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The aim of this project is to research painted coatings that can be applied to mild steel and to experiment the effect that the number of layers will have on the corrosion resistance. In industry these layers may also be susceptible to scratches or dents. This report will test how effective the coatings will be under different circumstances.

Research will be mainly based on; 
· What is corrosion
· History of corrosion
· Why does corrosion occur 
· Chemical reasons for corrosion
· Types of corrosion  
· how barrier coatings prevent corrosion
· how barrier coatings are applied
· what methods are used to test coatings
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This project is an investigation into the corrosion properties of mild steel and the effects of layering a protective barrier coating to investigate the rate of reduced corrosion. Different forms of corrosion will be taken into consideration, focusing on the main areas that are likely to occur in the given conditions.
There are many companies that claim their barrier coatings can be painted onto an already corroded piece of steel and prevent further corrosion for many years to come. This report will aim to test the theory of corrosion prevention and show a visual representation of the effects adding gradual layers to the steel will have. 

Steel is used in thousands of different applications around the world and is relied upon heavily in the engineering industry. This wide use of the material comes with its drawbacks, such as corrosion. The global cost of corrosion is approximately £1.8 trillion per year. Due to this there are many different methods being used to combat corrosion. Coating steel with a variety of different corrosion resistant paints is a method of increasing the corrosion resistance. Coatings such as hammerite can be painted onto a steel part and layered every four hours to create a thick barrier which prevents moisture and grit from reaching the surface of the metal. 
Hammerite paint is a single pack, air drying corrosion resistant coating which can be applied to rusted steel surfaces. Hammerite is fast drying and capable of being coated multiple times every four hours. The resins are specially selected to form a glossy finish which is good at resisting dirt pick up. This coating can be used for both corrosion resistance and decorative purposes on ferrous and non-ferrous metals.
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Corrosion is a large problem in the engineering world, causing the deterioration of metals through the effects of environmental interaction. Corrosion is a natural process which requires moisture, a metal surface and oxidising agent. 
An oxidising agent is another substance which oxidises the material being corroded. There are two types of agents here, oxidising and reducing. Oxidising agents are those which give oxygen to another substance and reducing agents take oxygen from another substance. In regard to corrosion, oxidisation is a loss of electrons and reduction is a gain of electrons. (Clark, 2013) 
The oxidising agent is also denoted by the term electron acceptor. As corrosion takes place, the metals reactive surface converts to a more stable form. 
Numerous negative effects can form from the corrosion of metals. When metals corrode, their structure becomes weakened and can reach a point of not being safe to hold the load it was once able to bear. This can be dangerous in workplaces at it can lead to injury of workers if platforms were to collapse for example. Minor signs of corrosion should be maintained as they start to appear to prevent this. The average cost caused by the corrosion of metal worldwide is approximately £1.8 trillion. All metals corrode to a certain extent, however an estimation of around 30% of all corrosion could be prevented by using various protection methods  (Metal supermarket, 2016).

One method of attempting to prevent corrosion is to change the material being used, for example using corrosion resistant metals such as aluminium or stainless steel. These metals can limit the need for further corrosion protection as they already poses these resistant properties themselves. 
For metals which do not have such good corrosion resistant properties, protective coatings can be applied. These coatings are an inexpensive method of adding corrosion resistance to a metal. Painted coatings provide a barrier between the metal and the corrosive environment it is situated in, they create a layer between the two, preventing the transfer of electrochemical charges reaching the underlaying metal. 
A different method of coating metal for a similar level of added corrosion resistance is powder coating. This is where a dry powder is applied to a bare metal surface. Heat is then applied to the powder coated metal, this fuses the powder which then forms a smooth film over the metal. This film then provides a barrier, also preventing electrochemical charges from accessing the bare metal surface underneath.  Powder compositions can vary from acrylic, polyester, epoxy and nylon, which can all be used in this barrier coating method. A drawback of some powder coatings, such as epoxy based coatings is that they have a poor lifespan when exposed to UV. The sun will eat away at epoxy coatings within a few months and it will begin to erode. Parts that are frequently left in direct sunlight should use a different coating method as this low durability will not protect the metal for a long period of time. According to (Biller, 2019)  Zinc can further fortify the corrosion resistance of epoxy coatings and enables them to provide much higher corrosion resistance to ferrous metals.
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Corrosion is an extremely large and expensive problem which can cause buildings and bridges to collapse, leaks in oil pipelines and many more life-threatening problems. Corrosion in electrical appliances can cause fires and other faults. 
Corrosion is a process in which a metal deteriorates due to a chemical reaction between the metal surface and the surroundings it’s in. The rate of corrosion is dependent on both the type of metal being used, and the conditions of the environment that metal is in. There are also a number of different types of corrosion that can occur in these varying environments (ECS, 2019).

