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This report will include the current use of Exhaust Gas Recirculation, with a focus on using coolers to preserve life, efficiency and reducing harmful gases from entering the atmosphere by using Braze Filler Metals. The report will also explain what Exhaust Gas Recirculation is and why it’s now a vital part of automotive technology in the Powertrain System, the benefits of using Braze Filler Metals and how to apply Braze Filler Metals.  The report will also discuss the advancement of conventional and historical Braze Filler Metals, along with new types of Braze Filler Metal and how to braze the filler metal. There’s will be a review of health and safety requirement when handling Nickel Braze Filler Metal.

[bookmark: _Toc531371458]Exhaust Gas Recirculation 
[bookmark: _Toc531371459]What is Exhaust Gas Recirculation Coolers?
Exhaust Gas Recirculation is an important part in modern day vehicles, due to high regulatory requirements from worldwide governments to the environment. Exhaust Gas Recirculation is an emission control system that lowers the amount of Nitrogen Oxides emitted by the internal combustion engine. Nitrogen Oxide is produced when an engine is operating at high temperature, exceeding 1370°C. Nitrogen Oxides are then dispersed in to the atmosphere from the exhaust system, whereby it is classed as air pollution. (Halderman, J 2015). 
Exhaust Gas Recirculation coolers are used in both diesel and petrol engines vehicles. In diesel engines, Exhaust Gas Recirculation coolers are used to reduce the amount of Nitrogen Oxide emissions. This is achieved by recirculating a portion of an engine’s exhaust gas through the cooler and back to the cylinders, and by doing so, dilutes the Oxygen and acts as a heat absorber, which subsequently reduces peaks in combustion temperature. As Nitrogen Oxides are formed in a narrow temperature range, cooling the cylinders leads to reduction of Nitrogen Oxides formation and which leads to a cleaner, more sustainable, environment. As for petrol engine vehicles, Exhaust Gas Recirculation coolers are used to cool and recirculate a portion of the exhaust gases back to the air intake, by using a mixture of cooled exhaust gases and fresh air to decreases the temperature at which the fuel is being burned when the engine is under high load, which can improve fuel economy by 2-3%”. (Hoganas.com, 2018)

[bookmark: _Toc531371460]Material Used for Exhaust Gas Recirculation Coolers
The typical base material used for the Exhaust Gas Recirculation cooler body which consists of the cooling pipe, motherboard, shell, air chamber flange and water pipe stents are made of ANSI 316L Stainless Steel. Composition of 316L consists of Carbon 0.035% max, Manganese 2% max, Silicon 1% max, Phosphorus 0.045% max, Sulphur 0.03% max, Chromium 16-18%, Nickel 10-14%, Molybdenum 2-3% with Iron making up the remainder. (Wu, J, 2018)
A benefit of using stainless steels as the base material is the fact they have the capability to withstand atmospheric attack, for example corrosion. This is due to the combination of Nickel and Chromium content. (Americanwireedm.com, 2018)
[bookmark: _Toc531371461]Use of Braze Filler Metal for Exhaust Gas Recirculation Coolers 
Braze Filler Metal is commonly used when manufacturing Exhaust Gas Recirculation coolers due to its strong, leak tight properties and its capability to handle high temperatures when the engine is operational. Braze Filler Metal is available in Powder or Paste form and can be applied by screen printing, dispensing system or by powder spray gun. Applied materials are then subjected to a brazing cycle through a vacuum furnace. (Kay, D 2018).




