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1.0 - Introduction 
This technical report will be based upon a recent trial conducted by myself within Tata Steel. The trial is centred around the integration of a potential new Taphole clay – throughout I will help you, the reader understand the importance of the integration and how it could improve our current process through diagrams, graphs and key literature. 


























2.0 - Content
2.1 – Taphole clay Introduction
Taphole clay (THC) is one of the fundamental components to a safe and stable operation within a blast furnace. Tap hole clay is the refractory material that is used to plug the tap hole of a furnace. Below is an image representation of this – 
[image: Diagram
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(The South African Institute of Mining and Metallurgy Furnace Tapping Conference, 2014.)
Fig 1.0 – Illustrative example of Taphole Clay in use plugging a Taphole
The taphole is periodically opened to remove molten materials from within the furnace via a hole – “Taphole” located in the hearth wall (Biswas, S, Sarkar, D, 2020). The performance of the tap hole is key to the success of a fully operational blast furnace. There are basic requirements that any clay must be able to meet to be considered for use – 
· Adhesion properties, the clay must have strong adhesion properties to be able to form a stable mushroom inside of the hearth.
· Great polymerization speed and plasticity properties.
· Resistant to slags.
· Environment and health friendly.
· Consistency in providing taphole length.
· Probably the most important characteristic is its ability to absorb vast amounts of heat at fluctuating temperatures without encountering any form of deterioration of its physical and thermal properties.




2.2 – The Different Types of Taphole Clay 
The below information is a general scope of what to expect from your taphole clay ranging from 1-5 respectively (lower-upper limits, 5 being excellent and 1 being poor). 
Table 1.0 - Process characteristic chart 
	Process characteristics
	Tar
	Tar/Resin
	Resin

	Polymerization speed
	2
	4-5
	5

	Plasticity
	5
	2
	1

	Texture at rapid heat
	2
	4-5
	5

	Texture at ramming
	4
	2-3
	2

	Oxidation resistance
	4
	2
	1

	Price
	5
	1-4
	1

	Environment
	1
	2
	4


(Biswas, S, Sarkar, D, 2020).
As you can see from the above chart there are three different types of taphole clay – Tar (Anhydrous), Resin based (Hydrous) and a Tar/Resin based mixture. The above information illustrates the differences between the key aspects of each clay and how they act differently (Biswas, S, Sarkar, D, 2020). 
Our current operations use 22BF which is a Distilled-Tar based clay. The trial that was complete was to determine the compatibility of our operations and whether the 33RS which is a Green Resin bonded clay could meet our expectations. The trial for 33RS was conducted to try and improve the environmental and health aspects for the cast house and surrounding areas.
2.3 - Health and environmental impacts of Taphole clay
For a very long time period THC has consisted of anhydrous tar that has acted as a binding agent. This tar has been very effective at its job; however, the tar comes with major problems that concern the environment and the health of those around it. One of the major problems with anhydrous clay is its release of volatile compounds. In the presence of high volatile matter, the mix becomes porous which affects its durability, not only that but the VOC’s play a significant role in the creation of tropospheric particles that create photochemical smog that is harmful to health. The other major problem with the use of Tar in THC is its content of benzo pyrene, which is a polycyclic aromatic hydrocarbon, this binds to a person’s DNA resulting in mutations and eventually causing cancer. It is therefore listed as a group 1 agent that is carcinogenic to humans (Rosch, M, 2019).

