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Short Description

Filtration calculations...



Description


Filtration experiment Introduction An investigation was carried out with the objective to determine the medium and cake resistance during a constant filtration rate period. Filtration is a mechanical separation process used to separate a solid from a fluid by placing a filter medium which only allows the fluid (filtrate) to pass through while retaining the solid. This is an important process used in many applications in the oil, gas, food and beverage, and pharmaceutical industries. The aim of filtration is to either, remove contaminates from a liquid, or for the collection of suspended solid particles from the liquid that may be valuable for another use. This could help: 



Prevent damage that can be caused by the contamination of a given liquid, either to people, machinery, or the environment.







Produce a higher yield of the desired end product







Create a more pure product which in turn is more valuable







Recovery of material for use in other applications







Lower operating costs



A plate and frame filter press unit shown in Figure 1 is used in this experiment. This type of filter consists of plates and frames arranged alternately and supported on a pair of rails. The plates have a ribbed surface. The hollow frame is separated from the plate by the filter medium, and the press is closed either by means of a hand screw or hydraulically, using the minimum pressure in order to reduce wear on medium. A chamber is therefore formed between each pair of successive plates. A precoat is usually used to improve filtration because it increases the resistance of the medium which increases pressure drop. The slurry is introduced Figure 1: How a plate and frame filter works () through a port in each frame and the filtrate passes through the cloth on each side so that two cakes are formed simultaneously in each chamber. This creates a pressure drop due to the cake resistance. The characteristic of a plate and frame filter unit can be described using the Darcy equation, shown below. The equation just shows that filtration efficiency is depended on fluid velocity, fluid viscosity and resistances in the medium. These all have an effect due to the pressure differences they cause. Derivations from this equation (see appendix A) will be used to work out the medium resistance and the cake resistance.



Apparatus The following apparatus are required for this experiment: 



UOP12 Filtration Unit with Plate & Frame Filter







Computer with UOP12 software installed







Calcium Carbonate







Pre-coat







Deionised water







Weighing scale







1 litre measuring cylinder







2 200ml Beakers



Figure 2: Weighing scale, Computer, UOP12 filtration unit (left to right)



Figure 3: Simple process flow diagram, more detailed diagram featuring the sensors and isolation valves in the brief



Three way T v



To drain



Hazard analysis The three chemicals used during the experiment are deionised water, calcium carbonate and precoat. 10L of water is used during the experiment as a minimum and this is continuously collected from a different room. This means there is a very high risk of spillage which could possibly lead to trips and falls. To reduce this risk, ensure that you don’t carry too much water on each trip from the other room. Two people can also be assigned to this task to help with opening doors and carrying the weight. Great care should also be taken when transferring the water into the feed tank to reduce the risk of spillage. There is also a risk of spilling the water on the various electronic equipment such as the computer so move the water around with caution to prevent electrocution. Calcium carbonate can cause irritation to eyes so immediately and thoroughly flush eyes out with large amounts of water if exposure occurs. If ingested, rinse the mouth cavity with water and induce vomiting. If inhaled move the victim to fresh air then instruct them to blow their nose. The composition of the pre-coat is unknown but do not inhale or get it anywhere near your eyes due to its powdered nature. Personal Protection Equipment (gloves, lab coat and goggles) must be worn at all during the experiment. Do not leave the experiment unattended and do not consume food or drink in the lab.



Procedure 1. Weigh out 18 grams of precoat on the balance then add it to 3 litres of water to make a 0.6% (w/v) precoat solution. 2. Start up the feed tank stirrer to create a homogenous feed solution.



3. Set valve 9 to a position that allows the filtrate to return to the feed tank. 4. Start pumping, Adjust the feed flow rate to 75 L h⁻¹ using the control panel taking the reading off the computer 5. Bleed any air from the filter plates. 6. Let the water cycle through for 10-15 minutes, until the water is relatively clear. 7. Weigh out 50 grams of CaCO3, add to 7L of deionised water and then add the CaCO3 solution to the feed tank for a total 10L. The final concentration of CaCO3 in the feed tank should be 0.5% (w/v). 8. Set valve 9 to a position that allows the filtrate to go to the collection vessel. 9. Start pumping, setting the feed flow rate of 45 L h⁻¹ . 10.Immediately begin data login. (Pressure was also recorded manually taking a reading from the control panel just in case any technical difficulties occurred). 11.Continue the filtration until the liquid level in the tank becomes low (≈3L) 12.The pump should switch off automatically but switch off the feed tank stirrer, and stop data logging. 13.Add 5L deionised water to the feed tank to clean the pump. 14.Turn on the feed tank and pump, leave V9 to drain. 15.Dismantle, clean and reassemble the filter plates (do not touch the filter medium when cleaning to avoid damaging it)



Results •



See appendix (D) for the table with the data.