All metals are susceptible to corrosion, some more than others. Metals like mild steel and pure iron can corrode quickly, whereas stainless steel, which is a combination of iron and other alloys like molybdenum, is much more corrosion resistant. Some noble metals are much less reactive, meaning they very rarely corrode. These metals, for example; silver, gold and platinum are much more expensive than other metals due to their both their rarity and how they are able to resist corrosion and keep their appearance for many years (Landolt, 2007).

In general, corrosion occurs when the majority of the atoms on a metal surface oxidised, this damages the full surface. Most metals like mild steel are easily oxidised, meaning they lose electrons to oxygen. As this oxygen then gains electrons, it forms an oxide layer. 
The metal being corroded acts as an anode in the reaction, as the metal is oxidised it forms metal ions and free electrons. These free electrons reduce the oxygen, therefore gaining electrons and can form hydroxide. This causes a cathodic reaction. As the metal dissolves, metal ions can release into the solution and hydrate, this can cause added oxidisation and can allow a pit to form. Or, the metal ions can collect on the metals surface and create a solid compound. This would create a protective barrier and as this barrier expands, it can prevent further corrosion (CLSsilicone, 2016).

Oxidisation occurs when an atom or ion loses one or more electron in a chemical reaction. The opposite process to this is called reduction, where there is a gain of one or more electrons. 
When an atom, molecule or ion is oxidised, the oxidation state is increased.
When an atom, molecule or ion is reduced, the oxidation state is decreased.
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There are five main types of corrosion. Galvanic, stress cracking, localised and caustic agent corrosion. 

Galvanic corrosion is a common form of corrosion in which two metals have a different electrochemical charge and are linked by a conductive path. Corrosion then occurs when the metal ions are transferred from the anode to the cathode (one metal to the other). This process can be prevented by a protective coating that can limit the transfer of ions.
Galvanic corrosion can also occur when there is an impure metal involved. If an alloy metal which contains multiple different charges, one of the metals is vulnerable to corrode. The anodised metal is less resistant and loses ions to the cathodic metal which is positively charged (Vargel, 2004).

