractory Thickness Measurement)-online 
Xavier Rabec, Xavier Rabec, Ramalakshmanan & Ravishankar Kundu, Vesuvius India Ltd 

Advanced Tundish Outlet Modifier - online 
Paromita Sarkar, Vesuvius India Limited 
Leveraging Digital Technology in Managing Torpedo Ladle Lining 
Bhukya Kiran *, Biswajit Sahu*, Biswajit Pal, Manoranjan Kr. Singh, Bankim Chandra Tripathy, Sujat Ali Khan, TATA STEEL, Meramandali, India 

A comparative investigation of the physio-mechanical characteristics of amorphous and crystalline silica extracted from rice 
husk ash 
Ashutosh Gupta, Abhishek Kumar Singh, Manish Kumar, Vaibhav Kumar Singh, V.K Singh& M.R Majhi, IIT BHU 

Effect of thermal treatment on phase and microstructural evolution of magnesium borate (Mg2B2O5) nanorod whiskers 
prepared via hydrothermal cum reaction sintering process 
Vaibhav Singh, Ashutosh Gupta, Abhishek Kumar Singh, Manish Kumar, V.K Singh, M.R Majhi, IIT BHU 

Thermo-Mechanical Modelling and Simulation for effective Refractory Design in Iron & Steel Industries 
Kushal Agarwal1, G S Debasisha1, Pranoy Ku. Dubey1, Tapas Shyamal1, Debasish Sarkar2, 1 Sarvesh Ref Pvt. Ltd., 2 NIT Rourkela, Odisha 

 
Session: IV-B (Parallel Session): Quality assurance & Refractory Maintenance 

Day-II Venue: HRD Conference-1 
24th Sep’2022 11:00 AM-13:00 PM 
Quality assessment of critical shaped structural refractory blocks using novel NDT technique 
Saumita Gangopadhyay*, Monoj Halder, Prasanta Panigrahi, Navneet Sinha, TATA STEEL 

Intelligent technologies for refractory spend management 
Debesh halder & Avijit Pandit, Mjunction services Limited 

Advancements in Refractory Maintenance practices at RINL-Visakhapatnam Steel Plant 
L. Srinivasa Rao, V.Venkateswara Rao, Sandipan Roy, A.Pratik Priyank, RINL, Vizag 

Introduction of newly designed ladle heating system to reduce the arcing time for improved performance of refractory 
Md. Sharique Aman, Shyam Jee,  INP Gupta, I. Roy , M. K. Kujur, RDCIS, SAIL 
New Generation Ladle Slide Gates With Enhanced Ergonomics & Safety, and new generation high performance purging 
plug 
Sudip Banerjee & Jayanta Gupta, Vesuvius India Ltd 

 
Valedictory Session with Panel Discussion 

Day-II Venue: HRD Auditorium 
24.09.2022 14:15-15:30 PM  
14:15-14:20 PM  Welcome of Guest 
14:20-14:45 PM Synopsys of the conference 

Shri V P Upadhyaya, CGM (Ref), BSL 
14:45-14:55 PM Opening Remarks 

Shri P K Rath, ED (SRU), SAIL,  
14:55-15:15 PM Panel Discussion: Future of Refractories in Iron and Steel Industry 

·  Shri V K Pandey, ED I/c, Salem Steel Plant, SAIL 
·  Shri B K Tiwari, ED (Works), Bokaro Steel Plant, SAIL 

15:15-15:20 PM Concluding Remarks 
Shri P K Rath, ED (SRU), SAIL 

15:20-15:30 PM Vote of Thanks 
Shri Sandeep S Lall, Convener, REFIS 4.0 
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Abstracts 

 





Plenary/Key Note Address 

Global Current Trend and Scenario of Refractories 

Sunanda Sengupta 

TRL Krosaki Refractories Limited, India 

Abstract 

Refractory plays an important role in development of the economy, as this is the fundamental 

requirement for production of any kinds of building materials like Steel, Cement, Glass, Non- 

Ferrous etc. It is expected that the current geo-political imbalance across the globe shall be 

overcome in next 1-2 years and India will play a major role in driving the demand of refractory 

due to upscaling of production by user industries like Steel and Cement. 

The Global trend of refractories promise a remarkable growth in coming ve years which is 

getting backed by a high-class research and innovative work. The major challenges associated 

with the growth of refractories industries are turbulence in global supply chain management and 

limited sources of raw materials & energy. Overcoming this challenge is very much essential to 

maintain the safety, trust & commitment with the user industries.  

Now refractories Industries are mainly focusing to meet the global requirements with capacity 

expansion, new technologies, recycling and beneciation of used materials along with moving 

towards digitization for enhancement in customer services.  

September 23-24, 2022
Bokaro Steel City Jharkhand, India



 

 

Plenary/Key Note Address 

Some Aspects of Refractory Research in India 

Prof. Bharat Bhushan Jha 

Visiting Faculty, NIT Jamshedpur 

 
Abstract 

Refractories are the backbone of all high temperature processing industries which include Iron 

and Steel, Cement, Aluminium, Copper, Glass & Ceramic etc.  Stringent quality and tight 

specications of various products made through high temperature processing combined with 

maximum productivity and exibility has put tremendous pressure on Indian Refractory 

Industries for supplying quality products. Also, India’s steel production capacity is targeted at 

300 MT by the year 2030 from 118 MT in FY 2022. The cement industry is expected to grow by 

12% against cumulative annual growth rate (CAGR) of ~6%. Therefore, unprecedented need gap 

is waiting to be addressed by Indian Refractory Industries. In India to full the demand of 

refractory industries various research and development activities is being conducted by different 

groups. The refractory research mostly adhered to up gradation of natural raw materials/value 

addition to refractory raw materials and development of various synthetic refractory aggregates, 

synthetic refractory materials and high-performance refractory products.  

The present paper is an overview of the refractory research scenario in India towards value 

addition to available raw materials and synthetization techniques. In a changing scenario, post 

COVID, challenges and opportunities for Indian Refractory Industries shall also be discussed. 

Indigenization of quality refractory production to support Government’s initiative of 

ATMANIRBHAR BHARAT will also be described and nally reprocessing of refractory waste 

towards wealth creation shall be dealt with. 

  

September 23-24, 2022
Bokaro Steel City Jharkhand, India



 

 

Safe, effective, EAF refractory maintenance via laser driven, automated, application 
technology 

Scott Grissinger 

MINTEQ International, Inc. 

 

Abstract 

Traditional EAF refractory maintenance with hand gunning is ineffective and dangerous from a 

work task environment and ergonomic point of view.  Traditional hot fettling installations 

require crane use and are inefcient due to lack of sintering of the entire installed material.   We 

present an updated, automated refractory system that substantially improves the effective 

gunning and fettling material applied to the furnace through a laser driven maintenance robot.  

Automated material applications (both gunning and fettling) are performed based off the 

difference between desired refractory lining thickness and actual lining thickness obtained 

through laser measurement. Advances in laser head technology allow for faster more accurate 

measurements of the furnace lining.  Software technology interprets the laser and determines 

the furnace areas in need of maintenance and provides the operator a material installation plan 

based off predetermined parameters.  Operators can visualize and monitor the automated 

maintenance through high temperature video cameras located on the gunning robot in the center 

of the furnace.  The latest generation automated gunning system with its integrated cameras 

partnered with the fth-generation laser has the technology to reduce the safety risk to 

operators, increase the overall furnace campaign lining life, and through increasing the 

knowledge of bank and bottom contour and wear patterns, allow for more precise bank and 

bottom material additions to improve overall melt efciency.  

 

Keywords: EAF gunning, automated, robotic, laser measurement 

  

September 23-24, 2022
Bokaro Steel City Jharkhand, India



 

 

Use of Artificial Intelligence, Machine Learning & Big data in Refractory 
Maintenance Technology 

Prakash Bharati1, a, Jose Maria Dominguez2, Jose Torres Alemany2 and Margarita Alvarez2 

1 ALFRAN NRL, 2 ALFRAN 

a Corresponding author’s email: prakash.bharati@alfrannrl.com, domiba@alfran.com, 

jtorres@alfran.com, mam@alfran.com 

 
Abstract 

Refractory maintenance is an integral part of core industries such as Aluminium, Cement, 

Foundry, Iron & Steel, Petro-chemical and thermal power plants.  In the era of Industry 4.0, the 

maintenance landscape is taking a new shape which is primarily driven by the Industrial 

Internet of things (IIOT). Industry 4.0 promises signicant efciency gains as well as trigger 

changes - especially harsh and dangerous working environments of refractory operations [1]. 

Fourth industrial revolution has gained signicant momentum in the recent past mostly driven 

by rapid development in the eld of Articial Intelligence (AI) and Machine Learning (ML) 

which are being used for prescriptive rather than preventive maintenance. Prescriptive 

refractory maintenance is assisted by smart technology where decision making involves 

massive input data on a real time basis, analytics, machine learning and articial intelligence. It 

takes predictive maintenance a step further by implementing an action to solve the issue rather 

than recommending an action. It helps to reduce the equipment downtime, cost & improve the 

control & quality of production. Development of the digital twins has completely transformed 

the way maintenance works are carried out. In this paper, we explain the workings of Articial 

intelligence & machine learning. We also focus on how digital twin systems and articial 

intelligence are poised to change the way refractory materials are installed and repaired during 

the maintenance. 

 

Keywords: Articial Intelligence; Machine Learning; Big Data; Digital Twins; Prescriptive 

maintenance; Refractory technology  

September 23-24, 2022
Bokaro Steel City Jharkhand, India



 

 

Refractory Raw Materials: Problems and Prospects 

S. Sinhamahapatraa, V. P. Reddy, S. Pasari, K. Dana, H. S. Tripathi 

CSIR-Central Glass & Ceramic Research Institute, Kolkata 700 032, India 

a Corresponding author’s email: somnaths@cgcri.res.in 

Abstract 
India is endowed with large reserve of major refractory raw materials namely magnesite, 

sillimanite and bauxite. However, refractory grade good quality bauxite is nearly exhausted in 

India and existing Indian bauxite contains impurities such as SiO2, Fe2O3, TiO2, and CaO. 

