


1. [bookmark: _Toc529537807]Executive Summary

Corrosion of metals and other materials carry huge financial costs for both suppliers and consumers. To counteract these costs companies have been using a range of metallic coating processes in order to extend product lifetime. The report discusses four main metallic coating processes; hot-dip galvanizing, electroplating, thermal spraying and cladding. 
Throughout the UK all metallic coatings companies are required to work closely with the government and environmental agency to decrease the harmful outputs from their processes. The environmental agency has published documents that companies operating within this industry must adhere to. Despite some economists claiming strict environmental regulations may display a negative effect to the profit making side of a business, the findings show that overall stricter regulations improve processes and prove more cost effect in the long term.
Other findings confirm there are dangerous health and safety concerns for those working in these processes. Exposure to various forms of these metals, including chromium and nickel, have shown to increase likelihood of cancer amongst process operators. Ultimately, metallic coatings are essential across many industries, however more extensive research and development of current and new processes are required to lessen the environmental and health & safety concerns.
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2. [bookmark: _Toc529537808]Introduction

The manufacturing industry uses raw materials in order to mass produce large volumes of products for customers. These products, especially those used in the automotive or aerospace sectors, require protective coatings to resist against corrosion and ultimately enhance part performance. It is estimated that corrosion of metals in the USA alone costs hundreds of billions per year; almost half of this figure to replace corroded parts [1]. Furthermore, findings show that over three quarter of these costs can be avoided with the use of coating techniques [1]. Coatings used in industry can be divided into three main types; metallic, organic and inorganic [2]. Often coatings manufacturers favour using combinations as this helps produce improved chemical properties. Improved quality, shorter cycle times and lower cost of ownership, along with reduced costs and extended lifetime are critical to customer requirements in the automotive and aerospace industries [3]. 
This report takes a closer look at a range of alternative metallic coatings used for corrosion resistance, and discusses their processes. Increased pressure from the government, environmental agency and health & safety executive (HSE) to enforce strict industrial measures, requires a highly innovative approach from companies. All relevant manufacturing, environmental, ethical and health and safety implications are also analysed.
3. [bookmark: _Toc529537809]Metallic Processes

When investigating the various metallic processes, care must be taken with regards to material and technique selection to ensure they are compatible and suitable [1]. Parts or structures can be situated in either a mild or combative environment, those in the latter require a more specialised standard of corrosion protection [4]. Both theories agree that different levels of protection are required depending on the use. The author agrees and believes the environment plays a large part in dictating the type of coating required.
[bookmark: _Toc529537810]3.1 Hot-dip galvanizing 
Alternatively, may be referred to as ‘hot-dip plating’, this method involves the dipping of metal parts into different and combinations of molten metals. Zinc, lead, aluminium and tin are all popular metals used in this process [5]. Before parts are coated they must be cleaned and prepared appropriately. The part must be dipped continuously through a bath of zinc [5]. A galvanic reaction takes place with the carbon dioxide in the air, which ensures the zinc prevents iron from rusting, even if the coating is damaged; therefore no iron would rust until all the zinc disappears [5]. Many parts may then be re-coated without undergoing any physical alterations. Immersion time, withdrawal time and bath temperature are all “physical parameters” that need suitable adjustment to produce the required coating [6]. In industry specific chemical property requirements and limits will be set by the customer, these criteria must then be met by the supplier. For tin platting prepared steel sheets are placed in a bath of molten tin, before then being transported through rolls in a palm oil bath which removes the excess tin [5]. The hot-dip method is probably the most common method of metallic coating, mainly due to the ease and low costs involved in the process.

[image: https://www.erectastep.com/wp-content/uploads/2017/11/The-Galvanizing-Process-Illustrated.png]
[bookmark: _Toc529452258][bookmark: _Toc529537740]Figure 1- Hot-dip Galvanizing Process, Steel Ladders Coated In Zinc [7]
[bookmark: _Toc529537811]3.2 Electroplating
Process involves plating one metal part with another. Aluminium, cadmium, chromium, gold, nickel, silver, tin and zinc are all commonly used coatings. One positive electrode (anode) and one negative electrode (cathode) are connected to a battery then dipped into an electrolyte solution; a current is then passed through the solution. The positive anode of the coating metal replenishes the solution and ions the irons are attracted to the part of the negative cathode, in turn coating the desired part [5]. The electrolyte solution and the anode must be the same coating metal, whereas the cathode that requires coating be a different metal. The metal in the plate and electricity used in the process are the highest costs to the process and can be calculated beforehand [5].
[image: Image of electrolytic plating cell]
[bookmark: _Toc529452259][bookmark: _Toc529537741]Figure 2- Copper Electroplating Bath [8]
[bookmark: _Toc529537812]3.3 Thermal Spray Coatings
Another popular metallic coating method, best described when particles such as stainless steel are heated up and sprayed directly onto a substrate [9]. In order to achieve desired coatings; metals, metal oxides, alloys, metal ceramic blends, wires and rods can all be heated up and sprayed onto a variety of different materials [10]. Both authors describe metallic materials being heated up and sprayed onto a surface, providing an assumption that this process could be easily applied to new or old parts for re-coating. The main variables for this process are particle temperature, velocity of spray and the density of flow. Due to the ease of the process and generally low associated costs, thermal spray coatings have widespread uses through industry [10]. Improved engineering performance also adds to the expected lifetime of the part. 
[image: thermal-spray-coatings2]
[bookmark: _Toc529452260][bookmark: _Toc529537742]Figure 3- Thermal Spray Coating Process [11] 
[bookmark: _Toc529537813]3.4 Cladding
Simply described as the application of a corrosion resistant metal added on top of a base metal. This can be achieved by either rolling sheets under high temperatures to form a welded like attachment or the addition of metallic powders, also under high temperature through a diffusion process [5]. Some common examples are aluminium/copper in the form of sheets, plates, wires and tubing or Monel/Inconel powders and pellets [5]. Generally, these coatings are low costing, however can vary between materials, thickness and size requirements.
[image: IMG 4952 1024x683 - The Key Benefits Of Nailstrip Metal Cladding and Roofing]
[bookmark: _Toc529452261][bookmark: _Toc529537743]Figure 4- Example of Metallic Cladding [12]
4. [bookmark: _Toc529537814]Environmental Regulations