Environmental life cycles become an increased problem, we must consider the production of the THC, this is similar to many refractory materials as there are multiple raw materials used in the manufacturing process from mining and other processes that are harmful to the environment. There are many other problems associated with the use of distilled-tar bonded THC, however these are beyond the scope of this work. It is essential that we can come away from its usage and find a better, safer, more sustainable way in operating. The future integration to Resin-bonded clay is something that everyone agrees on. Prior to carrying out the trial in January 2022, there were 3 trials of the same clay in the previous months with too many inconsistencies in place to integrate the clay into full time use. 
Negotiations began with our supplier and we as a team within Tata agreed that a further 4th trial would commence where a total of 54T would be used.  
3.0 - Benchmarks/Goals of the trial
The initial benchmarks supplied by supplier were - To maintain or improve upon the performance of the 22BF that we currently have in use. Reduce the environmental/health impacts. Promote/educate the cast house operators of the benefits of Green/Resin bonded clays and to promote the future usage on both tapholes.
We also agreed trial targets with the supplier that are key to the process – 
· Taphole average length >2.8m.
· Taphole length (THL) is set within a specific range to ensure that unnecessary risks aren’t taken. The key for THL is to drain the molten material from the inner part of the hearth and this length in turn reduces the circumferential flow occurring in the hearth. A longer THL runs the risk of not tapping slag, which becomes harmful to the hearth. Too short THL it can lead false blows or again hearth condition problems. 
· Cast duration of 90(+) minutes.
· Cast duration is measured from initial tapping to plug time. 
· Slag ratio average of 75% on dual sided operations.
· NO splashy starts.
· A splashy start is an incident that causes the initial stages of a tap to become fierce and in a sense uncontrollable. Excess fumes, dust, pollution is caused usually resulting in a EIF being reported. 
· Good environmental performances, monitoring the EIFs. 
· EIFs are environmental reports logged against an incident that exposes the localised environment to higher levels of fumes, dust etc. 
4.0 – Data Gathering 
The trial began on the 17/01/2022 running until the 08/02/2022 where use of 33RS was carried out on both tapholes on BF5. As part of my role in the trial I conducted daily observations of plugging and drilling procedures below is an example of how I collected the data – 
4.1 – Gathering Sheet
Table 1.1 - Chart made to gather plugging/casting data.
[image: ]

Along with being there in person gathering the essential data I also had other means in which to gather the data. Tata have an intranet system that monitors all casting data, from this I also gathered key information to compile into the data gathering sheet. Below is an example of this – 




4.2 – Intranet System 
[image: ]
Fig 1.1 - Intranet system – Casting data
(For data protection reasons I had to blank out the current data)
 
5.0 – Average KPIs 
The furnace conditions throughout the trial weren’t optimum. There were disruptions in the early stages caused through the increase in coke rates resulting in coal blockages. As the trial progressed it emerged that blowpipes were filled with slag this consequently stemming into a furnace shutdown to clear the issue. On restart we saw furnace process instability continue for similar reasons resulting in further coal blockages occurring, also down to the quality of sinter being used. There was a planned maintenance stop too and prior to this occurring the furnace endured all coke operations in preparation. 
When the trial began on the 17/01/2022 it was only initially integrated on the North taphole, the integration period is around 48 hours before the previous clay inside of the gun is believed to be fully cleared. This can cause a period of instability this being the reason behind our procedure of integration on one taphole to monitor before committing the process on dual side. 
See below in the chart of the overall data gathered throughout the trial. In total there were 249 plugs using 33RS. Further information on the overall averages can be found below in table 1.2. 


Table 1.2 – Average KPI values during trial period
	Taphole
	North
	East

	Number of casts (n)
	176
	73

	Cast duration (min)
	75 
	70 

	Taphole Length (m)
	2.89
	2.99

	Slag Ratio (%)
	77
	75



In the initial stages of the trial, we encountered a lot of problems regarding the ramming pressure resulting in a significant amount of clayback occurring at each plug. Delving into the root cause we discovered that the gun cooling water temperatures were sitting at 50 degrees, something that is acceptable for 22BF, but clearly not 33RS. The temperatures that the clay was surrounded by affected its workability to effectively plug the taphole. 
A downside from our standpoint as Tata were the parameters provided by the supplier, these were found to be too widely spread not giving us a clear and concise understanding, thus resulting in ourselves having to experiment the cooling system at different temperatures. 
6.0 – Cast Duration
Cast durations prior to the trial with the use of 22BF was averaging around 86 and 88 minutes respectively on both tapholes. Cast durations were down throughout the trial on both tapholes. In figures 1.2 and 1.3 you can understand the averages and our disappointment in the cast durations. 