If the cathodic metal is larger than the anodic metal, the corrosion rate can be very high as the large cathodic surface area drives corrosion at the smaller anodic point. 
Corrosion can also occur in small sports or areas, rather than the entire face of a metal. This is known as localised corrosion. Localised is the most common and harmful form of corrosion. Pitting is a form of localised corrosion where the damage is done in one a single area on the metal surface and creates a pit. This is very hard to prevent and can cause cracks to form in structures. This often occurs in metal pipes. 
When a metal component is under a large amount of stress, it can undergo stress corrosion cracking along the grain boundary. This is where cracks can form, allowing for extra corrosion to occur. There are several reasons for stress corrosion cracking occurring, extremely cold temperatures, welding and thermal treating (extremely hot temperatures) (NACE international, 2019).
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If mild steel is exposed to an invasive solution such as sodium chloride in water, an attack will occur in the surface of the metal, starting with any defects in the outer oxide layer of the metal. A defect could define as a scratch, grain boundary or a natural gap in the outer layer of the metal. The mild steel is exposed to the salt solution at these defected areas which allows a reaction to take place. If an anodic reaction takes place here, ions and electrons can start to form. These can then be conducted through the natural oxide layer of the metal where a cathodic reaction can then take place. In this reaction dissolved oxygen in the solution are allowed to form into hydroxyl ions, these can then react with the ions from the metal and lead to the formation of hydroxide. As this hydroxide builds up it forms an oxide layer over the metal, this is more commonly known as rust (Schofield, 2002).
Anodic reactions occur when electrons are transferred from the anode (positively charged metal) to the cathode (negatively charged metal). As the electrons flow from the anode into the electrolytic solution such as salt water, this is known as oxidisation. The cathode receives these electrons through the salt solution, and this is called reduction. As this process occurs in a metal it can cause corrosion in the metal.  An anodic reaction which can lead to metal deterioration can cause a loss in the adhesion between the metal and its coating. This can lead to further corrosion as corrosive fluid can access different areas of the metal though these gaps underneath the coating and promote further reactions (Wypych, 2018).
	
[image: Rusting of mild steel.]The layer of rust on top of the outer film of the metal can be seen in this figure, although the rust has formed at the mouth of the pit it doesn’t completely stop the sodium chloride from accessing the anodic area in the underlaying metal. This means the metal is still vulnerable to corrosion. As the process continues the pit can widen further, creating a larger anodic area due to the deterioration of the protective oxide film (AZoM, 2001).Figure 1: Diagram of a pit/ crack in the oxide film of a metal part (AZoM, 2001)










[image: ]The reaction going on here is as follows; Figure 2: The oxidisation and reduction reactions of corrosion (Oxyplast, 2019)


Fe + 3O2 + 2H2O = 2Fe2O3H2O

(Steel) + (Oxygen) + (Water) = Hydrated ferric oxide (Rust)

Where, at the anode:
Fe   Fe++  + 2e-

And, at the cathode:
O2 + 2H2O + 4e-     4OH-


This process of corrosion requires both water and oxygen to be present, if either of the two are absent the process does not occur.
Parts affected by corrosion can become prone to deterioration in areas of the metals surface, this can lead to pits and gaps in the metals structure. The strength of parts can be weakened and the construction of numerous parts can become disrupted as they grow this layer over the oxide film. 
 A good example of this is the steel pipes cemented into the centre of concrete blocks to ad strength, these can corrode and cause structural problems within the concrete (Oxyplast, 2019).


