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Abstract
The aim of this report is to provide an insight into the problem that is the corrosion of steam a steam driven turbine blades. I am going to investigate and then provide the various types of corrosion that can occur and the knock on affects this can have on the quality of the performance of the turbine.
I will be using real data to back up my research and my findings by viewing the impacts that corrosion has had on operating turbines and what the root causes can be.
To do this I will be using reliable web sources and documents, which will give me a more thorough understanding of the process to be able to provide a detailed explanation.

Introduction
In steam run turbines, one of the primary causes of failure is the corrosion fatigue of the blades. This is where deposits are found to be damaging the surface of the turbine blades, causing inefficiencies.  It is an issue that can provide issues as small as a loss of electricity production of the plant, or mechanical errors leading to fatalities and the shutdown of the plant. To stay in the best possible working condition, the turbines need to be operated by using steam with very small amounts of impurities. 

[image: Corrosion/pitting on blade. ]Different corrosions of turbine blades come from the impurities in the water which is sent through the boiler system, before being converted to steam to operate the turbine. With poor quality water, we are presented with poor quality steam.
From previous research, it is seen that the stage which the condensing of the steam occurs, is the main area of problems when it comes to pitting corrosion. Pitting is when corrosion causes indentations on the surface of a material. This is due to the condensing of the “corrosion-aggressive substances (chlorides and sulphates)” on the blades in these areas. These substances will then become more aggressive as outages occur as oxygenation will increase the reactivity of the chemicals. (Patera & Zahradka, n.d.) Above is an example of Pitting Corrosion (Rezaei, 2017)


These chemicals will contact with turbines even though the water ges through a Demin plant as the water used for ancillaries such as cooling water in a condenser, can leak into the main steam/water line. This water can then be recycled back through the system (boilers) and even though it will be superheated, the water will not have gone through a Demin plant and been cleaned.[image: ] This is why both the steam, and the attemperating water should be of the same purity.                                                  
Example of stress corrosion Cracking (Banaszkiewicz & Rehmus-Forc, 2015)

As a result of pitting corrosion, Stress corrosion cracking is also likely to occur on the turbine blades. Stress corrosion cracking occurs where bonds have been broken on the surface of the material by corrosive, so in this case, where pitting has occurred.The stress of the material due to high intensity steam causes the areas of corrosion to form a fine crack which in future with then lead to failure of certain components. 
Another form of corrossion comes from the silica that comes in through the feedwater that is superheated and send through the turbine in the state of steam. When the water enters the drum that seperates steam and water, the silica levels increase due to the presure and temperature levels being increased. This [image: ]steam will then travel through the system until it reaches the steam turbine. Above is an example of silica collecting on a turbine blade (Addison, 2014)

This is where amounts of silica may be deposited onto the blades of the turbine in  the process known as carry-over. With this silica on the blades, it will cause a disturbance in the balance of the turbine as the turbines are very precicely and evenly balance. It will also create a sheet like film over part of the blade, meaning there is then a restriction between the steam and the blades. This will cause loss of electricity efficiency as the contact needed between the blades and the steam will not be as effective. The balance of the turbine being lost will then lead to vibrating occurring as a knock on effect. This vibration can then lead to the turbine malfunctioning and in worst case scenario, fatalities could happen if there are workers in the area when the malfunction occurrs. 
[image: ]Silica is also corrosive to the metal once it has reached oxygenation. This means that when the silica reaches this point, it will start to break away parts of the metal blades. With indents and fractured to the blades, pressure and velocities drop and therefore, losing efficiency of the turbine.
The water going through the system also causes corrosion as the water can become acidic due to the PH of the water being low. This water would then turn to steam and would have major impacts on the metal of the turbine blades if not ttreated correctly or to the extent that it needs to be.                                      (Dezydezy, n.d.)
Example of impacts:


Below is a table which I created by using excel. This table shows the MegaWatts produced by 2 of TATA steel turbines. From this data you can see that there has been a drop in the electricity output after there was a change in water supply to our boilers. The water they were using is believed to have a higher Silica content. It is believed that this could very likely be the reason for the turbines not being able to reach maximum capacity.
	Date
	28/10/2019
	30/12/2019
	01/11/2019
	02/11/2019
	03/11/2019
	04/11/2019
	07/11/2019
	09/11/2019
	10/11/2019
	11/11/2019

	 
	Capable output of the Turbine Alternators

	6 TA
	7
	7
	7
	7
	7
	7
	7
	7
	7
	7

	7 TA
	7.2
	7.2
	7.2
	7.2
	7.2
	7.2
	7.2
	6.4
	6.4
	6.4


[image: ]




Here is the data I have included in my table, more clearly displayed in the form of a bar graph









