


Abstract
Most dairy farms currently store their cattle slurry in large storage tanks, which produce substantial amounts of methane especially in warm conditions. Due to the large amounts of methane produced the risk of asphyxiation is real. The amount of slurry that is produced is large and requires large storage tanks to contain the waste.
Last year’s student’s developed a reactor in an attempt to combat this issue. Using electro kinetic dewatering they were able to extract some of the water from the slurry. However, their design contained several issues causing the reactor to not perform optimally.
Due to flaws in the reactor design it was calculated that 50.07% of the slurry that was loaded into their reactor was not undergoing the electro kinetic process, therefore heavily affecting the efficiency of the design.
The initial design wasn’t implemented due to time constraints, but the secondary design that was implemented still resolved the issues that were present. The issues were resolved by introducing a gravel filter between the bottom of the anode and the mesh filter to prevent the mesh from clogging and adding a cap to the bottom of the anode. This allowed for a greater percentage of the slurry to undergo the process.
Several methods for potential control systems that could be implemented into the new design were discussed, as well as feasibility of renewables to power the process.
The results gained from the new design prove that the issues were resolved. The new design extracted 40.06% more water in 58.43% less time. Over a 90-minute period where 30 Watts of power has been consumed by the reactor, 225ml was collected compared to the result of 49ml from the previous year, resulting in a 456% efficiency increase. The H-S theory explaining the movement of water throughout the reaction, was also proved using the XRF results that showed the distribution of aluminium and iron in the dry and wet samples.
The final tests provided unexpected results due to the exhaustion of the electrodes, causing multiple holes in the walls of the Cathode. For further testing to continue the reactor will require new electrodes as the current electrodes are no longer fit for purpose.
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Dairy farms with hundreds of cows produce a lot of slurry, which consists of cattle manure, hay, straw and a large percentage of water that accumulates from the wash down of the milking parlours after each milking. The slurry is then usually stored in tank, where it then collects more water as a result of rainfall entering the slurry drainage system. Storage of this slurry is dangerous as the stored waste can produce large quantities of Methane in warm conditions, the production of Methane results in the presence of a potentially explosive atmosphere. When there is a high percentage of Methane in the atmosphere the risk of asphyxiation is increased providing the airflow to the location is not high enough to vent the gas. The combination of the large volume and the potential hazards mean that the storage and disposal of cattle slurry is costly with this project aimed at reducing the risk and costs by investigating the potential impacts of electro kinetic dewatering of the slurry.
Previous work has been completed to provide potential solutions to the problems discussed above, this included the construction and testing of an electro kinetic dewatering reactor which was built with the aim of reducing the water content of the slurry that was produced on the Gelli Aur Farm in partnership with Power and Water, and UWTSD. With the reduced water content, it is thought that the production of Methane from dewatered waste would be reduced along with the associated hazards and a reduction in the volume of storage area would be achieved.
The aim for this project was to improve on the existing design for electro kinetic dewatering of cattle slurry that was produced by last year’s students and to investigate the potential of the new design over a greater range of operating conditions to highlight the optimum operating limits.
The original design had several issues causing inefficiencies most notably the reaction chamber of the original reactor did not provide a uniform distribution of an electric field in which the saturated waste was exposed to, this resulted in a significant amount of the waste not being subjected to the dewatering process.
 The goal was to attempt to remove as many as these inefficiencies as possible by redesigning the current reactor with the main target of producing a reaction chamber that would provide a uniformly distributed electric field in which the waste could dewater in with the greatest efficiency. Further improvements to the original design include designing some potential control systems to maintain a uniform flow of slurry, a consistent supply of current to the electrodes or reversing polarity to extend the lifetime of the electrodes.  The design process will also consider various methods of powering the system with renewable energy, to further reduce environmental impact.
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Coleg Sir Gar Gelli Aur farm is a dairy farm is located in the Twyi valley in Llandelio. The farm has over 500 cows, 400 of which are dairy cows which are divided into two 200 herds. There is also a small beef enterprise and 400 breeding Ewes.
Since it is part of Coleg Sir Gar, Gelli Aur is also a place of study where student come to learn agricultural engineering and other countryside related studies. It is also home to the Farm Resource Centre which houses The Dairy Development Centre (DDC). The DDC aims to improve the Welsh dairy industry. (1) 
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There is currently no treatment process in place at the farm, the excrement is washed to the end of the barn and then scraped out into channels. The slurry is then pumped into one of two towers, which have a combined volume of 2327.2m3. 
Last year’s students designed an Electro kinetic dewatering system. This system would remove the water from the slurry by running an electric current through it using two electrodes. The reactor consisted of an aluminium cylinder being used as the cathode and a smaller diameter steel anode which went inside the cathode. The anode was attached to cathode using a threaded nylon rod. Two flanges then connected the outside electrode to a tap. Above the entrance to the tap was a filter to prevent any solids escaping through the tap.
When powered on the electric current would draw the water towards the cathode, the water would then run down the cathode wall, through the filter and out the tap. There was then a beaker on a weighing scale which would collect and weigh the water extracted from the slurry.
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Hydraulic head pressure is the measurement of liquid pressure above a single point, not an area. (3) It is a principle used in the development of hydro power stations, particularly dams.
Hydraulic head pressure is measured in meters and is measured from the top of the liquid to the bottom and the total energy at any given point is the sum of the kinetic energy of the fluid, the energy from the pressure of the fluid and the energy from the height of the fluid. (4)
Hydraulic head pressure can be expressed by the following equation:
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Where:



 (4)
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The hydraulic gradient is a vector gradient of each of the individual head measurements over the length of the liquids path. It can be calculated with the following equation.
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Where:
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Hydro power has been around for almost a century and therefore the technologies behind it are refined and efficient, with over 90% energy conversion efficiency. (5) Due to the nature of water flow Hydro power can generate electricity 24 hours a day and provided it is a suitable location will generate a substantial amount of electricity even during unideal conditions.
Hydro power contributes to almost 20% of the world's electricity. (6) As of 2012 it contributed to 1.3% of the United Kingdom’s electricity generation. (7) 
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The above figure shows the gross electricity supplied to the UK through hydropower and it shows that large-scale conventional schemes generation has been constant from 1964 ranging from around 2500GW to 4500GW. Showing that hydropower development has been stagnant within the UK for around 50 years.
Hydroelectricity converts the kinetic energy or gravitational potential energy from water into electrical energy. This energy is converted to electrical energy by use of a turbine. In the UK there are 3 types of hydropower schemes:
· Storage Schemes - A dam creates an artificial lake known as a reservoir, the reservoir provides water to the dam.

· Run-of-river schemes – Rely on the flow of a river, a weir can also be used to adjust the flow rate of the river. Run of river schemes can also be designed using diversion, where water is channelled away from the river.

· Pumped storage - Pumped storage incorporates two reservoirs. When there is low demand, the water is pumped from the lower reservoir to the higher reservoir; the water is then released during times of high demand. Due to the use of electricity this method is not considered to be a renewable energy source. (5)
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Turbines use the kinetic energy of the water to drive a generator, converting that energy into electrical energy. There multiple types of turbines, each one having a specific use case.
Archimedean screw (LT)
The Archimedean screw is one of the more modern types of turbine, having only been used within the last decade. The concept has been used for other methods outside of power generation though. (9) They are typically used in low heads of 1.5-5 meters and medium to high flows of 1-20m3/s. (10)
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In the above figure, you can see the water enters the screw through the top and the weight of the water pushes against the helical fights rotating the screw and allowing the water to flow to the next level. The rotational energy of the screw is then converted using a generator. (9) Archimedean screws are typically used for small-scale hydro schemes with power outputs ranging from 5kW to 500kW.


Cross flow Turbine (LT)
Cross flow Turbines are a common turbine within the UK’s small hydro schemes. (12) They are used for low to medium head of 2-40 meters and low to medium flows of 0.1-5m3/s. (10)
[image: ]
[bookmark: _Toc512854200][bookmark: _Toc512857236][bookmark: _Toc512948180][bookmark: _Toc513122008][bookmark: _Toc513194499][bookmark: _Toc513194986][bookmark: _Toc513227505][bookmark: _Toc514069529][bookmark: _Toc514757847]Figure 4 - Crossflow Turbine (12)
The previous figure shows the flow of water through a cross flow turbine. The water flows both under and over the inlet guide vane, which directs the water flow to hit the rotor at the correct angle, maximising efficiency. The water then flows across the upper blades of the rotor, down through the centre and ten across the lower blades. Cross flow turbines typically have a power output between 5kW and 100kW. (12)
Kaplan Turbine (LT)
Kaplan turbines are similar to a propeller except the blades are adjustable. They are typically used on low to medium heads 1.5 – 20 meters and medium to high flows 3-30m3/s, this is due to them being relatively expensive and other options being more suited to high head situations. (13)
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Kaplan turbines can be installed in both vertical axis and horizontal axis, within the UK vertical axis is the more common orientation due to its smaller footprint. The water is guided of the entire turbine rather than entering at just one side. The angle of the guide vanes and the rotor blades can be adjusted to suit the flow of water. Vertical Kaplan Turbines can have a power output of up to 3000kW. (14)
Pelton Turbines (LT)
Pelton turbines are used for high heads of greater than 25 meters and low flows of 0.01 – 0.5m3/s. (15) They are compact, and the associated pipework is small making them easier to install than an equivalently powered Kaplan Turbine.
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The above figure shows how a Pelton turbine functions. The water enters on the left hand side and passes through the spear jet. The spear jet allows for the flow rate to be adjusted by moving to spear closer and further away from the nozzle. The water then flows over the rotor converting the kinetic energy into rotational energy.
The Turgo turbine is a development of the Pelton turbine, allowing it to handle higher flow rates than a Pelton of the same size. The only difference in operation is the when the water hits the rotor it exits on the opposite side rather than the bottom. (15)


Francis Turbine (LT)
Francis turbines are no longer commonly used outside of larger storage systems. There are many Francis turbines that have been installed previously. They are most effective with low to medium heads of 1.5-20m and medium flows 0.5-4m3/s. (10)
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Francis Turbine rotates along the vertical axis. The water flow into the turbine is radial and exits the turbine through the bottom, like the Kaplan turbine.
Summary (LT)
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	Specification
	Archimedean Screw
	Crossflow Turbine
	Kaplan Turbine
	Pelton Turbine
	Francis Turbine

	Flow (M3/s)
	1-20
	0.5-5
	3-30
	0.01-0.5
	0.5-4

	Head (meters)
	1.5-5 
	2-40
	1.5-20
	25+
	1.5-20

	Power Output 
	5-500kW
	5-100kW
	Up to 3000kW
	From several kW to tens of MW
	Hundreds of kW to tens of MW
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· Development and Implementation – These costs while scale proportionally with the size of the scheme. Larger schemes that require more terraforming will cost considerably more.
· Maintenance – Maintenance costs for all sizes of schemes should be relatively small to begin with since turbines are reliable. As time goes on the maintenance costs will increase as the scheme gets older and the structural integrity diminishes.
· Licensing and Abstraction – Costs will increase if a third party owns the land and will further increase if abstraction is required as an abstraction license is required.
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· Local Wildlife – Fish and other aquatic animals living within the river could be obstructed by the scheme; certain scenarios will require an alternate path upstream for the wildlife.
· Local Plant life – Some plant life will be destroyed during the terraforming and construction of the scheme.
· Pollution – The construction of the scheme will cause substantial pollution but there will also be significant sound pollution when the scheme is running.
· Recreational Activities – Fishing, Kayaking and Swimming activities will be affected.
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Due to hydro power being a well-developed efficient form of renewable energy and the river towy being within a third of a mile of the farm site. This river could have the energy potential for small scale hydro scheme to power the system. The red area highlights the most likely area for the reactor to be built and implemented.
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The previous system was first set up to be operated and tested before any changes were made to the reactor.  The water was collected in a beaker placed underneath the reactor and a weighing scale was used to measure the amount of water produced from the reactor. 
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The entire process was done to check if the system was operating correctly and to also check if there was any damage to the system from the previous tests.
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The flow rate of the river Towy is required to conclude which hydro power turbine is most suitable.
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The above figure shows the annual max flow rates for the river Towy at Ty Castell with is around 10 miles downstream from Gelli Aur. Using this graph, the average flow rate of the river is estimated to be around 150ms-3.
Abstracting 10% of the flow rate would provide 15 m3/s to use for hydro power. Based on the low head, high flow nature of the Towy River, 2-3 Archimedean screw turbines at 5m in diameter would be suitable for this process.
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Despite it being a relatively small scheme that usually means the cost/kW is higher.
[image: ]
[bookmark: _Toc514069566][bookmark: _Toc514757884]Figure 41 - Installation and Maintenance Costs of Hydro Schemes (54)
As shown in the above figure small scale hydro schemes typically range from 1300-8000 USD/kW installation costs. [image: ]
[bookmark: _Toc514069567][bookmark: _Toc514757885]Figure 42 - Installation Costs Compared to Head Height (54)
Using the information in the previous two figures, installing a hydro scheme at Gelli Aur could range from 4000-5500USD/kW. The cost of the installation will be affected largely by how big the scheme is. With the flow rate of the river the scheme has the potential to not only power the process but even part of the farm. If the scheme was large enough it could even be a source of revenue.
Assuming it was to only power the process abstracting less than 10% of the flow rate of the river Towy would be required and using a 20-30kW turbine. The estimated installation price would be 110,000- 165,000USD.
[bookmark: _Toc514758065][bookmark: _Toc514764250]Considerations (LT)
There are several considerations before the installation of a hydro power scheme.
· Planning permission from the council would be required before construction can start
· Abstraction license would be required to divert flow from the river
· Consideration to wildlife, due to there being a high population of salmon in the river Towy, Archimedean screw turbines are considered to be fish friendly
· Consideration of recreational activities such as fishing 
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The Second method for controlling the system would be controlling the flow rate from the tank into the reactor. As the slurry travels from the tank to the reactor the pressure inside the tank will decrease. Therefore, the flow rate of the slurry through the pipe will also decrease. 
If the flow rate within the pipe is monitored the pressure can be adjusted within the tank, whether it be through putting weight on top of the slurry, sealing the tank and pumping air into it or some other method.
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There are numerous methods of measuring flow rate ranging from pressure differentials to optical sensors. 
Pressure Differential (LT)
Flow rate can be measured using differential pressure flow meters, they use Bernoulli’s equation measure the flows of a liquid through a pipe. (62)
[image: ]
[bookmark: _Toc512948206][bookmark: _Toc513122036][bookmark: _Toc513194529][bookmark: _Toc513195016][bookmark: _Toc513227552][bookmark: _Toc514069588][bookmark: _Toc514757906]Figure 63- Bernoulli's Equation (63)
To measure flow rate and constriction in the pipe is introduced which creates a pressure drop within the pipe, as flow rate increases the pressure drop in the pipe increases.