Figure 3: Different types of corrosion (Oxyplastuk, 2019)
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According to (Sedricks, 1996) erosion corrosion is a form of corrosion which is accelerated by the by the velocity of a flowing corrosive liquid which sometimes contains solid particles which are able to cause erosion to a metal. 
Burrs left behind on a metal can disturb the flow of a liquid and can cause areas of turbulence when there is fast flowing fluid. This can result in erosion of the material and then lead to corrosion. Pits will form in areas of high erosion. This can then lead to further corrosion through different processes such as pitting corrosion 
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Crevice corrosion is a corrosive attack in the gap/crevice between two joining metal surfaces or one metal and one non-metal surface. It is formed by a difference in concentration of some chemicals. It often occurs at the heads of rivets or in nuts and bolts. Corrosive particles like sand and dust can build up and make it hard for liquid to remove. Oxygen In the crevice is then used by the corrosion process and due to the build up of dirt particles, it cannot be replaced. This means the opening to the crevice becomes cathodic. The tip of the crevice becomes anodic and this is where high corrosion rates can occur (cdcorrosion, 2019). A simple method to help prevent crevice corrosion is to weld components instead of using rivets or nuts and bolts.
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General corrosion is corrosion that attacks the entire metal surface at a relatively similar rate, where the corrosive conditions are applied. It is seen as loss of metal spread across the surface. There can be areas with more corrosion. And some areas with less, several areas of less corrosion can combine to make one bigger area of large penetration of corrosion. 
The rate of general corrosion can be shown as the average loss of metal per unit, over time. Or millimetres of metal lost per year (Corrosionpedia, 2017).
General corrosion is relatively easy to identify as the whole surface of the metal has an orange oxide layer.
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Pitting is a form of corrosion where localised holes are formed in the metal. Pitting is difficult to detect as other corrosion products can form on top of the pits, hiding them. Even a small pit with minimal metal loss can cause a whole system to fail. 
Pitting can stem from chemical or mechanical damage to a protective oxide film. Acidic water can eat away at the protective film and cause pits to form. This could include a low dissolved oxygen concentration or a high concentration of chloride. 
A protective coating not being applied correctly, such as some areas in the metal not gaining full coverage or localised damage could lead to pitting occurring (Popov, 2015).
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This is a form of erosion corrosion caused by gas bubbles which implode on contact with the metals surface, usually connected with sudden pressure changes in the fluids hydrodynamics parameters, such as in submerged propellers or turbine blades. In low pressure areas, gas bubbles can be produced. When these bubbles are shifted to high pressure areas, they collapse and produce pressure waves, which can erode protective films and lead to increased levels of corrosion in the underlaying metal. (Geitner, 2012)
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When stainless steels are held at a temperature above 500 degrees Celsius, chromium and carbon migrate to each other and if held at this temperature for too long they can combine to form chromium carbides.  This means that the grain boundaries do not have sufficient chromium to prevent corrosion and intergranular corrosion can occur, weakening the metal. (Stratton, 2007)
Mild steel is not an alloy steel and therefore does not contain vast amounts of chromium or other alloying elements. 
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Coatings made from aluminium and zinc are best for preventing galvanic corrosion in steel alloys. 

When coating, iron or steel is painted with a layer of zinc. This is to prevent oxygen and water from getting to the metal underneath. A zinc layer also acts as a sacrificial coating. Zinc is more reactive than iron and so oxidises first, instead of the iron. 
Hammarite paint is a coating made of mainly zinc phosphate. Both coating the metal and sacrificially oxidising instead of it. This synthetic resin is applied to the metal in a single pack, meaning it doesn’t require a second activating pack to work. This means once the layer of hammerite has air dried, it is capable of being coated multiple times, this can be done once every four hours. The resins used in the coatings give it a gloss appearance which also helps prevent the collection of dirt on the surface. 

Some advantages to using a corrosion resistant coating include; (Corrosionpedia, 2017)


· Good resistance to corrosion – metal pieces which are used in areas susceptible to corrosion are protected.
· Reduced friction – This can reduce unwanted things sticking to the metal, preventing unwanted adhesion. 
· They require a low amount of surface preparation and can even be painted directly on top of pre-existing corrosion.
· There is no primer coat needed, the coating can be directly applied. 


The minimal surface preparation includes creating a slightly roughed surface, which can be achieved by lightly sanding down the metal. If the metal has pre-existing corrosion, any moisture should be removed, and loose rust or dirt sanded off to help the paint stick to its surface. 
For metal surfaces which have pre-existing paint applied to them, this layer of paint should be abraded by the use of fine sandpaper to remove the outer gloss layer, the surface should then be disinfected and dried. The coating can then be applied to the component and any problems caused by the underlaying paint will become visible once it begins to dry, if needed the sanding process can be repeated and the coating can then be reapplied. 
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When applying the coatings to the metals surface it is recommended that a minimum of two coats are applied, leaving 4 hours between each coat for the coating to naturally dry. This will provide a thorough layer of the coating over the metal and ensure all areas have been covered. The temperature of the surroundings when applying the painted coating should not fall below 3ºc and an optimal temperature for good adhesion of the coating is between 8ºc and 30ºc with a humidity of no higher than 85%. This is according to the Hammerite official technical date sheet (Hammerite, 2019).

