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ABSTRACT This Gas Absorption experiment was conducted in order to carry out the experimental objectives which are to determine the air pressure drop across the absorption column as a function of air flow rate with different flow rates of water using gas absorption unit model: BP 751-B. This unit is designed to operate at atmospheric conditions in a continuous operation. The experiment was conducted with three different water flow rates which are 1.0 L/min, 2.0 L/min, and 3.0 L/min. For every water flow rates, the experiment was run with 9 different air flows which are 20L/min, 40L/min, 60 L/min, 80 L/min, 100L/min, 120L/min, 140 L/min, 160 L/min and 180 L/min. All the data was recorded in a Table presume in appendices. Then, graph of pressure drop against the air flow rate was plotted and from the graph it shows an increment in the pattern.
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INTRODUCTION Absorption is defined as mass transfer in whom a vapour solute in a gas mixture is dissolved into a liquid phase which the solute is more or less soluble. The gas mixture and liquid solvent will flow counter-currently among the column packing. This will enable the contacting and development of the contact surface area between the gas and the liquid phases through the mass transfer can take place. There are two types of absorption processes, physical absorption and chemical absorption. The process is dependent on whether a chemical reaction occurs between the solute and solvent (absorbent). The process is classified as physical absorption when no chemical reaction occurs between the solute and the absorbent and chemical absorption occurs when there is irreversible and rapid neutralization reaction in the liquid phase. The absorption column unit model BP: 751-B used in this experiment is meant to demonstrate the absorption of air into water in a packed column where the gas and liquid mixture will counter-currently flow among the column packing. It is also designed to operate at atmospheric pressure in continuous operation. A common apparatus used in the absorption column and other operation is the packed tower. This device consists of a tower equipped with a gas inlet at the bottom as a distributing space, a liquid inlet and distributor at the top. The gas and liquid outlet are at the top and bottom respectively and tower packing that use as a supported mass of inert solid shapes. The packing is used to increase the surface contact area between the gas and liquid absorbent.



3



AIMS 1. To determine the air pressure drop across the column as a function of airflow for different water flow rates through the column. 2. To determine the loading and flooding points in the column



THEORY In an absorption process, two immiscible phases which are liquid and gas are present in which the solute will diffuse from one phase to the other through the interface between the phases. For a solute A to diffuse from the gas phase (V) into the liquid phase (L), it must pass through phase V first, next the interface and then into the phase L in series.



A concentration gradient has to exist to allow the mass transfer to take place through resistances in each phase. The concentration in the bulk gas phase, y(L) decreases to y(i) at the interface, while the liquid concentration starts at x(i) at the interface and decreases to x(L) the bulk liquid phase concentration. There are two types of diffusions in an absorption process: I.



Equimolar counter diffusion – two components diffusing across the interface, one



II.



from the gas to liquid phase, and the other are from the liquid to gas phase. Diffusion through stagnant (Non-diffusing phase) – only one component diffuses across the interface through stagnant gas and liquid phases.



A component of the gas stream is absorbed into the liquid stream in a gas absorption column. The absorption might be purely physical or may involve solution of the gas into the liquid 4



followed by chemical reactions. The rate of mass transfer is governed by the stream flow rates, the interfacial contact area, component diffusivities, temperature, pressure and concentration represented in the equation below. y1



Z T =∫ yo



d (Gy) (1) K g aA ( y− y ¿ )



Where: yo



= outlet gas mole fraction



y 1 = inlet gas mole fraction y



= bulk gas mole fraction



y ¿ = mole fraction of gas in equilibrium with the liquid at any point in the column G = molar flow rate of gas, mol/s ZT Kg a



= column height, m 3 = overall mass-transfer coefficient based on gas phase, mol/ m -



s-mol fraction A = cross sectional area of the column,



m



2



Equation above can be simplifies to the expression for dilute gases in an inert gas stream such as below. y1



Z T AK g a dy =∫ ¿ G y ( y− y )