[bookmark: _Toc512948275]Turbine Flow Meter (LT)
A turbine flow meter measures flow rate from the mechanical action of the turbine rotating. The turbine is positioned in the path of the fluid stream and when the fluid impinges on the turbine it begins to rotate. When the rotation has reached a steady speed the rotation velocity is proportional to the fluid velocity.
Turbine flow rate meters are more suitable to higher flow rates than pressure meters since they result in less pressure loss. They are less accurate in low flow rate situations though. (64)
[image: Image result for flow rate turbine]
[bookmark: _Toc514757907]Figure 64 - Turbine Flow Meter (65)
[bookmark: _Toc512948276]Optical Flow Measurement (LT)
Flow of a fluid can also be measured using light, through use of a laser and optical sensors. Two lasers shine light through the fluid. When a particle passes through the laser the sensor on the opposite side of the pipe detects the refraction and emits a pulse. When the particle passes through the second laser the sensor emits another pulse. The time delay between these two pulses is inversely proportional the velocity of the fluid. (66)[image: ]
[bookmark: _Toc512948207][bookmark: _Toc513122037][bookmark: _Toc513194530][bookmark: _Toc513195017][bookmark: _Toc513227553][bookmark: _Toc514069589][bookmark: _Toc514757908]Figure 65 - Optical Flow meter (66)
An alternative method of optical flow rate measurement is by using a probe that is inserted within the pipe. However, this method only measures the velocity at that point and without the addition of temperature and pressure measurements may not be accurate for the entire fluid stream. With all three calculations the Reynolds number for that fluid which will give a representation for how consistent the velocity of the fluid is.
[image: ]
[bookmark: _Toc512948208][bookmark: _Toc513122038][bookmark: _Toc513194531][bookmark: _Toc513195018][bookmark: _Toc513227554][bookmark: _Toc514069590][bookmark: _Toc514757909]Figure 66 - Insertion Style Optical Flow Meter (66)
[bookmark: _Toc512948277]Ultrasonic (LT)
Ultrasonic flow rate measurement works similarly to optical flow rate measurement. Instead of reflecting light off particles within the water it uses ultrasound. The meter consists of a transmitting and receiving element. The transmitter emits ultrasonic waves with are then reflected of particles within the fluid, when the waves are reflected the sound wave changes frequency, this frequency change is proportional to the rate of flow of the liquid. It is known as the Doppler Effect.
This technology generally doesn’t work with clean water and requires at least 100 parts per million of suspended solid of which are 100 microns or larger. (67) 
[image: ]
[bookmark: _Toc512948209][bookmark: _Toc513122039][bookmark: _Toc513194532][bookmark: _Toc513195019][bookmark: _Toc513227555][bookmark: _Toc514069591][bookmark: _Toc514757910]Figure 67 - Ultrasonic Flow Meter (67)
[bookmark: _Toc512948278][bookmark: _Toc513036716][bookmark: _Toc513121974][bookmark: _Toc513194606][bookmark: _Toc513227473][bookmark: _Toc514758077][bookmark: _Toc514764253] Pressure (LT)
The simplest method to increase the pressure within the tank is to place weight on top of the slurry. The issue with this method is that it cannot be controlled, the only way to reduce the pressure is remove weights manually and the only way to increase pressure is to add weights manually. 
[bookmark: _Toc512948279]Motor (LT)
Instead of adding and removing weights manually, a DC motor attached to the end of threaded rod. A threaded plate would then be on the rod which would raise and lower as the rod is rotated by the motor. Since the motor can be controlled in both directions with the use of H Bridge it would allow for the increasing and decreasing of pressure within the tank.
A stepping motor may be more suitable for this application due to its ability for more precise rotation because it makes use of multiple coil winding pairs for specific rotation angles. This would allow for slower more controlled rotations of threaded rod, which may be required due to the slow flow rate of the slurry.
[bookmark: _Toc512948280]Hydraulics (LT)
A similar process to the motor and threaded rod design, except the pressure would be applied by using a hydraulic press. This would be significantly more expensive alternative to the motor and threaded rod, it would also be more complicated to control. Both methods require small movements, due to the nature of system. The tank has a larger area than the reactor thus a small movement from the fluid within the tank will result in a large movement of the fluid within the reactor.
[image: ]
[bookmark: _Toc512948210][bookmark: _Toc513122040][bookmark: _Toc513194533][bookmark: _Toc513195020][bookmark: _Toc513227556][bookmark: _Toc514069592][bookmark: _Toc514757911]Figure 68 - Hydraulic Force (68)
[bookmark: _Toc512948281] Air (LT)
Alternatively, air pressure within the tank could be utilised to increase the flow of slurry into the reactor. This could be achieved by sealing tank and either pumping air into the tank or having another tank filled with air and using a valve to control the flow of air into the slurry tank. Using a valve would allow for greater control of airflow into the tank but the air tanks used within this method would require replacing.
[bookmark: _Toc513036717][bookmark: _Toc513121975][bookmark: _Toc513194607][bookmark: _Toc513227474][bookmark: _Toc514758078][bookmark: _Toc514764254]Summary (LT)
The most suitable method would be using an impellor within the pipe connecting the slurry tank to the reactor to measure flow rate and a sealed tank using an air pump to increase the pressure within the tank.
This method would be used due to its relative simplicity, the flow rate sensor would be connected to magnet. Each revolution of the sensor would be detected by a Hall Effect sensor which in turn would send a pulse to a microchip. The microchip could then count the number of pulses per second, using the pulses per second and diameter of the pipe the flow rate of the slurry can be calculated. Depending on if the flow rate is above or below the set target the microchip can send out the single to pump more air into the container or drain it out.


[bookmark: _Toc512948283][bookmark: _Toc513036718][bookmark: _Toc513121976][bookmark: _Toc513194608][bookmark: _Toc513227476][bookmark: _Toc514758079][bookmark: _Toc514764255][bookmark: _Toc512850142][bookmark: _Toc512850263][bookmark: _Toc512850828][bookmark: _Toc512850990][bookmark: _Toc512851471][bookmark: _Toc512855806][bookmark: _Toc512857316][bookmark: _Toc512863109]Implementation
[bookmark: _Toc512850829][bookmark: _Toc512850991][bookmark: _Toc512851472][bookmark: _Toc512854277][bookmark: _Toc512855807][bookmark: _Toc512857317][bookmark: _Toc512863110][bookmark: _Toc512948284][bookmark: _Toc513036719][bookmark: _Toc513121977][bookmark: _Toc513194609][bookmark: _Toc513227477][bookmark: _Toc514758080][bookmark: _Toc514764256]Purchasing new parts (Group)
In order to make the improvements, additional parts were needed to extend the overall length of the reactor.
Below is an image of the nuts & bolts needed to extend the Reactor, the nuts & bolts are 23mm in diameter while the bolts were 240mm total length. 
[image: ]
[bookmark: _Toc512854224][bookmark: _Toc512855752][bookmark: _Toc512857260][bookmark: _Toc512948211][bookmark: _Toc513122041][bookmark: _Toc513194534][bookmark: _Toc513195021][bookmark: _Toc513227557][bookmark: _Toc514069593][bookmark: _Toc514757912]Figure 69: Purchased Nuts & Bolts

Below is an image of the additional pipe needed to extend the reactor, the pipe is made of Mild Steel and is 145mm in length, 101mm in diameter. Only one pipe was used as two were purchased as spare parts. 
[image: ]
[bookmark: _Toc512854225][bookmark: _Toc512855753][bookmark: _Toc512857261][bookmark: _Toc512948212][bookmark: _Toc513122042][bookmark: _Toc513194535][bookmark: _Toc513195022][bookmark: _Toc513227558][bookmark: _Toc514069594][bookmark: _Toc514757913]Figure 70: Purchased Outer Pipe




 Below is a new electrode to replace the anode used during last year’s testing, the measurements are the same between both electrodes while the new electrode is made from Mild Steel as the material of the previous electrode was undocumented. 
[image: ]

[bookmark: _Toc512854226][bookmark: _Toc512855754][bookmark: _Toc512857262][bookmark: _Toc512948213][bookmark: _Toc513122043][bookmark: _Toc513194536][bookmark: _Toc513195023][bookmark: _Toc513227559][bookmark: _Toc514069595][bookmark: _Toc514757914]Figure 71: Purchased Anode

[bookmark: _Toc512850830][bookmark: _Toc512850992][bookmark: _Toc512851473][bookmark: _Toc512854278][bookmark: _Toc512855808][bookmark: _Toc512855905][bookmark: _Toc512857318][bookmark: _Toc512863111][bookmark: _Toc512948285][bookmark: _Toc513036720][bookmark: _Toc513121978][bookmark: _Toc513194610][bookmark: _Toc513227478][bookmark: _Toc514758081][bookmark: _Toc514764257]Disassembly & Reassembly (Group)
The old reactor was disassembled so that it could be cleaned out and extended by affixing the new pipe in between the top and bottom sections of the reactor by using a strong sealant. This would then be held in place by the purchased nuts & bolts. The system was then checked to ensure that it was watertight by charging the reactor with water. [image: ]
[bookmark: _Toc512854227][bookmark: _Toc512855755][bookmark: _Toc512857263][bookmark: _Toc512948214][bookmark: _Toc513122044][bookmark: _Toc513194537][bookmark: _Toc513195024][bookmark: _Toc513227560][bookmark: _Toc514069596][bookmark: _Toc514757915]Figure 72: Disassembled Top & Bottom half of the reactor

[image: ]The improved reactor design matches expectations shown in the 3D CAD Drawing made previously along with all the final measurements. 
With these improvements, more slurry can be loaded into the reactor as well as allowing additional room for mixed media filters to be used for separating the slurry from the final product. 
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[bookmark: _Toc512850831][bookmark: _Toc512850993][bookmark: _Toc512851474][bookmark: _Toc512854279][bookmark: _Toc512855809][bookmark: _Toc512857319][bookmark: _Toc512863112][bookmark: _Toc512948286][bookmark: _Toc513036721][bookmark: _Toc513121979][bookmark: _Toc513194611][bookmark: _Toc513227479][bookmark: _Toc514758082][bookmark: _Toc514764258]Preparation (Group)
Two sets of slurry samples were collected from the Gelli Aur Farm, each of which were approximately 6 litres. The consistency of the samples shared similar characteristics in terms of the total amount of water present and were both used within 4 days of collection to avoid the build-up of harmful gases. 
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[bookmark: _Toc514069598][bookmark: _Toc514757917]Figure 74 - Slurry Sample