There are several different ways of applying coatings to a component, some can ensure a more accurate professional finish than others, for example spray painting rather than using a brush. The. advantages of using different methods to apply the coating are listed below. 

Brushing is a suitable method of application for small, complicated areas on a piece of metal. The paint pot must be opened and stirred well before painting on at least two coats to gain a thick enough layer to add sufficient corrosion resistance. This method is difficult to regulate the amount being painted on to different areas of the metal and can leave an uneven finish, areas with more paint than others will also take longer to dry. 
A roller can be used to paint the coating onto a sizeable flat area, if this approach is adopted the corners of the piece being painted should first be painted with a brush and then the remaining bare metal can be covered using the roller, this ensures the edges are fully covered as these are areas highly susceptible to corrosion.  

Spraying is an efficient way of coating a metal and ensuring that layers are evenly applied throughout the process. In the case of hammerite, 15% thinner should be applied and mixed into the paint which will help when spraying with a professional spray gun. A spray gun should be used with approximately 2bar of pressure and a slightly different layering approach should be adopted. Rather than applying one coat at a time and allowing four hours foreach coat to dry, three to four coats can be applied in this time. The 15% thinner which has been applied will allow the coating to dry in a shorter period of time, meaning one coat can be applied per hour with the fourth coat being a sprayed on heavier in order to gain the same finish as if the coating were painted by brush.

A metal coating such as Hammerite paint claims on their official website to surpass 1600 hours of ASTM B117 or the equivalent of 8 years worth of weathering when 100 microns of film thickness is applied. 
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‘ASTM B117’ is a salt spray test which is commonly used to test the corrosion resistance of metals, designed to show detailed information on the metal at hand and is approved by the department of. defence agencies.
ASTM B117 is a good test to show results on the corrosion resistance of different metals, finishes and those with coated surfaces. This experiment gives a very good estimate of what a metals corrosion resistance will be like in the marine environment as it can use methods such as simulation of conditions using wetness, temperature change and level of saltwater or fog.
Using a visual inspection to analyse the results of the test, you can determine which coatings or metals are most resistant to corrosion. It is very difficult to fully recreate the corrosive environment of the real world in a salt spray chamber as these conditions can be difficult to predict, however this method of testing is as close of a comparison as a simulation can get.

In order to comply with this testing regime, the Ascott salt spray chamber will continuously spray at 35ºc (+/-2ºc) with a water salt concentration of 5% sodium chlorine or (NaCl) (+/-1%). The testing chamber will be filled with test samples which have been pre prepared (Ascott analytic, 2019).
Before the testing chamber can be used, it must first be calibrated. The air temperature, air saturator temperature and chamber pressure gauge should all be calibrated to make sure the chamber is functioning to a high enough standard. 
A salinity refractometer is used and calibrated using calibration fluid at 3.5%. This is used to optimise the reading of the amount of sodium chloride in the water between the range of 0-28%. Salinity is a term used to describe the concentration of salt in water (RedSea, 2019).
When the corrosion chamber is in use, the salinity and temperature should be checked on a daily basis to ensure the parameters are being kept the same throughout the test. 

Before the test cycle can begin the samples must be prepared. Large mild steel sheets were cut to size, for this they were first measured and marked with a ruler and a marker pen. Each test piece was measured to 10cm x 10cm. The steel sheets were then cut on the band saw to ensure an accurate straight cut was performed. The sheets were cut into 25 samples in total. 
The most effective method of painting the samples in the corrosion resistant barrier coating was researched and is seen on the previous page, this option was decided to be using a spray gun, while thinning the paint with 15% hammerite paint thinner to ensure it could be easily sprayed.
The samples should be coated with a thin smooth coat of thinned hammerite paint and allowed an hour to dry, then this should be repeated once every hour for four hours. This will count as one full layer of the coating, so for the samples which have more than one layer, this four step method should be repeated up to five times. 















