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Introduction. 
Tata Group is a global giant interested in various avenues from chemicals, information technology to steel, it was founded in 1868 by Jamsetji Tata and is one of the world’s largest private-sector companies operating in over 100 hundred countries across six different continents employing over one employees as of FY 23 (Magazine, 2019).  The companies mission is ‘To bring enhancement in the quality of life in the communities’ (Magazine, 2019), the group has an embedded long term value based on leadership with trust. In 1868 the business was initially founded for trading purposes but Jamsetji laid the groundworks for future development and expansion, by 1907 Tata had established India’s first integrated steel plant (TATA GROUP, 2011). Since then the company has developed into one of the leading steel manufacturers worldwide. In 1999, Corus was formed through a merger of British steel and Kininklijke Hoogovens, in 2007 Corus was acquired by Tata Steel creating one of the worlds largest steelmakers. Since then tata Steel UK has supplied customers in many industries with ‘Full finished’ products, leading the way in providing almost 50% of the UKs carmakers’ steel requirements and accounting 60% of sales to the UK market. In its time as lead ownership of the business within the UK Tata has invested in over £1.5 billion including the rebuild of one of the two blast furnaces’, blast furnace 4 (=BF4) in 2013 (Tata Group, 2021). 
On average tata Steel UK produce ~3mt of liquid steel per year (Tata Steel in the UK, 2020) this purpose of this report is to determine an outcome in which the overall process on the blast furnace casthouses is kept to a standard of maximum potential, and availability. The potential for increasing availability reduces operational constraints and improves costs savings at the potential of >£500k per year. 
This report captures the recent success completed at TSPT completing a campaign record after implementing a enhanced installation repair schedules, while looking to the future at potentially increasing the campaigns even further. 
Problem Statement
The blast furnaces at Tata Steel UK, Port Talbot are comprised of two ‘Casthouses’, casthouses are the areas of plant in which the molten material (Iron and Slag) are directed from the blast furnace taphole to the torpedo lade cars. Molten material exits the furnace after going through a reduction process where the solid raw materials are reduced through a process to create a liquid product (HWI, 2024). When the molten materials exit the taphole they pass through the main iron runner (=MIR), under a ‘skimmer block’ (A skimmer block is what separates the iron and slag) where the iron and slag then go down their individual runners and end up at either the slag pools (for slag) or into a torpedo ladle (iron) where its then transported off to the BOS plant and through a process made into steel. The problem encountered by Tata Steel Port Talbot (=TSPT) is the length of which these MIR, secondary runners are able to stay at maximum availability so that the furnaces can operate to peak performance. The issues with the MIR at TSPT was inadequate to maintain optimal operational efficiency and cost effectiveness, several issues arise due to the limited lifespan of the MIR, including the frequency of downtime for replacement and maintenance, increased production costs, and potential product quality. It is therefore critical that the business must increase the lifespan of the MIR to address the challenges associated with previous operating ability. 
In 2016 all campaigns on BF4 were restricted to 220kthm, this was solely down to issues with structural movement and poor safety lining conditions which eventually resulted in a loss of containment (=LoC). In 2021 TSPT and Vesuvius worked to reduce the overall costs of MIR installations through ‘zoning’ runners, this enabled the higher quality materials to be used within the impact areas, and a lower costs material in the non-impact. This can be seen below in Figure 1.0.
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Figure 1.0 – The zoned MIRs in use on BF4.
From this change in installation refractory costs were cut by <£10k/campaign. The decision was backed through the use of 3D scanners which determine the wear rate of the refractory/thm. This data is used to enable to safely enable the extension to the campaigns where possible. However, during the current timing the campaigns could not be extended as issues with the structure around the MIRs on both the East and South casthouses were yet to be solved. So, in 2022 and 2023 the local engineering teams worked in coordination with the refractory production specialist to scope and expose the affected areas on both the East and South MIRs. The work required extensive engineering involvement and was executed well by all involved. On the completion of the all structural work the local day refractory team (=DRT) installed all new castable insulation and safety linings into the MIRs. But what is realized, and far more important is that this removes the restrictions, and enables the MIRs to be extended past 220kthm. 
Process Mapping
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Figure 2.0 – Process map of the increased campaign of MIRs.