[bookmark: _Toc514758083][bookmark: _Toc514764259]XRF Analysis (Group)
Each sample produce from the tests were collected and placed in small test tubes. These samples were taken for further testing and analysed through X-ray fluorescence (XRF) to determine the chemical composition of each sample.[image: ][bookmark: _Toc514069599][bookmark: _Toc514757918]Figure 75 - Samples in test tubes

The samples from the tests were then placed on small XRF disc of 20 and labelled.
[image: ][bookmark: _Toc514069600][bookmark: _Toc514757919]Figure 76 - XRF sample Discs










[image: ][image: ][bookmark: _Toc514069601][bookmark: _Toc514757920]Figure 77 - Inside the XRF machine
[bookmark: _Toc514069602][bookmark: _Toc514757921]Figure 78 - Loading the XRF machine


The XRF discs were placed inside the machine to measure the organic and inorganic matters inside the samples. The XRF scans each disc using X-ray waves and produces different results for each sample.
[image: ][bookmark: _Toc514069603][bookmark: _Toc514757922]Figure 79 - XRF Machine in operation

	


	
[bookmark: _Toc512850143][bookmark: _Toc512850264][bookmark: _Toc512850832][bookmark: _Toc512850994][bookmark: _Toc512851475][bookmark: _Toc512854280][bookmark: _Toc512855810][bookmark: _Toc512857320][bookmark: _Toc512863113][bookmark: _Toc512948287][bookmark: _Toc513036722][bookmark: _Toc513121980][bookmark: _Toc513194612][bookmark: _Toc513227480][bookmark: _Toc514758084][bookmark: _Toc514764260]Tests & Results
[bookmark: _Toc512948288][bookmark: _Toc513036723][bookmark: _Toc513121981][bookmark: _Toc513194613][bookmark: _Toc513227481][bookmark: _Toc514758085][bookmark: _Toc514764261]Week 1
[bookmark: _Toc512850995][bookmark: _Toc512851476][bookmark: _Toc512854281][bookmark: _Toc512855811][bookmark: _Toc512857321][bookmark: _Toc512863114][bookmark: _Toc512948289][bookmark: _Toc513036724][bookmark: _Toc513121982][bookmark: _Toc513194614][bookmark: _Toc513227482][bookmark: _Toc514758086][bookmark: _Toc514764262]Test 1 (Group)
Voltage Cap: 40V	Current: 2A	Volume of Slurry: 1100ml	
Volume of Charge Water: 500ml	Gravel Depth: 145mm	Date of Sample: 16/04/18
[bookmark: _Toc512948167][bookmark: _Toc513122062][bookmark: _Toc513227585][bookmark: _Toc514060327][bookmark: _Toc514069503][bookmark: _Toc514757967]Table 2 - Week 1 Test 1 Results
	Day
	Time
	Time Passed
(Minutes)
	Volume Slurry & Charge Water (ml)
	Volume of Slurry Water (ml)


	Monday
	12:05 (Tap Closed)
	0
	0
	0

	
	12:51 (Tap Opened)
	46
	0
	0

	
	13:30
	85
	575
	75

	
	14:30
	145
	595
	95

	
	15:00
	175
	600
	100

	Tuesday
	10:10
	1325
	715
	215

	
	
	
	
	


End Voltage: 40V	End Current: 0A	
PH at Anode: 8 		PH at Cathode: 6.8
Moisture at top: 20%	Moisture at bottom:	23%
[bookmark: _Toc512854230][bookmark: _Toc512855758][bookmark: _Toc512857266][bookmark: _Toc512948217][bookmark: _Toc513122047][bookmark: _Toc513194540][bookmark: _Toc513195027][bookmark: _Toc513227563][bookmark: _Toc514069604][bookmark: _Toc514757923]Figure 80 – Week 1 Test 1 Graph
The first test was ran for just over 22 hours using a sample that was obtained on the 15th April. For the first 45 minutes of the test the reactor was switched on with the tap closed, with the 500ml of water the reactor had been charged which didn’t exit before the reaction had started as the tap was kept closed. After 45 minutes the tap was opened and within half an hour the whole 500ml of fresh water had been drained plus 75ml from the slurry. At the time of the last reading for that day, 100ml of slurry water had been drained which is 46.5% of the total slurry water drained.
At the end of the test the voltage had increased to the maximum cap of 40V and the current had decreased to 0A. Looking inside the reactor the slurry had come away from the outside wall (Cathode), this likely broke the circuit which is why no current was flowing.
Below the dried slurry was a pool of wet slurry sitting on top of the gravel, this was likely due to the surface of the gravel being 70mm lower than the bottom of the anode. This resulted in some slurry never being in contact with the electrodes, hence why it was still so wet. The moisture content of the dryer slurry did increase going down the anode, increasing from 20 % at the top to 23% at the bottom.
The pH of the slurry also got more acidic as it went towards the cathode, with the pH at the anode being 8 and at the cathode being 6.8.
At the top of the anode was a white power, which was collected from analysis, shown on the left-hand side of the figure below. In the centre was the dry slurry sample and the right was the drained water sample.[image: ]
[bookmark: _Toc512854231][bookmark: _Toc512855759][bookmark: _Toc512857267][bookmark: _Toc512948218][bookmark: _Toc513122048][bookmark: _Toc513194541][bookmark: _Toc513195028][bookmark: _Toc513227564][bookmark: _Toc514069605][bookmark: _Toc514757924]Figure 81 - Week 1 Test 1 Samples
[bookmark: _Toc514060328][bookmark: _Toc514069504][bookmark: _Toc514757968]Table 3 - XRF Results Week 1 Test 1
	Element
	Wet sample (PPM)
	Dry Sample (PPM)
	Powder Sample (PPM)

	Sodium (Na)
	79.1
	ND
	ND

	 Magnesium (Mg)
	75.9
	188
	36.5

	Aluminium (Al) 
	35.5
	790
	387

	 Silicon (Si)
	26.9
	207
	41.4

	 Phosphorus (P)
	14.6
	37.4
	11.6

	 Sulfur (S)
	18.4
	31.4
	20.2

	 Chlorine (Cl)
	111
	58.7
	206

	Potassium (K)
	365
	162
	16.8

	Calcium (Ca)
	69.8
	334
	45.2

	Titanium (Ti)
	0.648
	2.44
	0.239

	Manganese (Mn)
	0.859
	10.8
	1.71

	Iron (Fe)
	8.11
	665
	180

	Cobalt (Co)
	2.07
	ND
	0.534

	Copper (Cu)
	0.864
	2.23
	1.68

	Zinc (Zn)
	1.55
	3.39
	1.04

	Bromine (Br)
	0.544
	0.38
	0.781

	Rubidium (Rb)
	0.411
	0.294
	0.114

	Strontium (Sr)
	0.369
	1.18
	ND

	Tantalum (Ta)
	ND
	0.456
	ND

	Platinum (Pt)
	ND
	ND
	0.33

	Lead (Pb)
	ND
	0.391
	ND


The above table displays the XRF results for the first test of week 1, it contained three samples; one from the water extracted, one from the dried solids and one from the white powder that was present at the top of the reactor.
There is a significant increase in aluminium in both the dry and powder samples compared to the wet sample. From 35.5PPM in the wet sample to 790PPM and 387PPM in the dry and powder samples. This is due to the degradation of the cathode which was made of aluminium. Due to the abundance of aluminium within the white powder, it is safe to assume that the white powder itself is aluminium.
There was also a significant increase of iron again in both the dry and powder samples in comparison to the wet sample. Increasing from 8.11PPM in the wet sample to 665PPM and 180PPM in the dry and powder samples. This is due to the degradation of the anode which was made of steel.

Two of the three elements crucial to plant growth also had significant changes between the dry and wet samples. Potassium had a substantial decrease in the dry sample compared to wet, going from 365PPm to 162PPM. Although, phosphorous increased in the dry sample compared to wet going from 14.6PPM to 37.2PPM.

[bookmark: _Toc512850996][bookmark: _Toc512851477][bookmark: _Toc512854282][bookmark: _Toc512855812][bookmark: _Toc512857322][bookmark: _Toc512863115][bookmark: _Toc512948290][bookmark: _Toc513036725][bookmark: _Toc513121983][bookmark: _Toc513194615][bookmark: _Toc513227483][bookmark: _Toc514758087][bookmark: _Toc514764263]Test 2 (Group)
Voltage Cap: 25V		Current: 2A		Volume of Slurry: 1100ml	
Volume of Charge Water: 0ml	Gravel Depth: 195mm	Date of Sample: 17/04/18
[bookmark: _Toc512948168][bookmark: _Toc513122063][bookmark: _Toc513227586][bookmark: _Toc514060329][bookmark: _Toc514069505][bookmark: _Toc514757969]Table 4 – Week 1 Test 2 Results
	Day
	Time
	Time Passed
(Minutes)
	Volume of Water (ml)

	Tuesday
	12:30
	0
	0

	
	13:00
	30
	80

	
	13:30
	60
	90

	
	14:00
	90
	100

	
	14:30
	120
	110

	Wednesday
	10:00
	1290
	355

	
	
	
	


End Voltage: 25V	End Current: 0.39A	
PH at Anode: 8 		PH at Cathode: 5.8
Moisture at top: 30%	Moisture at bottom: 35%	Volume in Condensation bag: 25ml

[bookmark: _Toc512854232][bookmark: _Toc512855760][bookmark: _Toc512857268][bookmark: _Toc512948219][bookmark: _Toc513122049][bookmark: _Toc513194542][bookmark: _Toc513195029][bookmark: _Toc513227565][bookmark: _Toc514069606][bookmark: _Toc514757925]Figure 82 – Week 1 Test 2 Graph

The second test was ran for 21 and half hours using the 1 day old sample collected on the 16th April. For this test the tap was opened from the beginning since the system was not charged with water. The gravel depth was also increased from 145mm to 215mm to prevent the puddle of slurry sitting on top of the reactor without being in contact with the electrodes.
[image: ][image: C:\Users\Rhys Miller\AppData\Local\Microsoft\Windows\INetCache\Content.Word\20180418_105228.jpg]After 2 hours 110ml of water had been drained from the reactor which is 30.9% of the total amount for this test. After a further 19 and half hours another 245ml had been drained in addition to the 25ml collected in the condensation bag, totalling 380ml for the second test. An extra 165ml had been drained compared to the first test which is a 76.7% increase. [bookmark: _Toc514069607][bookmark: _Toc514757926]Figure 83 - Week 1 Test 2 Wet & Dry Samples

At the end of the test the voltage had reached the cap of 25 but 0.39A was still flowing. After looking inside the reactor the dried slurry was still in contact with both electrodes, which is why there was still a small amount of current flowing.
Increasing the gravel depth successfully filled the gap that was present between the bottom of the anode and the gravel surface in the first test. It is likely the reason for the increase in results, due to more slurry being in contact with the electrodes.[bookmark: _Toc512854233][bookmark: _Toc512855761][bookmark: _Toc512857269][bookmark: _Toc512948220][bookmark: _Toc513122050][bookmark: _Toc513194543][bookmark: _Toc513195030][bookmark: _Toc513227566][bookmark: _Toc514069608][bookmark: _Toc514757927]Figure 84 - Anode after Test 2

The image to the left shows that by using a thicker gravel filter of 215mm, the slurry remains in contact with the anode at a higher level. 
[bookmark: _Toc512850997][bookmark: _Toc512851478][bookmark: _Toc512854283][bookmark: _Toc512855813][bookmark: _Toc512857323][bookmark: _Toc512863116][bookmark: _Toc512948291]As with the first test there continued to be a pH gradient present, with the pH at the anode being 8 and the pH at the cathode being 5.8.
[bookmark: _Toc514060330][bookmark: _Toc514069506][bookmark: _Toc514757970][bookmark: _Toc513036726][bookmark: _Toc513121984][bookmark: _Toc513194616][bookmark: _Toc513227484]Table 5 - XRF Results Week 1 Test 2
	Element
	Wet sample (PPM)
	Dry Sample (PPM)

	Sodium (Na)
	471
	ND

	 Magnesium (Mg)
	110
	17.4

	Aluminium (Al) 
	371
	75.2

	 Silicon (Si)
	75.7
	109

	 Phosphorus (P)
	23.6
	30.9

	 Sulfur (S)
	31.4
	54.2

	 Chlorine (Cl)
	257
	615

	Potassium (K)
	1500
	30.2

	Calcium (Ca)
	135
	197

	Titanium (Ti)
	1.08
	ND

	Manganese (Mn)
	2.21
	16.3

	Iron (Fe)
	17.3
	3360

	Cobalt (Co)
	ND
	3.14

	Nickel (Ni)
	0.1
	0.809

	Copper (Cu)
	1.23
	2.13

	Zinc (Zn)
	1.89
	2.61

	Gallium (Ga)
	0.143
	ND

	Bromine (Br)
	1.14
	3.55

	Rubidium (Rb)
	1.21
	0.308

	Strontium (Sr)
	0.63
	0.737

	Molybdenum (Mo)
	6.63
	ND

	Yttrium (Y)
	ND
	1.01


The above table displays the XRF results for the second test of week 1. This table contains a wet and a dry sample, taken from the same sources as previous.
Life before, there is a noticeable difference in Aluminium, Sodium and Chlorine content in the Wet sample. There is also a very noticeable amount of Potassium in the wet sample, showing that the nutrients are being contained to the water being removed. There is also a very noticeable amount of Iron in the Dry sample, showing that any iron present is kept to the solids inside the reactor.