The method for this experiment is as follows:


· 10 of the mild steel samples should be left in the corrosion chamber for a two-week period with no barrier coating at all. This will provide an initial level of rusting which can then be sanded back and the coating can be painted on top. This will provide results of how effective the barrier coating is to a mild steel part which already shows signs of corrosion.
· 10 of the mild steel samples will be painted in the barrier coating from day 1in the corrosion chamber. This will be the second test in the experiment to analyse how effective the coating is to a piece of metal showing no initial signs of corrosion. These two sets of results will be comparable.
· From each of these sets of 10 samples, a different number of layers will be applied to five pairs of samples. For example, two samples will have one coat, two samples will have two coats, two samples will have three coats, and this will continue until two samples are coated five times.
· The remaining five samples will be used as a control variable in the experiment in order to show the results of the steel being left in the same conditions for the same period of time with no barrier coating applied. This will allow a comparison to be made between no coating, different levels of coating with no initial signs of corrosion and finally different levels of coating with two weeks worth of initial corrosion underneath.

Some cautionary measures taken place when beginning this experiment include;
Positioning the samples in the corrosion chamber in such a fashion that they do not touch or shadow each other, and no droplets can fall from one sample to another. Also setting a method in which the samples can be kept track of, knowing which sample is which without marking directly on the sample. This can be done by taking a photograph at the start of the experiment and labelling which samples have the different number of coatings applied, or lining up the samples in ascending order of number of coatings in a row and assorting whether they had initial corrosion or not by the column in the corrosion chamber.

The corrosion chamber once set up can begin the test cycling, while the test will be running all day, some exceptions can be made. The test will run throughout the week however results will be omitted over weekends where the machine will be turned off and test samples will be kept in a standard room temperature dry room. This may cause a minor effect to the results however will allow for weekly progress updates to be recorded on the corrosion growth.
Photographs should be taken of the samples before they enter the chamber, every weekend as they are taken out and then finally at the end of the experiment to compare corrosion change overtime. The final photos should betake before and after rinsing the samples with deionised water.
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The current global pandemic has led to early closure of the university and therefore prevented access to the workshop facilities from the end of March. Although there was sufficient time prior to this pandemic to undertake the experiment for this project, the procedure was left to a later date which then coincided with the closure of the university. In reflection, if this project were able to be repeated, the experimental procedure would have taken place earlier in the academic year, not leaving such short notice toward the end of the term. However, the early closure of the workshop was not able to be predicted and although the test would have taken place last minute, there was enough time to run the full course of the experiment in the coming weeks. This has limited the results of this study to published findings taken by external sources, however the experimental procedure remains very similar and results have been able to be gathered and analysed to find an opinion based conclusion to the original aim of this project. The results of the experiment are referenced to the company who undertook this procedure and the analysis is original to this paper.
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A study found by a company on a similar procedure has been chosen to analyse the results of their experiment. The testing procedure is very similar to the one planned for this project, using the ASTM B117 testing regime.

 The results found below in figures 4,5 and 6 are those of Marott Graphic Services limited. Below is the slightly different testing method used by the company to test the effects different layers of coatings have on the corrosion of steel (MarottGraphics, 2019).

In this testing procedure, mild steel test pieces have been cleaned and coated by a product of hammerite waxoyl which has been sprayed onto the test pieces to create a smooth barrier coating. In this experiment the coating has been applied in three different quantities, to test how effective the coating is as the layers gradually increase. The original method for this experiment was to layer the coating up to five times and test over time how this effects corrosion rate of the steel. However, the results being used have used a slightly different method of using three sets of samples with a light coating on the first set, a medium coating on the second and finally a heavy coating on the third set of test pieces.
The light coating is a single pass of the spray gun, ensuring the plate is fully covered. The medium coating is a similar approach, where the first layer is allowed to dry and then a second pass is sprayed on top to createa thicker film. The heavy coating is the thickest layer of the paint and is done by allowing the first two coatings to dry and spraying over once more with a dense layer of the coating. These samples were then left to fully dry naturally and then the experiment began the. next day. The saline solution used in this experiment is a 5% salt solution.

