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35-CM-101B is an air compressor found in the utility section of the Pembroke Refinery which is vital for producing instrument and utility air for the use of operations and the control systems found on site. The compressor itself is an Ingersoll Rand JOY centrifugal air compressor, holding three stages of compression and cooling before producing upwards of 7Bar of air pressure used across the refinery. 
	The compressor itself is made up of;
· One large and one small electric motor.
· Gearbox.
· Three compression stages.
· Three cooling stages.
· Two control valves.
· Various monitoring instruments.
The compressor being a centrifugal compressor means it uses impellors rotating inside of a case to generate a high-pressure side and low-pressure side. Figure 1, Diagram of centrifugal compressor.

Figure 2, Diagram of centrifugal compressor.

	As can be seen on the diagram above, the low-pressure side is the suction where ambient air pressure is intake to the compressor. A large motor turns a shaft connected to each stage of the compressor to rotate the impellors, creating an outwards force on the air inside the impellors. The motion of the air moving through the impellors to the volute creates a restriction of flow which will increase the internal pressure of the compressor housing. 
	The air compressed in each stage will gain heat as work is done to it. This heat must be reduced to control the internal temperature of the compressor to avoid damaging the compressors internal components and the instrument and control systems that utilises the compressed air. This is achieved through a water cooled heat exchanger. Figure 3, Multi-staged compressor with intercoolers.

Figure 4, Multi-staged compressor with intercoolers.

	As the heated air is passed though the tubes of a heat exchanger, the cool water is passed on a counter flow to the air though the shell side of the exchanger, allowing for high temperature exchange between the air and water.Figure 5, Diagram of a shell-tube heat exchanger.

Figure 6, Diagram of a shell-tube heat exchanger.

The air will repeat the step of compression and cooling before exiting the compressor to flow into the refinery’s instrument air header pipework to be distributed to control systems. The air flow must be controlled through the compressor to achieve the desired pressure in the air header of 7 Bar. Air pressure lower than 7 Bar will cause failure to critical systems from lack of pressure, and pressure above 7 Bar risks damaging the equipment, pipework and compressor from over pressuring the system or causing surge inside the compressor.
To achieve the desired pressure, an anti-surge valve is connected to the discharge of the compressor which will relieve excess pressure from the compressor. This anti-surge valve will prevent surging from occur which is when a compressor discharge pressure is too great due to the restriction in fluid flow on the discharge, causing the flow to reverse and damaging the components of the compressor and drive. 
The anti-surge valve will monitor the discharge pressure in the compressor and adjusts air flow to vent accordingly. As pressure builds to a point of surging, the valve will open an appropriate percentage to prevent surge from occurring to protect the equipment. Failure to do so will result in damage or failure of the associated equipment. As pressure builds to the point of surge, excess vibration can be observed on the drive shaft which will cause degradation of bearings material on the shaft and gearbox. 
Due to the nature of the pressures found in the compressor, it is vital to ensure proper and safe operation of the equipment. With failure of the anti-surge valve, there can lead to many different failure mechanisms. The most likely to occur would be bearing failure due to excess vibration. This will lead to drive motor damage, gearbox damage and drive shaft damage. All failure modes will cost a substantial amount of money and can cause serious safety concerns from electrical fires, drive shafts shearing or even explosive air pressure from over pressuring the compressor.
According to the HSE legislation set out for operation of pressurised systems, there are strict guidelines on how the equipment should be installed, operated and monitored for suitable maintenance. The documents set out by the HSE, Pressure Systems Safety Regulations 2000, under regulation 4.57 it is stated;
“Every plant item in which the pressure can exceed the safe operating limit (ie those which have not been designed to withstand the maximum pressure which can be generated within the system) should be protected, whenever operational, by at least one pressure-relieving or pressure-limiting device. The device should be suitable for its intended duty and should be fitted as close as practicable to the plant item it is designed to protect.”
As the statement would suggest, all pressure equipment is required to incorporate pressure limiting or relieving system to control the equipment from over pressuring and leading to a potentially dangerous situation.
In regards to maintenance and inspection of the pressure protection devices, under regulation 13.174 it is stated;
“When designing any modifications (including extensions or additions) or repairs to the pressurised parts of the system, whether temporary or permanent, the following should be taken into account: …
… (c) The effects any such work may have on the integrity of the pressure system
(d) Whether the protective devices are still adequate”
The statement explains how maintenance and modification to pressure systems must consider any changes to the safety or operation of the protective device in use. The statement also explains how the suitability of the change must be considered as it could have affect if the equipment is still suitable to use as changes in integrity can change how it should be operated.
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	Within a refinery, there are many different process units that work in conjunction to produce many different products with most of the material source coming from crude oil. On Pembroke refinery, it is estimated that the refinery is able to process upwards of 220,000 barrels of oil every day.
	 With most all crude oil separating in the crude unit, its separate fractions and draw off will be routed through to different location. The gasses the pass from the top of the crude unit are condensed and sent to storage or used as fuel gas on the refinery. Naptha compounds and diesel compounds are sent to the hydrotreater units to remover impurities. Heavy compounds such as atmospheric residual, which is the heaviest compound for distillation at atmospheric pressure, is sent to the cracker to break apart the compound or the vacuum distillation unit for further distillation. 
There are many different processes used to produce a wide range of materials which can be used to sell or blend into other oils for different specifications of oil. One of the highest-octane oils produced and sold on Pembroke refinery is a material known as Alkylate. Alkylate is commonly used as blend stock to increase the octane ratings of gasoline-based fuels due to its high-octane rating and properties such as reduced knocking and cleaner fuel burning, making it suitable for fuels used in combustion engines.
Alkylation is process made with the assistance of a second process known as cracking. Cracking is the process of taking long chained hydrocarbons and breaking the molecular bonds to create smaller chained hydrocarbons. Without cracking, alkylation would not be possible. The two process need to work together to function, with cracking forming feedstock for the alkylation process.
The requirement for cracking in the use of the process known as alkylation combination cannot be understated as with the feedstock used which are known as alkenes, also known as olefins. Alkenes are a hydrocarbon structure which contain a double bond connecting two carbon molecules together to form an unsaturated hydrocarbon, a hydrocarbon which is not bonded with a many hydrogen as possible for the molecule. These bonds are naturally formed and will form from the use of specific chemical processes and reactions such as cracking. Figure 7, Structure of Butene, an unsaturated four carbon hydrocarbon.