Voice of the Customer/Critical to Quality
The customer is TSPT itself, the business as a whole requires the casthouses to perform better as results can be extended throughout the site. The key points would be – 
Reliability, consistency and cost savings – The longer the runner can stay in service the greater the potential output, and a reduction in the annual refractory expenditure. 
Environmental impact – The environmental footprint of any business is a major contributing factor to the philosophy of most businesses, especially Tata’s. The business has over the years adopted a hard stance to the impact it has over the environment, and anyway it can look to reduce that impact should be challenged.
Product quality assurance – A longer campaign of the MIRs will enable us to maintain product quality and consistency, reducing the overall risk of varying/defecting products. 
Long term planning – Investment in technologies, and processes or strategies to extend the lifespan of the MIR aligns with the longer term goals for achieving a sustainable growth and operational excellence. 
To summarise, the customer; TSPT emphasize the importance of the extension of the campaign life of the MIR to ensure maximum reliability, reduction in costs, enhancing operational efficiency and a reduction in environmental footprint to support the long-term business objective. 
Project Scope
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Figure 3.0 – Project Scope for the increased campaign of MIRs
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Project Charter
	Project Charter - Enhancing the lifespan campaign of the MIR systems at TSPTUK.

	
	

	
	

	
	

	Project Sponsor
	Tata Steel UK - Port Talbot 
	

	
	
	

	
	
	

	
	
	

	Project Manager
	Rhys Stroud
	

	
	
	

	
	
	

	
	
	

	Project Objectives 
	The aim of the project is to increase the lifespan of the MIR systems at TSPT to improve operational efficiency, reduce annual plan expenditure, remain as consistent as possible by reducing the downtime related to refractory outages, and enhancing the overall quality and reliability through the intended extension of MIR campaign life. 
	

	
	
	

	
	
	

	
	
	

	Project Scope
	The scope is to conduct an initial assessment of current operating systems to identify all the potential limiting factors. Develop and implement the enhanced system/strategy focusing on the extension of the campaign lifespan. Monitor and evaluate the effectiveness of the implemented system/strategy in the extension, and document all associated activities, findings and project outcomes with the aim of progressing the ideology elsewhere. 
	

	
	
	

	
	
	

	
	
	

	Project Deliverables
	Assess the current state of the MIR lifespan at TSPT. Enhance strategies and systems to extend the life, implement that the chosen strategy/system, and document the final outcome highlighting the key outcomes and findings. 
	

	
	
	

	
	
	

	
	
	

	Stakeholders
	Project Sponsor: TSPTUK
Departmental Manager/Line: Christopher Walsh
Operational Team: Trystan Herdman, Elliot Lawrence, and Thomas Bray
External Suppliers: Vesuvius UK LTD
	

	
	
	

	
	
	

	
	
	

	Risks and Mitigations 
	There are many risks when looking to extend the MIR lifespan - 
Risk - LoC through refractory failure in the MIR - Mitigation - Installation of safety and insulating backing linings of the MIR. Along with regular thermography of the MIR to ensure and potential hotspots are mitigated against. 
Risk - Secondary runner failure - Mitigation - Through an enhanced system more regular, thorough repairs to be conducted to ensure their security. Along with the same level of monitoring as the MIR through thermography and backing linings. 
	

	
	
	

	
	
	

	
	
	

	Constraints 
	Budgetary - Unable to increase expenditure to develop/enhance the physical structure of the MIR from an engineering standpoint (I.e. allowing more control of potential thermal cycling of the structural steelwork). 
Time - Cannot afford to have any system out for a longer period unless deemed totally necessary, this has an effect on the potential output of the furnace and worsen the opposite casthouse from a wear rate perspective = more expenditure in the long run. 
	

	
	
	

	
	
	

	
	
	

	Approval
	Project Sponsor: TSPTUK - Approved.
Departmental Manager/Line: Christopher Walsh - Approved. 
	