•



See appendix (A) for the graphical presentation of data and calculations



•



Filter medium resistance (R) = -1.643 x 109 m-1



•



Cake resistance (Rc) = 1.854 x 1010 m-1



Discussion The results from the investigations showed that the medium resistance is -1.643 x 109 m-1 and the cake resistance was 1.854 x 1010 m-1. As filtration happens the filtrate enters through a porous medium and the solids in the filtrate remain



on the surface start to build up a cake. Over time, there is an increase of resistance across the cake. Darcy’s law for a constant fluid viscosity where k (permeability of the medium), A (filtration area) and L (thickness of the filter bed) are constant is: V/t ∝ ΔP. This shows that as filtration proceeds, change in pressure increases. This pressure change is caused by the cake and the medium resistance, therefore by using Darcy’s equation we can find values for R and R c. The value for the cake resistance (Rc) is very close to a value found in source 1 which Is 1.82 x 1010 m-1. This suggests that there is a percentage error of 1.86% which is a great result. However this value is at 1 bar and the exact pressure was not monitored during the experiment. If the conditions during the experiment were similar, the experiment was carried out competently and to a high degree. On the other hand medium resistance is negative and this is an anomaly. This anomaly is caused mainly by the method used to derive this value. Alternative methods may be used, such as the Carman-Kozeny method. A value found by extrapolating a linear line chart assumes that the relationship between pressure and time in filtration is completely linear. This is not true due to other external factors which affect the filtration at rate. Temperature could be one such parameter; temperature will affect viscosity of the water and therefore the pressure difference. The lower the temperature, the higher the viscosity, leading to more efficient filtration. Another factor could be clogging of the filter medium. This would happen if the filter is not cleaned properly and would therefore lead to exaggerated values of medium resistance. Other possible causes for uncertainty in the results could be human error in weighing the CaCO3 and the pre-coat or measuring the water. There was also some precoat left over on the walls of the feed tank after the process of coating the filter medium.



Conclusion Overall the investigation was successful in determining the Rc = 1.854 x 1010 m1 and R = -1.643 x 109 m-1. The objectives of the experiment were met for the most part, except for the anomaly. But reasons for this are well documented and the only way t0 overcome this would be to use different calculation methods.



References 1. Wakeman, R.J Tarleton, S (2005). Principles of Industrial Filtration. Oxford: Elsevier Ltd. 123-129. 2. Centre of Disease Control. (1995). Occupational Safety and Health Guidelines for Calcium Carbonate. Available: http://www.cdc.gov/niosh/docs/81-123/pdfs/0090.pdf. Last accessed 21/03/2014 3. 3. Thomas E. Sulpizio. (1999). ADVANCES IN FILTER AID AND PRECOAT FILTRATION TECHNOLOGY. Presentation at the American Filtration & Separations Society Annual Technical Conference. 1 (1), 1-15. 4. 4. Look Up Table for specific resistance and cake concentration (2013) Look Up Table for specific resistance and cake concentration, Available at: http://www.filtration-andseparation.com/filter-table.htm (Accessed: 21/03/14).



Nomenclature •



∆P = change in pressure



•



L h-1 = litres per hour



•



m3 = metres cubed



•



Kg = kilograms



•



μ = filtrate viscosity



•



R = medium resistance



•



α = specific cake resistance



•



c = mass concentration of solids



•



sec = seconds



•



s = second



•



Rc = cake resistance



•



v = filtrate velocity



•



W = mass of cake deposit per unit area



•



A = filtration area



•



Q = volumetric flow rate of filtrate



Appendix A: Calculations As previously mentioned Darcy’s law can be used to describe filtration and derived to calculate specific







Assuming that an impressible cake is formed







By







•







Cake filtration is essentially a batch filtration process, for batch filtration W (mass of cake deposited per unit area is a function of time and can be given by;







By







The experiment was constant rate filtration, therefore Darcy’s law becomes;



If a = αμc, b = μR, and v=Q/A where v = approach velocity of the filtrate, then the equation becomes; ∆P=av2t+bv



Which is in the form of y = mx + c so plotting ∆P against t should give a straight line with a



Graph showing pressure change against time 0.12
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Chart 1: Graph showing pressure change against time



Chart 1 is a plot of ∆P against time is for the equation ∆P=av2 +bv •



The gradient (av2) : dy/dx=(0.11-0.01)/(890-10) =0.000114 bar s1 ×105=11.4 Pa s-1



