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1 Abstract : 


This essay explores and examines the process of Acid Regeneration and its potential application in Port Talbot’s Pickle Line production unit. The current area process will be discussed and several types of Acid Regeneration technologies will be critically analysed for their viability. The most applicable technologies have been discussed in greater detail, including a new technology which holds massive potential, before finally concluding which technology is the  most suitable for the plant.  


 


















2.1   Introduction 

In this essay the topic of  Hydrochloric Acid (HCL)  Regeneration will be examined and explored in order to ascertain its  possible deployment in the Port Talbot Pickle Line operation. Currently there are no Acid Regeneration systems  in place on the line and as such a constant supply of fresh acid Is required in order to maintain plant operations, this constant fresh supply is extremely costly while the disposal of the by-product of the pickling process or waste pickle liquor(WPL)  also adds to operational costs, while the environmental impact of disposal is further  cause for alarm . In South Wales alone TATA currently spends  approximately £4 Million per annum  on HCL, while the costs to neutralise and dispose of the waste WPL to landfill costs approximately  £1 million per annum.  Given  these annual costs, as well as the potential  benefits that are already apparent from  current  regeneration system implemented around the world in industry, several systems will be discussed here and critiqued to establish the most suitable for the Port Talbot Pickle Line.  Firstly, in order to understand the potential application of Acid Regeneration the current process must be discussed at greater detail. 
 
2.2 Current Process 

During the hot rolling process of strip  production,  “various oxide layers, rust or scale and other impurities”(Agrawal, Naman and Kumar Dubey, 2014) form on the strip, which if left unchecked would lead to quality issues upon dispatch and potential production issues such as strip breaks as further strip reduction is carried out. In order to remove these we pass the strip through a pickling process. Upon receiving the strip from the Hot Mill the strip is  quenched, prepped and  welded together to create a continuous production line, before the strip is fed into the pickling tanks. The strip then passes through 4 pickling tanks each with a higher HCL concentration than the last. A turbulent pickling technique is in operation which pumps the HCL directly onto the strip surface, this process is repeated until the acid loses is reactivity and becomes Waste Pickle Liquor (Ferrous Acid FeCl2).A t this point the liquor contains “ the dissolved metal salts of iron, chromium, copper, nickel and zinc as well as residual free acid” (Devi et al., 2014),  and as such will need to be treated locally where the liquor is  filtered and pressed into a solid, where at this point it is shipped to landfill while the water is treated at the Waste Water Treatment plant.  With this knowledge in mind it is now possible to discuss acid regeneration generally before focusing on more specific applications. 









3.1 Acid Regeneration 

Within the area of acid regeneration techniques there are several different technologies, the first of those being Acid Retardation, in this process a semi permeable  ion exchange column is used allowing the spent pickle liquor to pass though, after this process the column can be backwashed allowing for recovery of the acid. This technique is considered to be generally cost efficient but does create a high volume of waste material gas and salts are created. As  such if the system was to be implemented major ventilation and extractor systems would have to be put in place and costs of removal of waste material would still be incurred. 

Diffusion dialysis works similarly however it utilises an “anionic exchange membrane”(Bhunia and Dutta, 2018) to achieve the separation of acid and mineral  salts. There are multiple classifications of membrane regeneration, generically they are “considered to be simple, effective and sustainable because of large and well-defined area of contact, compactness and reduced size of equipment, no need of chemicals addition” (Regel-Rosocka, 2010), and are easily scalable to different sized businesses. However, this method is not without its drawbacks which include, large scale energy consumption and their applications have been to date mostly theoretical, as such they would most likely be an unviable option for Port Talbot.   The third type of acid regeneration is through Evaporation, the spent hydrochloric acid, water and ferrous acid are separated from each other then the acid is condensed and reclaimed however this also uses additional acid in the process ( H2SO4 ) and has a high energy consumption rates.
Arguably most suitable approach, which would provide the greatest percentage return of HCL for the pickle line is Pyrohydrolysis, which is a “roasting process” (Cullivan and Cullivan, 2016), where the unwanted ferrous chloride  is burned off to produce hydrogen chloride gas, which then reacts with water to form a reusable hydrochloric acid. Two notable examples of this process that have been implemented in multiple plants are fluid bed and spray roasting methods which will be looked at in greater detail in the next section. 