(2)



o
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The driving force on the right hand side of the equation can be estimated from the partial pressure on the gas stream. The transfers of a particular component of a gas stream are: −meandriving force log ¿ N =K g aA Z T ¿



(3)



Where: N = gram moles component absorbed/s Assuming ideal gas behaviour in the vapour phase, the mass transfer coefficient can be obtained from: P i {P P i {P PN ln ( ¿¿ o ) K g a= ( 4) A Z T ( ¿¿ o )



(



)



Where: Pi = partial pressure of absorbing component in inlet stream (atm) Po = partial pressure of absorbing component in outlet stream (atm)



P = total pressure in the column (atm)
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APPARATUS



Column K1



Vessel B1 Receiving Vessel B2 Air Flowrate



Pump P1 Figure 1: GAS ABSORPTION COLUMN UNIT MODEL: BP 751-B
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PROCEDURE GENERAL START-UP PROCEDURES 1. All the valves except the ventilation valve (V13) were ensured to be closed. 2. All the gas connections were checked to be properly fitted. 3. The valve on the compressed air supply line was opened. The supply pressure was set between 2 to 3 Bar by turning the regulator knob clockwise. 4. The shut-off valve on the CO2 gas cylinder was opened. The CO2 cylinder pressure was checked to be sufficient. 5. The power for the control panel was turned on. EXPERIMENT: WET COLUMN PRESSURE DROP (HYDRODYNAMICS OF A PACKED COLUMN 1. The general start-up procedures were performed as described above. 2. The receiving vessel B2 was filled through the charge port with 50 L of water by opening valve V3 and V5. 3. The Valve V3 was closed. Valve V10 and V9 were slightly opened. The flow of water from vessel B1 through pump P1 was observed. 4. Pump P1 was switched on. Valve V11 was slowly opened and adjusted to give a water flow rate of around 1 L/min. The water was left to enter the top of column K1, flow down the column, and then accumulate at the bottom until it overflowed back into vessel B1. 5. Valve V11 was opened and adjusted to give a water flow rate of 0.5 L/min into column K1. 6. Valve V1 was opened and adjusted to give an air flow rate of 40 L/min into column K1. 7. The liquid and gas flow in column K1 were observed and the pressure drop across the column at dPT-201 was recorded. 8. Steps 6 to 7 were repeated with different values of air flow rate, each time increasing by 40 L/min while maintaining the same water flow rate. 9. Steps 5 to 8 were repeated with different values of water flow rate, each time increasing by 0.5 L/min by adjusting valve V11. GENERAL SHUT-DOWN PROCEDURES
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1. Pump P1 was switched off. 2. Valves V1, V2, and V12 were closed. 3. The valve on the compressed air supply line was closed and the regulator knob was turned counter clockwise all the way to exhaust the supply pressure. 4. The shut-off valve was closed on the CO2 gas cylinder. 5. Valves V4 and V5 were opened to drain all the liquid in column K1. 6. Valves V7 and V8 were opened to drain all the liquid from the receiving vessels B1 and B2. 7. Valve V10 was opened to drain all the liquid from pump P1. 8. The power for the control panel was turned off.
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RESULTS TABLE 1: PRESSURE DROP FOR WET COLUMN Flow Rate



Pressure Drop (mm H2O)



(L/min) Air Water 0.0 1.0 2.0 3.0
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GRAPH OF PRESSURE DROP VS FLOWRATE 80 70 60
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TABLE 2: Log GAS FLOWRATE and Log PRESSURE DROP Flowrate



Pressure drop (mm H2O)



(L/min) Log V, Air 1.3010



1.6021



1.7782



1.9031



2



2.0792



2.1461



2.2041



2.2552



Water 0



-



-



-



-



-



-



-



-



-



1.0



-



0



0.3010



0.6021



0.8451



1.0414



1.2304



1.3802



1.6628



2.0



0.3010



0.4771



0.7782



0.9031



1.1461



1.2553



1.4149



1.6532



1.8808



3.0



0.9542



1.0414



1.1139



1.3010



1.4314



1.6021



1.8451



-



-



GRAPH OF Log PRESSURE DROP VS Log AIR FLOWRATE 2 1.8 1.6 1.4



Log PRESSURE DROP, mm H20
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1
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2.4