The photographs show a visual representation of the corrosion increase over time, to the samples with a different level of barrier coating. These can be seen on the next page. 
[image: ]





















Figure 4 : corrosion increase of lightly coated mild steel over time
Figure 4 shows the lightly coated test samples photographed after set timed intervals in the corrosion chamber. The first image in figure 4 is taken after 24 hours enduring the salt spray test. After 24 hours the lightly coated sample shows a small area of localised corrosion toward the base of the plate and some discolouration toward the centre of the plate. The second image, taken after 72 hours into the salt spray test shows the same localised area with darker, slightly more harsh corrosion and more discolouration around the rest of the plate.
Once this area toward the bottom of the plate oxidises it can create a gap underneath the coating which will allow the sodium chloride to seep through the coating and cause other areas of accelerated corrosion. After 144 hours the area around the drilled hole at the top of the sample and the top corners have started to corrode at a higher rate, these are commonly the areas which will be targeted first as it is difficult to apply the coating in the same density as the centre of the plate. The localised corrosion at the bottom of the plate has also expanded after 144 hours, covering a larger area and becoming darker and more red oxide forms. This rate of increased corrosion continues through 216 hours where the attack becomes more general over the whole metal plate, discolouring further and after 264 hours the corrosion has excelled, the area that first began corroding at the bottom of the plate has expanded further, slowly deteriorating. Finally, after 336 hours the lightly coated sample has signs of corrosion which almost cover the entire face of the metal. The most targeted area remains at the bottom of the test piece which can be seen to have started flaking and breaking away. The sample plate has now turned a red colour as it has oxidised almost entirely. 


Figure 5 : corrosion of medium coated mild steel over time

Figure 5 above shows the corrosion rate of a medium coated sample of mild steel after different increments of time in a salt spray test. The medium coating equates to two full coatings of hammerite paint. 
The first image in figure 5 shows the sample after enduring 24 hours in the corrosion chamber, from the image some very small signs of corrosion have started to show but there is no actual build up. However, after 72 hours the base of the test piece has begun corroding and some discolouration has also started toward the centre. Similar levels of corrosion after 72 hours with the medium coating can be seen after 24 hours with the light layered coating. 144 hours later the medium coated sample has increased corrosion around the base of the plate, when compared to the lightly coated sample the targeted area is roughly half the size and there is not as much of an oxide discolouration around the rest of the sample. 
Between 144 and 216 hours in the test rig the corrosion expanded over the plate and turned more of a red colour as the oxidisation increases and the solution seeps underneath the coating.
From 216 hours through to 336 there Is very little change in the amount of corrosion on the test piece, the localised area that can be seen toward the bottom of the sample has increased very slightly in size and only small signs of increased discolouration can be seen elsewhere.