[bookmark: _Toc514758088][bookmark: _Toc514764264]Test 3 (Group)
Voltage Cap: 25V	Current: 4A	Volume of Slurry: 1100ml	
Volume of Charge Water: 0ml	Gravel Depth: 195mm	Date of Sample: 18/04/18

[bookmark: _Toc512948169][bookmark: _Toc513122064][bookmark: _Toc513227587][bookmark: _Toc514060331][bookmark: _Toc514069507][bookmark: _Toc514757971]Table 6 – Week 1 Test 3 Results
	Day
	Time
	Time Passed
(Minutes)
	Volume of Water (ml)

	Wednesday
	12:20
	0
	0

	 
	12:50
	30
	200

	 
	13:20
	60
	210

	 
	13:50
	90
	225

	 
	14:00
	120
	240

	 
	14:20
	150
	250

	 
	14:50
	180
	290

	Thursday
	09:50
	1310
	390

	
	
	
	


End Voltage: 25V	End Current: 0.32A	
PH at Anode: 8 		PH at Cathode: 6.8
Moisture at top: 45%	Moisture at bottom:	56%	Volume in Condensation Bag: 30ml

[bookmark: _Toc512854234][bookmark: _Toc512855762][bookmark: _Toc512857270][bookmark: _Toc512948221][bookmark: _Toc513122051][bookmark: _Toc513194544][bookmark: _Toc513195031][bookmark: _Toc513227567][bookmark: _Toc514069609][bookmark: _Toc514757928]Figure 85 – Week 1 Test 3 Graph
[image: ][image: C:\Users\Rhys Miller\AppData\Local\Microsoft\Windows\INetCache\Content.Word\20180424_104321.jpg]The third test was conducted for 21 and a half hours using the slurry sample obtained on 16th April, which was now 2 days old. The system continued to use a gravel depth of 215mm and was not charged with water since these factors produced better results than the first test.[bookmark: _Toc514069610][bookmark: _Toc514757929]Figure 86 - Week 1 Test 3 Water and Dry Samples




[bookmark: _Toc512854235][bookmark: _Toc512855763][bookmark: _Toc512857271][bookmark: _Toc512948222][bookmark: _Toc513122052][bookmark: _Toc513194545][bookmark: _Toc513195032][bookmark: _Toc513227568][bookmark: _Toc514069611][bookmark: _Toc514757930]Figure 87 - Anode after Test 3

After two hours 250ml of water had been drained from the reactor which was 64.1% of the water that had been drained after the test was completed. After the 21 and a half hours a further 140ml had been drained, and there was 30ml in the condensation bag totalling 420ml for the third test. The third test had drained 55ml more than the second test which is a 15.5% increase.
At the end of the test the power supply had reached the set voltage limit of 25V and the current had decreased from 4A to 0.32A.
The image to the left shows the anode removed after conducting the test. Much like the other tests conducted, the dried slurry forms a soft layer surrounding the electrode as well as a white-powder substance forming on the surface.
As with the previous 2 tests there was a pH gradient present, with the pH at the anode being and 6.8 at the cathode.

[bookmark: _Toc514060332][bookmark: _Toc514069508][bookmark: _Toc514757972]Table 7 - XRF Results Week 1 Test 3
	Element
	Wet sample (PPM)
	Dry Sample (PPM)

	Sodium (Na)
	385
	18.2

	 Magnesium (Mg)
	105
	127

	Aluminium (Al) 
	951
	444

	 Silicon (Si)
	57.1
	191

	 Phosphorus (P)
	25.1
	38.4

	 Sulfur (S)
	28.1
	40

	 Chlorine (Cl)
	105
	192

	Potassium (K)
	1670
	95.9

	Calcium (Ca)
	83.1
	475

	Titanium (Ti)
	0.471
	2.51

	Manganese (Mn)
	1.71
	13.6

	Iron (Fe)
	15.5
	1830

	Cobalt (Co)
	ND
	6.72

	Copper (Cu)
	1.22
	2.67

	Zinc (Zn)
	1.87
	2.95

	Gallium (Ga)
	0.13
	ND

	Arsenic (As)
	ND
	0.167

	Selenium (Se)
	ND
	0.0701

	Bromine (Br)
	0.307
	0.929

	Rubidium (Rb)
	0.968
	0.45

	Strontium (Sr)
	0.737
	0.377

	Tantalum (Ta)
	ND
	0.694


The above table displays the XRF results for the third test of week 1. This table contains a wet and a dry sample, taken from the same sources as previous.
Life before, there is a noticeable difference in Aluminium & Sodium in the Wet sample with a 507ppm difference between them. Again, there is a very noticeable amount of Potassium in the wet sample, showing that the nutrients are being contained to the water being removed. There is also a very noticeable amount of Iron in the Dry sample, showing that any iron present is kept to the solids inside the reactor.


[bookmark: _Toc512850998][bookmark: _Toc512851479][bookmark: _Toc512854284][bookmark: _Toc512855814][bookmark: _Toc512857324][bookmark: _Toc512863117][bookmark: _Toc512948292][bookmark: _Toc513036727][bookmark: _Toc513121985][bookmark: _Toc513194617][bookmark: _Toc513227485][bookmark: _Toc514758089][bookmark: _Toc514764265]Test 4 (Group)
Voltage Cap: 25V	Current: 3A	Volume of Slurry: 1100ml	Date of Sample: 19/04/18
Volume of Charge Water: 0ml	Gravel Depth: 145mm	Sand Depth: 50mm
[bookmark: _Toc512948170][bookmark: _Toc513122065][bookmark: _Toc513227588][bookmark: _Toc514060333][bookmark: _Toc514069509][bookmark: _Toc514757973]Table 8 – Week 1 Test 4 Results
	Day
	Time
	Time Passed
(Minutes)
	Volume of Water (ml)

	Thursday
	11:50
	0
	0

	 
	12:20
	30
	74

	 
	12:50
	60
	92

	 
	13:10
	80
	105

	 
	13:20
	90
	118

	 
	13:35
	105
	122

	 
	13:50
	120
	130

	
	14:00
	130
	138

	
	14:25
	155
	158

	
	14:50
	180
	182

	
	15:20
	210
	198

	
	15:26
	216
	204

	Friday
	10:00
	1330
	390

	
	
	
	


End Voltage: 25V	End Current: 0.33A	
PH at Anode: 8 		PH at Cathode: 6.8	Volume in Condensation bag: 40ml

[bookmark: _Toc512854236][bookmark: _Toc512855764][bookmark: _Toc512857272][bookmark: _Toc512948223][bookmark: _Toc513122053][bookmark: _Toc513194546][bookmark: _Toc513195033][bookmark: _Toc513227570][bookmark: _Toc514069612][bookmark: _Toc514757931]Figure 88 – Week 1 Test 4 Graph
The fourth test was ran for 22 hours using the sample collected on the 16th April. By this point, the same is 3 days old. Again, the system was not charged with water as the results produced suggested that there was no need. The gravel filter was reduced back to 145mm and a new layer of sand was added on top with a depth of 50mm. This was done to observe the behavioural changes between a single media gravel filter and a dual media gravel & sand filter.
After 2 hours, 130ml of water had been drained from the reactor which is 33.3% of the total amount for this test. After a further 20 hours, another 260ml had been drained along with 40ml being collected in the condensation bag, giving a total of 390ml for the fourth test. This is the same amount as the previous test, which used a higher amperage as well as a different filter media.
At the end of the test the voltage had reached the cap of 25V and was generating 0.33A.
Introducing the new sand layer to the filter along with using a lower amperage produces the same end results as the previous test. This is an improvement as less overall power is being used.
As with the previous tests, there is still a pH gradient present within the reactor after the test was finished, with the pH at the anode being 8 and the pH at the cathode being 6.8.
[image: ]
[bookmark: _Toc513227571][bookmark: _Toc514069613][bookmark: _Toc514757932]Figure 89 - Week 1 Test 4 Water and Dry Samples



[bookmark: _Toc514060334][bookmark: _Toc514069510][bookmark: _Toc514757974]Table 9 - Week 1 Test 4 XRF Results
	Element
	Wet sample (PPM)
	Dry Sample (PPM)

	Sodium (Na)
	410
	15.4

	 Magnesium (Mg)
	4.56
	92.6

	Aluminium (Al) 
	667
	263

	 Silicon (Si)
	8.04
	208

	 Phosphorus (P)
	4.06
	41.1

	 Sulfur (S)
	15.9
	45

	 Chlorine (Cl)
	80.4
	141

	Potassium (K)
	2200
	98

	Calcium (Ca)
	9.19
	420

	Titanium (Ti)
	ND
	1.94

	Manganese (Mn)
	ND
	12

	Iron (Fe)
	2.87
	2680

	Cobalt (Co)
	ND
	1.15

	Copper (Cu)
	0.728
	4.31

	Zinc (Zn)
	1.08
	3.44

	Gallium (Ga)
	0.169
	ND

	Arsenic (As)
	ND
	ND

	Bromine (Br)
	0.326
	0.69

	Rubidium (Rb)
	1.39
	0.3

	Strontium (Sr)
	ND
	2.09

	Tantalum (Ta)
	
	



The above table displays the results for the XRF analysis of test 3’s wet and dry samples. As with test 2 and test 3 there is more iron in the dry sample and more aluminium in the wet. Both due to the respective electrodes corroding. However, during the process the water is drawn to the outer electrode (cathode) which is made of aluminium and the solid is drawn to the centre electrode (anode) which is made of steel. This explains why there has consistently been higher content of iron and aluminium in the dry and wet samples respectively.





[bookmark: _Toc512850999][bookmark: _Toc512851480][bookmark: _Toc512854285][bookmark: _Toc512855815][bookmark: _Toc512857325][bookmark: _Toc512863118][bookmark: _Toc512948293][bookmark: _Toc513036728][bookmark: _Toc513121986][bookmark: _Toc513194618][bookmark: _Toc513227486][bookmark: _Toc514758090][bookmark: _Toc514764266]Test 5 (Group)
Voltage Cap: 25V	Current: 1A	Volume of Slurry: 1100ml	Date of Sample: 20/04/18
Volume of Charge Water: 0ml	Gravel Depth: 145mm	Sand Depth: 50mm
[bookmark: _Toc512948171][bookmark: _Toc513122066][bookmark: _Toc513227589][bookmark: _Toc514060335][bookmark: _Toc514069511][bookmark: _Toc514757975]Table 10 - Week 1 Test 5 Results
	Day
	Time
	Time Passed
(Minutes)
	Volume of Water (ml)

	Friday
	14:27
	0
	0

	 
	14:43
	16
	52

	 
	15:03
	36
	112

	 
	15:34
	67
	118

	 
	15:50
	83
	118

	 
	15:58
	91
	122

	 
	15:18
	111
	122

	
	15:28
	121
	125

	Monday
	10:00
	4113
	400



End Voltage: 25V	End Current: 0.06A	
PH at Anode: 8 		PH at Cathode: 6.8	Volume in Condensation bag: 10ml


[bookmark: _Toc512854237][bookmark: _Toc512855765][bookmark: _Toc512857273][bookmark: _Toc512948224][bookmark: _Toc513122054][bookmark: _Toc513194547][bookmark: _Toc513195034][bookmark: _Toc513227572][bookmark: _Toc514069614][bookmark: _Toc514757933]Figure 90 – Week 1 Test 5 Graph
The fifth test was ran for 68 and a half hours using the sample collected on the 16th April. By this point, the same is 4 days old and has been disposed of due to the gases being generated. 
Again, the system was not charged with water as the previous results produced suggested that there was no need. The current was reduced to 1A and the test was extended from the ~22 hour period up to 68 hours. This was done to observe the behavioural changes when the reactor is operated over an extended period of time.
After one hour, 125ml of water had been drained from the reactor which is 31.25% of the total amount for this test. After a further 67 hours, an additional 275ml had been drained along with 10ml being collected in the condensation bag, giving a total of 410ml for the fourth test. These results are similar to previous tests despite the extended period of which the test was conducted. The amount collected in the condensation bag is noticeably less than previous tests, which could suggest some of the water vapour may have dissipated.
At the end of the test the voltage had reached the cap of 25V and was generating 0.06A.
Extending the time in which the reactor is operational yielded a similar amount of water as previous tests, which shows that obtaining additional water after a set point proves difficult due to either the additional power needed.
As with the previous tests, there is still a pH gradient present within the reactor after the test was finished, with the pH at the anode being 8 and the pH at the cathode being 6.8.
[image: ]
[bookmark: _Toc513227573][bookmark: _Toc514069615][bookmark: _Toc514757934]Figure 91 - Week 1 Test 5 Water and Dry samples
	[bookmark: _Hlk513916379]Element
	Wet sample (PPM)
	Dry Sample (PPM)