These impurities can form low melting phases such as iron aluminum titanate (FeAlTiO5) along 

with the vitreous phases at high temperatures, which restrict their use for refractory applications 

at high temperatures. On the other hand, Indian magnesite is associated with CaO, Fe2O3 and 

SiO2 and these impurities may form low melting phase merwinite [Ca3Mg(SiO4)2] and 

monticellite (CaMgSiO4). Additionally, the impurity content also varies with location. 

Therefore, a single strategy of beneciation will not be useful for all the materials and this 

warrants a multipronged approach to solve this problem. In this paper, the problem associated 

with the Indian raw materials and their up-gradation is explained. 

Keywords – Bauxite; Sillimanite; Magnesite; Refractory; Mullite 

 

 

 

Innovative solutions and trends of high alumina refractories for modern iron and 
steel applications 

Shankha Chatterjee*, Andreas Buhr  
* Almatis Alumina Pvt. Ltd. India, Global Technical Director, Almatis GmbH. 

 
Abstract 

The continual development of steel producing technology is a main driver for the development of 

new high alumina refractories. The paper briey discusses the trends in steel secondary 

metallurgy and how modern alumina refractories provide innovative solutions for challenging 

conditions in the steel making process. Examples are given how refractories contribute to steel 

quality and economical improvements in the process 

  

September 23-24, 2022
Bokaro Steel City Jharkhand, India



 

 

Challenges & Opportunities for Refractory Industry 

H.L. Rai 
Zircar Refractories Ltd. 

 

Abstract 
 

Steel Industry being major consumer of refractory, future of refractory Industry is totally 

dependent on the size and health of Steel Industry. 

Luckily, Government of India has long vision for Steel sector growth. As you all know, the 

National Steel Policy (NSP) – 2017 was given Cabinet approval by Government of India. This 

policy was designed to give llip to growth to our economy to 5 Trillion $. Our Country is 

working very hard to implement this target of 300 million tons by 2030 .It is expected to 

achieve this target almost as scheduled. While our Country is in the process of achieving this 

target, Government of India is working towards creating a Vision for India @ 2047 when India 

will be celebrating its 100 years of Independence. Strategy is being devised rst to reach target 

of 300 million tonnes by 2030 and then 500 million tonnes by 2047. All stakeholders are 

expected to offer their inputs which can provide basis for plan of action towards achieving the 

goals of Vision @ 2047.  

We all know Men, Materials and Machines are key to run a successful and growing industry. 

Refractory industry is already facing big problems on these fronts and this problem is likely to 

intensify, if timely corrective actions are not taken. One can put up plant with money but how 

will that plant run in absence of above?? 

This paper will touch upon these issues to bring all relevant matters for all to address. 

 
 
  

September 23-24, 2022
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Adaption of a Corundum Refractory lining Technology in Lime Dolomite 
Calcination plant and Major capital repair technique through top-down approach 

at SAIL-IISCO Steel Plant 
Prasanta Baidya1 , B K Sinhamahapatra1, Tarun Misra1, V K Rai1, M. Bose1, 

1. Refractories Department, Burnpur – 713325, W.B. 
Corresponding Author’s e-mail: prasanta.baidya@sail.in 

 
Abstract 

 
Lime Dolomite Calcination Plant is an integral and crucial part of any integrated steel plant as 

Lime & Dolomite play very important role for maintaining healthy balance sheet of that 

respective steel plant. ISP-SAIL is having total four shaft kilns for producing calcined lime & 

Dolomite. Three shaft kilns having capacity of 330 TPD are operation for lime production and 

one single shaft kiln having capacity 200 TPD is dedicated for dolomite production. All the shaft 

kilns consume mixed gas (Blast Furnace gas & Coke Oven Gas) as a fuel for the calcination 

process. However due to inconsistency in quality of gas, choking of combustion system occurs 

frequently and abnormally high numbers of shutdown become regular phenomenon at LDCP 

kilns and ultimately it leads to high thermal shock for the refractory used in LDCP lining which 

is primarily consists of Magnesite bricks. During last few years it has been observed that falling 

of refractory arch at shaft kiln dilutes reliability of LDCP production. Refractory department of 

ISP has made various changes in quality and design parameters in existing lining practices, like 

implementation of Corundum arch which is primarily α-Alumina and is extremely thermal shock 

resistance compared to earlier Magnesite bricks even in that harsh condition. ISP have already 

installed this type of arch in shaft kiln-2&4 and planning to extend it to rest two kilns also as 

downtime due to refractory reason has become minimal now.  

ISP Refractory team has also adapted new lining technique to fasten the capital relining work in 

minimum time frame by installing retainer, Tie-rod system and top-down lining approach 

without emptying the burden at a time. This type of practice has not only expedited the capital 

relining work speed but also taken care of maximum safety at that time. It has also minimized the 

job volume and maximized reuses of old bricks which directly reected in nancial data and 

leads to major cost saving. 
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 Abstract  

In an integrated steel plant, raw materials are processed in blast furnace (BF) to produce hot 

metal. From BF hot metal (liquid iron) is tapped through tap holes & is transferred to a 

refractory lined vessel called as torpedo ladle for transfer to further processing stations which 

involves conversion of hot metal to steel. Transfer from tap hole to torpedo vessel takes place 

through a refractory lined drain called Trough. Separation of liquid iron & slag is carried away 

in Trough by principle of difference in density with the help of Skimmer block. Metal drains 

through metal runner & slag through slag runner. Trough needs to be relined or repaired at 

regular intervals for continuity of operation as refractory has a certain life limitation. Before 

repair drainage of remaining hot metal from Trough is a pre-requisite. This is being done in a 

conventional process which has various associated challenges related to process and safety.  

To overcome those challenges, a concept of slide gate like ladle slide gate system was 

developed. This system comprises of mechanism, refractory components & an actuator. This 

paper covers, conventional process of hot metal drainage & challenges associated with it, 

approach of developing a new concept of slide gate system for this application, design, trial 

details & merits of slide gate system over existing conventional system.  

KEYWORDS: Trough, Slide gate system, hot metal, lancing  
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Abstract 

Hot blast stove is one of the most important apparatus for blowing hot air inside the blast furnace 

which is a very important step in increasing efciency of iron making and reducing specic 

consumption of coke. Reliability of the hot blast stoves is of great concern to all blast furnace 

iron makers.  During the course of operation, the stoves go through off-blast and on-blast modes 

cyclically. The refractory linings inside the stoves are subjected to repeated exposure of thermal 

shock and thrust of air which leads to degradation of vulnerable parts of the linings. Repair of 

lining defects are carried out by injecting refractory mortars or various pumpable refractories. 

But to carry out injection work, the system should have negative pressure inside so that hot gases 

does not come out when holes are cut/drilled for injection. But in case of ISP’s stoves, the 

situation is opposite. The design does not have provision of connecting the stoves to chimneys 

having sufcient draft to create suction at the dome of the stoves. Therefore, hot gases started to 

come out when opening is created at the dome of the stoves, and the area becomes red-hot. The 

dome temperature of the stoves was reduced and water spraying was adopted for cooling of the 

shell from outside to prevent shell failure. 

A new repair method has been developed in drilling, xing nozzles and use of valves of specic 

design with specic tools. All material, tools and tackles sourced indigenously. Nozzles and 

valves have been installed at the hot spot areas pre-identied with the help of infra-red thermal 

scanner. A ceramic ber based pumpable refractory was used to carry out the repair. The 

material was injected at required depth and at the predicted defect-zones of the refractory lining 

of the dome. After refractory injection, the hot spots disappeared and water spraying not 

required. Steel shell surface temperature reduced below 100oc from earlier above 300oc at hot 

spots. Normal refractory operating parameters of the stoves were restored.    

 

Keywords - Hot Blast Stove; Refractory Injection; Ceramic Fiber; Hot Spot 
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Abstract 

Tuyeres are devices that permit hot air from the bustle pipe to enter the blast furnace. They are 

special shaped nozzles through which hot air blast is injected into the blast furnace.  Tuyeres are 

made of copper, located all around the blast furnace and are usually water cooled since they are 

directly exposed to the furnace temperature. There are four types of tuyeres used in blast 

furnaces. They are (i) single chamber tuyeres, (ii) double chamber tuyeres, (iii) multiple chamber 

tuyeres, and (iv) spiral chamber tuyeres. Double chamber tuyeres are the most widely used 

tuyeres. Being exposed to a harsh and turbulent operating environment, the tuyere region is 

dynamic and complex, containing combustion gases, liquid oxides (slags), liquid iron, coke, 

pulverized coal, char and temperatures frequently exceeding 2,200 deg C. Due to above reasons, 

bore of tuyere is coated with refractory materials to protect from burn-out and abrasion at the 

outer surface. Considering the operating conditions, the refractory materials used for coating in 

the bore of tuyer, should have high volume stability, strength and abrasion resistance at elevated 

temperature. Initially, the bore of tuyer was casted with 70% Al2O3 Low Moisture based 

castable which gave an average life of 3 months only. The poor life of tuyer is due to frequent 

erosion and poor spalling resistance of refractory coating. As a result of this, high-pressure 

water, which cools the tuyere, is allowed to enter the blast furnace causing furnace instability, 

increased fuel and material costs, lost productivity, and increased safety and environmental risks. 

