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This report is written to explore ceramic coating of steel pipework for the purpose of corrosion resistance, In particular how it could potentially be used in the petrochemical industry for underground pipeline repairs and laying new underground pipelines. 
The method of coating that will be evaluated in this report is HVOF (High Velocity Oxygen Fuel) spraying. 
The drive for this project comes from a current work project. Valero’s MLP (Main Line Pipeline) which supplies many of the major airports with fuel is currently undergoing inspection and repairs. In many placed the line is having to be repair due to coating failure. This report is written to explore potential new ways for coating underground pipelines. 
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Currently onsite above ground pipelines are hand painted, and all underground pipework on site is wrapped in Survey Wrap or Bitumen. After intelligently “pigging” a number of pipelines for inspection purposes, many repairs are to be undertaken on underground pipework. From digging up these repairs we have found that the currently wrapping is not withstanding the environments that the pipelines are subject to and therefore the pipes are failing due partly due to the wrapping not being sufficient. 
The MLP Pipe lines runs from the Pembroke Refinery to many of the UK’s major airports. The line is currently undergoing intensive inspection and is subject to pipe wall thinning in many areas. These areas are having to be due up and repaired. The lines are currently coated with Bitumen which is hand wrapped around the pipe. Due to the environment that the pipeline is subject to, the coating seems to be breaking down in certain areas resulting in the pipe thinning. This report hopes to explore a method of coating the pipeline resulting in a harder, more corrosive resistant and through coating. 
HVOF (High Velocity Oxygen Fuel) coating is a thermal spray coating process used to improve and extended a components surface properties. HVOF is undertaken by powder being axially delivered into a mixture of oxygen and fuel, this mixture is already ignited. It is then ejected through a nozzle and fired at supersonic velocity to the surface that is to be coated. (Weman, 2020) 
HVOF is said to significantly enhance a materials ability to withstand the effects of erosion, wear resistance and also corrosion (High Velocity Oxygen Fuel Coating , 2019).
 HVOF would appeal to the Petrochemical industry as it offers a quick and far superior corrosion coating than the current method of painting and wrapping the pipes. 
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HVOF (high velocity oxygen fuel) coating falls under the category of thermal spray coating processes, and is commonly used on an industrial scale. According to (MechanicalEngineeringsite, 2017) Materials are either partially or completely molten inside or outside of the spray torch. Molten particles are then distributed on the surface of the base material where the particles form a coating. The particles that are dropped on the base material do not melt the material resulting in no chemical change to this material. A visual representation of the HVOF process can be seen in Figure 1 below. 
[image: High Velocity Oxy Fuel ( HVOF) Coating Processes – Principle, Working]
Figure 1