[bookmark: _Toc531371462]Types of Braze Filler Metals Used on Exhaust Gas Recirculation Coolers
The most common material of Braze Filler Metal in Exhaust Gas Recirculation coolers is the internationally recognised American Welding Society (AWS) A5.8 BNi-2. This material is used due to the relatively low melting range for a Nickel based alloy, containing a nominal composition of Chromium 7%wt, Silicon 4.5%wt, Boron 3.1%wt, Iron 3%wt with the remainder being Nickel. Physical properties include Solidus melting temperature of 970°C with Liquidus from 1000°C with optimum brazing range of alloy between 1010 - 1175°C. The brazing range is made possible by the Boron content acting as a melting depressant. (Hoganas.com, 2018)
Another benefit of using BNi-2 is its good capillary flow characteristics in 0.03-0.10mm clearance joints. For optimum use of BNi-2 it is recommended to apply a minimum quantity to obtain the best joint properties with the least amount of diffusion. (Wall Colmonoy, 2013).
There is however, a new alternative Braze Filler Metal currently being used in the industry for Exhaust Gas Recirculation coolers. As highlighted with BNi-2, the Braze Filler Metal can be manufactured in either powder or paste form.  The new alternative, Instead of containing Nickel, Chromium, Boron and Iron as its constituents contain Chromium 30%wt, Phosphorus 6%wt and Silicon 4%wt with the remainder being Nickel. (Wall Colmonoy, 2018) 
This new type of alloy is deemed to be the future for brazing Exhaust Gas Recirculation Coolers due its zero Boron content and high Chromium. Even though commonly used BNi-2 does have its limitations due to it containing 3.1%wt of Boron. This can diffuse into the 316L Stainless Steel and subsequently reduce its strength.  (Rangaswamy, S, Foruna, D, 2014)
As a Worldwide leader in manufacturing of Braze Filler Metal, Wall Colmonoy, currently manufacture a brazing alloy commercially known as Nicrobraz 152®. This alloy contains the constituents mentioned above. According to official literature from the company, the Solidus melting temperature is 985°C with Liquidus from 1010°C with brazing range between 1030 - 1120°C. Nicrobraz 152® also has good capillary flow characteristics in 0.025-0.10mm clearance joints. (Wall Colmonoy, 2018)
The higher content of Chromium is a significant benefit for Exhaust Gas Recirculation Coolers due to its corrosive resistance ability in harsh environments as well as its mechanical stability at high temperatures. (Hartmann, T, Nuetzel, D, 2012)
The selection of Braze Filler Metal for use on ANSI 316L Stainless Steel is vital as ensuring that the Braze Filler Metal is significantly below 1375°C which is the melting point of 316L Stainless Steel to eliminate distortion. By doing so, this should ensure that the properties from the 316L remains intact after the braze cycle. (Peaslee, R, 2003)  
[bookmark: _Toc531371463] Methods of Applying Braze Filler Metal
There are multiple methods for applying Braze Filler Metal to Exhaust Gas Recirculation Coolers. The methods most commonly used, but not limited to, are screen printing, spraying and dispensing. Screen printing is used when a paste containing a metallic powder with a binder is applied to a fixed tool and moved to a precise position under a screen, then a layer of paste is dispersed on to the top of screen, thus coating it with paste in the required area. Spraying is a when a powder or paste is applied to the desired area with either manual or automated control with set amount for required thickness is dispensed. The dispensing method applies paste via a media of compressed air with a set pressure used to control a required flow rate through a needle for precise and accurate application. (Hoganas.com, 2018)
[bookmark: _Toc531371464]Use of Brazing Aids
The uses of Brazing Aids such as “Stop Offs” are very common prior or post applying of Braze Filler Metal an Exhaust Gas Recirculation Cooler or any component. This is to ensure that no excess Braze Filler Metal continues to flow when the brazing product is at the required brazing temperature. The “Stop Off” stops the molten pool from flowing in to an area where not desired. A typical constituent of “Stop Off” is a mixture of metallic oxide powders such as aluminium oxide, titanium oxide, yttrium-oxide and magnesium-oxide. (Kay, D, 2011)
A leader in manufacturing “Stop Offs” is Wall Colmonoy; they manufacture various forms of “Stop Offs” differing in composition, type and purpose. They can be bought in Water based, Solvent based, Cream or Powder and ranging in colours. The differences in colours are for specific application. For example, Nicrobraz Green Stop Off Type 2™ is a Water based stop off designed to prevent filler metal from bonding to a protected surface. Product is packaged in either bottles or pens. In bottle form, the stop off can be applied via brushes or for better control in small areas the pens are more appropriate. (Wall Colmonoy, 2015)
[bookmark: _Toc531371465]Methods of Brazing Filler Metal
There are many methods of Brazing Filler Metal to Exhaust Gas Recirculation Coolers. Furnace brazing is the process of which a metal component is joined by using a lower melting point Braze Filler Metal. Furnace brazing is accomplished by different types of techniques such as a Continuous Belt Furnace, Vacuum Atmosphere, Controlled Atmosphere or Reduced Atmosphere. (Bodycote, 2018)
[bookmark: _Toc531371466]Safety of Using Nickel Powder
According to Health and Safety Executive, when in contact with Nickel a number of Personal Protective Equipment must be worn to prevent any health hazards. Nickel can cause irritation when in contact with skin or eyes, cause respiratory issues from exposure to nickel dust, fumes, or splashes from nickel containing solutions.  Longer-term effects can include allergic reactions in the skin, respiratory tract, asthma, inflammation of the lungs and cancer of the lung and nose, particularly the sinuses. Nickel can enter through the body by inhaling in dust, fumes or mist containing nickel or by skin contact with dust or solutions containing nickel. When using any form of Powder or Paste, the use of personal protective equipment includes workwear, gloves and mask.  Using the washing facilities prior to a toilet break and prior to eating or drinking. It’s highly recommended that consumption of food and drink in work areas where nickel may be present is avoided. (Health and Safety Executive, 2013)

[bookmark: _Toc531371467]Conclusion
Exhaust Gas Recirculation Coolers is now an integral part of modern-day manufacturing of vehicles. Worldwide governments have committed to reduce the amounts of emission being dispersed in to the atmosphere. This has resulted in strict regulation in the automotive industry to reduce the amounts of Nitrogen Oxides being formed by the internal combustion engine of a vehicle. The clever innovation of recirculating gases from the cooler and back to the cylinders, then dilutes the Oxygen and acts as a heat absorber to reduce peaks in combustion temperature. This allows for a reduction in Nitrogen Oxide being dispersed from the exhaust and in to the atmosphere and also by giving consumer satisfaction of a more efficient fuel economy of between 2-3%. To ensure that the structure of the Exhaust Gas Recirculation cooler is being used as efficient as possible with a view of preserving life of the cooler, Braze Filler Metal is being used to improve for its characteristics of strong, leak tight properties and its capability to handle high temperatures when the engine is operational. Braze Filler Metal BNi-2 has been used over the years due to its low melting temperature, good capillary flow and ability to cope with corrosion and oxidation. There is however a risk when using Boron as a melting depressant. This can cause weaknesses to the base material when diffusion takes place. This has resulted in powder manufactures of Braze Filler Metals to develop a new innovation, one of which is Wall Colmonoy and the Nicrobraz 152® with high Chromium to cope with the high temperatures experienced in the Exhaust Gas recirculation cooler and also with corrosion from the harsh environment of the cooler.  There are however safety requirements to be consider when using Nickel based Brazing Filler Metal due the element being a health hazard and a requirement of using Personal Protective Equipment prior to use. 
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