For reducing the tuyere wear, it was decided to use Alumina Zirconia castable for refractory 

coating in the bore of Copper Tuyers.  Due to very high volume stability, hardness and abrasion 

resistance at high temperature, Calcia Stabilized Zirconia(CSZ) was used as the major input to 

obtain the desired properties of end products. Accordingly, composition using very high purity 

Aluminas in combination with CSZ after optimization of its quantity was designed in laboratory 

through several trials to obtain desired properties considering area of application. Based on lab 

studies, Alumina Zirconia castable was manufactured with the developed composition and casted 

in the bore of two nos. of Double Chambered Copper Tuyers manufactured in SGW, Kulti for 

trial in BF#2, BSL. The tuyres achieved a life of nine months against existing average life of 

three months. After this successful trial, the developed castable is regularly supplied to in SGW, 

Kulti for refractory coating in the bore of two nos. of Double Chambered Copper Tuyers for all 

productive BFs of BSL, DSP, BSP and RSP.   

The development of AZ castable, its manufacturing process along with trial results to achieve 

higher life will be discussed in this paper. 
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Abstract 

 
The steel industry contributes to about 5-8% of global emission and considered to be a ‘hard to 

abate sector’ since carbon is used as a reductant in the steelmaking processes. Preheating of 

refractories consumes signicant amount of CO gas and time to achieve desired refractory 

quality. Considering the amount of energy consumption, effort been made to use no cemented 

bonded castable. Torpedo ladle is critical for hot metal transportation from Blast furnaces to 

LD/SMS Shops. Considering the limited eet, which is required for daily production; Low 

torpedo availability can lead to low Hot metal buffer & interruption in Hot metal supply to 

LD/SMS Shops. Relining is a major activity (longest downtime) of torpedo maintenance. In this 

work, the performance of CAC based castable and newly developed no cement bonded castable 

(NCC) compared and analysed. The new torpedo spout castable exhibits higher drying speed 

with better high temp. properties like strength, HMOR, Slag corrosion resistance, abrasion 

resistance and lower thermal conductivity compared to existing low cement based castable. By 

using this new torpedo spout castable, preheating period reduced by 34hrs at our Tatasteel , 

Jamshpedur works, which caused  in considerable reduction of CO gas consumption by ~30%  

and resulted in lower carbon footprint.  Improved torpedo spout performance also contributes 

economical benets by lowering the repairing material consumption like hot gunning. 

 

Keywords:  Refractory, Torpedo ladle, no cement bonded castable, Preheating period, Carbon 

footprint  
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Abstract 

Stoves used in the world up to the end of the 1960’s were primarily based on the use of material 

to withstand temperature. Little attention was paid to the movement of Refractory lining within 

the stove while designing. It was an accepted fact that stove repairs would be required every time 

the Blast Furnace goes down for major repair. 

Steel companies through out the world were eager to improve furnace efciency and reduce coke 

rates. One of the key areas to achieve lower coke rates is “Higher Hot Blast Temperature” from 

the stoves. This in turn not only required improved refractory quality but also improvements in 

the construction design. 

In the present market scenario, there is a continuous pressure to lower production costs in the 

steel industry. Therefore any reduction in the production cost of hot metal contributes 

signicantly to the cost indices of the company. 

Hot blast stove is an integral part of blast furnace complex and contributes signicantly towards 

blast furnace productivity and cost effectiveness. In general, every 100oC rise in hot blast 

temperature contributes to ~1.75 % increase in production and a reduction in coke rate by 12 to 

24 kg per ton of hot metal. Thus increase in hot blast temperature will not only help to increase 

output but also reduce production cost from existing blast furnaces. This emphasises the need for 

up-gradation of existing stoves which were generally designed to give hot blast temperature of 

850 oC to 900 oC 

This paper deals in “An approach to refractory design developments and application for stoves of 

blast furnaces in SAIL plants”. 

  

September 23-24, 2022
Bokaro Steel City Jharkhand, India



 

 

Cost effective refractory handling manipulator for safe & better ergonomics 
 

Gaurav Pandey*, Gautam Kr. Choudhary, S. Paul, Ujjwal Kumar, Deepak Kumar 
Hiroshi Nagata, Sunanda Sengupta, P.B Panda, **Navneet Sinha, **Rajeev Ranjan  

*TRL Krosaki Refractories Ltd.. 
**Tata Steel Ltd. 

 
 

Abstract 

 
During ladle preparation at tilter, time involved plays a crucial role in shop productivity. In ladle 

preparation, slide gate refractory changing is a time taking & exhaustive process as it involves changing 

of refractories like upper nozzle, slide plate & lower nozzle. Changing of these refractories is human 

exhaustive process as these are heavy in weight and executed in heat & dusty environment and the entire 

process is done manually in every steel plant of India. 

Refractory arrangement in slide gate system is in such a way that rstly upper nozzle is xed in ladle 

well block (it is part of ladle lining) then slide plate and lower nozzle. One of the highly exhaustive 

processes is changing and xing of upper nozzle its weight is around 17 Kgs and after applying mortar 

its weight increases to 25-30 Kgs and operator has to lift and x manually. Upper nozzle xing process 

requires more time, human effort leading to fatigue to operators and sometimes delay in preparation of 

ladle. This is a controlled and precise operation, deviations can lead to failure. To eliminate these 

problems a mechanized manipulator was designed to reduce the human effort, better ergonomics and to 

make the process more easier and operator friendly. This mechanized manipulator consists of some 

mechanical & pneumatic components which allows operator to lift and handle such heavy load without 

any effort. Manipulator is provided with an air balancing system which carries the load of refractory 

which helps in lifting and xing of nozzle with all degree of freedom. This system works completely 

with pneumatic, with this system operator has to give only 1-2 kgs of force for lifting 25-30 kgs of load 

as complete load is being nullied by the air balancing system. A special type of gripper was also 

provided to grip the refractory components without damaging it. This type of system can be seen in 

automobile and other industries for handling load but for steel plants this was a bit challenging task as in 

steel plant there are lot of constraints like heat, dust, area etc. This type of solution can serve to solve 

various weight handling issues across steel industry. 

 

Keywords: Nozzle xing, Manipulator, Mechanization 
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Abstract 

Mag-Carbon bricks are extensively used in steel ladle, converters, VAD vessel and EAF as 

working lining. After the campaign of the refractory lining is completed, approx. 30-35% of the 

working lining is dismantled which is of no use to the steel makers. In congruence with the zero 

waste management principle and also keeping in view the scarcity of the virgin materials, study 

has been conducted for recycling of these used Mag-Carbon bricks as grog for manufacturing of 

Mag Carbon bricks.  

The primary objective behind this study is economical and environment friendly utilization of 

waste Mag carbon refractories, the scarcity of virgin raw material (Sea Water magnesia, Dead 

Burnt Magnesia), its rising cost, environmental aspects associated with production and depletion 

of high purity Magnesia based raw materials, reduction in specic cost of refractory in steel 

making.  

The samples of used Magnesia Carbon Bricks were collected from our sister steel plant. After 

cleaning of the metal and slag from the surfaces of the remaining bricks, size reduction was 

carried out to usable fractions (coarse, medium and nes).  Chemical and physical properties 

(Residual carbon, MgO, SiO2, Fe2O3 content, BD etc.) of different fractions were studied for 

their respective use in making Magnesia Carbon Bricks replacing virgin material by optimum 

quantity. Study on suitability of recycling with optimum utilization of used Mag Carbon Bricks 

in as it is and calcined form in nal product is done in detail. Comparison of Physical and 

Chemical properties of Magnesia Carbon Bricks manufactured by recycling grog in different 

ratio with magnesia carbon bricks manufactured by virgin raw material is carried out.  

The study reveals that used Magnesia Carbon Bricks may be used in making fresh bricks in both 

calcined and non-calcined form for replacement of virgin raw material to a certain extent, 

without any adverse effect on the end properties of the bricks. Moreover, recycling of Magnesia 

and Carbon saves the energy required to produce it and thus the carbon emission.  
This study enabled us to reduce the cost of production of Magnesia Carbon Bricks thus reducing 

the specic cost of refractory in steel making, but without compromising much on the quality of 

the Magnesia Carbon Bricks.  
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Abstract 

 
A bottom purging element in a BOF is not just another piece of magnesia carbon brick that one 

builds slots into and watch it delivering the gas! 

An inadequately developed element will fail under thermomechanical stress and result in 

excessive wear and/blockage of slots at a very early stage of converter campaign, so that 

metallurgical benets associated with purging are achievable only for a meagre part of the 

campaign. 

The wear is typically concentrated around the gas blowing elements and the most frequented two 

reasons are attributed to erosion and thermo-mechanical spalling.  

Much has been discussed about the erosion aspect, like there is a correlation between maximum 

erosive wear and the gas ow rate and that maximum wear occurs at ow rates corresponding to 

the bubbling-jetting transition point of the gas stream in the bath. 

Not much has been discussed about the thermo-mechanical wear aspect. To this effect, this paper 

tries to explain the fundamentals of the critical material properties and design aspects that go into 

improving the bottom performance. As no discussion on bottom purging element is complete 

without a mention of the dynamics of the gas ow the system handles, basics of uid dynamics 

that upholds an efcient BOF bottom purging have also been discussed in brief. 
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Abstract 

 
As the demand of clean steel has increased particularly with very low carbon and hydrogen 

content, RH degassing process is gaining popularity among steel manufacturers. RH Degasser is 

one of the best among various secondary rening process due to its high rening efciency and 

productivity. Usually, various types of MgO-Cr2O3 bricks are used in different areas of the vessel 

because of their excellent resistance to erosion and corrosion, high temperature stability, low 

thermal expansion and high hot strength. 

