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1. Consider a second-order reaction being carried out in a real CSTR that can be modeled as two different reactor systems: In the 1st system a CSTR is followed by a PFR in the 2nd system the PFR precedes the CSTR. Let τs and τp each equal 1 min; let the reaction rate constant equal 1.0m3 /Kmol. Min; and let the initial concentration of liquid reactant, CA equal 1kmol/m3 . Find the conversion in each system. [16]



or



2. Spherical particles of zinc blende of radius 1 mm are roasted in an 8% oxygen stream at 900C and 1 atm. The reaction is 2ZnS + 3O2 → 2Zno + 2SO2 Assuming that the reaction proceeds by shrinking core model and neglecting the film resistance.



uW



Calculate the time needed for complete conversion of a particle and the relative resistance of ash layer during this operation. Data:Density of solid = 4.13Kg/m3 Rate constant = 0.02 m/s Effective diffusivity = 0.08Cm2 /S. [16] 3. Discuss the role of the following on heterogeneous catalytic reaction: (a) Pore size



(b) Pore size distribution



nt



(c) Surface area (d) Pellet size



[4× 4]



The first order reaction A→B



Aj



Is carried out in a 10-cm-diameter tubular reactor 6.36m in length. The specific reaction rate is 0.25 min−1 . Following are the results of a tracer test carried out in this reaction 4.



t(s) C(mg/liter)



0 1 2 3 4 5 0 1 5 8 10 8



6 7 8 9 10 12 14 6 4 3 2.2 1.5 0.6 0



Calculate conversion using (a) the closed vessel dispersion model (b) the tanks-in-series model.



[10+6] 1
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5. (a) A pure carbon particle 6mm in diameter is to be burned in 10% oxygen stream at 900 C. Density of Carbon particle = 2210Kg/m3 . Specific reaction rate constant K = 250 m/sec. Assuming that the resistance due to film diffusion is negligible. If high gas velocity is used calculate the time needed for complete combustion of the carbon particle. [8+8]



in



(b) Derive the expression you used above. K



6. The reaction



1 A + B −→ R



K2



is elementary with second order kinetics. Reactant A
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R + B −→ S and B are introduced separately into a mixed reactor, A forms the dispersed phase while B is introduced in the continuous phase. Assuming uniform composition with in each droplet of dispersed phase, no movement of A or R in to continuous phase, and identical concentration of B with in all the droplets determine the expected CRmax . [16]



or



7. For the solid catalyzed reaction A + B → ← R + S, develop an expression for rate equation, if surface reaction is controlling the overall reaction. All species are chemisorbed. [16]



uW



8. We plan to use an NaOH solution to hasten the removal of CO2 from air at 25o C. From the literature we have for CO2 between air and water: kg a = 80mol/hr.lit.atm; kl a = 25/hr; H = 30atm.lit/mol. (a) What form of rate equation should we use when pco2 =0.01 atm and the solution is 2N in NaOH? (b) How much can absorption be speeded compared to physical absorption with pure water?



?????
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Assume that the reaction is instantaneous and is represented by CO2 + 20H − = H2 O + CO3−−



2



[16]
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1. Consider a second-order reaction being carried out in a real CSTR that can be modeled as two different reactor systems: In the 1st system a CSTR is followed by a PFR in the 2nd system the PFR precedes the CSTR. Let τs and τp each equal 1 min; let the reaction rate constant equal 1.0m3 /Kmol. Min; and let the initial concentration of liquid reactant, CA equal 1kmol/m3 . Find the conversion in each system. [16]



or



2. For the solid catalyzed reaction A + B → ← R + S, develop an expression for rate equation, if surface reaction is controlling the overall reaction. All species are chemisorbed. [16] 3. We plan to use an NaOH solution to hasten the removal of CO2 from air at 25o C. From the literature we have for CO2 between air and water: kg a = 80mol/hr.lit.atm; kl a = 25/hr; H = 30atm.lit/mol.
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(a) What form of rate equation should we use when pco2 =0.01 atm and the solution is 2N in NaOH? (b) How much can absorption be speeded compared to physical absorption with pure water? Assume that the reaction is instantaneous and is represented by CO2 + 20H − = H2 O + CO3−−