Metal coating companies are required to collaborate closely with workforce, management, local area, government and environment agency (EA) to minimise the negative effect of their processes on the environment [13]. All current environmental guidance regulations from the EA can be found on the UK government website. A thirty-eight-page document on ‘The Surface Treatment of Metals and Plastics by Electrolytic and Chemical Process’ can be easily accessed by anyone with internet access [14]. 
Traditionally, strict environmental regulations have been viewed by economists has having a negative effect on a company’s performance and cut into profits [15]. Others have suggested if appropriate environmental regulations are implemented to “aim at outcomes and not methods”, then the results will provide huge benefits and more than offset the static compliance costs feared by economists [16]. Each viewpoint agrees that environmental regulations have an effect on companies, however the first suggests a negative effect while the latter a positive. A greener approach to processes will surely improve productivity on the whole, cleaning equipment and regular machine maintenance, can help maintain optimum levels of performance throughout tasks. When looking on a global scale, it must be noted that most countries have different environmental bodies and will be operating under disparate regulatory guidelines. Should a company feel one set of environmental guidelines would be too damaging to their business, maybe relocating elsewhere would prove a viable option.
Achieving greater process efficiency is the ultimate goal, and one way of ensuring this can be through improved resource management. By reducing the amount of materials and energy in the production process, while re-using and recycling as many products as possible, the need for both new material inputs and waste outputs can be minimised [17]. Most companies these days focus on using highly recyclable materials where possible, often re-using or selling on waste from their process to retrieve capital. Considering the top two production costs in industry are raw materials and energy rates, any way of lowering the overall costs of these through increased efficiency and resource management must be fully utilized. 
5. [bookmark: _Toc529537815]Health and Safety

[bookmark: _GoBack]All employers in the UK have a duty of care to their employees and are required to follow the ‘Health and Safety at Work Act 1974’ (HASAWA). Primarily the HSE and local authorities impose this piece of legislation, however there are other smaller bodies who also do so [18]. Health and Safety requirements vary from one place of work to another, depending on the nature of the working environment. For example, there would be far stricter safety measures in place working on the shop floor of a factory than sitting behind a desk in a government office. Most employees these days would be required to attend safety training days, first aid courses, fire awareness workshops and other relevant courses for their place of work. Up to date Safe Working Procedures (SWP) and Standard Operating Procedures (SOP) would be in place for all tasks, workers would also be required to perform a risk assessment prior to starting a job.
For workers in the coatings industry, there are many dangerous hazards that need to be managed. The main types of hazards associated within this industry are chemical, fire, gaseous and explosives. Looking at the electroplating process using chromium and nickel. Workers may be exposed to nickel sulphate, nickel chloride and other acids/solvents when cleaning process equipment. Exposure to chromium when weighing and mixing powders or the liquid form when using for the electrolyte are potential risks [19]. Both chromium and nickel are carcinogenic; while research has shown that nickel platers are at greater risk of lung cancer [19]. Carcinogenic hexavalent chromium released into the atmosphere through electroplating, can be inhaled by workers in the area [20]. Electroplating operators have an increased risk of exposure to carcinogens, even with the all the safety measures in place the hazardous fumes from this process can cause serious health risks.
6. [bookmark: _Toc529537816]Summary

The importance of metallic coatings for parts and products cannot be overlooked. A great financial burden placed on suppliers to produce durable products that can withstand the harshest of environments; with low cycle times, smaller costs and at the same time adhering to all environmental and health & safety legislation continues to be challenging. An innovate approach must be implemented by companies, with greater importance placed on improving current processes and developing new ones. Although some fear enforcing tougher environmental guidelines on companies may eat into profits, more evidence would suggest that in most cases this proves untrue. More safety measures must be implemented for those working closely with metallic coatings. Further research of the health effects and exposure limits of these carcinogenic substances could possibly offer guidance for the development of new and improved safety measures, for example, using suitable Breathing Air Apparatus while carrying out these tasks. 
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