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Introduction
Anodization is used to thicken the layer of natural oxides on the outside of metal parts. This increases the metals corrosion resistance and can aid in the ability to colour the metal (material-properties, no date). During this process, the metal is submerged in a stainless steel bath/tank containing a sulphuric acid solution, but when not in use the bath is covered with a large stainless steel plate. This cover is completely removed during anodization of metal parts and requires 2 people to remove it. This project aims to design and justify a lid which can withstand the heat and acidity of the bath but which is safer and more convenient than the current lid. The client brief states that the cover must be safe for one person to remove or clear from the top of the tank, this reduces the risk of injury and harm as there are less workers involved. The brief also states that, to allow insertion and removal to the metal in the bath, there should be sufficient clearance from above and that the tanks dimension and material should not be altered.

Legislation considerations
Control of Substances Hazardous to Health Regulations 2002 (COSHH) : 
These regulations require that exposure to potentially dangerous substances is controlled or completely prevented by the employer and thorough risk assessments are conducted to be prepared for any incident that may occur due to the substance (HSE, 2002). The cover being able to be used safely by one individual will vastly reduce exposure and aid the client in aligning further with the regulations. 
Provision and Use of Work Equipment Regulations 1998 (PUWER) : 
PUWER ensures that all equipment used in industry must be safe to use and regularly inspected and serviced (HSE, 1998). This will impact how the cover is designed as it must be easy to service and change worn components. 
Lifting Operations and Lifting Equipment Regulations 1998 (LOLER) : 
These regulations outline the requirements for personnel when lifting or lowering heavy loads. It discusses the extensive training required when using complex lifting equipment and further emphasises the importance of inspecting the system for deterioration (HSE, 1998) . This means that by making the cover easy to use, the training requirements will be lower, therefore saving the client money and time.



Specification 
The new cover must completely cover the acid bath and stop any contamination or unwanted objects from entering. It must be safe to use and resistant to the acidity and temperature of the acid tank. 
Cover –
· Dimensions (mm) :
· Size = 1770x1020
· Material :
· Must be resistant to the corrosion caused by sulfuric acid over long periods of time
· Relatively lightweight 
· Handle temperatures to and upwards of 25°C
· Handle Mechanical stress 
· Design : 
· Must be operable by one individual from a safe distance 
· Prevent spillage during transport or accidental contact
· Easily manufacturable 
Tank  – 
· Size (mm)  = 1770x1020x1000
· Liquid height (mm) = 800 
· Material = Stainless Steel 
· Design – No changes to design 
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Planning – Time taken to completely read and understand the client brief and to create a plan to tackle the project.
Research – Understanding the key legislation is vital when creating a product involved in health and safety. This also covers the research of possible materials and mechanisms that can be applied to the problem at hand. 
Initial ideas – Using inspiration gathered in research, 3 possible design ideas will be sketched and annotated.
Refining – Analysis and comparison of possible designs. This will assess the functionality, safety, feasibility and longevity. 
Final design – Optimised final design with 3D CAD model and full technical drawing for manufacturer. 
Testing – Functionality and stress testing of cover and parts involved in mechanism. Prototype introduced to a dozen tanks in different locations to gather feedback from multiple sourced.
Analysis – Understanding of test results and feedback to further improve final design to be easier to use and preventing any possible faults leading product failures. 
Production – Final iteration of product plans are sent to manufacturers to be mass produced and used in industry.  

