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ABSTRACT This experiment is conducted to study the characteristics on 4 different types of membranes which are AFC 99 (polyamide film), AFC 40 (polyamide film), CA 202 (cellulose acetate) and FP 100 (PVDF) by using membrane test unit (TR14). Membrane separation is a technology which fractionates materials through pores and minutes of gaps in the molecular arrangement of a continuous structure. Membrane separation can be classified by pore size and by the separation driving force for example Microfiltration (MF), Ultrafiltration (UF), Nanofiltration (NF), Ion-Exchange (IE) and Reverse Osmosis (RO).For membrane 1, nanofiltration the maximum inlet pressure is 18 bars, for membrane 2, ultrafiltration is 12 bars, the membrane 3, reverse osmosis is 10 bars while the membrane 4, microfiltration is 8.5 bars. We need to operate the plunger pump, control the valves, and collect the samples as well as weighing the samples. After weighing the sample, graph of permeates weight versus time is plotted. Each membrane has a different have a different maximum inlet pressure (bar). Therefore, the maximum working pressure is set at 20 bars. The system is allowed to run for 5 minutes and the sample then is collected from permeate sampling port where permeate is then weighed for 10 minutes in each minutes. The procedure is repeated with different membrane. After the data is taken, the graph can be plotted. The graph will shows that the permeate weight is increasing as the time rising. The highest weight of permeates for 10 minutes is 359.48 g which for membrane 1 and the highest amount if permeates is 5254.62 g which is for membrane 4.
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INTRODUCTION Membrane separation is an important of process industries. In this process, the membrane acts as semi permeable barrier that control the rate of the movement of various molecules between two liquid phase, two gas phases, or a liquid and a gas phase. Usually, the two fluid phases are usually miscible and the membrane disrupts the ordinary flow of fluid or gas. Important technical applications include drinking water by Reverse Osmosis (RO), filtrations in the food industry, recovery of organic vapours and electrolysis for chlorine production. In this experiment, we use the SOLTEQ Membrane Test Unit (Model: TR 14) as the equipment. This apparatus can demonstrate the technique of membrane separations and provide effective separation without the use of the heat. Thus, heat sensitive materials, such as fruit juices can be separated without affecting its nutritional value. The unit consists of a test module with four different membranes, namely Reverse Osmosis (RO), nano-filtration (NF), ultra-filtration (UF) and microfiltration (MF) membranes. The unit requires only suitable electric supply and normal cold water to fully operate. It consists of a feed tank, a product tank, a feed pump, pressure regulators, a water bath and a membrane test module. The units comes with higher pressure feed pump for delivering the feed to the membrane unit at desired flow rate and pressure. The unit is supplied with different type of membrane which are Microfiltration (MF), Ultrafiltration (UF), Nanofiltration (NF), and Reverse Osmosis (RO).



Figure 1: COMPARISON OF 4 TYPES OF MEMBRANE
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Reverse osmosis is a filtration that removes much type of large molecules and ions by applying the pressure to the solution when it is on one side of a selective membrane. The solute is retained on the pressurized side of membrane and pure solvent is allowed to pass to the side. Nano-filtration is process of purification that removes contaminates from water to produce clean and pure water. Microfiltration is described as process to removes contaminates from fluid or gas by passage of microspores membrane with range of size about 0.1 to 10 micrometres .Its fundamentally different compared to RO and nano-filtration as those system use pressure as means to force water to flow from low to high pressure. It can use pressurized system but do not need to include pressure. Lastly, ultra-filtration is separation process that removes high molecular substance, colloidal, and organic and inorganic material with size of pores about 0.1 to 0.001 microns.



AIMS The objective of this experiment is to study the characteristics of 4 different types of membrane silicon in terms of separation process.
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THEORY Membrane separation unit is a technology which fractionates materials through pores and minutes of gaps in the molecular arrangements of a continuous structure. Membrane separation can be classified by pore size and by the separation driving force likes below.