	Sodium (Na)
	820
	27

	 Magnesium (Mg)
	7.71
	186

	Aluminium (Al) 
	1790
	526

	 Silicon (Si)
	16.2
	328

	 Phosphorus (P)
	6.88
	46.1

	 Sulphur (S)
	12.6
	45.7

	 Chlorine (Cl)
	167
	169

	Potassium (K)
	2660
	124

	Calcium (Ca)
	11.8
	562

	Titanium (Ti)
	ND
	4.75

	Manganese (Mn)
	ND
	22

	Iron (Fe)
	5.39
	3270

	Cobalt (Co)
	ND
	4.25

	Copper (Cu)
	0.989
	3.77

	Zinc (Zn)
	1.05
	5.3

	Gallium (Ga)
	0.346
	0.238

	Arsenic (As)
	ND
	0.293

	Selenium (Se)
	ND
	ND

	Bromine (Br)
	0.234
	1.15

	Rubidium (Rb)
	1.8
	0.951

	Strontium (Sr)
	ND
	4.53

	Tantalum (Ta)
	ND
	ND


[bookmark: _Toc514060336][bookmark: _Toc514069512][bookmark: _Toc514757976]Table 11 Test 5 XRF results
As is shown from the table above test five indicated the presence of excessive amounts of iron in the dry waste after the test had been completed as the sacrificial cathode eroded due to the ion release from the electrolysis reaction. The iron content of the dry waste was greater than the liquid as the movement of the liquid during the dewatering process is in the direction of the anode and as a result the iron must pass through the solid waste as it is attracted towards the anode, whereas the aluminium that is eroded from the outer anode is constantly subjected to liquid passing over the internal wall of the reactor and as a result removes the oxidised aluminium ions which remain present in the liquid the drains through the reactor.
 The dry waste with a higher iron content at the location of the cathode had a lower pH than the waste in contact with the outer anode and as a result showed signs of a pH gradient across the cross-sectional area of the waste. The content of iron and aluminium was of lower ppm in both samples when compared to tests of higher currents as the emission of the ions from the electrodes is directly affected to the strength of the electric field shown in the H-S theory.


[bookmark: _Toc512851000][bookmark: _Toc512851481][bookmark: _Toc512854286][bookmark: _Toc512855816][bookmark: _Toc512857326][bookmark: _Toc512863119][bookmark: _Toc512948294][bookmark: _Toc513036729][bookmark: _Toc513121987][bookmark: _Toc513194619][bookmark: _Toc513227487][bookmark: _Toc514758091][bookmark: _Toc514764267]Week One Testing Results (Group)
[bookmark: _Toc513122067][bookmark: _Toc513227590][bookmark: _Toc514060337][bookmark: _Toc514069513][bookmark: _Toc514757977]Table 12 - Week 1 Results

The results from the first week of testing show that by increasing the current from 2A to 4A when using a single media gravel filter, a higher yield of water can be obtained. As well as this, the results show that despite using a single media gravel filter of 145mm, or when using a dial media filter with 145mm gravel & 50mm sand, the yield of water can be raised by increasing the amount of current.


[bookmark: _Toc512948295][bookmark: _Toc513036730][bookmark: _Toc513121988][bookmark: _Toc513194620][bookmark: _Toc513227488][bookmark: _Toc514758092][bookmark: _Toc514764268][bookmark: _Toc512851002][bookmark: _Toc512851482][bookmark: _Toc512854287][bookmark: _Toc512855817][bookmark: _Toc512857327][bookmark: _Toc512863120] Week One Results Compared to Previous Year’s (Group)
[bookmark: _Toc513122068][bookmark: _Toc513227591][bookmark: _Toc514060338][bookmark: _Toc514069514][bookmark: _Toc514757978]Table 13 - Week 1 and Last Year’s Results

When compared to the results obtained from the previous year, the results show an overall improvement from the changes made to the reactor as well as the current used during testing.
The graph shows that a higher yield of water has been obtained in a shorter time frame while also consuming less overall power.




[bookmark: _Toc512948296][bookmark: _Toc513036731][bookmark: _Toc513121989][bookmark: _Toc513194621][bookmark: _Toc513227489][bookmark: _Toc514758093][bookmark: _Toc514764269][bookmark: _Toc512850144][bookmark: _Toc512850265][bookmark: _Toc512850833][bookmark: _Toc512851003][bookmark: _Toc512851483][bookmark: _Toc512854288][bookmark: _Toc512855818][bookmark: _Toc512857328][bookmark: _Toc512863121]Week 2
[bookmark: _Toc512948297][bookmark: _Toc513036732][bookmark: _Toc513121990][bookmark: _Toc513194622][bookmark: _Toc513227490][bookmark: _Toc514758094][bookmark: _Toc514764270]Test 1 (Group)
Voltage Cap: 0V		Current: 0A	Volume of Slurry: 1100ml	
Volume of Charge Water: 0ml	Gravel Depth: 195mm 	Date of Sample: 23/04/18
[bookmark: _Toc512948174][bookmark: _Toc513122069][bookmark: _Toc513227592][bookmark: _Toc514060339][bookmark: _Toc514069515][bookmark: _Toc514757979]Table 14 – Week 2 Test 1 Results
	Day
	Time
	Time Passed
(Minutes)
	Volume of Water (ml)

	Monday
	11:40
	0
	0

	 
	11:50
	10
	10

	 
	12:00
	20
	10

	 
	12:10
	30
	11

	 
	12:20
	40
	15

	 
	12:30
	50
	15

	 
	12:40
	60
	15

	
	12:50
	70
	16

	
	13:00
	80
	16

	
	13:10
	90
	20

	
	
	
	



[bookmark: _Toc512948225][bookmark: _Toc513122055][bookmark: _Toc513194548][bookmark: _Toc513195035][bookmark: _Toc513227574][bookmark: _Toc514069616][bookmark: _Toc514757935]Figure 92 – Week 2 Test 1 Results
Based on the findings obtained from the first week’s results, it was thought to carry out another set of tests on the reactor but using the forces of gravity only. The test was conducted over a 90 minutes period without powering up the reactor. The reactor was first filled with 195mm of gravel, which was acting as the filter and then 1100ml of slurry was added on top of the gravel, as shown in figure. 


[image: C:\Users\Feran\AppData\Local\Microsoft\Windows\INetCache\Content.Word\20180423_115306.jpg][bookmark: _Toc512948226][bookmark: _Toc513122056][bookmark: _Toc513194549][bookmark: _Toc513195036][bookmark: _Toc513227575][bookmark: _Toc514069617][bookmark: _Toc514757936]Figure 93 - Reactor Filled with Slurry
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[bookmark: _Toc512948227][bookmark: _Toc513122057][bookmark: _Toc513194550][bookmark: _Toc513195037][bookmark: _Toc513227576][bookmark: _Toc514069618][bookmark: _Toc514757937]Figure 94 - Reactor Gravity Test

Gradually small drips of water were drained out the slurry and 10ml of water was collected in the first 10 minutes. However, the fact that there was no voltage or current connected to the reactor meant that the volume of water drained out of the slurry was going to be low, compared to the previous test conducted while the reactor was powered up with current.
The results were recorded every 10 minutes. It was found that, slight increases in the drops of water drained from the slurry between 30 - 40 minutes and between 80 - 90 minutes of testing. At the end of the test, the reactor was only able to produce 20ml of water from 1100ml of slurry.
[bookmark: _Toc512948298][bookmark: _Toc513036733][bookmark: _Toc513121991][bookmark: _Toc513194623][bookmark: _Toc513227491][bookmark: _Toc514758095][bookmark: _Toc514764271]Test 2 (Group)
Voltage Cap: 0V		Current: 0A	Volume of Slurry: 1100ml	Date of Sample: 23/04/18
Volume of Charge Water: 0ml	Gravel Depth: 145mm    Sand Depth: 50mm    
[bookmark: _Toc512948175][bookmark: _Toc513122070][bookmark: _Toc513227593][bookmark: _Toc514060340][bookmark: _Toc514069516][bookmark: _Toc514757980]Table 15 - Week 2 Test 2 Results
	Day
	Time
	Time Passed
(Minutes)
	Volume of Water (ml)

	Monday
	13:40
	0
	0

	 
	13:50
	10
	8

	 
	14:00
	20
	10

	 
	14:10
	30
	10

	 
	14:20
	40
	10

	 
	14:30
	50
	10

	 
	14:40
	60
	12

	
	14:50
	70
	15

	
	15:00
	80
	15

	
	15:10
	90
	15

	
	
	
	




[bookmark: _Toc512948228][bookmark: _Toc513122058][bookmark: _Toc513194551][bookmark: _Toc513195038][bookmark: _Toc513227577][bookmark: _Toc514069619][bookmark: _Toc514757938]Figure 95 - Week 2 Test 2 Graph

After completing the first gravity test the reactor needed to be cleaned and left to dry thoroughly before conducting the second gravity test. The second test was conducted over the same amount of time, using the same sample which was obtained from the farm. However, as previously mentioned the amount of gravel used in the second gravity test was reduced from 195mm to 145mm of gravel, simply because a new layer of sand was added on top with a depth of 50mm to create a dual media of gravel & sand filter.
Compared to the previous test, the drops of water coming out the reactor were a lot slower. As a result, only 8ml of water was collected in the first ten minutes and it wasn’t until 20 minutes of testing that we were able to reach the 10ml mark. The drops of water increased between 50 – 70 minutes of testing which then caused a 5ml increase. At the end of the test, the reactor was only able to produce 15ml of water from 1100ml of slurry.
It was found that with the addition of sand in the filter, meant that most of the water was been absorbed and only a small amount of it could pass through. As a result, the amount of collected at the end of the test was 5ml less than the gravel only gravity test.


[bookmark: _Toc512948299][bookmark: _Toc513036734][bookmark: _Toc513121992][bookmark: _Toc513194624][bookmark: _Toc513227492][bookmark: _Toc514758096][bookmark: _Toc514764272]Test 3 (Group)
Voltage Cap: 25V	Current: 2A	Volume of Slurry: 1100ml	Date of Sample: 23/04/18
Volume of Charge Water: 0ml	Gravel Depth: 145 mm	 Sand Depth: 50mm   
[bookmark: _Toc512948176][bookmark: _Toc513122071][bookmark: _Toc513227594][bookmark: _Toc514060341][bookmark: _Toc514069517][bookmark: _Toc514757981]Table 16 - Week 2 Test 3 Results
	Day
	Time
	Time Passed
(Minutes)
	Volume of Water (ml)

	Tuesday
	15:40
	0
	0

	 
	15:50
	10
	42

	 
	16:00
	20
	47

	 
	16:10
	30
	51

	 
	16:20
	40
	57

	 
	16:30
	50
	60

	 
	16:40
	60
	61

	
	16:50
	70
	65

	
	17:00
	80
	65

	
	17:10
	90
	78

	
	
	
	


End Voltage: 25V	End Current: 0.07A	
PH at Anode: 8      	PH at Cathode: 7
Moisture at top: 	Moisture at bottom:	Volume in Condensation Bag: 20mg
[bookmark: _Toc512948229][bookmark: _Toc513122059][bookmark: _Toc513194552][bookmark: _Toc513195039][bookmark: _Toc513227578][bookmark: _Toc514069620][bookmark: _Toc514757939]Figure 96- Week 2 Test 3 Graph
At this point it was decided not to do a sand only gravity test but to re-run the gravel and sand test and power up the reactor using 25 volts and 2 amps. The third test was conducted over the same amount of time, using the same sample as the previous two tests. This was vital that all three tests were conducted in the same manner to ensure that our results were constant and accurate
Just after 10 minutes of testing we were able to collect 42ml amount of water drained from the reactor and this gradually increased over time. After one hour, 61ml of water was drained from the reactor. At the end of the test, the voltage had reached 25V and was generating 0.07A and the reactor produced 78ml of water from 1100ml of slurry. 
[image: ][image: C:\Users\Feran\AppData\Local\Microsoft\Windows\INetCache\Content.Word\20180419_122342.jpg][bookmark: _Toc514069621][bookmark: _Toc514757940]Figure 97 - Week 2 Test 3 Samples

[bookmark: _Toc512948230][bookmark: _Toc513122060][bookmark: _Toc513194553][bookmark: _Toc513195040][bookmark: _Toc513227579][bookmark: _Toc514069622][bookmark: _Toc514757941]Figure 98 - Reactor covered with Condensation Bag
It was found that with the addition of the condensation bag on top of the reactor, meant that all the form and evaporated water was captured in the bag. Hence, 20ml of the 78ml was collected from the condensation bag.


