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Hot blast temperature refers to the temperature of the air that is preheated and directed into the furnace through the tuyeres, which are small openings that lead to the hearth of the furnace. The temperature of the hot blast has a direct impact on the various stages of the process and ultimately determines the quality of the iron and the quantity of the output.
One of the primary benefits of controlling the hot blast temperature is that it can significantly improve the quality of the final product. When the hot blast is maintained at a stable temperature, this can help to reduce variations in the chemical composition of the molten iron, resulting in higher quality steel with consistent properties. This is vital for industries, such as automotive, aerospace, and construction, which rely on steel with specific properties and performance characteristics.
In addition to quality improvements, controlling the hot blast temperature can also increase productivity. With precise temperature control, blast furnace operators can optimize the furnace's output, reducing downtime and improving efficiency. This can result in lower costs, higher production volumes.
A further benefit of temperature control is the potential for energy savings. By precisely controlling the temperature of the hot blast, blast furnace operators can reduce the amount of fuel needed to maintain the desired temperature. This can lead to significant energy savings, which not only reduce operating costs but are also environmentally sustainable, as they help to reduce carbon emissions. The ability to maintain a stable temperature within the optimal range can result in higher quality output, increased productivity, and lower operating costs.
In Port Talbot there are two blast furnaces with 7 stoves. Three stoves on No.5 Blast furnace and four on No.4 blast furnace. There are numerous issues with the hot blast stoves firstly with the nature of the temperature inside, refractory brick can break down and brick which could store heat efficiently can warp and reduce the efficiency of the heat storage. The steel shell of the stoves can break down and hot spots occur leading to water cooling to be introduced, this can then cause problem with rust and potential splits in the shell.  Over the last year there were many improvement projects to try and firstly increase the hot blast temperature and then to try and maintain the higher hot blast temperature for prolonged periods of time. The first part of the project was physically out on plant, with a renewal of a hot blast stove giving us a more efficient process and access to reach a higher blast temperature. The second part of the project which happened after the introduction of the stove was using some basic quality improvement tools to find root causes for our instability and try to gain control of our processes.  
[bookmark: _Toc135669429][bookmark: _Hlk130731765]Data collection, Collection methods and findings
The seven basic quality tools are a set of techniques and tools used in process improvement projects. These tools are used during the quality control process to identify and analyse problems, monitor progress, and improve business operations. They are widely used in manufacturing and service industries to ensure that the products and services meet or exceed customer expectations.
One of the data collection techniques used were run charts. A run chart is a quality tool used to track changes in a process over time. It is a simple line graph that displays data points in the order they were collected. The purpose of a run chart is to identify trends and patterns in the data, which can help to identify areas where improvements have and can still be made.
According to the Institute for Healthcare Improvement (2017), run charts are "an effective way to display data over time, allowing for easy identification of patterns and trends." The Healthcare Quality Improvement Partnership (HQIP, n.d.) also describes run charts as a "simple but important tool" for quality improvement.
To create a run chart, data is collected over a period of time and plotted on a horizontal axis (usually time) against a vertical axis (the process being measured). The data points are connected by a line, and any patterns or trends can be easily visualised. 
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Above is the data that was collected over a year period. The new hot blast stove was introduced in week 16 so firstly we can see a marked improvement in hot blast temperature.  Secondly if we take above data from figure 2 this shows us that the higher hot blast temp clearly reduces our standard reductant equivalent, this is the amount of fuel needed in the furnace. This causes a reduction in the amount of coking coal needed. We can also see on figures 1 and 3 where the quality of the iron is greatly affected by the stability in hot blast temperature. From week 19 to 34 with a relatively stable hot blast temp the amount of carbon and silicon in the iron was reduced to a range that satisfies our service level agreement with the BOS Plant which an aim of 0.65% with a standard deviation of 0.15%. And although figure 1 shows that our silicon doesn’t fluctuate much out of this range, figure 2 shows that we’re achieving this with less fuel so the process is cheaper, but the quality has largely stayed the same.
 What this data has given us is the ammunition to ask for more project work on the stoves and further work has been agreed to improve the condition of our other stoves, from new burner systems to new refractory brick.
Some issues that that was faced using this quality tool was, interpreting the data and the time it took, this is a large amount of data and only a select few in the business that could. Also, there are so many different factors to include that taking a cross section of data does give the full complete story, things to potentially consider is looking at the process from materials delivery to material prices and so forth. Even though the hot blast temp directly affects the amount of fuel you can use it doesn’t necessarily mean that we take those savings, the process can still be unstable and expensive regardless of hot blast temperature. But in conclusion the data suggests that with access to higher blast temperature the quality improves with less variation and the cost also improves.  