Log AIR FLOWRATES (LPM)
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TABLE 3: THEORITICAL FLOODING POINT Air Flow



Air Flow



GG



rate



rate



(kg/ms2)



(L/min) 20 40 60 80 100 120 140 160 180



(m3/h) 1.2 2.4 3.6 4.8 6.0 7.2 8.4 9.6 9.6



0.0778 0.1559 0.2337 0.3109 0.3803 0.4675 0.5446 0.6241 0.7012



K4



0.0153 0.0616 0.1384 0.2450 0.3666 0.5539 0.7517 0.9872 1.2462



FLV



FLV



FLV



(1 LPM)



(2 LPM)



(3 LPM)



1.4579 0.7275 0.4853 0.3648 0.2982 0.2426 0.2083 0.1817 0.1618



2.9157 1.4550 0.9706 0.7296 0.5965 0.4852 0.4165 0.3635 0.3235



4.3735 2.1825 1.4560 1.0944 0.8947 0.7278 0.6248 0.5452 0.4853



Generalised Theoretical Pressure Drop Correlation Chart for Random Packings 5 4.5 4 3.5 3 K4 2.5 2 1.5 1 0.5 0 0



FLV (1 LPM) FLV (2 LPM) FLV (3 LPM)



0.2



0.4



0.6



0.8



1



1.2



1.4



FLV
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SAMPLE CALCULATION Density of air, ρair = 1.175 kg/m3 Density of water, ρwater = 996 kg/m3 Column diameter, Dc = 80 mm Area of packed diameter,



A c=



π 2 π 2 −3 2 D = ( 0.08 m ) =5.027 ×10 m 4 4



Packing Factor: Fp = 900 m-1 Water viscosity, µwater = 0.001 Ns/m2



Theoretical Flooding Point



Gy



20 L Min



1 m3 1000 L



1 min 60 s



= 20 L/min =



−3 3 Gy = 3.33 ×10 m /s
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To calculate gas flow rate, GG (kg/m2s) −3



3



3.33 ×10 m 1.175 kg × 3 Gy × ρ s m kg G G= = =0.0778 2 −3 2 Ac 5.027× 10 m m .s To calculate capacity parameter, K4,



2



13.1 ( GG ) F p K4=



μL ρ



ρG ( ρ L− ρG )



(



0.1



( )



s 0.001 N . 2 2 0.0778 kg ( m 13.1 900 m−1 ) 2 kg m s 996 3 m



L



=



(



)



0.1



)



(1.175 kgm )(996 kgm −1.175 mkg ) 3



3



3



K 4 =0.0153 To calculate liquid flow rate, GL (kg/m2) (1 LPM) 1 L 1 min 1m3 996 kg × × × G× ρ min 60 s 1000l m3 kg GL = = =3.3022 2 −3 2 Ac 5.027 ×10 m m .s To calculate liquid flow rate, GL (kg/m2) (2 LPM) 2 L 1 min 1m3 996 kg × × × G× ρ min 60 s 1000l m3 kg GL = = =6.6043 2 −3 2 Ac 5.027 ×10 m m .s To calculate liquid flow rate, GL (kg/m2) (3 LPM) 3



3 L 1 min 1m 996 kg × × × 3 min 60 s 1000l G× ρ m kg GL = = =9.9065 2 −3 2 Ac 5.027 ×10 m m .s
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To calculate flow parameter, FLV (1 LPM)



G FLV = L GG



(√ )



ρG = ρL



kg 2 m .s kg 0.0778 2 m .s 3.3022



(√



3



)



1.175 kg /m =1.4579 3 996 kg /m



To calculate flow parameter, FLV (2 LPM)