Fig 1.2 - North Cast Duration between casts 14163 - 14429 
The line of fit is included to illustrate the correlation. With a reasonable amount averaging at 75min. However, the durations that are sitting <75min aren’t acceptable and can lead to improper hearth drainage/damage. These were a cause for major concern for Tata. 
Throughout the trial the North taphole averaged 75 minutes, this was averaging 86 prior to the start of the trial. 

Fig 1.3 - East Cast Duration casts 14163 – 14429
7.0 – Data Comparison 
Throughout the trial the East taphole averaged 70 minutes, prior to the commencement of the trial this figure was around 88 minutes. 
Trend in place to show that there wasn’t an even correlation throughout the trial period; fluctuations throughout were severe – similar shorter casts seen on the North, however, from Fig 1.3 you could argue that it’s something more prominent on the East.
Throughout the report the use of many different basic quality tools is used to reference the data that was gathered throughout the trial. Scatter graphs can be used to display the array of individual points collected during a trial. They can help us identify correlations, and understand the positive/negative relationships that were occurring throughout the trial. (Yi, M, 2021).
During the trial a key talking point were the shorter cast durations. These are significant to our entire process and result in us having to spend more on an already more expensive product. For example, looking at the price points between the two, 22BF is £1,100/T as opposed to £1,500/T of 33RS. There is already a significant increase in price point between the two (These figures are fictional for this report but represent a true difference).
Looking at a 24hr period in which the 33RS is actively in use on BF5 compared to 22BF on BF4 in figures 1.4 and 1.5, below you can see that there were 12 casts on BF4 averaging 115 minutes using 22BF in the 24hr period compared to 15 on BF5 averaging 75 minutes using 33RS. 
7.1 – Cast Duration
Fig 1.4 – Cast Duration BF4 – Casts 43329 – 43340

Fig 1.5 - Cast Duration BF5 - Casts 14279 - 14293


7.2 – Clay Volume 
From Fig 1.5, the 24hr period on BF4 saw an average of 72L of clay being used per plug. This is within the working clay injection volumes that we operate at; 60-80L. 

Fig 1.6 – Clay Volume BF4 – Casts 43329 – 43340

Fig 1.6 In the 24hr period 74L was averagely used when plugging, again within our parameters. 

Fig 1.7 - Clay Volume BF5 - Casts 14279 - 14293

7.3 – Price Difference 
From figures 1.4 and 1.5 we can determine that there is/will be an increase in casts on BF5. This in turn results in more tonnage use of clay resulting in an increase in costs of around £300 in just one 24hr period, over a year this would be upwards of £110,000. 
8.0 – Average Clay Volume
Overall, throughout the trial we averaged 74L of clay volume in the North as seen from Fig 1.8 and 64L in the East as stated upon Fig 1.9. 

Fig 1.8 – North Average Clay Volume (L)

Fig 1.9 – East Average Clay Volume (L)
9.0 - Average Taphole Length 
Throughout the trial a key goal was met – taphole length averaging 2.8(+) meters. Leading up to the trial both North and East taphole length averaged around 3 meters. In the initial stages of the trial the taphole length was a bit unstable, however, after the 33RS was full integrated into the taphole the stability continued as seen with the 22BF. 

Fig 2.0  – North Taphole Length
The North taphole averaged at a steady 2.89m, this meets the goals set out in the initial trial negotiations. 

Fig 2.1 – East Taphole Length (m)
The East taphole averaged at 2.99m which great. The clay holds its length great; it also gives us and the casthouse crew confidence in this case. 
10.0 – Average Slag Coverage 
Average slag coverage was good throughout as seen in Fig 2.2. The North averaged at 77% and the East 74%. Slightly below on the East but nothing drastic that could be down to the burden/furnace conditions. 