Solutions:
Due to the water becoming acidic if not treated correctly, there is a process of dosing that can be put in place to decrease the acidity levels. This process includes adding certain amounts of caustic to the feed water before it goes around the system.  This controls the PH levels of the water.s
With silica being a big component in the process of corrosion of turbines, the silica is dealt with strictly through a process called ‘blowdowns’. As steam and water enter the drum at high temperature, silica levels increase. The blowdown method then gets rid of any debris, mainly silica, depleting the levels of contaminants that get through the systems and then reach the turbine. This blowdown will then lead to a flash vessel that vents of all of the waste. There are markings on the blowdown system to be accurate with how much you need to open them and how much of the boiler your blowing down. 
When the water comes in from external soruces such as rivers, there are multiples of contaminants that must be removed in order to proect your boiler and turbine from getting damaged. These contaminants are removed in the Demin water plant which is responsible for cleaning and treating the water.
Below is a table of what can be in the water, what harm it can cause and what is done to prevent this from happening. 
	The Impurities
	Problems they cause
	What is put in place to prevent it

	Hardness
	The main source of scale in pipeliens and boilers
	Demineralization

	Alkalinity
	Source of corrosion due to carryover of solids with steam
	Demineralization
Acid treatment

	Carbon dioxide
	Corrosion in water,steam and condensate lines
	Deaeration

	Silica
	Responsible for scale in boilers and decomposition of turbine blades
	Demineralization

	Conductivity
	High conductivity can cause high corrosion rates
	Demineralization

	Dissolved solids
	Causes scaling, reducing heat transfer
	Demineralization


	Chloride
	Adds to solids conents and increases corrosion possibilties 
	Demineralization

	Oxygen
	Corrosion of lines and boilers
	Corrosion inhibators, Deaeration


The information above was provided to me by an internal METAL course. (Shakib, 2018)
Demineralization 
Demineralization is the process by which you achieve pure water. It does this by the removal of substances such as minerals, by using the technique of ion exchange. Positive ions are known as cations, and ions which are negatively charged are knows as Anions. The process of ion exchange is simply replacing ions. Ions with positive charges are attracted to those with negative charges, and those with negative charges are attracted to positive ions. 
To carry out his process, the feedwater is run over a mix bed of cations and anions called ‘resins. These cations and anions in the water will then be attracted to these resin beads and will be removed by the water, with the cation resin beads then replacing with hydrogen, and the anion replacing with hydroxyl ions to then produce the ‘H20’ configuration and produce pure water.
Example of cations include:
· Calcium
· Potassium
· Sodium
Examples of Anions include:
· Chloride
· Silica 
· Alkalinity
Dearator 
This is the process by which you aim to remove gases from feed water. This is doen by using steam to scrub water of debris, by which you cause the gas to rise and leave the water and get vented to atmoshpere.


Literature Review
A Demin water treatment plant is a vital part of a system to ensure that everything operates as it should. A demineralized water plant allows domestic water to “be safely used on sensitive equipment or surfaces without causing corrosion” (Bell-young, n.d.) which can lead to inefficiencys and possible fatalities if inappripriately treated.  Buecker tells us that the way for this to be acieved is by “following suitable pretreatment methods, two-pass reverse osmosis with either mixed-bed ion exchange or electrode ionization polishing of the RO effluent.” (Buecker, 2017). This process allows for water to be pure and clean of contaminants, preventing turbine corrosion. Although, ion exchange in a Demin water plant may have its negatives as the article “The disadvantages of ion exchange” on sciencing.com tells us that the process can lead to “calcium sulfate fouling, iron fouling, adsorption of organic matter, organic contamination from the resin, bacterial contamination and chlorine contamination.” (Tripathi, 2017)

From using the sources, I have included in this literature review, it has increased my knowledge a lot as it has allowed me to view the negative side to the ion exchange process, as well as the positive effects that it can provide.

Conclusion
From my research I have carried out through this report, I have concluded that there are multiple factors that can be causing the corrosion on the blades of a turbine. This has also allowed me to view the impact it actually has on turbine by using data of real cases where the efficiency of a turbine has been affected by the issue. Although it is a common problem, I have also found out that there are multiple of solutions that can be put in place to ensure minimum damge to the production of a turbine by controlling the amount of contaminants that are able to get through the system and come into contact with the blades. These solutions being as simple as simply creating a blowdown to flush out debris, or as complex as using ions of different charges. As a reccomendation for my conclusion, I would suggest using a method such as turbine washing. This if used to prevent the fscaling and corrosion on the turbine blades. This can be done by taking the turbine offline and using different substances sucvh as aluminium oxide or hot water, and have guaranteed results. Or, you can keep the turbine online and use water injection, but have the danger of damaging components of the turbine. My recommendation would be to take the turbine offline, clean the blades etc, and then bring it back online. Altough MW are being lost, it is improving the efficency of the turbine.
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