FLV =



GL GG



kg ρG m2 . s = ρL kg 0.0778 2 m .s



(√ )



6.6043



(√



)



1.175 kg /m3 =2.9157 996 kg /m3



To calculate flow parameter, FLV (3 LPM)



FLV =



GL GG



kg 2 ρG m .s = ρL kg 0.0778 2 m .s



(√ )



9.9065



(√



3



)



1.175 kg /m =4.3735 3 996 kg /m
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DISCUSSION This experiment was conducted to determine the pressure drop across different flow rates of water which are 1LPM, 2LPM and 3LPM. Pressure drop occurs in the packed column due to the difference in pressure at the top and bottom of the column. This is caused by the interface between the liquid and gas flow streams in the packed column. The loading point in a packed column is the point in which the liquid drops are carried up with the gas in a packed column. It will occur during an increase of air pressure at constant water flow rate. The flooding point is an undesirable state where the compressed air pushes the liquid up flowing down the column. This will cause a significant increase in pressure drop.



GRAPH OF PRESSURE DROP VS FLOWRATE



PRESSURE DROP, mm H20



80 70 60 50 40 30 20 10 0 0



1.0L/MIN 2.0L/MIN 3.0L/MIN



50



100



150



200



AIR FLOWRATE (LPM)



By referring to the data that was collected in Table 1: Pressure Drop for Wet Column, graph of pressure drop vs flowrate are plotted. As can be observed from the graph above, as the flow rate of air increase, the pressure drop will also be increased. The pattern of pressure drop in this graph increased propotionally with the air flow rate. This is due to the gas started to hinder the liquid downflow and local accumulation of liquid started to appear in the packing. As the air flow rate increased, the liquid holdup increases (C.H. Geankoplis, 2003). This is also shown in the plotted graph of Log pressure drop vs. Log air flowrate that refers to the data compiled in table 2 in result part in page 11.
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To be discussed here is also the flooding point of this experiment, at the point where the flow rate of air is 160 L/min and water flow rate of 3.0L//min the pressure drop has achieved its flooding point. At that poin the water level has reached its limit on the warning line on the instrument itself in the tower and water flow out from the top of the tower. Flooding means that the gas velocity is very high, therefore t does not allow the flow of the liquid from the top of the tower and flooding occurs on the top of it. The best gas velocity should be half of the flooding velocity. Flooding is also a phenomenon by which gas moving in one direction in the packed column entrains liquid moving in the opposite direction in the packed column. (C.H. Geankoplis, 2003) There are few aspects in term that have to be considered during conducting this experiment in order to achieve the objective of experiment. First, the eyes should be parallel to obtain the best value of reading. Apart from that, there should be gap of time during the changes of the flow rate of water so that the system is stabilised. As for the equipment error, it may happen due to packed bed is not been set up properly before the experiment. Other than that the condition of compressor and air valve should be checked before conducting this experiment.
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CONCLUSION The objective of the experiment is to determine the air pressure drop across the column for different water flow rates and the loading and flooding point in the column was achieved. The loading and flooding point was determined whereby the flooding point of the water flowrates is 3.0L/MIN at 160LPM and 180LPM respectively. The importance of knowing the flooding point of the equipment been used are so that the user will be notified by the limit at which level the equipment will faced up the flooding point. From this experiment, it can be concluded that the air pressure drop across the column increases as the air flow rate and water flow rate increases through the column.



RECOMMENDATIONS  Before conducting the experiment, it is important to ensure all the equipment to be used are in good condition.  Make sure the eyes were parallel level while taking the reading.  Ensure that the valves are correctly controlled to avoid random errors.  Make sure the water does not exceed the flooding line (line green in colour) so that the water won’t burst out at the top of the tower.  More time should be taken to allow the system to be equilibrium and stabilized to ensure maximum absorption for the liquid.  The gas and liquid flowrates must be ensured to be constant at particular flowrates.
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