	
	
	

	
	
	

	
	
	



Measurement Variation
To help identify the potential measurement variations that can contribute to the increasing of the lifespan of a MIR involves understanding the KPIs that is linked to the implementation of enhancing the lifespan of the MIRs at TSPT. Looking at the two that cannot be ignored are – 
Temperature monitoring – Monitoring the temperatures within the linings of the MIR to help identify potential abnormal operating conditions, i.e. hotspots where the working linings has worn away excessively to the point that there is a potential for a LoC by detecting overheating or temperature fluctuations through an already established thermocouple heat monitoring system. 
Operational parameters/performance – Closely monitoring the operational parameters/performance can provide a valuable insight into the operating conditions within the MIR. Deviations from the expected KPIs can lead to potential issues that would require the immediate attention of the maintenance teams, i.e. casting performance within the runner, if the side is encountering issues such as grey iron, ingress into any potential voidage would result in the potential for an LoC to occur (as this iron would not be melted down from the liquidous material present). Or the frequent ‘drainage’ of the MIRs, refractories like to stay within a key parameter, they require consistency and most importantly to remain hot, any deviations from the normal operating temperatures rising the potential for cracks to occur (through the thermal expansion/retraction of the refractory material) and again opening the pathway up for a potential LoC.
Determine Data Type
There are many different types of data within Six Sigma, and the data that dictates can be used to supplement/dictate the potential use of the proposed project/change (Six Sigma Study Guide, 2013). There are numerous data types that could be used to evaluate the system such as – 
Discrete data: Data that cannot be further broken down once gathered, and if broken down will not make sense to those reading. Data types have a finite number of measurements and based on the counts (www.greycampus.com, 2017), examples are – 
· Number of people who are to pass a test. 
· Number of calls offered in a process. 
· Number of defects in a sample. 
· Number of days within a week. 
Continuous Data: Data that can be further broken down, continuous data can take on any value on a continuous scale (www.greycampus.com, 2017), for example – 
· Temperature. 
· Cycle time. 
· Profit.
· Distance.
The chosen data plan for the enhancement of the lifespan of the MIRs is the continuous data, it gives a more rounded precise understanding to the data gathered and aids in the understanding, and control of the project.
Data Collection and Assess Process Capability
Using continuous data plans, and the continuous data inputs to gather, and ultimately analyse. Looking at the below figures are the average cost per MIR installation of refractory per blast furnace. 
BF4 price per campaign average – 
	
	Campaign cost per campaign installation (BF4)

	Material
	Usage (Tonne)
	Cost

	Monolithic (Premium) 
	96
	£179,136.00

	Monolithic 
	85
	£138,635.00

	Skimmer block
	2
	£25,256.00

	Monolithic (Spray)
	6
	£1,053.60

	Dry vibe
	8
	£433.60

	Needles
	12
	£592.56

	Monolithic (Spray)
	3
	£4,002.00

	Monolithic (Spray)
	3
	£3,117.00

	Total
	215
	£352,225.76



BF5 Cost per campaign – 
	
	Campaign cost per campaign installation (BF5)