This case study speaks about the development of a new quality brick with special additive to 

counter faster corrosion resulting in higher life. The physico-chemical properties of the 

developed brick along with its improved corrosion and spalling resistance are also discussed. The 

objective of the present work is also to investigate the causes of damage in RH lower vessel 

brick and then to improve the life with a newly developed re-bonded magnesia chrome brick. 
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Abstract 

As the Indian Steel Industry has grown up and matured EAF route steel production getting 

popularize day by day & EAF steel production participated in an ever more competitive market , 

off late after stabilizing the JSW Vijaynagar plant  in BF- BOF route , JSW Steel has entered in 

the EAF route steel making by  the acquisition of Ispat – Dolvi 2007   ,M/s BHUSAN Steel  

Jharsugda 2021 & Monnet Ispat 2017  Creating new facility in Vijaynagar [ SMS-III ] 2016  , 

this competition has led to a continuous search for lower cost alternative for energy input  

materials ,Optimize / Increase the Tap weight  and reducing the processing time by increasing 

the Hot metal pouring rate by redesign the Launder &   time and Oxygen ow and operation 

excellence. 

Over the year electric steel furnace community of the operation  has develop a variety of 

Technological  Improvement geared to increasing the EAF  productivity , operators has 

emphasized the lowering of the operation cost per mt of steel produced by increasing the Tap 

Weight , reducing the Tap to TAP TIME improving the quality of Inputs like Hot metal , lime , 

pet coke , Dolomite and DRI  etc . 

Depending on the market condition , JSW Steel may run with different goal and goal of 

Maximizing the cost effective use of resources , When the market demand is high the goal may 

be to maximize EAF through put and number of Heat taped in day  , the objective of work is to 

optimize the Tap to Tap time by adopting the best operating Practices .In considering the very 

high demand of HR Coil , JSW Steel have decided to Increase the through put of four EAF of 

SMS-1 of JSW – Odisha of originally designed capacity  95 mt Tap weight  with  70 minutes 

processing time to 105 mt Tap weight & 60 minutes processing time  by reengineering the 

Bottom shell and upgrading  the quality of  Refractory &  pattern and Increasing the Hot metal 

pouring rate [  3 mt/min to 6 mt/ min  ]  and operation excellence .The Job was undertaken 

immediately after taken over Bhushan by JSW Management and Idea conceptualization to  

projects completion time is less than 6 month , all the 4 EAF  [ Eight Number of Bottom Shell ] 

redesign , In  house modication of Bottom Six number Bottom  shell , discarding two old shell 

by new shell  , up gradation of quality of Bottom shell lining and modication of Steel Ladle and 

Hot metal ladle & modication of loco Car of EAF Processing the Project was  take up 

simultaneously  and  completed in six month from OCT-21 March 22 .The  work was successful 

and completed in 31st March 22 resulting 10-20 %increase of the capacity of SMS-1 & Quality 

of steel also improved as hot heel was improved . 

Key word – Productivity , Foaming Slag , Tap to Tap Time , Hot Heel . 
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Abstract 

The performance of converter lining with Magnesia Carbon (MgO-C) refractory depends on quality of 

raw materials along with binders being used, its running maintenance and largely on operational practices. 

The basic raw material for manufacturing of MgO-C refractory is high purity sea water magnesia with 

addition of crystalline graphite and anti-oxidants. Resins / and pitch are used as a binder.  

MgO-C with different compositions and masses are manufactured in SAIL Refractory Unit (SRU) a sister 

unit of Steel Authority of India Limited (SAIL).  The various compositions were developed based on 

erosion pattern of previous performances of converter linings. 

SRU Ranchi Road unit, a well-known refractory manufacturer of MgO-C refractory, along with SAIL 

plant have developed a modied lining pattern with improved quality bricks for its 300t converter at BSL 

with tuyere bricks for CBT at its Steel Melting Shop-II.  

The paper will describe the various actions taken to improve lining life of 300t capacity converter at BSL 

/ SAIL with in-house MgO-C refractories.  
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Abstract 

Refractories an integral part of steel making, as Iron & steel Industry is the largest refractory 

consumer. Since long time refractory industry has undergone many vital changes in terms of 

technological developments like various manufacturing processes and raw material 

combinations. On the other hand refractory industry has always evolved with superior products 

to cope with the requirements of advanced steel making practices. This study evaluated journey 

on development and application of Spinel Bricks used in Steel Ladles for secondary rening of 

liquid steel in steel melt shops. 

Technological advancements in steel making, like Ultra-Low Carbon Steels (like IF grade steel) 

manufacturing, creates an extraordinary demand for requirement of less/no Carbon refractories 

for secondary rening vessels like Steel Ladles. Also, it is today’s demand on possibilities for 

alternate solutions to an environmentally harmful chrome containing refractories. It is anticipated 

that an importance of Spinel bricks will continue to grow in coming years to meet challenging 

requirements of steel making processes.  
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Abstract 

This paper focuses on the properties of alumina magnesia based castable considering two 

different particle size distributions with q values 0.21 and 0.29 and fume silica content of 4 and 1 

wt.%. Alumina magnesia based castable compositions were processed as per the conventional 

processing technique and further evaluated for physical, mechanical, and thermo-mechanical 

properties at 110, 1000, and 1550 ℃ temperatures. The result showed that in comparison to 4 

wt.% fume silica content, 1wt.% fume silica addition leads to an improvement in castable 

mechanical and hot strength properties, which is due to the absence of anorthite phase and 

formation of hibonite phase in 1 wt.% fume silica-containing compositions. Microstructural and 

energy dispersive x-ray analysis of the castables red at 1550 °C show that the glassy phase is 

present in 4 wt.% fume silica addition however well compact microstructure with needle-shaped 

hibonite grains are observed for 1 wt.% fume silica content. 

 

Keywords:  Alumina magnesia castable, Fume silica content, Hot strength; Properties, Calcium 

hexa aluminate. 
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Abstract 

 
Demand and uses of alumina rich spinel bricks for steel ladle application is increasing day by 

day because, demand of ultra-low carbon Interstitial-Free (IF) grade steel increases extremely in 

the market. Till date, with the technological evolution, alumina rich spinel red bricks are found 

suitable in metal zone application of steel ladle for IF grade steel production.  

Currently, red spinel brick is being preferred by steel manufacturer to use in place of alumina-

magnesia-carbon (AMC) for bottom application of steel ladle due to carbon footprint issue. 

However, magnesia-carbon (MgO-C) brick has retained its position for slag band of steel ladle 

due to its special characteristics, and moreover unavailability of any alternative refractory 

solutions till now. Due to heterogeneous refractory lining system, operational severity; 

performance of steel ladle puts a great challenge before steel manufacturer with respect to 

campaign life, cost, and time.  

However, TRL Krosaki (TRLK) has already mitigated these challenges related with steel ladle 

by developing zone wise different suitable grade of refractories for steel ladle application. All 

these products are performing well at different customer end with enhancement of ladle life.  

 

Keywords: steel ladle, refractory brick, alumina, spinel, carbon 
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Abstract 

ISP is an integrated steel plant in SAIL family with a production capacity of 2.5 million tons of 

crude steel which comes from 3 converters with a capacity of 150 MT each. Liquid Steel is 

poured from BOF, rened in secondary renery unit and nally transported to the casting units 

via steel ladles. Currently ISP has eet of total 23 steel ladles with a capacity of 150 MT each 

out of which 10 ladles remain in circulation on an average. Steel ladle performance plays an 

important role as production of steel is directly dependent on its performance. 48% of total 

annual cost of refractory spent on steel ladle in the year 2021-22. The only way to reduce the 

cost is to increase the life of steel ladle. Refractory team of ISP has studied the scopes of various 

refractories in its steel ladles like MgO-C bricks, Dolomite bricks, Spinel Bricks etc. to 

maximize its ladle life. Apart from that Refractory team has also analyzed the operational 

parameters like Slag chemistry, Shell temperature, LF holding time, Arcing time, number of 

heats per day etc. for adapting best practices to get maximum output from its steel ladles. 

Modied relining practices along with suitable unshaped refractory selection have played a 

critical role for enhancing steel ladle life at ISP.  

ISP is also known for its various product ranges, starting from low carbon to high carbon steel, 

Si/Al killed grade steel in open/closed mode of casting and to maintain this product range 

different types of addition and treatments are done in LHF, even Casting time-frame also 

changes as per its requirement to successfully cast those various grade. However ISP Refractory 

team is able to maintain a healthy steel ladle average instead of all those above mentioned 

uctuating parameters by co-relating along with analyzing those operational data and adapting 

new relining techniques, zonal lining, and proper refractory selection. 
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A case study - life enhancement of alumina spinel burnt bricks for slag dumping 

area of ladle metal zone 

Avishek Mitra, Sanat Hazra 
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Abstract 

In the present scenario, mostly magnesia carbon bricks are being used in the metal zone of steel 

ladle. But, the problem of these conventional resin bonded refractories are higher thermal 

conductivity, higher thermal expansion, carbon pick up in steel and heat loss/skulling. To 

achieve higher life, minimize carbon pick up in steel and to make the lining cost competitive, 

burnt Alumina--magnesia spinel brick is one of the best alternative material to magnesia carbon 

brick.  

In an integrated steel plant in India, Dalmia Bharat Refractories Limited was supplying Alumina 

Spinel bricks in ladle metal zone for sometimes. The quality supplied was performing in all areas 

but the main issue was high erosion in the slag dumping area. Bricks of this area of Metal Zone 

were eroded faster then the rest area bricks for which pocket repairing of Slag dumping area is 

almost a regular practice which is the main constraint to achieve higher life. 

This case study speaks about the development of a new quality brick with special additive to 

counter faster corrosion resulting in higher life of bricks at slag dumping area of metal zone. The 

physico-chemical properties of the developed brick along with its improved corrosion and 

spalling resistance are also discussed. 
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Performance improvement of Steel ladle life by modelling operating parameters 
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Brijender Singh 
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Abstract 

Operating parameters have enormous inuence on the performance of the steel ladle refractory. 

