




[bookmark: _Toc25171384]Summary

This report looks at the process involved in creating high purity nickel using gasses. This method is a unique method for production. The production method was firstly developed by Ludwig Mond, a chemist that was very revolutionary and shaped the nickel refining industry. He set up a refinery in Clydach that was dedicated to the production of nickel. 
The report focuses on the refining process still in use today. It outlines the four areas that are most vital to the process. It then delves deeper into the full process for three of the four areas. This was because the fourth area is not necessary for the production process. It describes how the natural gas (Methane) is broken into three gasses and hoe those gasses are used throughout the site. 
It also looks at the nickel industry and what products require nickel. It was found that a large portion of it goes into the automotive industry especially in electric car batteries. As this industry is rapidly growing, the demand for pure nickel will grow. It is also used in metallurgy so that metals that would normally be corrosive can have this removed as nickel is non-corrosive. By adding nickel, it can also change the melting point of a metal if it is properly combined.  
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1.0 [bookmark: _Toc25171386]Introduction.

This report will investigate the use of Nickel in industry, the way it is created as well and the material itself. It will aim to give the reader a better understanding of the process involved in creating the powder and pellets. It will also look at the affects that adding nickel to an alloy has to the overall material.
The nickel process was originally developed by Ludwig Mond, a famous chemist born on 7th March 1853. Mond is also famous for other processes such as recovering sulphur from by-products from the Leblanc alkali process and also improved on the Solvay process. Mond also founded the Mond Nickel Company [1], which has now developed into Vale. The report will look at the current version of the Nickel Carbonyl Process that was originally developed by Ludwig Mond. 
The process was firstly developed in 1902 by Ludwig Mond who created ‘The Mond’ so that the production of Nickel could begin. ‘The Mond’ was a nickel refinery set up in Clydach as he was living near by at the time of its creation. ‘The Mond’ has since gone through company and is now being run by Vale. A statue of Ludwig Mond has been built just outside of the main entrance of the refinery in memory of his work and achievements. 


2.0 [bookmark: _Toc25171387]Report.

The refining of Nickel can be quite a complicated process to complete with a high purity. There are a lot of gasses required to create the high purity Nickel. This is what Vale specialises in. It creates a type of Nickel that is 99.997% pure due to the process used. Surprisingly, the process used currently is very similar to the one used when The Mond was created. 
Within the Refinery, there are four key areas along with some areas that are not vital in the production of the nickel. These areas are the Gas Plant, Kiln Plant, Pellet and Powder Plant and the Effluent Plant. These Plant areas are the most vital to the overall refinery. 

3.0 [bookmark: _Toc25171388]The Process.

The process employed at Vale is similar to the method described by Crundwell, et al. (2011) but has it’s variation. This section aims to explain the process in greater detail. It will also look at three of the area’s in greater detail. this is because the forth area (Effluent Plant) is not necessary for the process except to clean the water throughout the refinery. 

3.1 [bookmark: _Toc25171389]Gas Plant.
[image: Image result for vale clydach"]The gas plant is possibly the most important area in the entire site. It has an input of Natural Gas which is then used throughout the plant for various purposes however, the Natural Gas must firstly pe broken down into three gasses. These are:[bookmark: _Toc25334822]Figure 1 – Gas Plant at Vale [10]

· Carbon Monoxide.
· Carbon Dioxide.
· Hydrogen.
This is done after the gas is desulphurised after it is mixed with superheated steam so that the natural gas can be cracked. Once the gas has been separated, the individual gasses are sent to containers to be distributed at a later time. 
3.2 [bookmark: _Toc25171390]Kiln Plant.
Within Vale, two types of raw material are shipped in these are FMW, which comes from Canada, and TNOS, which comes from Japan. This will concentrate on the FMW as it is currently the most used in Vale. The FMW is comprised of 73.5% Nickel, 2.5% Copper, 1% Cobalt and 0.5% Iron. The raw material is fed into the Kiln which has four stages. These are:
· Reduction.
· Activation.
· Volatilisation.
· Stabilisation.
The kiln relies heavily on the rotational direction of the kiln, the speed of the rotation and the amount of time the material stays in each stage of the kiln. 
Within the reduction stage, the reduces the metal oxide as the matte is passed counter currently passed through a stream of Hydrogen. This stage rotates at a speed of 0.4 r.p.m over a period of 24 – 36 hours.
The matte passes through the activation stage. During this, a flow of sulphur dioxide and hydrogen is passed co-currently to the matte. This stage normally takes 8 – 12 hours to fully activate the material before it is passed on to the next stage.
The Volatilisation stage is the stage which is most important to the production of the Powder and Pellets with regards to the Carbonyl gas. In this stage, carbon monoxide is passed counter currently to the matte. This causes a reaction to material which produces the Nickel Carbonyl gas. This stage takes approximately 7 – 10 days. Once the gas is produced, a series of blowers transports carbonyl to the Pellet and Powder plant.
The final stage within the kiln is the Stabilisation stage. Any remaining solids is treated for 4 hours. The air within this stage must be controlled as the remaining material is highly flammable. It is then stored separate from the other areas as the material is still highly flammable after leaving the kiln. It is then shipped back to Canada as there are some metals within the remaining metal that can be reused for other purposes. 
Crundwell, et al. (2011) writes a similar method of producing high purity nickel using gasses. It also outlines some of the major disadvantages with this process. One of the main disadvantages of this process is that there are highly explosive gasses. This can be catastrophic if one were to ignite. Some of these gasses can also be toxic to people if they are exposed for extended periods of time. 
3.3 [bookmark: _Toc25171391]Pellet and Powder Plant.
The nickel carbonyl gas come directly from the Volatilisation stage of the kiln through a series of blowers. The gas is sent to either the Pellet units or to the Powder decomposers. Within Vale, there are 19 Pellet units and 7 Powder decomposers which are run constantly unless maintenance is needed on them.