Fig 2.2 – Average Slag Coverage

11.0 - Action plan 
Throughout the trial we saw plenty of things to be positive about; average taphole lengths, slag coverage, the ease for drilling. 
But at its current state the clay isn’t feasible for us. The parameters given were to variable, leaving a lot of room for problems to occur. The supplier would need to address these and supply us with the correct parameters for cooling, infection rates etc. The cast durations are a significant problem, the short cast durations leave us vulnerable to process problems and the definite rise in costs. We as a team within Tata are confident that the clay will eventually give us a solid replacement to 22BF. We have since relayed our concerns with the supplier and it has been agreed that a further trial will need to go ahead where our concerns are met with positive impacts.
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East	14163	14165	14166	14167	14169	14170	14171	14173	14174	14175	14176	14177	14178	14179	14181	14182	14183	14186	14187	14188	14190	14191	14192	14193	14199	14200	14201	14202	14204	14205	14206	14210	14211	14212	14213	14214	14215	14216	14217	14218	14219	14220	14221	14222	14223	14224	14225	14226	14227	14228	14229	14230	14231	14232	14233	14234	14235	14236	14237	14238	14239	14240	14241	14242	14243	14244	14245	14246	14247	14248	14249	14250	14251	14252	14253	14254	14255	14256	14257	14258	14259	14260	14261	14262	14263	14264	14265	14266	14267	14268	14269	14270	14271	14272	14273	14274	14275	14276	14277	14278	14279	14280	14281	14282	14283	14284	14285	14286	14287	14288	14289	14290	14291	14292	14293	14294	14295	14296	14297	14298	14299	14300	14301	14302	14303	14304	14305	14306	14307	14308	14309	14310	14311	14312	14313	14314	14315	14316	14317	14318	14319	14320	14321	14322	14323	14324	14325	14326	14327	14328	14329	14330	14331	14332	14333	14334	14335	14336	14337	14338	14339	14340	14341	14342	14343	14344	14345	14346	14347	14348	14349	14350	14351	14352	14353	14354	14355	14356	14357	14358	14359	14360	14361	14362	14363	14364	14365	14366	14367	14368	14369	14370	14371	14372	14373	14374	14375	14376	14377	14378	14379	14380	14381	14382	14383	14384	14385	14386	14387	14388	14389	14390	14391	14392	14393	14394	14395	14396	14397	14398	14399	14400	14401	14402	14403	14404	14405	14406	14407	14408	14409	14410	14411	14412	14413	14414	14415	14416	14417	14418	14419	14420	14421	14422	14423	14424	14425	14426	14427	14428	14429	3.2	3.1	3.3	3	3.2	3	3	3	3	3.1	2.9	3	3	3	3.3	3.2	3.2	3.1	3	3	3.1	3.1	3.1	3	2.9	3.1	3.1	3	3	3	2.9	2.9	3	3.2	3	2.9	3	3.1	3	3	2.7	2.8	2.7	2.6	3.2	3	2.9	2.9	2.9	2.8	2.9	2.8	2.9	2.9	2.9	3	2.9	3	3	2.8	2.8	3	3.1	2.9	2.9	2.9	3.1	3	3.1	3.1	3	2.9	2.9	2.9904109589041106	Cast number


Taphole Length in meters



North	44578	44579	44580	44581	44582	44583	44584	44585	44586	44587	44588	44589	44590	44591	44592	44593	44594	44595	44596	44597	44598	44599	44600	0.75	0.72	0.78	0.78	0.79	0.77	0.79	0.73	0.71	0.75	0.84	0.83	0.82	0.78	0.75	0.84	0.74	0.84	0.7	0.74	0.84	East 	44578	44579	44580	44581	44582	44583	44584	44585	44586	44587	44588	44589	44590	44591	44592	44593	44594	44595	44596	44597	44598	44599	44600	0.8	0.74	0.76	0.97	0.65	0.78	0.78	0.73	0.74	0.73	0.75	0.8	0.49	Date


Average Slag Coverage




Sensitivity: general

Sensitivity: general
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