Critical operating parameters had been used for the model building for steel ladle refractory life 

in TSK SMS shop. Optimising the operating parameters through the digital model building will 

help us to enhance the performance of the steel ladle. We have conducted technical 

understanding of all the critical and non-critical operating parameters for the steel melting shop 

for steel ladle applications. We have taken few assumptions such as quality of refractory 

variation is very low among the various suppliers. Various parameters study is performed to get 

the insights of the operating parameters. The suitable model was built with the help of various 

analytics tools with the inhouse analytics team. We would able to predict the steel ladle life with 

the operating parameters.  

The objective with the study nally leads to the performance improvement of the steel ladle life 

by 5 to 10 heats. The nancial benets along with the insight’s generation will be the outcome of 

the model. The further study will be conducted to deploy the model in other shops of the Tata 

Steel.  
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Implementation of Double Porous Plug Gas Stirring in Steel Ladles to Improve Gas 
Stirring Efficiency and Increase Ladle Lining Life 
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a Corresponding author’s email: singhrajeev@sail.in 
 

Abstract 
Gas stirring through porous plugs located in the bottom of the ladle is an effective method 

employed in today’s metallurgical industries to enhance melting of alloys and improving its 

homogenization in steel melt. It is also utilised for improving the slag metal interaction in the 

ladle furnace. The efciency of alloy dissolution and slag metal interaction is intricately related 

to the melting and mixing phenomena in steel ladles. The present study focuses on mathematical 

and physical modeling of gas stirring of liquid melt for mixing of slag and metal in a steel ladle. 

The effect of stirring the vessel using single porous plug was compared against a double porous 

plug system. Based on the results of the mathematical and physical modeling studies, steel ladles 

at Durgapur Steel Plant, SAIL were converted from single plug system to double porous plug 

system. The objective for the implementation was to reduce ladle lining erosion and improve 

lining life. As a demonstration trial one ladle was converted from single to double porous plug 

arrangement. Mixing characteristics of the slag and metal, thermal homogenization of the steel 

melt and refractory lining erosion pattern were used as parameters to evaluate the process 

efciency. Results from the plant trial showed better homogenization of the steel melt and 

increase in lining life from 45 to 55 heats. Encouraged with the results, plant gradually converted 

all steel ladles from single porous plug to double porous plug. At present the average ladle life in 

the shop is around heats, wherein a major contribution to improvement has come from 

implementation of the double porous plug gas stirring.   

 

Keywords – Gas Stirring, Steel Ladles, Double Porous Plug, Secondary Rening 

  

September 23-24, 2022
Bokaro Steel City Jharkhand, India



 

 

Interaction between Refractory and Liquid Steel Regarding Steel Cleanliness: 
A Review 

 

Santosh Kumar1,a, Biswasi Sunita Minz2, Smita Toppo1, Snehanshu Roy1, Somnath Kumar1 

and Nityananda Mondal1 

1R&D Centre for Iron and Steel, Steel Authority of India Limited 
2Bokaro Steel Plant, , Steel Authority of India Limited 

a Corresponding author email id: santosh@sail.in 
 

Abstract 
Chemistry and inclusion control are two of the main keys to the production of quality steel 

products. Adjustment of the high level of quality and of steel cleanliness is accomplished during 

secondary metallurgy and is maintained during continuous casting. Taking metallurgical aspects 

more and more into account imposes a new approach of interactions between metal, slag, 

atmosphere and refractory products. In a steel ladle or in a degassing device, many reactions 

between refractories, steel and slag can contribute to degrading the steel quality by direct 

dissolution of the refractory with or without precipitation, dissociation, volatilisation, reduction 

reactions between an oxide and a metallic element, combination of the refractory and a non-

dissolved element present in the steel (inclusion). During continuous casting, the attachment of 

different oxides on the wall of submerged entry nozzle is still a hot topic for metallurgists, since 

it may cause clogging and inuence castability and steel nal quality. 

Besides, the corrosion of the refractory could also result in the inclusions in steel. It has been 

conrmed that the MgO inclusions and calcium aluminate inclusions with MgO island(s) in Al-

killed steel grades originate from the corrosion of refractory. Furthermore, alloys also contain 

some inclusions. These exogenous inclusions from refractory and alloys are an important source 

of non-deformable inclusions in Al / Si-Al/ Si–Mn-killed steel as well. So, the effect of 

refractory on the evolution mechanism of these exogenous inclusions also requires detailed 

investigation. 

In the present paper, the effect of refractories on the exogenous inclusions in different mode of 

killed steel was reviewed. 

Keyword: Refractory; Exogenous inclusion; Steel Cleanliness; Secondary rening; Continuous 

casting  
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How can endoscopic inspection enhance industrial monitoring especially focusing on 

refractory lining status? Today and tomorrow 

Michel Julien VREYSEN, 
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Abstract 

Endoscopic inspection is nowadays a well-known technology widely used for one single 

purpose: “live” and accurate assessment FROM INSIDE the reactor, at operating temperature, of 

the real status of refractory lining which cannot be determine by direct vision, while InfraRed 

Thermography allows FROM OUTSIDE to map the areas which are with wear or damages 

suspicions.  

Digital cameras capabilities have drastically improved these last years both from size wise and 

quality. ADI-Industrial Services took advantage of this progress to develop new devices or 

technology to improve quality of the videos/pictures recorded now in HIGH DEFINITION and 

improving its productivity on site operating with MULTIVIEW endoscopes (2 or more cameras 

in the SAME equipment) 

Mastering the recording side, the development of dedicated software enables to improve even 

more, not only pictures quality but also the storage of the pictures in such a way that they can be 

used as DATA for further DATA analysis a next step use of Articial Intelligence and Machine 

Learning, fully in line with Industry 4.0 concept. 
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Abstract  

Merchant mill of Durgapur Steel Plant (DSP) is producing TMT bars. It has one pusher type 

reheating furnace. For maintaining a steady production in merchant mill, DSP need to have 

consistence furnace hearth life of about 1 year. So, costly ZCC blocks are used in preheating 

zone.  

Under prevailing operating conditions of RHF of Merchant mill, hearth refractory has to 

withstand very high abrasion, thermal shock and vibration during operation. The hearth 

refractory also should have high volume stability and high strength.  

With this background, improved quality High Alumina brick has been developed jointly with 

SRU, IFICO and RDCIS to conduct trials in DSP. Trial bricks have been manufactured in SRU, 

IFICO and supplied to DSP after evaluation of its properties.    

Developed brick was lined in preheating zone of reheating furnace of Merchant mill. These 

developed bricks give satisfactory result. As the bricks are manufactured in SRU, IFICO, also an 

in-house source for low cost hearth brick is now available with us.  

 

Keywords: Reheating Furnace hearth, High abrasion resistance brick  
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Total Refractory Management in Re-heating Furnace in Bokaro Steel- A new 
experiment and new experience. 

 
Subash Singh and P Sengupta 
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Abstract 

SKG Refractories Ltd was engaged in doing the TRM (Total Refractory Management) in 

Reheating furnace in Bokaro Steel Ltd. This was an experiment of rst of its kind done in any of 

the Indian steel plant and BSL is pioneer in this. The result obtained was very satisfactory. It 

saves cost and increases productivity of the Reheating furnace in BSL and as a result the contract 

of 3 more furnaces was awarded to SKG. This paper discussed the kind of improvement 

happened after the furnace was given for TRM. SKG Refractories has already indicated that that 

ample scope is there for further reduction in cost and furnace downtime with the use of prefab 

refractory cover on skid pipes. It also will bring down the carbon di oxide emission due to less 

consumption of fuel. The product has already been developed and actual eld trial was made in 

Bokaro steel RH furnace No 3. Which was very encouraging. But further study is needed to 

generate the data to establish the improvement in energy saving, manpower saving and 

availability of the furnace. 
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Development of a New Refractory Repair Technology in Roof Area of Reheating 

Furnaces in hot condition at SAIL-Bokaro Steel Plant 
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Abstract 

Reheating Furnaces of HSM are major consumer of Refractories material. Different types of 

refractory bricks, ceramic modules, castables etc are used in different areas of RHF as per 

drawing. As per original drawing and conception, 128 ceramic burners of PCPF make of 

different diameters are installed in the roof of Reheating Furnaces. 

Due to thermal stress and shock, sometimes during operation whole or partial part of ceramic 

burners falls off leading to holes in the affected area.  This leads to heat loss as well as increase 

in downtime of furnace leading to overall production loss.  

A new repair method has been developed for repair of the affected area during hot running 

condition using tools and tackles that are easily available. Prefabricated Y shaped Anchors of 

length 500 mm consisting of a T joint are wrapped with Ceramic Fibre with the T portion 

protruding out.  Lancing pipes/rods are cut as per requirement which are used as supports.  

Number of anchor requirement depends on the actual diameter of the fallen burner. The 

prefabricated anchors are arranged in a circular structure around the periphery of the fallen 

burner with the T portion resting on top of Rods/Channels for support.  Then a layer of slurry of 

dense castable is poured for initial base making. Next layer and layer of dense castable are 

poured till the whole area is sealed.  Finally slurry of insulyte powder is deposited on top of the 

castable layer to seal the whole structure and prevent any heat loss. The whole process takes 

about 1.5 hours for one burner and can be easily undertaken during short downs like roll change 

in mills. 

This type of innovative repair has helped to cope with surprise roof/burner failures in between 

campaigns of furnace and lessened furnace down time thus improving overall productivity.  

Key Words: Reheating Furnace, Ceramic Burners, Y shape, T shape 
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Abstract 

Reheating Furnaces of HSM are major consumer of Refractories material. Different types of 

refractory bricks, ceramic modules, castables etc are used in different areas of RHF as per 

drawing. As per original drawing and conception, ceramic modules of size 300X300X300 mm 

are installed in the recuperative zones having length is 13250mm. In this area the operating 

temperature range varies from 800 to 1150 Deg C.  