•



The y-intercept gives a value for bv: -0.0046 bar=-460 Pa



•



The total filtration area is given as: A = 0.023 m2



•



The filtrate viscosity is assumed to be the same as that of water at 20℃ (room temperature) because the amount of CaCO 3 or pre-coat present in the filtrate is negligible : μ=8.937×10-4Pa s



•



Total volume V=10 L=0.01 m3



•



The concentration of CaCO3 in the feed tank is 0.5% (w/v). For a 0.01 m 3, 0.05 kg of CaCO3 is needed. c=0.05/ 0.01=5 kg m-3



•



The volumetric flow rate of the filtrate: Q=45.3 L hr-1 /(3600 ×1000) =1.258×10-5 m3 s-1



Cake resistance (Rc) av2= 11.4 Pa s-1 v=Q/A , therefore 11.4 Pa s-1=a(Q2/A2) ∴a=11.4 Pa s-1×(A2 / Q2)=11.4 Pa s-1×(0.023 m2)2(1.258×10-5 m3 s-1)2 a=αμc=38106515.76 Kg s-1 m-3 ∴α=aμ×c=38106515.76 Kg s-1 m-38.937×10-4Pa s ×5 kg m-3=8527809277 m Kg-1 Rc= αw and w=cV/A: w=cV/A=(5 kg m-3×0.01 m3 )/0.023 m2=2.174 Kg m-2 ∴Rc=αw=8527809277 m Kg-1×2.174 Kg m-2 Rc = 1.854 x 1010 m-1 Medium resistance (R) bv=-460 Pa And v=Q/A, ∴bv=bQ/A b=-460Pa×A/Q=(-460 Pa×0.023 m)/21.258×10-5 m3 s-1 =-841017.488 Pa m-1 s-1 b=μR, ∴R=b/μ=-841017.488 Pa m-1 s-1/ 8.937×10-4Pa s R=-1.643×109 m-1



Appendix B



Experiment brief



Appendix C



Data sheet



Appendix D



Results table



Elapsed Time t [s]



Back Pressure P1 [bar]



Change in Pressure [bar]



Flow Rate Q [litre/hr]



00:01 00:10 00:20 00:30 00:40 00:51 01:01 01:11 01:21 01:30 01:40 01:50 02:01 02:11



0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01



0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01



40.5 43.9 45.3 45.3 45.3 45.2 45.2 45.2 45.3 45.3 45.2 45.3 45.4 45.3



02:21 02:31 02:40 02:50 03:00 03:11 03:21 03:31 03:41 03:50 04:00 04:10 04:20 04:31 04:41 04:51 05:00 05:10 05:20 05:30 05:41 05:51 06:01 06:10 06:20 06:30 06:40 06:51 07:01 07:11 07:21 07:30 07:40 07:50 08:01 08:11 08:21 08:31 08:40 08:50 09:00 09:10 09:21 09:31 09:41 09:50 10:00 10:10 10:20 10:31 10:41 10:51 11:00 11:10



0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.06 0.07 0.07 0.07 0.07 0.07 0.08 0.07 0.08 0.08 0.08



0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.03 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.06 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.08



45.3 45.3 45.3 45.4 45.3 45.4 45.3 45.3 45.3 45.3 45.2 45.2 45.3 45.3 45.4 45.3 45.3 45.4 45.3 45.4 45.4 45.4 45.3 45.3 45.3 45.3 45.2 45.3 45.3 45.4 45.3 45.3 45.3 45.5 45.4 45.4 45.4 45.3 45.4 45.3 45.4 45.3 45.3 45.3 45.3 45.3 45.3 45.3 45.3 45.4 45.4 45.4 45.4 45.4



11:20 11:30 11:41 11:51 12:01 12:11 12:20 12:30 12:40 12:51 13:01 13:11 13:21 13:30 13:40 13:50 14:00 14:11 14:21 14:31 14:40 14:50 15:00



0.08 0.08 0.09 0.08 0.09 0.09 0.09 0.09 0.10 0.09 0.10 0.10 0.10 0.10 0.10 0.11 0.10 0.11 0.11 0.11 0.11 0.12 0.06



0.08 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.10 0.09 0.10 0.10 0.10 0.10 0.10 0.11 0.10 0.11 0.11 0.11 0.11 0.11 0.06



45.4 45.3 45.3 45.3 45.3 45.3 45.3 45.3 45.3 45.3 45.4 45.4 45.4 45.4 45.4 45.4 45.3 45.3 45.3 45.3 45.3 45.3 0.1
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