[16]



K



nt



4. The reaction



1 A + B −→ R



K2



is elementary with second order kinetics. Reactant A



Aj



R + B −→ S and B are introduced separately into a mixed reactor, A forms the dispersed phase while B is introduced in the continuous phase. Assuming uniform composition with in each droplet of dispersed phase, no movement of A or R in to continuous phase, and identical concentration of B with in all the droplets determine the expected CRmax . [16]



5. Spherical particles of zinc blende of radius 1 mm are roasted in an 8% oxygen stream at 900C and 1 atm. The reaction is 2ZnS + 3O2 → 2Zno + 2SO2 Assuming that the reaction proceeds by shrinking core model and neglecting the film resistance. Calculate the time needed for complete conversion of a particle and the relative resistance of ash layer during this operation. 3
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Data:Density of solid = 4.13Kg/m3 Rate constant = 0.02 m/s Effective diffusivity = 0.08Cm2 /S.



[16]



6. The first order reaction A→B



0 1 2 3 4 5 0 1 5 8 10 8



6 7 8 9 10 12 14 6 4 3 2.2 1.5 0.6 0



Calculate conversion using (b) the tanks-in-series model.



or



(a) the closed vessel dispersion model
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t(s) C(mg/liter)
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Is carried out in a 10-cm-diameter tubular reactor 6.36m in length. The specific reaction rate is 0.25 min−1 . Following are the results of a tracer test carried out in this reaction



[10+6]
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7. (a) A pure carbon particle 6mm in diameter is to be burned in 10% oxygen stream at 900 C. Density of Carbon particle = 2210Kg/m3 . Specific reaction rate constant K = 250 m/sec. Assuming that the resistance due to film diffusion is negligible. If high gas velocity is used calculate the time needed for complete combustion of the carbon particle. (b) Derive the expression you used above.



[8+8]



8. Discuss the role of the following on heterogeneous catalytic reaction: (a) Pore size



(b) Pore size distribution



nt



(c) Surface area (d) Pellet size



[4× 4]



Aj



?????
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1. Consider a second-order reaction being carried out in a real CSTR that can be modeled as two different reactor systems: In the 1st system a CSTR is followed by a PFR in the 2nd system the PFR precedes the CSTR. Let τs and τp each equal 1 min; let the reaction rate constant equal 1.0m3 /Kmol. Min; and let the initial concentration of liquid reactant, CA equal 1kmol/m3 . Find the conversion in each system. [16]



or



2. For the solid catalyzed reaction A + B → ← R + S, develop an expression for rate equation, if surface reaction is controlling the overall reaction. All species are chemisorbed. [16] 3. Discuss the role of the following on heterogeneous catalytic reaction: (a) Pore size
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(b) Pore size distribution (c) Surface area (d) Pellet size



[4× 4]



K



is elementary with second order kinetics. Reactant A K2 R + B −→ S and B are introduced separately into a mixed reactor, A forms the dispersed phase while B is introduced in the continuous phase. Assuming uniform composition with in each droplet of dispersed phase, no movement of A or R in to continuous phase, and identical concentration of B with in all the droplets determine the expected CRmax . [16]
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4. The reaction



1 A + B −→ R



5. The first order reaction



Aj



A→B



Is carried out in a 10-cm-diameter tubular reactor 6.36m in length. The specific reaction rate is 0.25 min−1 . Following are the results of a tracer test carried out in this reaction t(s) C(mg/liter)



0 1 2 3 4 5 0 1 5 8 10 8



Calculate conversion using 5



6 7 8 9 10 12 14 6 4 3 2.2 1.5 0.6 0
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(a) the closed vessel dispersion model (b) the tanks-in-series model.



[10+6]
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6. (a) A pure carbon particle 6mm in diameter is to be burned in 10% oxygen stream at 900 C. Density of Carbon particle = 2210Kg/m3 . Specific reaction rate constant K = 250 m/sec. Assuming that the resistance due to film diffusion is negligible. If high gas velocity is used calculate the time needed for complete combustion of the carbon particle. (b) Derive the expression you used above.