 

In the recuperative zones, ceramic bre based modules are xed on MS plates through welded 

clits/anchors. 

 

Due to thermal stress and shock, sometimes during operation modules fall off leading to holes in 

the affected area.  This leads to heat loss as well as increase in downtime of furnace leading to 

overall production loss.  

A new repair method has been developed for repair of the affected area during hot running 

condition using tools and tackles that are easily available. Clits/Anchors are rst welded to 

welding rods and then installed in individual modules. Lancing pipes/rods are cut as per 

requirement which are used as supports.  The total module structure including the attached clit 

and welding rod are hung in the hole through supported lancing pipe/ rods. Small bre pieces are 

also poked around the hung module area for further sealing. Finally slurry of Insulyte powder is 

spread on top of the module structure to seal the whole structure and prevent any heat loss. The 

whole process takes about 30 minutes for one module and can be easily undertaken during short 

downs like roll change in mills. 

This type of innovative repair has helped to cope with surprise module failures in between 

campaigns of furnace and lessened furnace down time thus improving overall productivity.  

Key Words: Reheating Furnace, Ceramic Module, Clits 
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Replacement of Module Area with High Alumina Refractory Bricks in Recuperative Zones 

of Reheating Furnace#2,4. 

S C Mohapatra, A K Rajak, Sabir Ali 

SAIL-Bokaro Steel Plant, Bokaro – 827001, Jharkhand 
 

Reheating Furnaces of HSM are major consumer of Refractories material. Different types of 

refractory bricks, ceramic modules, castable etc. are used in different areas of RHF as per 

drawing. As per original drawing and conception, ceramic modules of size 300X300 mm are 

installed in the recuperative zones having length is 13250mm. In this area the operating 

temperature range varies from 800 to 1150 Deg C.  

In the recuperative zones, it is seen that there is frequent failure of roof in the module area 

mainly due to thermal stress and shock. In the year 2016, RHF#2 module area 1.5 rows were 

replaced with high alumina bricks (62% alumina) on trial basis after a lot of discussion and 

deliberation. The results have been very positive and there have been no failure in that replaced 

are since 2016. In April 2022 RHF#4, 2 rows have been replaced with high alumina bricks. The 

Expected life of installed bricks has been envisaged to be around 10 years. 

If we go through the cost analysis, total Cost of Module set for 2 years life is approx. Rs 23 lacs 

including application cost i.e. cost per year comes to Rs 11.5 lacs.  

Bricks installed in recuperative zones having types WBA and WBC. In view of the cost benet 

analysis and overall performance, it has been decided to replace 2 rows of RHF#3 from module 

to high alumina bricks. 
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Abstract 

This paper describes the journey for improvement of porous plug performance at LD#3 TSCR. 

The main goal of Porous Plug is to create bubbles to oat out all type of inclusion present in 

liquid steel as well as temperature & composition homogenization in secondary metallurgy  .The 

cleanliness of steel is always a big issue in secondary rening & hence Porous plug plays the 

most important role there. Different type of Porous plug is available in the market like Random, 

Slot, Segment, Hybrid etc. Porous plug has been selected for any steel industry depending upon 

the application, chemistry of steel, ladle size & conguration etc.  Reduction in bottom purging 

efciency results in use of top lance purging, which ultimately results in improper 

homogenization of temperature and chemistry which causes downgrading of steel quality.  

Present Bottom purging system was introduced in TSL JSR LD#3 from 2016 & there has been 

continuous study, analysis & different measures taken to improve the purging performance.  

 

Porous Plug material characterization ,postmortem analysis, Trial of new design porous plug, 

Improvement in physical observation of purging through camera, improvement in safety Pad 

Inspection, Improvement in argon gas line connectivity, Auto coupler & mechanical leakages, 

Purging Plug maintenance improvement (Usage of PFD), Purging Programmer improvement, 

HMI   control & display improvement, Ladle Logistic Improvement, all these various studies & 

initiatives were taken to improve purging performance at LD#3. Currently the full bottom 

purging efciency at LD#3 is 97%, further work is ongoing to achieve 99% full bottom purging 

efciency.  
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Modern Techniques In Improving Steel Quality In Tundish  
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Abstract 

In high productive steel making shop, the challenge has been to maintain or even enhance the 

steel quality without compromising on the steel plant productivity. The challenge has been to 

maintain or improve the steel quality in the tundish during the casting without affecting the 

overall productivity.  

This directs the whole focus in having the perfect blanket of the active ux / synthetic slag in the 

tundish which remain in uid form even after the changes in composition and temperature during 

course of casting. Also to offer good effect on improving the steel quality the active ux need to 

have high potential to catch and importantly retain the detrimental inclusions like Al2O3.  

Allied Metallurgical Products Pvt Ltd, Bangalore has come up with excellent solution with 

the low alumina , carbon free active tundish ux – Insulex Basi 1.   

The product is easy to use and supplied in ne granular form. The product is carbon free low 

melting active ux which remains in liquid form even after absorbing large quantity of oating 

inclusions including Al2O3. The surface tensions of the product during casting is such that the 

oated inclusions are held tight and not allowing it to ow towards the SEN. The product is very 

effective in all steel grades specially Al killed low and ultra low carbon steel through slab and 

CSP casting.  

The industrial use of product by steel majors have reported absorption of alumina to tune of 25 - 

30 %, reduction in start up failure & rejections and control on slivers. Its also been reported to 

have uniform stopper position due to less deposits in nozzle.  
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Abstract 

 

In Bhilai Steel Plant (BSP), SAIL, SMS-III Steel Ladle Refractory Relining pattern was designed 

by the technology provider Primetals Technologies Limited (erstwhile Siemens VAI) along with 

RHI Magnesita (erstwhile RHI Refractories). After project stage the design was modied with 

monolithic refractories in back up lining along with change in lining pattern of working lining. 

The average steel ladle life of SMS-III increased with the modied design from 19.38 heats in 

FY 2018-19 to 38.78 heats in FY 2021-22. Along with increase of shop production the ladle life 

increased gradually, however, the in-house modied design has not only increased the ladle life, 

but also reduced the ladle side wall refractory failure. This paper is about the refractory design 

change by application of monolithic refractory material and improvement of BSP, SMS-III steel 

ladle refractory life through modication of refractory relining pattern. 

 

Keywords – Steel Ladle; Refractory Design Modication; SMS-III; BSP-SAIL 
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Abstract: 

Selection of Refractories for RH degasser particularly for snorkel is very critical and 

important as this equipment is used in severe operating conditions. The overall performance 

of RH degasser depends basically on three parameters. One is the direct bonded magnesia 

chrome (DBMC) brick quality, second is the design of Al2O3-MgAl2O4 spinel castable 

and third is its metallic shell and anchor design. At the same time the quality of repairing 

material particularly gunning mass is equally important to enhance the snorkel life. TRL 

Krosaki has done a lot of work in all the above areas and is capable to select or design the 

best quality refractories to get satisfactory performance based on operational parameters and 

grade of steel. Some of the plant produce more electric grade steel which is very corrosive 

to DBMC bricks. But the development of one special quality DBMC brick can withstand 

such severe operational parameters. Requirement of castable is also studied in detail and 

accordingly suitable castable is designed having excellent thermo- mechanical properties 

along with very good spalling and slag corrosion resistance. To improve the performance 

further it is suggested to reinforce the castable with the introduction of steel ber. Cooling 

of metallic shell is also mandatory to prevent the stability of the whole structure. One 

special kind of shell design along with cooling effect help to enhance the performance. 

While assembly of the bricks it is essential to make it with zero gaps in between to prevent 

the slag/metal penetration. A high precision equipment is used for grinding the surface of 

the bricks, in order to ensure assembly of the bricks with zero gaps and no mortar. 

In this paper, the details properties of DBMC bricks and Al2O3-MgAl2O4 castable are 

discussed. The assembling technique is also discussed while providing some pre-assembled 

snorkel with proper installation.  Finally, the performance of snorkel is discussed at 

different plants having different operational parameters. 

Keywords: Articial Intelligence, Machine Learning, Big Data, Digital Twins, Prescriptive 

maintenance, Refractory technology 
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Abstract 

 

In Bhilai Steel Plant, SAIL, SMS-III shop comprises of one RH degasser unit for production of 

ultra-low Carbon, low Hydrogen steel with average heat size 165 Ton. The principal function of 

RH degasser unit is removal of gases like H2, N2, O2 etc., natural decarburization, forced 

carburization with top oxygen blowing lance, liquid steel composition adjustment by addition of 

alloys, temperature adjustment and making clean steel as per customer requirement. The rst 

heat through RH degasser was taken on dated 08.10.2018. From FY 2018-19 to FY 2021-22 the 

RH degasser unit of BSP SMS-III has gone through average life of 44 heats to 81 heats 

respectively and in FY 2022-23 cumulative average life is 91 heats upto August 2022. From the 

initial starting phase to current status RH degasser unit has been stabilized along with the shop. 

This paper is about the stabilization of RH degasser in SMS-III, Bhilai Steel Plant (BSP), SAIL. 

 

 

Keywords – RH Degasser; Stabilization; SMS-III; BSP-SAIL 
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Automatic Mould Level Control With Eddy Current Sensor, Automatic Surface 

Inspection System and Wireless Continuous Temperature Measurement System 
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Abstract 

Vesuvius as a global leader in molten metal ow engineering develops innovative and customised 

solutions, often used in extremely demanding industrial environments, which enable our 

customers to improve their manufacturing processes. 

One of such solution is measuring tundish steel temperature continuously throughout the 

sequence even measuring temperature during preheat as well. The basic advantages of 

continuous tundish temperature measurement are: 

• Preheat temperature control to avoid refractory erosion & optimum gas consumption 

• Reduction of breakout risk due to high temperature. 