	Element
	Wet sample (PPM)
	Dry Sample (PPM)

	Sodium (Na)
	16.1
	428

	 Magnesium (Mg)
	32.3
	14.3

	Aluminium (Al) 
	140
	939

	 Silicon (Si)
	423
	21.6

	 Phosphorus (P)
	47.1
	7.5

	 Sulphur (S)
	51.5
	23.7

	 Chlorine (Cl)
	309
	40.6

	Potassium (K)
	39
	3910

	Calcium (Ca)
	1030
	24.8

	Titanium (Ti)
	9.82
	ND

	Manganese (Mn)
	8.5
	0.378

	Iron (Fe)
	1370
	6.29

	Cobalt (Co)
	3.25
	ND

	Copper (Cu)
	3.34
	2.15

	Zinc (Zn)
	ND
	0.281

	Gallium (Ga)
	ND
	0.187

	Arsenic (As)
	ND
	ND

	Selenium (Se)
	1.69
	0.441

	Bromine (Br)
	0.462
	2.26

	Rubidium (Rb)
	2.77
	ND

	Strontium (Sr)
	16.1
	428

	Tantalum (Ta)
	32.3
	14.3


[bookmark: _Toc514060342][bookmark: _Toc514069518][bookmark: _Toc514757982]Table 17: Week 2 Test 3 XRF
As is seen in previous tests the amount of iron present in the dry sample is far greater than in the wet sample and the aluminium presence in the wet sample is greater than the amount found in the dry sample this is due to the migration of the fluid from the cathode towards the anode.
What is noticeable from this test is the presence of sodium which is much higher than the tests run previously, the abundance of sodium is likely to be from the addition of the sand layer in the filter as the sand is almost certainly from a coastal source and not from an inland source, this addition of sand would almost certainly explain the rapid increase in Sodium levels seen in this test.






[bookmark: _Toc512948300][bookmark: _Toc513036735][bookmark: _Toc513121993][bookmark: _Toc513194625][bookmark: _Toc513227493][bookmark: _Toc514758097][bookmark: _Toc514764273]Test 4 (Group)
Voltage Cap: 40V		Current: 2A		Volume of Slurry: 1100ml	
Volume of Charge Water: 0ml	Gravel Depth: 195mm	Date of Sample: 23/04/18
[bookmark: _Toc514060343][bookmark: _Toc514069519][bookmark: _Toc514757983]Table 18 - Week 2 Test 4 Results
	Day
	Time
	Time Passed
(Minutes)
	Volume of Water (ml)

	Tuesday
	12:05
	0
	0

	
	12:15
	10
	50

	
	12:25
	20
	76

	
	12:35
	30
	76

	
	12:45
	40
	77

	
	12:55
	50
	82

	
	13:05
	60
	82

	
	13:15
	70
	90

	
	13:25
	80
	91

	
	13:35
	90
	91

	
	
	
	


End Voltage: 5V		End Current: 1.98A	
PH at Anode: 5.8 	PH at Cathode: 8

[bookmark: _Toc514069623][bookmark: _Toc514757942]Figure 99 - Week 2 Test 4 Graph
This test was run for 90 minutes with on a sample that was collected on the 21st f April, the sample that was collected on this date had a higher viscosity than the previous sample and was expected to yield less liquid than the previous tests at the same current. The rector and the filter were prepared in the same manner as the previous tests. 
Over the 90-minute test the liquid rapidly left the reactor initially with the rate of yield decreasing as time increased this is thought to be related to the performance of the membrane that is used to filter the liquid as it exits the reactor. The membrane because of its liquid permeable design will load with liquid then discharge the absorbed liquid rapidly and then require time to re-charge with liquid before releasing the liquid out f the reactor. The gravel depth prevents a layer of waste from forming in an area that is not subjected to the effects of the electrical current within the reactor.
The waste that was removed from the reactor after this test still had a high moisture content as the amount of liquid removed was near the 10% mark of the total moisture content of the 1100ml of waste loaded.
[image: ]
[bookmark: _Toc513227581][bookmark: _Toc514069624][bookmark: _Toc514757943]Figure 100 – Week 2 Test 4 Water Sample



	Element
	Wet sample (PPM)
	Dry Sample (PPM)

	Sodium (Na)
	81.5
	ND

	 Magnesium (Mg)
	25.8
	6.13

	Aluminium (Al) 
	221
	51.6

	 Silicon (Si)
	37.4
	11.5

	 Phosphorus (P)
	8.48
	1.61

	 Sulphur (S)
	12.9
	3.98

	 Chlorine (Cl)
	41
	9.29

	Potassium (K)
	833
	96.5

	Calcium (Ca)
	48.1
	16.8

	Titanium (Ti)
	0.368
	ND

	Manganese (Mn)
	0.448
	ND

	Iron (Fe)
	9.31
	2.76

	Cobalt (Co)
	ND
	ND

	Copper (Cu)
	1.11
	2.26

	Zinc (Zn)
	1.6
	1.34

	Gallium (Ga)
	ND
	ND

	Arsenic (As)
	ND
	ND

	Selenium (Se)
	0.0524
	ND

	Bromine (Br)
	0.264
	ND

	Rubidium (Rb)
	0.493
	ND

	Strontium (Sr)
	ND
	ND

	Tantalum (Ta)
	ND
	ND


[bookmark: _Toc514060344][bookmark: _Toc514069520][bookmark: _Toc514757984]Table 19 : Week 2 Test 4
From the XRF results for week 2 test 4 there is a noticeable drop in the measurement of iron and aluminium when compared to previous test. As the tests in week two were run for a period of ninety minutes, the time that the electric field was applied to the waste was not sufficient enough to allow the migration of iron through the waste in sufficient quantities as seen in tests run for longer periods.
As a result of the short detention time in the reaction chamber and after the test was completed the reactor was starting to show signs of exhaustion with the outside of the Cathode in particular showing signs of oxidation where the plastic coating began to bubble which could have been a contributing factor to the reduction in iron and aluminium seen in the samples that were taken from the later tests. 

[bookmark: _Toc512948301][bookmark: _Toc513036737][bookmark: _Toc513121995][bookmark: _Toc513194627][bookmark: _Toc513227494][bookmark: _Toc514758098][bookmark: _Toc514764274]Test 5 (Group)
Voltage Cap: 40V		Current: 4A		Volume of Slurry: 1100ml	
Volume of Charge Water: 0ml	Gravel Depth: 195mm	Date of Sample: 23/04/18
[bookmark: _Toc514060345][bookmark: _Toc514069521][bookmark: _Toc514757985]Table 20 - Week 2 Test 5 Results
	Day
	Time
	Time Passed
(Minutes)
	Volume of Water (ml)

	Tuesday
	14:45
	0
	0

	
	14:55
	10
	55

	
	15:05
	20
	57

	
	15:15
	30
	57

	
	15:25
	40
	62

	
	15:35
	50
	75

	
	15:45
	60
	80

	
	15:55
	70
	86

	
	16:05
	80
	105

	
	16:15
	90
	127

	Wednesday
	10:00
	1155
	336



End Voltage: 25V	End Current: 0A	
PH at Anode: 8 		PH at Cathode: 5.8
[bookmark: _Toc514069625][bookmark: _Toc514757944]Figure 101 - Week 2 Test 5 Graph

Test ten was run with a current of 4 amps and was left to run for a total time of 19 hours and 45 minutes and finished the test with a current of 0 amps and a voltage of 25 as a result of the resistance of the waste increasing as time increased and the connection between the power pack and the anode. As is seen with previous tests the membrane prevents a continuous yield of liquid from being measured evidence of this is the readings of 55,57,57 and 62 ml over the course of 30 minutes, this is thought to be evidence of the time taken for the membrane to become fully saturated with liquid from the reactor process. What is not known is the time that the current across the reactor drops, if the current could potentially be maintained the dewatering of the waste by the reactor may be more successful but also far more efficient as the power consumption could be adjusted and limited to the point until the power consumption to yield ratio becomes too great.
Overnight the yield continued to increase and was measured at 336 ml which was not the greatest yield measured, it is thought that the sample used may have had a lower moisture content than previous samples and also that the reactor during this test was not performing to the same standard as previous tests as a result of the anode and cathode becoming depleted of available ions. 
[image: C:\Users\HP\Desktop\Uni Project\20180426_114531.jpg]
[bookmark: _Toc514069626][bookmark: _Toc514757945]Figure 102 - Cathode Bubbling
[image: ]
[bookmark: _Toc514069627][bookmark: _Toc514757946]Figure 103 - Hole in the Cathode
Once the testing was completed it was discovered that the material that the cathode was made of had corroded to such an extent that the external wall of the cathode that was structurally integral to supporting the reactor had failed and two holes had appeared, evidence of this was noted before the inspection of the reactor where the liquid that was being released from the process was leaking through the external wall of the reactor and was collecting around the top flange of the reactor. 
[image: ]What is noticeable form the results for test ten is that the performance of the reactor up to the 70-minute mark is lower than test nine and test eleven particularly from the ten-minute point to the forty-minute point. It is likely that at this point the pouter wall of the cathode had failed and the liquid that was produced was exiting through the fractures in the material. Up to the seventy-minute mark it is thought that the amount of aluminium oxide produced was not sufficient enough to seal the fracture, once the seventy-minute mark was reached and the aluminium oxide had reached a sufficient volume to act as a barrier to the liquid the performance of the reactor rapidly increased producing a higher yield than any other test run with the same sample for the ninety minutes.[bookmark: _Toc514069628][bookmark: _Toc514757947]Figure 104 - Week 2 Test 5 Water Sample



[bookmark: _Toc514060346][bookmark: _Toc514069522][bookmark: _Toc514757986]Table 21 - Week 2 Test 5 XRF Results
	Element
	Wet (PPM)

	Sodium (Na)
	145

	 Magnesium (Mg)
	ND

	Aluminium (Al) 
	1230

	 Silicon (Si)
	10.5

	 Phosphorus (P)
	3.1

	 Sulphur (S)
	4.36

	 Chlorine (Cl)
	18.5

	Potassium (K)
	68.4

	Calcium (Ca)
	11.7

	Titanium (Ti)
	ND

	Manganese (Mn)
	ND

	Iron (Fe)
	910

	Cobalt (Co)
	ND

	Copper (Cu)
	0.764

	Zinc (Zn)
	0.916

	Gallium (Ga)
	0.201

	Arsenic (As)
	ND

	Selenium (Se)
	ND

	Bromine (Br)
	0.0956

	Rubidium (Rb)
	0.903

	Strontium (Sr)
	ND

	Tantalum (Ta)
	ND



At this point the reactor had become inefficient as a result of the complete exhaustion of the Cathode exhausting and the inside wall showing signs of heavy oxidation which impacted the current flow through the waste and the H-S theory shows that the impact of a reduced electric field impacts the mobility of the ions in electro osmosis.