Figure 6 : corrosion of heavily coated mild steel over time


Figure 6 is a collection of images showing the heavily coated test pieces in this experiment. From looking at these images it becomes evident that there is significantly less corrosion on the heavily coated samples compared to the lightly coated samples. 
After 24 hours the heavily coated sample shows no sign of corrosion and has heavy build up of the salt solution covering the test piece. 72 hours in the corrosion rig shows little corrosion, with a very small area at the bottom of the test piece beginning to react but no other corrosion elsewhere. 144 hours in the corrosion chamber is where the heavily coated sample begins to react more to the attack from the sodium chloride, in this image some increased corrosion can be seen at the base and around the drilled hole at the top of the piece. In comparison to the lightly coated sample after 24 hours, the heavily coated test piece shows roughly the same amount of corrosion after 144 hours, and the same as 72 hours for the medium coated test piece. 
Inspecting the test pieces further, 216 hours in the corrosion chamber shows little increase in corrosion, some added discolouration has occurred on the left hand side and around the central drilled hole. The image after 264 hours shows signs of further oxidisation where the piece has continued to corrode as a slow rate. The darker orange colour presents an increase in the reaction, to compare this test piece to the lightly coated sample, a very similar level of corrosion had occurred after just 144 hours. Furthermore, after the heavy coating had been tested for the 336th hour, almost no increase in corrosion seems to have occurred. 
From these results it can be determined that a heavy coating of hammerite paint, first being thinned by 15% thinner to enable it to be painted by a spray gun, has shown significantly better corrosion resistance than if a light or medium coat were applied. 
A single pass of the corrosion resistant barrier coating provided very little corrosion resistance to the mild steel test piece after undergoing a 336 hour salt spray test. This same duration of testing on the test piece with a double pass of the barrier coating showed reasonable corrosion resistance which can be compared to the equivalent of the single layered coating after just 144 hours.
The third and final test piece with three passes of the sprayed on barrier coating, providing the thickest film around the metal has shown the best corrosion resistance of the three. Which is to be expected from the added thickness of the coating. In comparison to the two thinner coatings, the heavily coated metal after the full duration of the experiment had the same level of corrosion as the thinnest layer after 144hours and the medium layer after 216 hours.

Whilst these results show a visual representation of the increase in corrosion over set periods of time, there are ways they could be made more accurate. If this experiment were to be done again with more time, two different methods could be used to gain a better understanding of how much corrosion has occurred. For example, one method of gaining a value for corrosion increase could be to measure the increase in size of the affected area over time with a ruler. These values of increased size could then be put in a table to create a graph representing the curve of corrosion increase in regards to time spent under corrosion conditions. Another method of calculating a value for the amount of corrosion increase could be to measure the weight of the samples after each time period spent in the corrosion chamber. This could be used to find a value for the deterioration of the metal over time. 
A method used in industry of calculating the size of pits formed through corrosion is the use of a 3D profilometer study. This method can be used to measure almost any surface and create a 3D image of the part. A Nanovea ST400 profilometer is a tool used to measure the surface of a part, calculating the size of pits. Density, area, volume and size can be used to calculate a value for the level of corrosion. An image will be produced showing the different depths of the part being tested using a colour key. Figure 7: 3D profilometer study  (Leising, 2014)


This can be seen in figure 7. The depth of the pits in a piece being tested can be measured and identified by the colour key on the right of the figure, red being the flat surface and through green to blue being the different depths (Leising, 2014).  
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Finally, to summarise this report the findings have shown that the increase in added layers to a barrier coating does benefit the corrosion resistance of a mild steel part. The aims of the project have been achieved through the help of a published experiment which undertook a very similar testing method of photographing the increased corrosion of steel samples spray coated in hammerite paint. 
The heavy, three pass coating provided the best resistance to corrosion showing significantly less corrosion after 336 hours in the corrosion chamber than a single pass of the coating.  Three layers of the hammerite paint provided a very close comparison to the amount of corrosion resistance after the full course of the experiment as one layer showed after just 72 hours in the corrosion chamber. 
The corrosion product of sodium chloride is resisted from accessing the underlaying metal through the coating and when sprayed onto a mild steel plate, allowed to dry and then coated two more times a thick film is formed. It has become evident from this investigation that the increased number of layers of the coating and therefore the thicker the film surrounding the metal, reduces the rate of corrosion. 
From this conclusion it can be recommended that when the use of mild steel is required in a corrosive environment, the application of spray painted hammerite coating is beneficial to the corrosion resistance of the metal. Another recommendation based from this study is that the added thickness of the coating improves corrosion resistance and that numerous layers should be sprayed onto the mild steel for better results.
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