• Reduction of freeze out risks by ladle change anticipation 

• Productivity/ quality increase by casting speed adjustment as per steel temperature. 

• Better control and monitoring superheat temperature thus in turn saving energy. 

• Recording data throughout to investigate any event later. 

With the joining of SERT Metal to Vesuvius Group, the strengths and expertise of both 

companies were merged into a global Automatic Mould Level Control (AMLC) Solution, based 

on several tens of years with several hundreds of casting strands equipped with Vesuvius systems 

throughout the world. 

Reveal CAST is a fully automated surface inspection system to ensure the best quality of the 

produced semi products such as cast/scarfed/ground slabs, blooms, and billets. Based on the 

novel laser illumination and imaging techniques, the system produces extremely high-quality 

images from hot glowing surfaces, which are analyzed with state-of-the art Deep Learning 

algorithms.  
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Abstract 
FIBS is a company active in the development of technologies for the preventive maintenance of 

refractory linings of industrial furnaces. Since 1987, FIBS has developed high expertise and 

technologies are now daily applied in many factories around the world. 

Since 2019, FIBS has decided to develop its activities in India through a partnership with the 

company BFSC Bokaro. BFSC Bokaro has a team of specialized technicians who have been 

trained by FIBS in order to apply FIBS technologies in the best conditions. 

The technologies currently offered in India are mainly intended for Coke Ovens and Hot Blast 

Stoves.  

Coke Ovens 

Since 1992, FIBS has developed a complete line of products and equipment for the repair and 

treatment of coke ovens including ceramic welding, glass coating, S-Bricks, endoscopy, and 

liquid dusting (FIBS is the pioneer of liquid dusting).  

Hot Blast stoves 

FIBS was the rst company in the world to offer endoscopic-assisted ceramic weld repair in hot 

blast stoves. FIBS technologies applied to hot blast furnaces and coke ovens have already 

extended the life of many furnaces worldwide. The presentation will give a complete overview 

of the technologies and the application proposed by BFSC Bokaro and FIBS in India.  
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Abstract 

Steel plants and other metal producing facilities are large and capital-intense companies 

competing in worldwide market. This highly competitive environment demands seamless 

operations and full control over processes. Vesuvius Digital Services provide the tools which 

allow engineers and operating personnel to make decisions based on quantitative data, where 

previously, experience and naked eye measurements were the only options.  

Vesuvius Digital Services products provide remaining refractory thickness in metallurgical 

vessel with highest accuracy. 

ANTERIS laser scanner product line provides unique features and exceptional integration in our 

customer’s facilities. 

ANTERIS is paired with our own State-of the- Art HYPERION software suite, offering best 

performance in business and unparalleled integration possibilities. 

Laser contouring systems are devices designed to measure remaining thickness of refractory left 

in lining of a metallurgical vessel. This technology and systems are developed and Owned by 

Process Metrix which is a unit of Vesuvius.   
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Advanced Tundish Outlet Modif ier 
 

Paromita Sarkar,  
Vesuvius India Limited 

 
Abstract 

Advanced Tundish Outlet modier is a refractory product surrounded the outlet of tundish and 

Submerged entry nozzle. During steady state steel casting a boundary layer is formed along the 

oor of the tundish. 

Air ingress is happened through the permeable tundish lining creates reoxidation within the 

boundary layer leading to generating of undesirable non-metallic inclusions. During ladle change 

or draining the boundary layer and reoxidation species are entrained to the tundish outlet 

resulting in build-up in the ow channel below to mold. 

ATOM provides a physical boundary to contain the re-oxidized boundary layer (during unsteady 

state events such as ladle change or end of sequence drain. It is having internal steps as well as 

external lip. 

Internal steps are to generate turbulence to minimize cold/dead zones around the outlet also 

turbulence destabilizes vortexing during low level events in the tundish. It helps to 

maximize surface for collection of nonmetallic inclusions on the ATOM instead of in 

the ow channel below to mold. 

External lip helps to prevents entrainment of the re-oxidized steel layer along the oor into 

the tundish outlet and allows for reduced height of the device providing for lower drain 

levels at end of cast and reduced residual tundish skull It ultimately helps to reduce internal 

defects in nal steel products related to steel ow by 

• Less mold ow pattern changes related to cold steel inuence 

• Less mold level variations during rst heats (cold steel) due to stopper position 

uctuations (viscous effect on regulation) 

• Less surface defects related to improved steel ow regulation 

• Less stopper ushing related to solid inclusion deposition  
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Leveraging Digital Technology in Managing Torpedo Ladle Lining 

 

Bhukya Kiran *, Biswajit Sahu*, Biswajit Pal, Manoranjan Kr. Singh, 

Bankim Chandra Tripathy, Sujat Ali Khan 

TATA STEEL, Meramandali, India 

Mail id: *bhukya.kiran@tatasteel.com , *biswajit.sahu@tatasteel.com 

 

Abstract 

Efcient performance of torpedo ladle refractories is key for smooth functioning of steel plants 

operating at higher productivity levels. Condition of refractory lining of a torpedo is presently 

monitored periodically by visual inspection of hot face and thermal imaging of steel shell during 

shutdowns or between heats. Torpedo Hot Spot Detection System (THSDS) is an in-motion 

system that uses the infrared (IR) technology aided with digital techniques to capture the steel 

shell temperature and estimate the remnant refractory lining thickness during transport of hot 

metal from Blast furnaces to Steel making shops. THSDS automatically raises an alarm at the 

operating desk and triggers SMSs if the predetermined temperature threshold is exceeded. The 

alerts prevent dangerous and loss-making incidents of loss of containment of liquid iron. THSDS 

frontend allows the operator to monitor the health of all torpedoes in circulation. The system acts 

a decision support tool for the operator to stretch torpedo refractory life. Torpedo Hot Spot 

Detection System (THSDS) was developed by an inhouse team of Tata Steel in 2017 and is 

successfully implemented at its Jamshedpur and Meramandali plants. 

 

Keywords:  Refractory, Thermography, Torpedo ladle, Torpedo Hot Spot Detection System 

(THSDS), Infrared (IR) Technology, Digital 
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A comparative investigation of the physio-mechanical characteristics of amorphous 

and crystalline silica extracted from rice husk ash 

Ashutosh Gupta, Abhishek Kumar Singh, Manish Kumar, Vaibhav Kumar Singh,                          
V.K Singh& M.R Majhi, 

Department of Ceramic Engineering, Indian Institute of Technology (Banaras Hindu University), 
Varanasi, 221005, India 

Abstract 

Rice husks, which are considered to be agricultural waste, are often employed as an inexpensive 

source of SiO2 in the fabrication of composites that are based on silica. Despite the fact that 

much work has been published on the use of RHA as a source of silica, little precise information 

on the behavior of RHA collected at various temperatures is known. We provide a thorough 

investigation of the physical and mechanical behavior of silica made from RHA amorphous and 

crystalline silica. XRD is used to analyze the phase of RHA treated at different temperatures. 

Above 400 C and below 800 C, amorphous silica is formed. RHA undergoes a phase change 

between 800 and 900 °C; then it transforms to the crystalline phase. The cristobalite and 

tridymite phases dominate crystalline silica. The obtained RHA has particle sizes ranging from 

552.2 nm to 1212 nm and surface areas ranging from 0.258 m2 g-1 to 73.97 m2 g-1. The 

mechanical and physical characteristics of silica compacts made with RHA at various 

temperatures have been investigated. Because of the smaller size and disordered character of 

amorphous silica, the green density of silica compacts generated using crystalline silica is higher 

than that of amorphous SiO2. Compared to crystalline silica, sintered silica compacts made from 

amorphous silica have higher relative density and strength. The foregoing occurrence may be 

linked to amorphous silica's less viscous nature and higher conversion rate to the cristobalite 

phase. The bulk density and compressive strength of the produced silica compacts are 1.59 

g/cm3-1.97 g/cm3 and 20 MPa-52 MPa, respectively. The obtained data were compared to the 

SEM micrograph. 
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Effect of thermal treatment on phase and microstructural evolution of magnesium 

borate (Mg2B2O5) nanorod whiskers prepared via hydrothermal cum reaction 

sintering process 

 

Vaibhav Singh, Ashutosh Gupta, Abhishek Kumar Singh, Manish Kumar, V.K Singh,                     

M.R Majhi 

Department of Ceramic Engineering, Indian Institute of Technology, (Banaras Hindu 

University), Varanasi, 221005, India 

Abstract 

A single phase nano-crystalline Magnesium borate (Mg2B2O5) whiskers in the form of nanorod 

has been synthesized using an optimized Mg:B molar ratio by combining hydrothermal and 

reaction sintering process. Magnesia (MgO) and boric acid (H3BO3) have been chosen as 

precursor materials. Phase and microstructural changes of as synthesized magnesium borate 

(MB) crystals during the reaction sintering process in between 700°C to 1200°C has been closely 

examined with the help of various characterization techniques. All these facilities were used to 

ascertain the synthesis of single crystalline Mg2B2O5 nanorods. Phases of magnesium borate 

starts appearing on thermal treatment above 700°C. Phase transformation of magnesium borate 

from monoclinic to orthorhombic followed by triclinic was also observed during the thermal 

treatment. The optimum temperature to obtain pure triclinic Mg2B2O5 phase was found to be in 

between 1100°C-1200°C. However, fragmentation and agglomeration of magnesium borate 

nanorods ensues at 1200°C. So, all the characterization techniques of nanorod whiskers conrms 

the sintering temperature of 1100°C as an optimum temperature for the synthesis of nanorod 

whiskers for the successful application of the whiskers as a reinforcement for composites. 
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Thermo-Mechanical Modelling and Simulation for effective Refractory Design in 
Iron & Steel Industries 

 
Kushal Agarwal1, G S Debasisha1, Pranoy Ku. Dubey1, Tapas Shyamal1, Debasish Sarkar2 

1 Sarvesh Refractories Pvt. Ltd., Rourkela, Odisha 
2 Department of Ceramic Engineering, NIT Rourkela, Odisha 

 
Abstract 

 
Paradigm shift towards systematic and high-end technical approach is mandatory for adaptation 

and ensuring consistent performance. While development and performance analysis are 

concerned, herein, the main focus is given on the torpedo ladle refractory lining design in Iron 

making area and throttling impact on slide gate refractories in steel making area.  