[bookmark: _Toc512948302][bookmark: _Toc513036739][bookmark: _Toc513121997][bookmark: _Toc513194629][bookmark: _Toc513227495][bookmark: _Toc514758099][bookmark: _Toc514764275]Test 6 (Group)
Voltage Cap: 40V		Current: 4A		Volume of Slurry: 1100ml	
Volume of Charge Water: 0ml	Gravel Depth: 145mm	Date of Sample: 23/04/18
Sand Depth: 50mm
[bookmark: _Toc514060347][bookmark: _Toc514069523][bookmark: _Toc514757987]Table 21 - Week 2 Test 6 Results
	Day
	Time
	Time Passed
(Minutes)
	Volume of Water (ml)

	Wednesday
	12:50
	0
	0

	 
	13:00
	10
	50

	 
	13:10
	20
	71

	 
	13:20
	30
	76

	 
	13:30
	40
	80

	 
	13:40
	50
	85

	 
	13:50
	60
	89

	 
	14:00
	70
	91

	 
	14:10
	80
	95

	 
	14:20
	90
	97

	
	
	
	


End Voltage: 5V		End Current: 4A	
PH at Anode: 8 		PH at Cathode: 5.8
[bookmark: _Toc514069629][bookmark: _Toc514757948]Figure 105 - Week 2 Test 6 Graph



The final test was run for a period of 90 minutes, this test used a filter that was 145mm gravel and 70mm sand with a current of four amps, the previous test showed signs that the reactor was beginning to fail and liquid was leaking from the outside wall. This was witnessed with this test but was not showing the same volume of liquid leaking, this is thought to be a result of the holes that had appeared partially sealing with the aluminium oxide that was present at the time of inspection. 
What is noticeable from the test eleven is that the peak that is seen in test tens results towards the end of the ninety-minute test does not appear, this can be linked to the ability of the sand to absorb the liquid produced and release it at a slower rate than a pure gravel filter. Over a ninety-minute test the effect of the membrane becoming saturated with fluid and then discharging relatively quickly is not seen with a sand filter as the sand acts as a damper for the discharged fluid.
[image: ]
[bookmark: _Toc513227583][bookmark: _Toc514069630][bookmark: _Toc514757949]Figure 106 - Week 2 Test 6 Samples
In the figure above, on the left-hand side is a sample of the drainage water and on the right is a sample of the white power that was forming on the top of the electrode.
[bookmark: _Toc514060348][bookmark: _Toc514069524][bookmark: _Toc514757988]Table 22 - Week 2 Test 6 XRF Results
	Element
	Wet sample (PPM)
	Powder Sample (PPM)

	Sodium (Na)
	ND
	29.3

	 Magnesium (Mg)
	ND
	7.66

	Aluminium (Al) 
	26.2
	402

	 Silicon (Si)
	18.6
	14.6

	 Phosphorus (P)
	0.592
	0.893

	 Sulphur (S)
	5.72
	4.26

	 Chlorine (Cl)
	10.6
	9.51

	Potassium (K)
	68.4
	143

	Calcium (Ca)
	11.7
	16.1

	Titanium (Ti)
	ND
	ND

	Manganese (Mn)
	0.127
	ND

	Iron (Fe)
	5.48
	2.96

	Cobalt (Co)
	ND
	ND

	Copper (Cu)
	0.57
	2.7

	Zinc (Zn)
	0.956
	1.29

	Gallium (Ga)
	ND
	ND

	Arsenic (As)
	ND
	ND

	Selenium (Se)
	ND
	ND

	Bromine (Br)
	ND
	0.0716

	Rubidium (Rb)
	ND
	0.143

	Strontium (Sr)
	ND
	ND

	Tantalum (Ta)
	ND
	0.382



The table above shows that test six has very low ppm values for multiple elements in comparison to previous tests. For example, the ppm for Sodium, Magnesium, and Aluminium & Phosphorus is significantly lower than in previous tests where the values were up to twenty times greater. This is especially true for Potassium as in previous tests, it has been proven that the wet sample can be expected to hold values of around 1000ppm or more.
There are also several elements which do not have any recorded data. This can be associated with the fact that after testing, there was a leak discovered underneath the clamp, allowing outside air to enter the middle of the chamber and also allowing fluid to leak from the outer reactor wall. The overall turbidity and colour of water from the test also reflects this as it is noticeably clearer than previous results.

[bookmark: _Toc514758100][bookmark: _Toc514764276]Week 2 Testing Results (Group)
[bookmark: _Toc514060349][bookmark: _Toc514069525][bookmark: _Toc514757989]Table 22: Week 2 Results
The results from the second week of testing show that the effect of gravity on the results obtained is significantly low as there is only up to a 20ml difference after 90 minutes. The results also show that by using a higher current, the result can be greater than if a lower current was being used. Finally, it is evident that the type of media filter used also effects the result as the single media gravel filter yielded more water than those that used a mixed gravel & sand filter.
[bookmark: _Toc514758101][bookmark: _Toc514764277]Overall XRF Analysis (Group)
The XRF analysis of all the tests show that during the tests that last for the greatest amount of time resulted in higher amounts of aluminium and iron in both the wet and dry samples, this is thought to be as a result of the time the tests were run for with the tests run for a period of ninety minutes gaining less iron and aluminium than the tests run for 20+ hours.
It has to be noted that the tests that were run in week two were run in a reaction chamber that was showing signs of severe oxidation of the Cathode which resulted in the reaction between the two electrode becoming less efficient as the conductivity of the Cathode reduced as the Oxidation of the Aluminium increased.

[bookmark: _Toc514069631][bookmark: _Toc514757950]Figure 107 : Aluminium Content Dry Sample
The Aluminium content of the week one test one dry waste sample was much higher than the other dry samples, this may have been caused by the reactor producing a layer of aluminium oxide prior to the testing began and resulted in the first test absorbing a greater amount than the other tests.

[bookmark: _Toc514069632][bookmark: _Toc514757951]Figure 108 : Aluminium Content Wet
The aluminium content of the wet samples which were expected to contain more aluminium due to the liquid drawn out of the waste during the reaction was to run down the aluminium cathode and some degree of mixing was occurring. From the wet sample graph for aluminium content the highest values were week 1 test five and week 2 test five with week one test five running for a period of 68 hours which was a test completed over the course of a weekend at a current of 1 amp, week two test five was run for ninety minutes at a current of 4 amps which saw a Al content in the XRF analysis of 1230 ppm compared to 1790 for week one test five. This provides some evidence that the rate of Aluminium oxidation at the cathode is directly related to the electric field strength and the flow of current in the reaction chamber.

[bookmark: _Toc514069633][bookmark: _Toc514757952]Figure 109 : Iron Content Dry

[bookmark: _Toc514069634][bookmark: _Toc514757953]Figure 110 : Iron Content Wet
The Iron content of the dry waste samples were far greater than the Iron contents of the liquid samples, this is evidence to confirm the H-S theory as the sacrificial anode gives up iron ions during the electro kinetic dewatering process, these ions are then available to migrate in the fluid that is drawn towards the Cathode.
During Migration of the fluid from the Anode towards the Cathode the Iron ions which have mixed with the fluid are transported towards the Cathode with the fluid, this transportation through the pores of the solid waste is likely to cause the iron ions to become trapped in the pores that the fluid passes through. As the dewatering process continues the pores that the liquid travels through constrict as a result of the increasing pore pressure caused by the removal of liquid, the iron ions velocity will decrease as the passage through the pores requires greater amounts of pressure energy to migrate, this then results in the iron ions depositing in the dry sample, evidence of this is seen by the high iron content in the dry waste. 


[bookmark: _Toc514758102][bookmark: _Toc514764278][bookmark: _Toc512948303][bookmark: _Toc513036741][bookmark: _Toc513121999][bookmark: _Toc513194631][bookmark: _Toc513227496]Reactor (Group)
Once the inside Anode was washed and thoroughly dried from the final tests. The Anode was then inspected, and it was found that the middle part of the Anode was worn off more compared to the bottom end of the Anode. 
[image: ]	




[bookmark: _Toc514069635][bookmark: _Toc514757954]Figure 111 – The Anode



It was believed that, this may have occurred because the bottom end of the Anode was sealed to prevent the slurry from entering the inside the Anode. It was assumed that the layers of the anode were removed due to oxidation reaction occurring which deteriorate the electrode.
[image: ][bookmark: _Toc514069636][bookmark: _Toc514757955]Figure 112 - The Anode & Seal cap off











[image: ][bookmark: _Toc514069637][bookmark: _Toc514757956]Figure 113 - The Anode & Seal cap on












By adding the seal cap on the bottom of the Anode we managed to prevent the base of the Anode to deteriorate completely and combine with the dry slurry. When compared with the old Anode, the new Anode was corroded far more after final stage of testing as shown in the Figure below.
[image: ]






[bookmark: _Toc514069638][bookmark: _Toc514757957]Figure 114 - Old Anode Vs New Anode

[bookmark: _Toc514758103][bookmark: _Toc514764279]Cathode deteriorating (Group)
Although, the top of the reactor was sealed with a plastic bag to capture the evaporated water, it was found that the tape could not prevent some of the water escaping down the side of the reactor. 
[image: ]
[bookmark: _Toc514069639][bookmark: _Toc514757958]Figure 115 - System Sealed with Duct Tape
After undertaking the final test, it was found that the sides of the reactor were slightly expanded. At first it was though that the heat produced from the reactor may have caused the swellings. 
[image: ]
[bookmark: _Toc514069640][bookmark: _Toc514757959]Figure 116 - System without Duct Tape
[image: ]
[bookmark: _Toc514069641][bookmark: _Toc514757960]Figure 117 - System Swelling
At this point we wanted to discover the cause of this swelling. The first attempt was to press the swelling to find out, if there was any liquid inside the swelling. However, it was found that there was no liquid inside the swelling.
[image: ]
[bookmark: _Toc514069642][bookmark: _Toc514757961]Figure 118 - System Swelling on the Right
The next step was to peel off the outer cover of the reactor to discover the exact cause of the swellings. Once the outer cover was peeled off, a hole was found on the side of the reactor. It was thought to remove cover completely and in doing so, another hole was found almost at an identical place to the first hole. This discovery also explained the reason some dry white substance was found along with the slurry.
[image: ]
[bookmark: _Toc514069643][bookmark: _Toc514757962]Figure 119 - Hole in the System
[image: ]
[bookmark: _Toc514069644][bookmark: _Toc514757963]Figure 120 - Another hole on the opposite side of the system

Looking down inside the system, it was clear that the system (cathode) started to deteriorate. This also explained why there was small sounds of crackling while the tests were conducted and even during the cleaning process. 

[image: ][bookmark: _Toc514069645][bookmark: _Toc514757964]Figure 121 - Inside the system (Cathode)


[image: ]
[bookmark: _Toc514069646][bookmark: _Toc514757965]Figure 122 - Shining light through the deteriorated hole


[bookmark: _Toc514758104][bookmark: _Toc514764280]Conclusions
[bookmark: _Toc513036742][bookmark: _Toc513122000][bookmark: _Toc513194632][bookmark: _Toc513227497][bookmark: _Toc514758105][bookmark: _Toc514764281]Conclusion
To conclude, the issues that were present in the 2016-17 reactor were solved. By introducing a gravel filer in-between the bottom of the anode and the mesh filter, and adding a cap to the bottom of the anode, the slurry was uniformly distributed across the entire reaction chamber resulting in a significantly higher percentage of the batch undergoing the reaction.
This has been proven by comparing the best result from the previous reactor to the best result from the new design. Last year 307ml was drained in 3200 minutes, this year 430ml was drained in 1330 minutes, which is a 40.06% in water drained and was achieved in 58.43% less time. The power consumption was also improved as the reactor was powered for less time to acquire a greater yield. After 30 Watts have been consumed over 90 minutes, a total of 225ml was collected compared to an amount of 49.3ml from last year, resulting in a 456% increase in efficiency.
With the improved efficiencies that were gained this year, additional issues arose with the reactors design. Most notably the exhaustion of the Aluminium Cathode which eventually eroded to such an extent that the liquid removed during the dewatering process was passing through the external wall of the reactor and was collecting around the base of the Anode.
The collection of the foam that was produced during the dewatering process at lower amperage was produced in a volume that was manageable compared to the amount of foam that was produced during the tests run at higher amperages, with the higher amperage tests foam leaking from the collection bag.
The XRF results confirm the predictions of the H-S theory that the electro osmotic velocity of the particles that are present in the waste will be in the direction of the Cathode. From the XRF analysis the dry waste absorbed greater amounts of the iron ions, which were released as part of the electro kinetic dewatering reaction this indicates the movement of the water migrated in the direction from the Anode towards the Cathode, this is also confirmed by the high Aluminium content of the liquid waste that was produced. As the dry waste did not contain the high level of Aluminium that was measured in the liquid waste it can be predicted that the liquid that was removed had passed over the Cathode and exited the reactor through the media filter and then through the membrane.
The presence of the pH gradient in the dry waste that was collected also showed evidence that the H-S theory was correct and with the dry waste at the Cathode having a pH of around 8 and the pH of the waste near the Anode having a pH of around 6.8. The presence of the pH gradient also provides evidence that the waste that is processed has the potential to be used form multiple purposes if separated, with the potential of increasing the value of the processed waste as fertilizers for different uses.
In addition to developing an improved reactor, a complete control system was designed which can be carried out, implemented and iterated upon for future reactor designs. A complete schematic diagram as well as PCB design was developed which shows all the necessary components to allow for the circuit to function. Similar components can be used as substitutes in the event that the component is no longer available.
The feasibility studies carried out for Hydro, Solar and Wind have shown that from all the possible renewable energy sources that could be used to power the reactor, Hydro was the most achievable as there was a nearby river source with a flow rate of up to 250ms-3, of which 10% could be extracted using a 20-30 Kw turbine, and would cost around 110,000 to 165,000 USD. This would provide an ample amount of power for a scaled up version of the improved reactor which could be used commercially to continuously dewater large amount of cow slurry.
 