	Material
	Usage (Tonne)
	Cost

	Monolithic (Premium)
	165
	£299,145.00

	Monolithic
	30
	£35,337.90

	Skimmer blocks
	2
	£25,256.00

	Monolithic (Spray)
	9
	£13,486.05

	Monolithic (Spray)
	6
	£1,053.60

	Dry vibe
	8
	£433.60

	Needles
	12
	£592.56

	Total
	232
	£375,304.71



Designated tonnage per campaign – 
	MIR
	220
	kt



BF5 Campaigns – 
	Total tonnage on completion of campaign

	195530

	186160

	181030

	200000

	185274

	187000

	218840

	166788

	220280

	232430

	179000

	98220

	187000

	219612

	210735

	241182

	119685

	189927.4118



BF4 campaigns – 
	Total tonnage on completion of campaign

	221378

	199196

	196361

	212514

	174360

	222502

	279191

	197824

	226603

	229184

	211309

	217964

	181970

	222404

	125757

	269039

	257090

	214390.9412



The improvement – 
TSPT completed a singular campaign record of 331kthm during its most recent BF4 South casthouse campaign. The most ever recorded before was 281kthm, the campaign was regarded as a success and marked the beginning of future developments. The previous issues with engineering work meant that on completion of the extensive engineering work the desire to extend past the 220kthm point was something that was deemed necessary to unlock further potential from the existing refractory material in service. As mentioned previously the MIRs were drained in preparation to commence a Full Campaign (=F/C) at ~220kthm. Even though the MIRs are/have been more than capable of achieving far more, see Appendices A, B and C on previous scan data backing this statement. So, internally that it was our overall desire to begin to push these MIRs beyond the 220kthm point, in the subsequent campaigns on BF4 these have since been averaging ~250kthm, but we were still held back by skimmer, dams, secondary runners so work was done to introduce more controlled, additional side outages. These are labelled as ‘Campaign Extensions’ which aide in prolonging the life span of the MIR, and in-turn increase the availability of casthouses, and reduce consumption and refractory spending (£/thm has been reduced in this campaign to £1.10, in comparison to £1.60 in the previous). Working alongside Vesuvius, the concept was able to be actioned and completed successfully with BF4S campaign with a total tonnage achieved of 331kthm. 
The additional work was done safely and effectively in coordination with Vesuvius, as and when the MIR was drained Vesuvius 3D scanned the MIR which would enable us have the latest data to react effectively, daily the MIR thermocouples were checked to ensure no spikes went unnoticed, along with regular, more frequent thermal analysis conducted by Tata PCM engineers. MIR thermocouples were also analyzed in comparison to the last three campaigns and 61Long is the highest throughout that period measuring 374degC.
[image: ]
Process Analysis. 


Improve
As previously stated the BF4 MIR campaign targets are set to 220kthm/F/C with the current repair schedule set to conduct a Mid-Campaign (=M/C) every 120kthm. Currently with two stove operations on BF4 ~4.5kthm/day, in an ideal world this would ultimately be split between the two casthouses as 1:1 casting is of choice, 2.25kt/day, without any delays to casting performance relates to the following side outages – 
· M/C – 53 days (Average side outage of 36hrs).
· F/C – 97 days (Average side outage of 168hrs). 
With the implementation of the new repair schedule, M/C at 120kthm, campaign extension (skimmer, dams, MIR spray and remaining working lining scan) at 220kthm and the aim to complete ~300kthm, meaning a minimum of 35 days additional in service, this would all be dependent on the scan data received, Appendices A, B & C are the previous scans conducted on completion of F/Cs and illustrate the potential linings available for usage to us. And the new schedule would look more like – 
· M/C – 53 days (Average side outage of 36hrs).
· Campaign Extension – 97 days (Average side outage of 36hrs).
· F/C – 133 days (Average side outage of 168hrs).
If the repair schedule can be maintained, and ~300kthm is set as a benchmark for future campaigns, and is achievable on both casthouses this means a drastic cut in expenditure. If tonnages can be consistently met then there is potential there to save ~£600k per year through the reduction in one F/C on each casthouse per year. 
Using the data available to us we will be able to continue to monitor and prove this method of repair schedule to work to 300kthm on both the casthouses on BF4. 
Pilot Proposals
TSPT have already began to innovate other ways into the runner systems on the casthouses that have the potential to add additional tonnage to the campaign life. Sol-gel skimmer blocks and tilter have been proposed and are to go through a trial stage to ensure their viability. Currently at TSPT the use of high aluminate cement based refractories is used within the skimmers and tilters, although the high aluminate refractories possess the characteristics needed for production purposes there is still room to improve within the areas, Sol-gel technology enables TSPT to advance. Sol-gel materials process through a transformation which increases the concentration of particles  of the dispersed phase in the sol, the process of transition binds the compositions together to aid in the overall strength of the refractory product (Pogorelov, 2020). High aluminate cement based refractories behave ambiguously when operating in lower temperatures, often reducing the strength of the product (Pogorelov, 2020) (Lower temperatures can be seen when the MIRs are drained) the lower temperatures for sol-gel products enable them to operate far better when called upon, the hopes is that these products can secure the runners for far longer when in, and out of service. 
Validate Improvements
Control of the extended campaigns can be done in collaboration between TSPT and Vesuvius ensuring the control, and analysis measures implemented frequent MIR scans, regular thermography completed and monitoring of the thermocouple system integrated within the MIRs will enable TSPT to extend these runners beyond the given ‘norm’ and save the business both time and money in the long run. 








Appendices 
Appendix A – 
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Appendix B – 
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Appendix C – 
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