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The manufacture of metal powders is a complex process. There are multiple ways in which the atomisation of metal powders can be achieved. Likewise, with the atomisation process, the screening process also needs multiple of variable controlled to maximise the yield of the product. Throughout the atomisation process, there are several variables that have to be controlled in order to manufacture the best quality product. The manufacturing process is split into six key processes. The first process being charge make-up. Charge make-up is where a charge is formulated using different elements. These formulations will follow a specification, according to what product is being manufactured. This charge will then be melted in a furnace and atomised according to a necessary specification. Once atomised, the atomised powder will be dried, and initial particle size distribution (PSD) testing will take place. The PSD will produce a theoretical yield. The screening can commence on the dried powder, where the appropriate screens will be chosen to maximise the yield. With the product being screened, the product will be blended to create a homogenous mix, where a sample will be taken when dropping the powder out of the blender, where this will be tested to ensure the powder meets the specification. By taking this sample at this point in the process, the sample conforms to ‘ASTM B215 – Sampling for Metal Powders’. If the sample has conformed to the specification, the powder can be packed and sent to the customer.  
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This report will cover how the manufacture of metal powder is undertaken. This report will include the current standards and regulation throughout the industry. It will also cover what the necessary processes are. 
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The process of Atomisation is the breakup up of liquid into a fine spray. With Atomising on molten material, the resulting spray commonly freezes into powder [1]. With the rapid growth in metal powder, there is a high demand for its use in rapid prototyping, injection moulding, and additive manufacturing applications. For the use of metal powders for additive layer manufacturing, the powder is required to have certain size, shape, and morphology [2]. There are multiple types of atomising. These being; Air Atomising, Inert Gas Atomising, Vacuum Inert Gas Atomising, Electrode Induction Gas Atomising, Plasma Atomising, Water Atomising, Ultra-High Pressure Water Atomising and Ultra-High Pressure Water Atomising [1]. This report will cover only water and inert gas atomisation methods. The design of furnaces for atomisation have developed rapidly over the years. The furnace melt size ranges from 25kg up to 100 Tones [3]. The most common furnace that is now seen in industry is a shunt furnace, where its predecessor was a box furnace. The main reason for the change in these furnaces was due to the change in The Control of Electromagnetic Fields at Work Regulations 2016 [4].








[bookmark: _Toc24621500]Inert Gas Atomisation 
[image: https://ars.els-cdn.com/content/image/3-s2.0-B0080431526000772-gr3.gif?_]When Inert gas atomising, the typical gas being used it nitrogen or argon. This helps to protect the melt from oxidation [1]. The nozzle set up for this process is typically known as, “free fall” or “confined”.  The below figure shows a schematic of the confined nozzle configuration [5].
This type of configuration is ideal for super alloys. Once the melt has been poured through the nozzle, the particles cool and solidify within the collection chamber. The particle size distribution can be controlled by adjusting the key parameters within the process. These parameters include; melt temperature, the nozzle orifice opening, and the volume and pressure of the gas. Powders that follow the inert gas atomisation route tend to be more spherical in shape [6].
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Generally, water atomising is similar to gas atomisation. The main difference between these methods is that gas is used to break up the melt stream instead of gas. The melt stream is impinged by high-pressure water jets which rapidly breaks up the flow and solidifies the powder. Many molten streams that have liquid as a medium, often use water as it is inexpensive [7]. Similarly with gas atomisation, the process is controlled by the melting temperature, the nozzle design, and the liquid volume and pressure.  Powders that are manufactured using water atomising tend to be more irregular in shape [8]. Water atomising is predominantly used in the metal injection moulding industry (MIM). The mim industry is known for very fine powder, with the median values being around 10 micron [1].
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Once the atomisation has taken place by either the inert gas or water process, the powder will be dried and an As Atomised sample needs to be taken. This sample is crucial to maximise the yield when screening. The sample needs to be representative to give a true reading of the theoretical yield value. ASTM B215 shows how a representative sample should be taken. The preferred method is to sample when the powder is in motion. This sample can then be analysed using multiple methods [9]. The best and most accurate method to analyse this powder is to use laser analysis. Laser analysis work by analysing tens of thousands of particles within minutes. The lasers critically analyse each particle by taking its x, y and z axis, which produce a micron size. When analysing the data, the key value is the d50, which is the median [10]. This value will show how coarse or fine the powder has been atomised. This will help the screening process to obtain as much product as possible. 
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To achieve a median particle size distribution of 30 micron, manufactures of metal powders have relied on ultrasonic and or air classification systems for decades, which has a negative impact on the yield of the product. With the major development in additive manufacturing and metal injection moulding industries, there is a high demand for fine powders [11].

When sieving metal powders using the ultrasonic method, a common issue that occurs is the blinding of the mesh, which reduces the sieving efficiency and causes damage to the equipment. The issue that causes blinding in the mesh is due to the characteristics of the particulates in the powder.  Russel Finex who manufacture sieving equipment, have produced technology that reduces the rate of blinding within the mesh [12]. A major disadvantage for using vibrating sieves for ultra-fine powders is the challenge to maintain a robust stainless steel screen cloth, which has an aperture of less than 25 micron. This has a big impact on yield as the efficiency of the process decreases, resulting in an increasing in production costs. 

A new screening technology called multi-frequency vibratory (MFV) technology has proven to overcome the issue associated with the conventional, ultrasonic system. A major advantage with this technology is the ability to be able to sieve particles down to 6 micron. The MFV technology is designed to be affective even when the powder has difficult characteristics, which are; wet, sticky and agglomerative. This new technology has an increase in acceleration within the motors by up to 500g, which produces a 10,000% increase in mesh acceleration compared to the traditional screening methods [11].
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Once the powder has been sieving to the specification, the product is blended. This creates a homogenous blend, to free the powder from any segregation that might have occurred within the process [13]. A sample is then gathered following ASTM B215, which is a similar procedure to the atomising sampling process. This sample will then be used for product sign off. The sample will firstly be checked to ensure the particle size distribution specification is met. This is typically done using sieve analysis, which entails of either Endicott or ro-tap analysis, with also the use of laser analysis to identify particles below 30 micron. The next step is to chemically analyse the product. The elements that will be tested will correspond to what is stated within the specification. Other tests such as hardness, apparent density and morphology will also be analysed, while the chemical testing takes place [14]. Testing of morphology is a new testing method that was brought in for the additive manufacturing and health markets. 
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From carrying out research from multiple different articles and from my own knowledge from working on the process for over three years, I can summarise my findings.

Starting off with inert gas atomisation. Gas atomisation is a very good atomising method for producing spherical powder. The more spherical the powder, the better quality the end user will receive. With the powders use in spray welding and coating products, the more spherical powder particles are, the better the flow of the powder. Hence, the loss chance of blocks within the welding nozzle. If blocks occur within the nozzle, then the greater the chance of damage to the user’s equipment. Water atomisation is still one of the most used atomisation methods in the industry, due the cost of using water is minimal and the water can be recycled after use to be used again. Even though it comes with extra costs, gas atomisation is the best method.

Combining gas atomisation with multi-frequency vibratory screening technology, this will provide the best yield from the most efficient process. This results in the processing time to meet the customers’ demands. 
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Numerous of industries are developing new technology which will increase the industry performance with the fourth industrial revolution on the horizon. 
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