Relevant Research 
Material : 
Titanium – 
Typical uses include marine vehicles and aerospace technology as it is suitable for extreme conditions while remaining lightweight relative to its strength (allusesof, 2022). Although, titanium is only recommended for use at concentrations of sulphuric acid below 5% (T.H. Industrial Solutions, 2009) so would require a coating on at least one side. Titanium is also far more expensive per Kg than other sulfuric acid resistant materials.
PTFE – 
Often used in cookware and fabrics, it is also utilized in chemical industries as a coating on machine components which regularly comes in contact with corrosive substances (allusesof, 2020). This process of coating can be expensive and time consuming when considering the production of covers in the hundreds. 
PVC – 
PVC is mostly used in bottles and pipes due its corrosion resistance and strength relative to its weight (Sciencing, 2022), it is also lightweight as its density is low. However, PVC is also brittle so would need to be a sufficient thickness to avoid falling objects from breaking the cover and entering the tank.
Hastelloy – 
Used in many chemical processing applications such as reactors and chemicals and also in extreme condition vehicles (Good Luck Metal, 2024). Hastelloy is a popular choice when dealing with sulfuric acid but most likely has a higher density than the stainless steel currently used so would need to be made thinner. 
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Manufacturing Processes
Cover – 
The cover will be cut out of 3mm sheet of Hastelloy via laser cutting. The tabs and long edge strips will also be laser cut  but from large sheets of stainless steel before being welded to the sheet at the places shown. 20mm section of steel rods will be used to produce the axis on which the rollers spin.  Laser cutting sheet metal can be a relatively low waste solution and help to decrease costs when buying large sheets in high quantities. 
Rails – 
The stainless steel rails in which the rollers sit will be sand casted, before being inspected and possibly machined if necessary. Sand casting is considered cheap compared to other casting methods and can be repeated a high number of times (Aluminium Die Casting Company, no date). 
Rollers – 
3D printing will be used to produce the rolling wheels that carry the cover through the rails and hook onto the folding tray. They will be printed from ABS which is an extremely tough polymer so will operate for long intervals without replacement (tom’s guide, 2017).
Folding tray – 
The folding tray shall be formed from Aluminium and produced from laser cut sheets. The platform shall be cut as one piece. The hooks shall also be cut from the sheet  before being heated and bent into shape in a CNC machine and welded to the platform.
Justification  
The design and operation of the cover have changed majorly to improve safety and functionality of the cover removal process. The lid operates on four rotating wheels which slide through a pair of rails and onto a folding tray. The hooks on the tray catch the rear set of wheels and the tray folds steadily due to the spreaders equipped to either side of the tank. The material of the cover was changed to Hastelloy allowing a decrease in thickness hence a decrease in weight and cost of the cover. Hastelloy is also very resistant to Sulphuric acid corrosion, preventing the need for replacement or cleaning. The rails allows secure movement of the cover as it travels over the acid bath therefore ensuring complete coverage of the acid and decreasing the risk of damage to the cover. The tray decreases the strain put on the user when unloading the cover and allows this process to be conducted by one individual. 

Material Cost analysis – 
· Hastelloy 
Density = 8890 kg/m^3 (material-properties, no date)
1.770x1.020x0.003 = 5.4162x10^-3 m^3
Mass = 5.4162x10^-3 x 8890 = 48.15 kg 
Average Price = $50/Kg = £38.82/Kg
Cost = £1869.183
· Stainless Steel 
Vol of Rails = 8258000 mm^3 = 0.008258 m^3
Average Density = 7930 kg/m^3 (World Material, no date)
Mass = 65.49 kg per rail 
Mass per tank = 130.98kg 
Average Price = $2.74/kg = £2.13/kg (MachineMFG, 2025)
Cost = £279		
· Aluminium 
Vol = 0.0082135m^3
Average Density = 2700 kg/m^3 (World Materials, no date)
Mass = 22.17 Kg 
Average Price = $2/Kg = £1.55/Kg (Composite Comparison, 2024) 
Cost = £34.36 
· Estimate Average Cost Per unit 
The materials of the main components sum up to a total cost of £2,182.543, with the other parts included we can assume the materials per cover will cost upwards of £2400. After considering manufacturing costs, each cover could cost over £3000. 

Conclusion 
After assessing the key issues of the previous design and conducting research into alternative materials and the relevant legislation, a new design was conceptualised and modelled. The folding design of the acid tank cover produces a cover which is safer and more functional. The use of the cover now adheres closer to regulatory standards and can be conducted by one individual will decrease labour costs and improve efficiency. The implementation of this cover, although costly, would benefit the client in numerous ways and would be recommended. If the project was to be re-evaluated, research into more cost effective materials with similar properties to Hastelloy would be suggested. 
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