[8+8]



ld .



7. We plan to use an NaOH solution to hasten the removal of CO2 from air at 25o C. From the literature we have for CO2 between air and water: kg a = 80mol/hr.lit.atm; kl a = 25/hr; H = 30atm.lit/mol.



(a) What form of rate equation should we use when pco2 =0.01 atm and the solution is 2N in NaOH?



or



(b) How much can absorption be speeded compared to physical absorption with pure water? Assume that the reaction is instantaneous and is represented by CO2 + 20H − = H2 O + CO3−−



[16]
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8. Spherical particles of zinc blende of radius 1 mm are roasted in an 8% oxygen stream at 900C and 1 atm. The reaction is 2ZnS + 3O2 → 2Zno + 2SO2 Assuming that the reaction proceeds by shrinking core model and neglecting the film resistance.



?????
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Calculate the time needed for complete conversion of a particle and the relative resistance of ash layer during this operation. Data:Density of solid = 4.13Kg/m3 Rate constant = 0.02 m/s Effective diffusivity = 0.08Cm2 /S. [16]
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0 1 2 3 4 5 0 1 5 8 10 8



Calculate conversion using



6 7 8 9 10 12 14 6 4 3 2.2 1.5 0.6 0



or



t(s) C(mg/liter)
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Is carried out in a 10-cm-diameter tubular reactor 6.36m in length. The specific reaction rate is 0.25 min−1 . Following are the results of a tracer test carried out in this reaction



(a) the closed vessel dispersion model
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(b) the tanks-in-series model.



[10+6]



2. Discuss the role of the following on heterogeneous catalytic reaction: (a) Pore size



(b) Pore size distribution (c) Surface area (d) Pellet size



[4× 4]



Aj



nt



3. (a) A pure carbon particle 6mm in diameter is to be burned in 10% oxygen stream at 900 C. Density of Carbon particle = 2210Kg/m3 . Specific reaction rate constant K = 250 m/sec. Assuming that the resistance due to film diffusion is negligible. If high gas velocity is used calculate the time needed for complete combustion of the carbon particle. (b) Derive the expression you used above.



[8+8]



→ R + S, develop an expression for rate 4. For the solid catalyzed reaction A + B ← equation, if surface reaction is controlling the overall reaction. All species are chemisorbed. [16] K



5. The reaction



1 A + B −→ R



is elementary with second order kinetics. Reactant A K2 R + B −→ S and B are introduced separately into a mixed reactor, A forms the dispersed phase while B is introduced in the continuous phase. Assuming uniform composition with 7
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in each droplet of dispersed phase, no movement of A or R in to continuous phase, and identical concentration of B with in all the droplets determine the expected CRmax . [16]
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6. We plan to use an NaOH solution to hasten the removal of CO2 from air at 25o C. From the literature we have for CO2 between air and water: kg a = 80mol/hr.lit.atm; kl a = 25/hr; H = 30atm.lit/mol. (a) What form of rate equation should we use when pco2 =0.01 atm and the solution is 2N in NaOH?
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(b) How much can absorption be speeded compared to physical absorption with pure water? Assume that the reaction is instantaneous and is represented by CO2 + 20H − = H2 O + CO3−−



[16]



or



7. Spherical particles of zinc blende of radius 1 mm are roasted in an 8% oxygen stream at 900C and 1 atm. The reaction is 2ZnS + 3O2 → 2Zno + 2SO2 Assuming that the reaction proceeds by shrinking core model and neglecting the film resistance.
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Calculate the time needed for complete conversion of a particle and the relative resistance of ash layer during this operation. Data:Density of solid = 4.13Kg/m3 Rate constant = 0.02 m/s Effective diffusivity = 0.08Cm2 /S. [16]
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8. Consider a second-order reaction being carried out in a real CSTR that can be modeled as two different reactor systems: In the 1st system a CSTR is followed by a PFR in the 2nd system the PFR precedes the CSTR. Let τs and τp each equal 1 min; let the reaction rate constant equal 1.0m3 /Kmol. Min; and let the initial concentration of liquid reactant, CA equal 1kmol/m3 . Find the conversion in each system. [16]
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