 

In the area of torpedo ladle lining, refractory thickness optimization by maintaining shell 

temperature is always a challenge. Here, a heat transfer-based model using Simu-therm & ANSYS 

is considered to optimise refractory lining thickness by maintaining a shell temperature within 

allowable limit and the effect of using insulation board against steel shell has been evaluated.  

 

In the area of steel making, throttling is considered as the most critical operation to affect 

refractory life of collector nozzle during steel ow through slide gate refractories. A 

Computational Fluid Dynamics (CFD) based model focusing on comparison of negative 

pressure, ow pattern and streamline velocity with different opening ratio at the junction of slide 

gate top and bottom plate has been presented to evaluate the throttling effect on the slide gate 

refractories.  

 

By adapting such technology-based modelling and simulation, the process ensures adequate 

safety and performance during operations in Iron and Steel making areas.  

 
 
*Corresponding Author: Kushal Agarwal, Managing Director, Sarvesh Refractories Pvt. Ltd.  
(M): +91- 9776042221, k.agarwal@sarvesh.com 
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Quality assessment of critical shaped structural refractory blocks using novel NDT technique 

Saumita Gangopadhyay*, Monoj Halder, Prasanta Panigrahi, Navneet Sinha 
TATA STEEL, Jamshedpur, India 

Mail id: *Saumita.gangopadhyay@tatasteel.com 
 

Abstract 
 

In iron and steel industry various critical shaped structural refractory blocks are used mainly in areas like 

ow control system, vessel sleeves etc. Performance of these blocks are paramount for smooth running of 

operation with less downtime. Hence evaluating the quality of these blocks before installation in plant is 

important. Ultrasonic pulse velocity technique can be used for checking the structural integrity and 

evaluating the physical and mechanical properties of the blocks. UPV method can easily detect any internal 

aws/crack/ void present inside the material and gives qualitative idea regarding density and compressive 

strength of the material. This paper manifests the potential use of UPV technique for quality assessment of 

well block, vessel mother block and monoblock stopper. 
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Intelligent technologies for refractory spend management 

Debesh halder & Avijit Pandit,  

Mjunction services Limited 

 

Abstract 

Technology has created a rm footprint in spend management across industries. It has expanded 

in key horizons of connected process, automation, linking supply chain networks, tractability, 

Articial intelligence (AI), data analysis and forecasting. The different levers of technology 

offers specic features and have unique deliverables and thereby one need be focused on desired 

outcome and selecting the right technology levers t to its purpose. 

Being a strategic item for Steel manufacturing & Refractory producers, Chief Procurement 

Ofcers (CPOs) have specic challenges in managing spend of Refractory & it s raw materials. 

Cost maintenance, margins, consistency, continuity & traceability to name a few. No specic 

technology lever can meet these challenges in standalone. On contrary comprehensive digital 

suits developed for generic organizational requirement may not be the cost effective way either.  

Trend analysis of key raw materials like magnesia, Alumina, ocean freight are effective in 

decision making on the time horizon of sourcing. However those need to be coupled with 

demand supply scenario in domestic market to discover optimum price. More often than not it’s 

being observed ‘apparent view of the market is projecting a reverse scenario of actual sentiment’. 

In our recent past we have seen when a perfect competition is created under extreme volatility 

we could substantially arrest cost. Reverse auction is one of the proven tech-tool which creates 

perfect competition. But using the same in standalone may not yield same result. Systematic 

information gathering, assessment of price through cost models, assessing geo-political scenario 

& market sentiment, all have big role to play in creation of perfect competition. A 

comprehensive assessment of multidimensional cost inuencers’ are need of the hour & AI can 

leverage the same.  

Therefore CPOs managing refractory spend are challenged with identifying of existing & 

emerging tech-tools, assessment of t to use and cost benet analysis while adopting digital 

technologies or tech-based processes. They have to have answers for the following outcome: 

a. Is data analysis tool providing trends, insights, forecasting?  

b. Is the process is effectively capturing all cost elements? 

c. Is the tool capturing data on performance guarantee, Quality and delivery consistency? 

d. Is the process is exible to evolve negotiation strategies with changing scenario? 

Challenges in selection of right technology / tech process is high. However it’s worth investing 

time before deploying tech-tools. Because an effective implementation of right technology can 

create huge difference. 
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Advancements in Refractory Maintenance practices at RINL-Visakhapatnam Steel 

Plant 
L. Srinivasa Rao, V.Venkateswara Rao, Sandipan Roy, A.Pratik Priyank 

RINL-Visakhapatnam Steel Plant 

Abstract 

Rashtriya Ispat Nigam Limited, the corporate entity of Visakhapatnam Steel Plant is a public 

sector enterprise under the Ministry of Steel, Govt. of India. It is the rst shore based Integrated 

Steel Plant in the country having three Blast Furnaces, six LD Converters and six rolling mills, 

with a rated capacity of 7.3 MT Hot Metal and  6.8 MT liquid steel. 

Refractory Engineering Department (RED) procures the refractories and carries out the 

application of the same for  the core  production departments viz. Sinter Plant, Blast Furnace, 

Steel Melt Shop, Rolling Mills, Calcining Plant, Thermal Power Plant and Foundry for refractory 

maintenance of furnaces of these shops. Refractory maintenance practices followed in 

Visakhapatnam Steel Plant are mentioned. Various technological improvemental activities 

implemented for betterment of refractory maintenance practices in Visakhapatnam Steel Plant 

and the benets obtained are brought out. Initiatives in future for improving the refractory lining 

of various units of Visakhapatnam Steel Plant are discussed. 
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Introduction of newly designed ladle heating system to reduce the arcing time for 

improved performance of refractory 

Md. Sharique Aman, Shyam Jee,  INP Gupta, I. Roy , M. K. Kujur 

R & D Centre for Iron and Steel (RDCIS), Ranchi – 834002 (India) 
Steel Authority of India Limited (SAIL) 

E-mail: sharique.aman@sail.in 
 

Abstract 

In Steel Melting Shop steel is tapped from steelmaking furnace e.g BOF, EAF or EOF. Liquid 

steel is sent for further rening in a number of alternative processes known as ladle metallurgy. 

Ladle metallurgy is sometimes also called ladle rening or secondary steelmaking. In Secondary 

Steel making stringent operating parameters and strict control on chemistry and consistency is 

involved for production of high grades of steel. In Secondary Steel making homogenization of 

chemical composition of liquid steel in the ladle, removal of carbon, oxygen, hydrogen and 

nitrogen, sulfur and undesirable nonmetallic elements is being done. For a certain grade of steel; 

these activities are governed by maintaining a particular range temperature of liquid steel. For 

maintaining the temperature range arcing is done. The arcing duration depends on the drop in 

steel temperature in ladle furnace. When the arcing duration increases due to drop in steel 

temperature, then it affects the refractory life of the ladle. The arcing duration was high in Steel 

Melting Shop of Durgapur Steel Plant which had detrimental effect on the performance of ladle 

refractory lining.  

The new ladle heating system was designed and installed for arresting the steel temperature drop 

in the ladle furnace. A coke oven gas burner was designed, fabricated and installed. It was 

utilized for on line heating of steel ladles placed over the transfer car waiting for tapping. The 

introduction of ladle heating system has reduced the temperature drop in steel ladle. It reduced 

the requirement of arcing duration and directly contributed in the performance of improved ladle 

refractory. 

 

 
Keywords: Steel Melting Shop, Secondary Steel making, ladle heating system 
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New Generation Ladle Slide Gates With Enhanced Ergonomics & Safety, and new 

generation high performance purging plug 

Sudip Banerjee & Jayanta Gupta, 
Vesuvius India Ltd 

Sudip.Banerjee@vesuvius.com 

Abstract 
 
LG3X is designed to adjust metal ow form ladle to tundish with highest safety & ergonomics in 
application of refractory for all variety of ladle sizes. 
OptiClean™ is the state-of-the-art porous plug, offering enhancements in durability and ow 
rate customization over the porous competition through: 

• High erosion resistance 
• Inclusion removal capability 
• Better temperature homogenization capability 
• Better Opening efciency (~ 100%) 
• Reliable Wear Indicator 
• Resistance to Steel penetration during Lancing 
• Multi directional ow through smaller bubbles 
• Requires less Oxygen lancing 
• Engineered argon bubble size for clean steel making 
• Combination of porous and Slotted 
• Options to have “Lead Catcher” in the purge plug - minimal spare consumption for the 

IPV Mechanism 
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Refractories & Laser Equipment (80%) Wire  (20%)

Product Monolithic Refractories Lasers & Probes Calcium & Alloy Wire

# of Produc�on 
Plant Sites

13 1 2

Key 
Differen�ators

•Most Durable monolithic 
refractory products 
•On-site Steel Mill Service
•Full service maintenance
•Total Costs of Ownership

• World leader in Fastest & 
most accurate laser
solu�ons

• Engineering solu�ons
• Local service
• Unique torpedo and 

Explorer scanner

•Solid core calcium
•Treatment solu�ons
• Injec�on systems –
CLUTM

•Consistency of 
recovery

Minteq at a Glance

$300M Integrated Solu�on and Technology Provider 
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