The High Velocity Oxygen Spraying process its self is continuous, the combustion chamber where combustion takes place can be pressured up to 8 bars. In the nozzle of the torch and free jet, the heating and acceleration takes place. The temperature of the flame is around 3000’C and the velocity of the gasses can see speeds of 1200 m/s. The particles of powder can reach velocities of 600m/s depending on their individual properties such as density, shape and size. (MechanicalEngineeringsite, 2017)
According to (Weman, High Velocity Flame Sprayinh , 2012) fuel gasses could be LPG, Paraffin or hydrogen which are burnt with Oxygen in the Combustion chamber. Temperatures between 2700-3100’C can be reached depending on the desired fuel gas. It is thought that the layer of molten particles has less than 1% porosity. 
(El-Eskandarany, 2015) This technique is one of the most powerful ways of depositing very fine powder particles on a variety of sub materials. Whether the particles are molten or semi molten depends on the desired finish. The size of the particles during this process is considered critical. Powder size should be within 10 and 40 μm. Powders that exceed this can result in not being fully molten, powders that are smaller than this are subject to degrading before reaching the base material. This making the size of the partial critically important in gaining a complete finish, gaps may result in breakdown of the coating and the sub material being subject to the harsh environments unprotected. 
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HVOF spraying is currently a very controlled process which usually takes place in a specialised thermal spray booth, with the correct installation of sound proofing and extraction facilities. Manual operation of HVOF is not usually common practice, the gun usually needs to be automatically operated. Sprayed materials such as Nickle and Chromium are carcinogens making them very dangerous for humans. (Howes, 2001)  
Industrial gasses are also used in this process, this means that gas leaks could pose an issue, as well as gasses under pressure. 
With this usually being an automated process this intern makes it safer as personnel are not exposed to the high temperatures, gases and particles. Resulting in a much less risk for health and safety. 
By using HVOF to coat pipelines there would be a reduced environmental risk and a safety gain as coating this way would provide a very resistant coating resulting in coating. Intern being less likely to break down and lead thinning of the pipe, which could result in the pipeline leaking and many harsh substances being leaked into the ground polluting it. 
Pipelines onsite are inspected every five years (API, 2016) so having a coating that is hard, corrosion resistant and correctly applied will offer peace of mind and hopefully make future repairs much less. 
By using HVOF to coat underground pipe would result in safer application that what’s currently used. This being because now personnel have to climb into the hole which the pipe is laid, resulting in them being in a confined space to wrap the pipe for a significant length of time. Whereas, if the pie was already coated the pipe would simply just be laid and only the weld would have to be wrapped. This intern meaning that personnel would spend far less time in the hole. 
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This report was written to investigate whether HVOF could be used onsite in the petrochemical industry to coat pipelines subject to corrosion, replacing the current method. HVOF is usually used for applications such as Valve gate and seats, Ball Valves, which in a petrochemical industry are subject to the same environments as the steel pipelines. 
 According to (Ahmed A. D. Sarhan, 2015) an investigation was undertaken to see how mild steel would react to wear and corrosion when sprayed with a thin layer of Cr3C2-Nicr (Chromium Carbide-Nickle Chrome) an electrochemical test was undertaken, Electrochemical Impendence Spectroscopy (EIS) results demonstrated that this coating has high corrosion resistance and concluded that the deposition of a layer or ceramic composite protected oil piping from a synergistic attack of sea water during the transportation of crude oil. This is very interesting as many pipes onsite are subject to both crude oil and sea water.  According to (Technology, 2020) HVOF is known to significantly improve the surface properties of many base materials, some of these properties being wear resistance, corrosion resistance and erosion resistance. Also it states that typical applications for this process consist of Sub-Sea Components. 
Coating mild steel with Cr3C2-Nicr – each chromium carbide particle completely encapsulated in a nickel chromium shell (Material product data sheet Chromium Carbide - Nickle Chromium Composite powder, 2017).
According to (alloys, 2020) the appropriate temperature for applying chrome carbide nickel chrome is around 537.7 and 815.6 degrees Celsius. 
There is some evidence of HVOF being used on power plant steam lines and according to (N.Abu-warda, 2020) when T24 Steel pipes (seamless Pipes) were sprayed with Ni20Cr coating using HVOF and found that no degradation was found after testing had been completed and the temperature resistance of the steel was increased by 150’C. This showing that HVOF can be successfully used on pipelines in industry to improve efficiency. 
As said by (Yilbas, 2017) HVOF is a new technique that is widely used due to ease of operation, low costs and efficiency. In addition to this HVOF coatings protect the base surface from harsh environments such as corrosion and abrasion. From what has been discovered when exposing underground pipe However, HVOF will still be more expensive than blasting pipelines and wrapping them. Blasting and wrapping pipelines can be performed onsite, after installation and undertaken by onsite staff, significantly reducing the cost as there is no third party involved. 
[image: C:\Users\User\Downloads\IMG_4622 (1).jpg][image: C:\Users\User\Downloads\IMG_4625.jpg]Figure 2 and 3 (Below) shows Bitumen coating on a Valero pipeline repair that has been dug up due to the pipe thinning as a result of insufficient coating. 
Figure 3

Figure 2

Where the current coating has broken down or flaked off, the pipe beneath is aggressively targeted for corrosion. This resulting in sever thinning of the pipeline in some areas. 
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It cannot be argued that coating Cr3Cr-NiCr using the process of HVOF spraying offers many advantages, some being massively improved hardness of the sub material, much greater corrosion resistance and a harder surface which is much less effected by stones, grit and soil than the current method of coating pipelines. However, this process would still involve wrapping in some way as the pipelines will still need to be welded in the field resulting in the welds needing to be wrapped as you cannot leave the welds with no protection. Meaning that the human factor is not completely eliminated. So both methods of wrapping involve personnel entering a confined space to wrap pipe. 
This process is also more expensive than the current wrapping of pipelines. It would have massive cost implications to repair the coating using this method. It would also involve third party contractors rather than onsite staff also resulting in more cost. 
If this method could be used in the field on a large scale, meaning that the welds could to then I think it would be a good way of ensuring that the underground pipework is protected to a high standard. Hopefully reducing repairs and saving the company money in the long run, as underground pipework is not easy to inspect and costly when it is done. It is thought that this could be potential solution for coating pipelines in the future, due to the current wrapping notwithstanding the environment and having to be regularly repaired. 
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Figure 2 and 3 – Valero (2020)
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