[bookmark: _Toc513036743][bookmark: _Toc513122001][bookmark: _Toc513194633][bookmark: _Toc513227498][bookmark: _Toc514758106][bookmark: _Toc514764282]Reflection
There are several positive aspects which can be taken away from the project. This includes learning how to adapt our different backgrounds and skillsets to an unfamiliar task as well as gaining knowledge about a new field of work. The experience gained from working alongside Power&Water as well as seeing the problem first-hand at Gelli Aur farm has been valuable and has helped us understand the research that was necessary. All the research conducted has also helped us gain a good understanding of the field and in the end, has allowed us to develop an improved design which meets expectations.
There was also some negative aspects of the project which did not go as planned. This includes the final reactor design not completely matching the intended initial design as the moisture collected was done using an inefficient method. The diameter of the base tank was also decreased and was used to create the gravel filter instead of allowing for more slurry to be stored in the reactor. Also, the reactor was still used to dewater batches of slurry rather than changed to become a continuous process along with installing a second chamber for storing slurry before being moved to the reactor. This would have been done using a compressed air system, which would also require additional materials for implementation.

[bookmark: _Toc513036744][bookmark: _Toc513122002][bookmark: _Toc513194634][bookmark: _Toc513227499][bookmark: _Toc514758107][bookmark: _Toc514764283]Future Improvements
Design the initial idea 
There is still room for improvement for the project. Initial, we had several ideas of improving the system and these were:
· Extending the base of the reactor 
· Adding water on top of the sand filter 
· Slurry feeding Tank
[image: E:\Uni Project\20180313_131830.jpg]







Extending the base of the reactor
 The idea of extending the reactor was thought of to ensure there was enough space for the water to sit on top of the filter and enough space to feed the slurry into the reactor.
Water
The idea of adding fresh water in the system is to ensure that the sand filter was kept clean and also to backwash the filter. An additional water tank would be require to level out the water on top of the filter.

Slurry Tank
 Another idea that was thought of was to have a small tank filled with slurry and use the forces of pressure to pump the slurry into the system.
Design a continuous process 
Another way of improving the system would be to have a continuous process rather than having a batch system. Having a continuous system would be more desirable because it saves time, energy, operation costs and also increases the productivity. 
Control system on the system  
A control system could be used to control the flow of slurry that is fed into the system and also control the entire system remotely without physically switching the system on or off.
Powering the system using renewable energy 
Testing the system using renewable energy would be another future improvement for the system. The entire system could be powered using photovoltaic and several tests could be carried to 
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Test 1 - 2A - 145mm - 500ml Charge Water
Volume (Excl Charge Water(ml)	Tap open

0	46	85	115	145	175	1325	0	0	75	85	95	100	215	Time (Minutes)

Volume of SLurry Water (ml)


Test 2 - 2A - 195mm Gravel
Volume (ml)	0	30	60	90	120	1290	0	80	90	100	110	355	Time  (Minutes)

Volume (ml)


Test 3- 4A - 195mm Gravel
Volume (ml)	0	30	60	90	120	150	180	1310	0	200	210	225	240	250	290	390	Time (Minutes)

Volume (ml)


Test 4 - 3A - 145mm Gravel - 50mm Sand
0	30	60	80	90	105	120	130	155	180	210	216	1330	0	74	92	105	118	122	130	138	158	182	198	204	390	Time (Minutes)

Volume (ml)


Test 5 - 1A- 145mm Gravel - 50mm Sand
0	16	36	67	83	91	111	121	4113	0	52	112	118	118	122	122	125	400	TIme (Minutes)

Volume (ml)


Test 1 - 145mm Gravel - 2A	0	46	85	115	145	175	1325	0	0	75	85	95	100	215	Test 2 - 195mm Gravel - 2A	0	30	60	90	120	1290	1290	0	80	90	100	110	355	380	Test 3 - 195mm Gravel - 4A	0	30	60	90	120	150	180	1310	1310	0	200	210	225	240	250	290	390	420	Test 4 - 145mm Gravel - 50mm Sand - 3A	0	30	60	80	90	105	120	130	155	180	210	216	1330	1330	0	74	92	105	118	122	130	138	158	182	198	204	390	430	Test 5 - 145mm Gravel - 50mm Sand - 1A	0	16	36	67	83	91	111	121	4113	4113	0	52	112	118	118	122	122	125	400	410	Time (Minutes)


Volume (ml)




 2017 - Test 1 - 0.5A - 5V	0	30	60	90	120	1011	1280	1522	2539	2743	3778	3899	0	19	24	27	30	111	128	140	158	161	166	166	2017 - Test 2 -1A -10V	0	928	974	1034	1089	1274	2477	2767	3787	4127	4460	4520	0	31	32	33	34	37	295	307	314	316	321	321	2017 -Test 3 - 1.5A -10V	0	30	60	90	217	324	384	414	1425	1485	1514	1551	1581	1621	1644	1666	1826	1881	1919	1951	1985	2015	2866	2933	3138	3166	0	24	38	49	138	175	204	210	279	281	282	283	284	285	286	286	289	290	291	292	293	293	304	304	308	308	 2017 - Test 4 - 2A - 5V	0	30	60	250	295	322	1282	1470	1609	1611	1650	1673	1725	2722	2782	0	35	45	84	93	109	252	261	261	261	261	262	262	267	267	2017 - Test 5 - 1A - 3-18V	0	30	60	90	924	982	1011	1052	1105	1128	1211	1268	1306	1340	2358	2804	0	40	47	55	229	233	234	236	238	239	243	246	247	249	262	263	2017 - Test 6 - 1A - 4.19-10V	0	158	205	238	1292	1397	1430	1458	1514	1583	1640	1730	1801	1834	2793	2867	0	25.4	28.3	30	108	127	136	140	150	161	167	177	186	190	311	311	Test 1 - 145mm Gravel - 2A	0	46	85	115	145	175	1325	0	0	75	85	95	100	215	Test 2 - 195mm Gravel - 2A	0	30	60	90	120	1290	1290	0	80	90	100	110	355	380	Test 3 - 195mm Gravel - 4A	0	30	60	90	120	150	180	1310	1310	0	200	210	225	240	250	290	390	420	Test 4 - 145mm Gravel - 50mm Sand - 3A	0	30	60	80	90	105	120	130	155	180	210	216	1330	1330	0	74	92	105	118	122	130	138	158	182	198	204	390	430	Test 5 - 145mm Gravel - 50mm Sand - 1A	0	16	36	67	83	91	111	121	4113	4113	0	52	112	118	118	122	122	125	400	410	



Test 1 - Gravity - 195mm Gravel
Test 1 - Gravity - 215mm Gravel	0	10	20	30	40	50	60	70	80	90	0	10	10	11	15	15	15	16	16	20	Test 2 - Gravity - 145mm Gravel - 70mm sand	0	10	20	30	40	50	60	70	80	90	0	8	10	10	10	10	12	15	15	15	Test 3 - 2A - 145mm Gravel - 70mm Sand		0	10	20	30	40	50	60	70	80	90	0	42	47	51	57	60	61	65	65	78	Test 4 - 2A - 215mm Gravel	0	10	20	30	40	50	60	70	80	90	0	50	76	76	77	82	82	90	91	91	Test 5 - 4A - 215mm Gravel	0	10	20	30	40	50	60	70	80	90	0	55	57	57	62	75	80	86	105	127	Test 6 - 4A - 145mm Gravel -  70mm Sand	0	10	20	30	40	50	60	70	80	90	0	50	71	76	80	85	89	91	95	97	TIme (Minutes)

VOlume (ml)


Test 2 - Gravity - 145mm Gravel - 50mm sand
Test 2 - Gravity - 145mm Gravel - 70mm sand	0	10	20	30	40	50	60	70	80	90	0	8	10	10	10	10	12	15	15	15	Test 1 - Gravity - 215mm Gravel	0	10	20	30	40	50	60	70	80	90	0	10	10	11	15	15	15	16	16	20	Test 3 - 2A - 145mm Gravel - 70mm Sand		0	10	20	30	40	50	60	70	80	90	0	42	47	51	57	60	61	65	65	78	Test 4 - 2A - 215mm Gravel	0	10	20	30	40	50	60	70	80	90	0	50	76	76	77	82	82	90	91	91	Test 5 - 4A - 215mm Gravel	0	10	20	30	40	50	60	70	80	90	0	55	57	57	62	75	80	86	105	127	Test 6 - 4A - 145mm Gravel -  70mm Sand	0	10	20	30	40	50	60	70	80	90	0	50	71	76	80	85	89	91	95	97	TIme (Minutes)

VOlume (ml)


Test 3 - 2A - 145mm Gravel - 50mm Sand	
Test 3 - 2A - 145mm Gravel - 70mm Sand		0	10	20	30	40	50	60	70	80	90	0	42	47	51	57	60	61	65	65	78	Test 1 - Gravity - 215mm Gravel	0	10	20	30	40	50	60	70	80	90	0	10	10	11	15	15	15	16	16	20	Test 2 - Gravity - 145mm Gravel - 70mm sand	0	10	20	30	40	50	60	70	80	90	0	8	10	10	10	10	12	15	15	15	Test 4 - 2A - 215mm Gravel	0	10	20	30	40	50	60	70	80	90	0	50	76	76	77	82	82	90	91	91	Test 5 - 4A - 215mm Gravel	0	10	20	30	40	50	60	70	80	90	0	55	57	57	62	75	80	86	105	127	Test 6 - 4A - 145mm Gravel -  70mm Sand	0	10	20	30	40	50	60	70	80	90	0	50	71	76	80	85	89	91	95	97	TIme (Minutes)

VOlume (ml)


Test 4 - 2A - 195mm Gravel

0	10	20	30	40	50	60	70	80	90	0	50	76	76	77	82	82	90	91	91	Time (Minutes)


Volume (ml)



Test 5 - 4A - 215mm  Gravel

pH at Anode 	pH at Cathode	Moisture at top 	Moisture at bottom	Vol in Condensation bag	0	10	20	30	40	50	60	70	80	90	1155	0	10	20	30	40	50	60	70	80	90	1155	0	55	57	57	62	75	80	86	105	127	336	TIme (Minutes)


Volume (ml)



Test 6 - 4A - 145mm Gravel -50mm Sand

Notes	145mm	4A	70mm	1100ml	End Voltage	End Current	pH at Anode 	pH at Cathode	Moisture at top 	Moisture at bottom	Vol in Condensation bag	85	89	91	95	97	50	60	70	80	90	13:40	13:50	14:00	14:10	14:20	0	10	20	30	40	50	60	70	80	90	0	50	71	76	80	85	89	91	95	97	Time (minutes)


Volume (ml)



Test 1 - Gravity - 195mm Gravel	0	10	20	30	40	50	60	70	80	90	0	10	10	11	15	15	15	16	16	20	Test 2 - Gravity - 145mm Gravel - 50mm sand	0	10	20	30	40	50	60	70	80	90	0	8	10	10	10	10	12	15	15	15	Test 3 - 2A - 145mm Gravel - 50mm Sand		0	10	20	30	40	50	60	70	80	90	0	42	47	51	57	60	61	65	65	78	Test 4 - 2A - 195mm Gravel	0	10	20	30	40	50	60	70	80	90	0	50	76	76	77	82	82	90	91	91	Test 5 - 4A - 195mm Gravel	0	10	20	30	40	50	60	70	80	90	0	55	57	57	62	75	80	86	105	127	Test 6 - 4A - 145mm Gravel -  70mm Sand	0	10	20	30	40	50	60	70	80	90	0	50	71	76	80	85	89	91	95	97	TIme (Minutes)


VOlume (ml)




Aluminium Dry

Al	W1T1 Dry	W1T2 Dry	W1T3 Dry	W1T4 Dry	W1T5 Dry	W2T3 Dry	W2T4 Dry	790	75.2	444	263	526	140	51.6	Sample


ppm



Aluminium Wet 

Al	W1T1 Wet	W1T2 Wet	W1T3 Wet	W1T4 Wet	W1T5 Wet	W2T3 Wet	W2T4 Wet	W2 T5 Wet	W2 T6 Wet	35.5	371	951	667	1790	939	221	1230	26.2	Sample


ppm



Iron Dry

Fe	W1T1 Dry	W1T2 Dry	W1T3 Dry	W1T4 Dry	W1T5 Dry	W2T3 Dry	W2T4 Dry	665	3360	1830	2680	3270	1370	910	Sample


ppm



Iron Wet 

Fe	W1T1 Wet	W1T2 Wet	W1T3 Wet	W1T4 Wet	W1T5 Wet	W2T3 Wet	W2T4 Wet	W2 T5 Wet	W2 T6 Wet	8.11	17.3	15.5	2.87	5.39	6.29	9.31	2.62	5.48	Sample


ppm
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