Figure 2: MEMBRANE SEPARATION CLASSIFICATION Ultrafiltration enables precise separation, concentration and purification of dissolved and suspended constituents based on the relative molecular size of substances. Microfiltration membranes enable efficient and precise separation as well as concentration of suspended and colloidal particles. Reverse osmosis separates aqueous ionic solutions of different concentration. There is an osmotic pressure when the solvent moves from an area of high water potential to low water potential so that equal ionic concentrations on each side of membranes. Membrane separation technology has evolved from a small-scale laboratory technique to a large-scale industrial process during the past 30 years. Numerous theoretical models for ultrafiltration have been proposed along with the identification of new factors controlling flux or mass transfer through membranes. The basic operating patterns are best outlined in terms of the hydrodynamic resistance resulting from the build up of deposited materials on the membrane surface. The flux, J will be given by:
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For most biological materials, α is a variable depending on the applied pressure and time (the compressible deposit), so that the expression requires a numerical solution. A useful method for the effects of cross-flow removal of depositing materials is to write:



Removal of solute by cross-flow is sometimes assumed constant, and equal to the convective particle transport at steady state (JssCb), which can be obtained experimentally or from an appropriate model. In many situations however, steady state of filtration is seldom achieved. In such cases, it is possible to describe the time dependence of filtration by introducing an efficiency factor β, representing the fraction of filtered material remaining deposit rather than being swept along by the bulk flow. This gives:



Figure 3: TYPICAL DEPENDENCE OF MEMBRANE FLUX (A) Applied Pressure Difference (B) Solute Concentration (C) Cross- Flow Velocity
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Solution containing macromolecular gel-forming solute will form a gel on the surface of the membrane. The gel formation will contribute to formation of dynamic membranes. The mechanism is as follows: Due to convective flux through the membrane a concentration of the solution at the surface Cw increases and eventually reaches a gel formation concentration Cg (Figure 8b). The flux, J through the membrane depends on a concentration according to the relationship:



Combining Equations (1) and (4),



As long as concentration Cw is less than Cg, Cw, will increase with pressure, but the moment Cw, equals Cg, an increase in brings about an increase of the layer resistance RΔΡp, and the flux will no longer vary with pressure (Figure 8a). Assuming no fouling effect, the membrane resistance Rm can be calculated from the flux equation below:



The slope obtained from the plot of flux, J versus ΔΡ is equal to 1/mRv. The retention of any solute can be expressed by the rejection coefficient, R.



Where; Cf = final macro solute concentration in the retention C0 = initial macro solute concentration V0 = initial volume V f = final retentate volume 7



This expression assumes complete mixing of retention seldom accomplished due to concentration polarization. The apparent rejection coefficient depends on factors affecting polarization including UF rate and mixing. For material entirely rejected, the rejection coefficient is 1 (100% rejection); for freely permeable material it is zero. Rejection is a function of molecular size and shape. Nominal cut-off levels, defined with model solute, are convenient indicators. % Removal can be calculated from the relation:



Where; Cf = Concentration in feed Cp = Concentration in permeate Fractional rejection by membranes with low MW cut-off spans a narrower range of molecular size than by more open membranes. For maximum retention of a solute, select a membrane with nominal cut-off well below the MW of the species. Many biological macromolecules tend to aggregate so that effective size may be much larger than native molecule, causing increased rejection. There are various laboratory applications of ultra-filtration (UF) systems, such as: • Apple juice clarification • Pineapple/lime/orange/sugar cane juice clarification • Clarification of fermentation broths • Enzyme separation and concentration
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APPARATUS AND MATERIALS Membrane Test Unit (Model TR 14), Digital Weighing Balance, Stopwatch, Beaker      



Sodium Chloride Water Membrane 1 : AFC 99 (Polyamide Film) Membrane 2 : AFC40 (Polyamide Film) Membrane 3 : CA 202 (Cellulose Acetate) Membrane 4 : FP 100 (PVDF)



Figure 4: TYPE OF MEMBRANE



Figure 5: SOLTEQ ® Membrane test unit (Model: TR 14)
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PROCEDURE General start-up procedures 1. Ensures that all valves are initially closed. 2. Sodium chloride solution was prepared by adding 100g of sodium chloride into 20L of water. 3. The feed tank is filled with the salt solution prepared in step 2. The feed shall always be maintained at room temperature. 4. The power for the control panel is turned on. All sensors and indicators are checked to function properly. 5. Thermostat is switched on and make sure the thermo oil level is above the coil inside thermostat. The thermostat connections are properly fitted. 6. The unit is now ready for experiments. Experimental Procedures 1. The experiment is started for membrane 1. Valves V2, V5, V7, V11 and V15 are opened. 2. The plunger pump (P1) is switched on to set the maximum working pressure at 20 bars and slowly close valve V5. 3. Pressure value at pressure gauge is observed and the regulator is adjusted to 20 bars. 4. Valve V5 is opened. Maximum inlet pressure is set to 18 bars for membrane 1 by 5. 6. 7. 8.