Figure 8, Structure of Butene, an unsaturated four carbon hydrocarbon.
Figure 9, Structure of Butane, a saturated four carbon hydrocarbon.

Figure 10, Structure of Butane, a saturated four carbon hydrocarbon.


	The two figures above show the differences between butane and butene, the saturated and unsaturated four carbon chain hydrocarbon molecules. The difference between the two is shown as the unsaturated molecule has a carbon-carbon double bond and less hydrogen than the saturated. Standard carbon atoms will form four bonds with other atoms, without the presence of additional hydrogen the carbons will bond with themselves. 
	To create this feed stock for alkylation, heavy hydrocarbon compounds like fuel oil and atmospheric residual compounds from crude distillation are reacted with a catalyst known as Zeolite in the FCCU (Fluid catalytic cracking unit). Heavy oils are fed together into a reactor column where they are fed a continuous stream of the catalyst to breaks apart the carbon bonds in the oils to form new compounds. Without the addition of hydrogen into to the mixture, the cracked hydrocarbons are forced to form bonds with carbons of the same molecule creating a stable alkene molecule. Reacted material is sent to a distillation column know as a fractionator which will separate products based on boiling points and catalyst is regenerated by burning of coke caused by cracking.Figure 11, Simplified process flow of fluid catalytic cracking.

Figure 12, Simplified process flow of fluid catalytic cracking.

	With feedstock now being generated, alkylation combination can now take place. Alkylation is a process which uses a liquid catalyst to combine alkenes from cracking with an isomer of butane called Iso-butane. Figure 13, Simplified process flow of Alkylation unit.

Figure 14, Simplified process flow of Alkylation unit.

	Iso-butane is produced or imported for the reaction and is combine with the alkene feed from catalytic cracking to produce a high-octane product. The feed stocks are combined in a large vessel known as the acid settler which forms as a reactor vessel and a vessel to separate the products from the catalyst. The figure above is a flow diagram of what is known as a hydrofluoric acid, or HF, alkylation unit where the HF is the catalyst used. 
A catalyst is required for the creation of alkylate, the products from alkylation, to break the double bond which was formed on alkene molecules. As the description would suggest, a double bonded molecule has twice the amount of bonds than a single bond making the energy required to remove the double bond greater. HF acid is a highly volatile acid used as a catalyst due to its instability and weak acid properties.
	The term weak acid does not mean the acid is less reactive but will not fully react with materials, thus it will revert to HF acid once reacting with other molecules. This is how it is characterised as a catalyst as it is not used as a compound in the reaction, only to start the reaction without being used. This is due to fluorine in HF having a high affinity for free electrons, as it will break its bond with the hydrogen to bond with carbon bonds on the double bond carbons, then break from the carbon and revert to being bonded to hydrogen. This is because the double carbon bond has higher energy than the hydrogen to bond with but once is broken, the fluorine reacts again with the free hydrogen to form HF again.
	With the two process streams of iso-butane and alkenes meeting in the acid settler, the HF will break the apart the carbon double bonds and revert to HF. This causes the previously formed unsaturated hydrocarbons to become attracted to the isobutane as it will less likely react with HF again. The iso-butane reacts with the unsaturated carbon atoms and form a new bond of a saturated hydrocarbon with branched carbons.Figure 15, Iso-butane reactions with alkenes.

 With the new hydrocarbon being formed with a branched chain, the acid will separate from the alkylate stream as the reactions are exothermic and causes the hydrocarbon to boil off in the acid settler and transferred into the fractionation column. In the fractionation column the hydrocarbons are separated with on draw off from the column being the produced alkylate.
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