3.2.    Fluidised  Bed and Spray Roasting  Technology 
    
Spray Roasting involves spraying the atomized spent pickle liquor solution into a heated chamber, through intense heating, evaporation and oxidisation a fine HCL powder is discharged which has a constitution of approximately 18% w/w which is suitable to be reused for pickling. Fluidised Bed produces a concentration of approximately  17% w/w  “the conversion of waste acid into iron oxide and hydrogen chloride takes place in a fluidised bed at a temperature of about 850 degC” (Satyendra, 2013) compared to the spray roasting method which operates at approximately 450 degC. However one benefit of the utilisation of fluidised bed technology compared to spray roasting is the “iron ironoxide powder formed in the thermal process is pelletized” (Agrawal, Naman and Kumar Dubey, 2014), Arguably the biggest advantage this technology and these two discussed methods  possess over the other previously discussed methods is the current widespread implementation of the method, this technique has been proven to work  in large-scale industry while the other previously discussed  methods have mostly been tested under laboratory environment. However this is not its only advantage for example through the fluidised bed technology the by-product the iron pellets/ oxide can be recovered for further use in the steel making process or sold on. This greatly reduces the environmental impact of the pickle process by minimizing   waste material generated for landfill while also reducing the volume of water treated in the treatment plant on site.  There are causes for concern in relation to this method however, firstly large expenditure would be needed implement this method, not only through the initial commissioning process but to maintain training and operational standard on the machinery. There are also  high operational costs due to energy consumption and the issue of waste gasses being released from the process which again would require the instillation of ventilation and exhaust systems,  it is fair to argue that these costs are negated and recouped by  “the value of the recovered acids and savings in neutralization costs” (Kladnig, 2008).


3.3.   The new Technology: Hydrothermal Hydrolysis  

In recent years a new technology has been developed which is considered to be the most effective way to regenerate pickle liquor, with  theoretical regeneration rates up to 100%. Unlike the Pyrohydrolysis techniques energy consumption is extremely low and virtually no emissions are created from the process, through experimentation it has been found to remove “Fe, Pb, Mn, Cu, Co, Ni, Zn, Cr, Cd and Sn, mainly at pH higher than 9. Chemical analyses of the resulting impurity-free water indicate its suitability for discharge”(Ciminelli, Dias and Braga, 2006) , which would be highly beneficial to the plant as it would virtually eliminate further processing so reducing costs while simultaneously reducing environmental impact of the  pickling  process.  However one big drawback to the Hydrothermal Hydrolysis is the fact the technology is still in its relative infancy, as such implementation would not be advised, monitoring the development of the technology over the coming years and looking at other plants that choose to adopt the technology and assessing its impact. 
4.       Conclusion  

To conclude, hydrothermal hydrolysis  being the most effective “technology to clean spent pickling liquors from hazardous elements and, at the same time, to obtain a more valuable product” (Ciminelli, Dias and Braga, 2006) it is still in its infancy and  limited  information is currently available to make an informed decision on it. As such it has become apparent the most suitable Acid Regeneration technique for Port Talbot Pickle line would be Pyrohydrolysis, both the spray roast and fluidised bath can regeneration much of the spend acid for the line and as a result provide substantial savings. However as previously discussed, they are not without  their limitations, specifically high costs to initially set up, paired with  the ongoing costs of manning and operator training required to ensure the  equipment is operated correctly. Initially there would be a high expenditure with the adaptation of either of the Pyrohydrolysis methods and TATA currently operates a system where there is the expectation of return of investment within a twelve month period, which when factoring in the costs is unattainable with the Pyrohydrolysis method.  Alternatively there have been great strides recently in the diffusion via membrane and dialysis methods, although considered cheaper and easier to adapt to  these methods as discussed earlier are not without their costs and produce a significantly lower yield return on Acid Regeneration. It is important to note TATA have in the past assessed the possibility of adapting a Acid Regeneration system, both in 2008 and 2013 and in both these instances decided the “do nothing” approach was, for the business at that time the best option. It was suggested however that further research and investigation  should be undertaken and as such with the renewed push towards sustainability, erratic costs of HCL and ever increasing importance of reducing environmental impact these presented  Acid Regeneration solutions are becoming increasingly viable. 
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