adjusting the retentate control valve (V15). The system is allowed to run for 5 minutes. After 5 minutes, the sample is collected and weight using digital weighing balance. The weight of permeates is recorded every 1 minutes for 10 minutes. Step 1 to 5 is repeated for membrane 2, 3 and 4. The respective valve is open and



close and the membrane maximum inlet pressure is adjusted for every membrane. 9. The graph of permeate weight versus time was plotted.
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General shut-down procedures 1. Plunger pump (P2) is switched off. 2. Valve V2 is closed. 3. All the liquid in the feed tank and product tank is drained by opening valves V3 and V4. 4. The piping is flushed with clean water. V3 and V4 is close, the clean water is filled to the feed tank until 90% full. 5. The system is run with the clean water until the feed tank is nearly empty.
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RESULTS AND DATA TABLE 1: RESULT OF MEMBRANES OF PERMEATES WITH TIME Weight of Permeates (g) Time (min)



Membrane 1 Max P=18
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Figure 6: GRAPH OF MEMBRANES OF PERMEATE (g) AGAINST TIME (min)



12



DISCUSSION In this experiment the equipment that has been used is SOLTEQ ® Membrane test unit (Model: TR 14). This equipment was designed to allow the student to study the characteristics on 4 different types of membrane. The main objective in this experiment is to perform a characteristic study on 4 different types of membranes. Membrane separation is a process which separation of mechanism depends on the size of pores. The membrane processes that have been used usually is in micro filtration, ultrafiltration, nano filtration, reverse osmosis, electrolysis, dialysis, gas separation and membrane distillation. This experiment has been conducted to study the characteristics of different types of membrane which are AFC 99 (polyamide film), AFC 40 (polyamide film), CA 202 (Polyethersulphone) and FP 100 (PVDF). The weight of the permeate was recorded from each type of membrane. The weight was collected for every 1 minute in 10 minute. We collected the weight of permeate, after the equipment run for 5 minute. This is to make sure that the equipment is in stable condition. The data that collected was record in the table 1. From the graph 1, it shown that the amount of permeate increase when the time increased. It can be concluded that weigh of permeate directly proportional to the time taken. The graph shown the slope of the membrane 4 is more sloped which is the higher compare to the other membranes. This followed by membrane 3, membrane 2 and membrane 1 respectively. The type of membrane 4 is ultra filtration membrane process. From the graph, we can see that the difference between membrane 1, membrane 2 and membrane 3 is to small compare to membrane 4. This is due to some error while conducting the experiment and it is because valve 4 is open continuously while taking weight of permeate from others membrane too. In this experiment, we will discuss about the factor that influenced the product which is permeate. Factor that influenced the product is the size of the pore in each membrane. Each membrane has different size of pore. The sizes of pores reverse osmosis (0.1nm), nano filtration (1nm), ultra-filtration (3nm) and micro filtration (50nm). When the sizes of pore are smaller the membranes become more effective.
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Based on the graph, membrane 1 is used –for reverse osmosis process. This is because the weight of the permeates for membrane 1 is lowest than other membranes. Reverse osmosis operates at very higher pressure which more than 20 bars. Reverse osmosis needed the greatest operating pressure because it has the smallest pore size range and has the ability to remove solids as small as salts. Only small amounts of very low molecular weight solute can pass through the membrane that has small pore size. Membrane 1 is nonporous, asymmetric and composite with homogeneous layer which has dense pore size. Reverse osmosis is suitable applied in production of pure water. Nano-filtration is a type of membrane process that uses in membrane 2, this is also same as reverse osmosis that operates at high pressure but not as higher as pressure used in reverse osmosis. The driving force used in nano-filtration is between 4 to 20 bars. It also used for organic, colour and contaminant removal as well as for softening. Membrane 2 is also asymmetric, micro porous which has pore size between 0.001-0.01um. Main application of nano-filtration is to separate small organic compounds and multivalent ions. For membrane 3, it is used for ultra filtration. Ultra filtration has a pore size range of 0.1um to 0.01um. Ultra filtration enables precise separation, concentration and purification of dissolved and suspended constituents based on the relative molecular size of substance. Ultra filtration designates a membrane separation process driven by the pressure gradient in which the membrane fractionates components of the liquid as a function of their solvated size and structure. The membrane configuration is usually cross-flow. The feed water flows across the membrane surface by limiting the extent of particle deposition and formation on the membrane surface. The membrane pore size is larger allowing some components to pass through the pores with the water. Ultra filtration has an operating pressure at lower pressure compare to nano filtration and reverse osmosis. A type of membrane 3 has range of pore size is 0.1-0.001um. The driving force for this membrane is between 1-9 bars. The last membrane, the type of membrane used is micro filtration. In micro filtration, the membrane separation process is similar to ultrafiltration but it has larger pore size range. Thus, this will allow particles in the range of 0.1-5um to pass through the membrane. The pressure needed is basically lower than ultrafiltration process which 0.5 to 2 bars. The membrane configuration is usually cross-flow. This membrane is symmetric and asymmetric porous. Micro filtration used in clarification and sterile filtration. For the application of reverse osmosis is used to remove nitrate from contaminated groundwater as well as remove high concentrations of naturally occurring fluoride from 14