Another basic quality tool used were fishbone diagrams. A fishbone diagram is a visual tool used to organize and display the potential causes of a problem. The diagram resembles a fish skeleton, with the problem statement written on the head of the fish and the potential causes listed along the "bones" of the fish. The primary branches of the diagram typically correspond to major categories of causes, such as people, processes, materials, or equipment. The secondary branches correspond to specific factors within those categories.
The fishbone diagram is a helpful Root cause analysis tool because it encourages brainstorming and helps to organize and prioritize potential causes. Its visual format also makes it easy to communicate the results of the analysis to others.
According to the American Society for Quality (ASQ, n.d.), the fishbone diagram is a "useful tool" for identifying the root cause of a problem. The diagram allows teams to "collectively brainstorm and identify possible causes of problems, explore underlying issues and determine root causes, and organize ideas and categories." 
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[bookmark: _Toc135669913]Figure 4 Fishbone analysis of stoves process
When we looked at the fluctuations in our blast temperature there were many factors causing instability. One of the main problems is that due to external circumstances saw an exodus of experienced people and being replaced by people with little or no experience in operating. Also, what was highlighted was that our operating procedures where outdated and slightly confusing, especially for new inexperienced people. What was put in place to counter this was a stove daily stand up meeting (DSUM). In these stove DSUMs’ there would be a production specialist leading the meeting as someone who is experienced, coaching and mentoring the new operators. This led to less fluctuation in blast temperature as they began to be more reactive to the changes in the process as seen towards the end of the year in the run charts. Another thing that was done was to include various procedures as a form of process confirmation, the operators would take a procedure a day from the DSUM and go with the production specialist and go through the procedure mainly to gain knowledge but also to see how the procedure could improve and simplify. Another focus that came from the fishbone diagram was the stove condition itself. External shell temperatures are monitored via thermal cameras and are distributed to the relevant people. Water cooling is added but we have a procedure now in place with a temperature scale and what type of cooling medium should be added, if the temperature is in the amber range, air movers are used instead this doesn’t have the added risk of potential water rusting the shell. Also, as a result of these thermal reports, regular grouting is planned in every plant outage we have.  Camera inspections are now carried out on a frequency, this is to check the internal conditions the combustion chamber. And reports are then created and compared to previous ones do determine the efficiency value we include in calculations for thermal modelling. 
Some of the issues faced with using the fishbone diagram was that it was difficult to get everyone in the room at the same time for discussion. A lot of the actions produced landed on a select few with enough knowledge to put the systems in place which caused a lot of stress in the short term. Also as a result we began looking for a candidate for a competency assessor for the stoves, this person would be in charge of the training of the operating, there are equivalent roles for every sub process of the blast furnace but the truth of the matter is that there isn’t enough experience to fill this role. That’s why in part the stoves DSUM has been created, to improve knowledge of operators to the point we can fill this role.
[bookmark: _Toc135669430][bookmark: _Hlk135669249]Conclusion
In conclusion using these quality tools have shown how the department have already improved and shows the potential of where to improve next. The hot blast temperature has improved over a year period with systems now in place to continue maintaining that improvement. Next steps are to continue using basic quality tools to improve and sustain the hot blast temperature. Tools like pareto charts, Pareto charts are a graphical tool used to identify and prioritize the most important factors contributing to a problem or situation. This could help in determining what breakdowns are causing the longest downtime and we could compare this data to our fishbone diagram and ensure we have the right things prioritised. Goodwin and Wright (2004) note that Pareto charts can be especially useful in identifying the few vital factors that are responsible for most of the variation in a process, enabling improvements to be focused where they will have the greatest impact.
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Stove Thermal Reports
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Please see attached nspection reports for BF4 stoves & HBM - on blast.
Measuring date: 28" April 2023 (week 17)

o x13 amber alerts (combined) issued on stoves 10, 12 and HBM, temperatures breached normal operational guidelines i.e. 200.0 - 299.9 degC.

1 warning alert issued on stove 10, maximum temperature measured 417.8 deqC on tier 04, plate c.

X3 warning slert issued on stove 12, maximum temperature measured 334.9 deqC on the turret, northeast side.

Please review inspection reports for trend nalysis and [hotspot] mapping diagrams. If you have any queries, contact me directly.