3.3.1 [bookmark: _Toc25171392]Pellet Units.
The carbonyl gas enters the pellet unit and is fed through a heater. By adding the heat, the gas breaks down into its two main components. These are:
· Nickel.
· Carbon Monoxide.
The carbon monoxide is sent back to the kiln so that it can be used in the volatilisation stage and the nickel stays within the pellet unit. The nickel remaining in the unit passes through the system multiple times by a series of elevators. As it passes through it gradually grows in size as it is constantly having more heat and the new nickel from the carbonyl can attach to the older pellets. Once the pellets reach the top of the elevator, they are emptied into the reactor which, in-turn, leads to a sieve. The sieve filters the different size pellets. If the pellets are too small, they pass through the sieve to go around the unit again. If the pellets are the correct size, they are filtered off into a 4-ton container to be taken to the shipping department. 
[image: Image result for nickel pellets]The pellet units are able to make three different types of pellets. These are regular pellets, ‘S’ pellets and high ‘S’ pellets. The ‘S’ pellets include a small amount of sulphur ranging from 0.02% – 0.03%. This is preferred by some customers as they have specialised products that require this added sulphur. [bookmark: _Toc25334823]Figure 2 – Nickel Pellets [11]




3.3.2 [bookmark: _Toc25171393]Powder Decomposers.
[image: Image result for nickel powder]Compared to the pellet units, the powder units have a much tighter control. This is mainly for the flow of the Nickel Carbonyl has to be filtered through bag filters before it can pass through the decomposers. The flow must also be monitored as it passes from the kiln into the powder plant. Due to this control, two types of powders are used. These two are: [bookmark: _Toc25334824]Figure 3 – Nickel Powder [12]

· 123.
· 255.
The walls are electrically heated which breaks down the carbonyl gas. This again separates the gas into its two components. It is heated throughout its time in the decomposers as it slowly descends. The powder is collected in the consolidators after which, it is discharged into drums. It is then sent to the shipping department.  

4.0 [bookmark: _Toc25171394]Results.

4.1 [bookmark: _Toc25171395]Uses in Industry
In today’s metal industry “Nickel is one of the most important materials in industry” [2]. Nickel is a very important material especially in certain industries such as the automotive industry, power industry and the electronic industry. In its pure form, nickel is not frequently used, however, when it is alloyed with other materials it has a great many uses. Nickel Institute (2018) writes about some of its properties which include:
· High Melting Point (1453˚C)
· Corrosion and Oxidisation Resistant.
· Can be Deposited by Electroplating.
· High Catalytic Properties.
Due to the aforementioned properties and its ability to be alloyed with other materials, it has a great many uses such as stainless steel, coins, cars and others.

4.2 [bookmark: _Toc25171396]Powder Metallurgy.
Powder metallurgy is used to make different alloys. Nickel can have a major impact on the properties of an alloy after it has been added. Nickel can have effects such as altering the hardness along with other properties. Behera, et al. (2018) suggests that the optimim amount of nickel for sintering temeratures 900˚C - 1000˚C  in an alloy is 1.5% to 2%. 
To look at the other impacts of alloying Rojas, et al. (2016) has written about the affects of alloying Nickel with Copper. It tests two samples with different percentages of each. It tested 50% - 50% and 60% - 40% respectively. To test these different percentages, a series of experements were conducted including Electrochemical Testing, X-ray diffraction and Scanning Electron Microscopy. This report concluded that the Carbon/Nickel mixture had better corrosion resistance whilst at the same time having less ductility than copper on is own. 

4.3 [bookmark: _Toc25171397]Pellets.
Imanishi, et al. (1987) looks at the compressive strength of different metalic pellets moreover, it states the effects of adding other materials such as adding limestone. This increased the compressive strength of  CaO/SiO2. The pellets were subjected to a compressive load of 240 kg per pellet.
On its own, nickel has a Ultimate Tensile Strength of 317MPa [3], which is how much force a material can withstand whithout breaking whilst being pulled apart evenly. Compared to other materials such as ast iron, with an ultimate tensile strength of 50MPa [4], shows that it is able to streched further and to able to pass through the four stages of the test.  



5.0 [bookmark: _Toc25171398]Conclusion.
 
To conclude this report, the process that is still used in a modern day does not vary too much from the process originally created by Ludwig Mond. This shows how far ahead of its day the process actually was. Some of the technology has been changed to aid in the process and to attempt to make it more automated but the core principals of the process are the same. 
The process described some of the gasses necessary to complete the process. Many of the gasses were actually quite toxic to people if they are exposed to them. These gasses included Carbon Monoxide and Nickel Carbonyl. This is why there is such a strict set of guidelines when working on site. As well as being toxic, some of the gasses are also highly flammable. These explosive gasses include the Carbon Monoxide and Hydrogen.
It has demonstrated some of the effects of merging nickel with other materials as well at looking at the Ultimate Tensile Strength. It was found that nickel is able to stretch further that other materials including cast iron. 
As stated previously by Supriyatna, et al. (2019) “Nickel is one of the most important materials in industry”, which is true in a constantly developing metal industry. However, the modern process employed at Vale was developed over 100 years ago. This gives a clear indication that the process is still one of the leading within the Nickel industry. This also means that it must continuously improve so that it can ensure that it keeps it position within the industry. 
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