deep groundwater. It is also effective in removing specific synthetic organic contaminates from contaminated ground waters. Besides, nano filtration is used as an alternative treatment method to lime softening in order to reduce the level of calcium and magnesium in hard waters. It also can remove naturally occurring colour and dissolved organic species in water treatments. Micro filtration and ultrafiltration can be used for particulate removal to comply with surface water treatment rule. Both filtrations can precede by pre-treatment systems to precipitate or co-precipitate dissolved inorganic and dissolved organic compound. Micro filtration used in separation of bacteria and cells from solution whereas ultrafiltration used in separation of protein and virus, concentration of oil-in-water emulsions. To avoid the problem in doing this experiment, the safety precaution must be considered. Firstly, never operate the pump when there is no liquid in the pipeline. It will cause serious damage to the pump. Secondly, in order to get better result , make sure others valves is closed while taking a weight for respective membrane. Thirdly, never use bare hand to test the AC Power Supply. It can cause hazardous injury.Next, leaking couplings or fittings should be carefully retightened. So that, it must be replace any gaskets or seals it. To avoid for the results experiments, the system should be run in more than 5 minutes so that the system and membrane maximum inlet pressure is more stabilized and also count the time carefully to get the accurate weight of permeates membranes. Based on the research, the effectiveness increase from microfiltration, ultrafiltration, nanofiltration and followed by reverse osmosis. Hence, based on the graph the experiment is successful.
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CONCLUSION In this experiment the equipment that has been used is SOLTEQ ® Membrane test unit (Model: TR 14). This equipment was designed to allow the student to study the characteristics on 4 different types of membrane based on the objective given in this experiment. It can be concluded that the membranes consist of several types of membrane with different characteristic compare to each other. From the graph of membranes of permeate versus time that was plotted after the data was collected in the result part in page 12, it can be concluded that weigh of permeate directly proportional to the time taken. The graph shown the slope of the membrane 4 is more sloped which is the higher compare to the other membranes. This followed by membrane 3, membrane 2 and membrane 1 respectively. Membrane 1 is used for reverse osmosis process due to the weight of the permeates is lower than the 4 membranes that were given. Membrane 2 was used for nano-filtration process that operate at high pressure but not as high as the pressure used in reverse osmosis process. For membrane 3, it is used for ultra-filtration where the process is driven by the pressure gradient in which the membrane fractionates components of the liquid and it operates at lower pressure compare to nano-filtration and reverse osmosis. The last membrane, membrane 4 is used in micro filtration which similar to ultra-filtration but it has larger pore size range and the membrane configuration is usually cross-flow that used in clarification. The graph of experiment was successful based on the research that the effectiveness increases from microfiltration, ultra-filtration, nano-filtration and followed by the reverse osmosis.
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RECOMMENDATION In this experiment, to improve the result, the weight should have been taken for three times and take the average of weight of water in order to minimize the error. Let the system running longer than 10 minute to stabalize the flow. Then, the scales of weight should be bigger than 3kg to avoid the error while weighing of water that flow from bigger membrane surface. Besides that, the membrane surface should be in arrangement from smaller membrane surface to the bigger membrane surface to avoid the error on graph. After that, the time taken must be same every membrane surface. Lastly, the balanced weight must clean from any dirt on it to avoid the error on reading of salt produced.
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