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R05



Code.No: 36086



JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD III .B.TECH –II SEM SUPPLEMENTARY EXAMINATIONS JANUARY- 2010 CHEMICAL REACTION ENGINEERING – II (CHEMICAL ENGINEERING) Time: 3hours Max.Marks:80 Answer any FIVE questions All questions carry equal marks --What is RTD, discuss the experimental methods for finding RTD. Dispersed noncoalescing droplets (CAo= 2 mol/liter) react (A→R, -rA = KC2A k = 0.5 liter/mol. min) as they pass through a contactor. Find the average concentration of A remaining in the droplets leaving the contactor if their RTD is given by 0.5. [8+8]



2.



Water is drawn from a lake, flows through a pump and passes down a long pipe in turbulent flow. A slug of tracer (not an ideal pulse input) enters the intake line at the lake and is recorded downstream at two locations in the pipe L meters apart. The mean residence time of fluid between recording points is100sec and variance of the two recorded signals is σ21 = 800 sec2 σ22 = 900 sec2 What would be the spread of an ideal pulse response for a section of this pipe, free from end eﬀects and of length L/5? [16]



3.a) b)



Give a brief account of the tanks in series model. [6+10] Fit the tanks in series model to the following mixing up output data to a pulse input. And Calculate the conversion, AÆR, k = 0.18 min-1 t C



4.a) b)
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For a first order reaction with ε = 0, show that the performance equations for a macro fluid in plug flow and a micro fluid in plug flow are identical. Explain the mixing of two miscible fluids [10+6] Derive the expression for langmuir isotherm in solid catalyzed reactions.



[16]
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1.a) b)



Discuss the spectrum of kinetic regimes in a porous catalytic reaction system and explain the factors that influence the rate of reaction of particles. [16]



7.



How much catalyst is needed in packed bed reactor for 80% conversion of 1000m3/hr of pure gaseous A (CA0 = mol/m3) if the stoichiometry and rate are given as AÆR, rA = 8CA2 mol/kg-hr. [16]
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6.



8.



A batch of solids of uniform size is treated by gas in a uniform environment. Solid is covered to give a non flaking product according to the shrinking core Model. Conversion is about 7/8 for a reaction time of one hour; conversion is complete in two hours. What mechanism is rate controlling? [16] --ooOoo--
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD III .B.TECH –II SEM SUPPLEMENTARY EXAMINATIONS JANUARY- 2010 CHEMICAL REACTION ENGINEERING – II (CHEMICAL ENGINEERING) Time: 3hours Max.Marks:80 Answer any FIVE questions All questions carry equal marks --The following tracer data have seen obtained for liquid decomposing with rate rA = kCA, k = 0.307 min−1 Time(min) 0 Con(gr/lt) 0
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Find the fraction of reactant unconverted in the real reactor and compare this with the fraction unconverted in a plug flow reactor of the same size. [16]



A 12 m length of pipe is packed with 1m of 2mm material, 9m of 1cm material, and 2m of 4mm material,. estimate the variance in the out put for a pulse input in to this packed bed if the fluid takes 2min to flow through the bed. Assume a constant bed voltage and a constant intensity of dispersion given by D/(ud)p =2. [16]



3.a) b)



Give a brief account of the tanks in series model. [8+8] A small diameter pipe 32m long runs from the fermentation room of a winery to the bottle filling cellar. Some times red wine is pumped through the pipe, some times white, and when ever the swich is made from one to the other a small amount of ‘house blend’ rose is produced (8 bottles). Because of some construction in the winery pipeline length will have to be increased to 50m. for the same flow rate of wine, how many bottles of rose we now expect to get each time we switch flow. [8+8]



4.a)



For a zero order reaction derive an expression for the conversion of a macro fluid in two mixed reactors of equal size connected in series. If the conversion for micro fluids is 99%, what is the conversion for macro fluid have the same reaction rate? How to find a single fluid? explain. [10+6]
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b)



What are the steps involved in catalytic reactions? Explain in detail.
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5. 6.



[16]



Gaseous reactant A diffuses through a gas film and reacts on the surface of a solid according to a reversible first order rate, -rA = k’’(CAS-CAe) . Develop an expression for the rate of reaction of A accounting for both mass transfer and reaction steps. [16]



Distinguish between slow and fast deactivation of catalysts. What are the different experimental devices used for studying the above two types of deactivation? Explain with sketches. [16]



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. 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, k = 0.02 m/s, Eﬀective diﬀusivity = 0.08Cm2/S. [16]



Aj



nt



uW



or ld



--ooOoo--



.in



7.



Code.No: 36086



R05



SET-3



JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD III .B.TECH –II SEM SUPPLEMENTARY EXAMINATIONS JANUARY- 2010 CHEMICAL REACTION ENGINEERING – II (CHEMICAL ENGINEERING) Time: 3hours Max.Marks:80 Answer any FIVE questions All questions carry equal marks --A pulse test on a piece of reaction equipment gave the following results: The output concentrations rose linearly from zero to 0.5 mol/m3in 5 min, then fell linearly to zero in 10 min after reaching the maximum value. a) What is the mean residence time? If the flow rate were 150 gal/min, what would be the total reactor volume? A second order reaction with kCA0 = 1.2 min-1 is carried out in the system. b) If the reactor were plug flow with the same flow and volume, what would be the conversion? [8+8]



2.



The first order reaction 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) 0 1 2 3 4 5 6 7 8 9 10 11 12 14 C(mg/liter) 0 1 5 8 10 8 6 4 3 2. 2 1.5 0.6 0 Calculate conversion using the closed vessel dispersion model. [16]



3.



A reactor with a number of dividing baﬄes is to be used to run the reaction A→R with -rA = 0.05CA mol/liter.min. A pulse tracer test gives the following curve. Time, min 0 10 20 30 40 50 60 70 Conc 35 38 40 40 39 37 36 35 a) How many tanks in series is this vessel equivalent to? b) Calculate the conversion and compare with CSTR. [8+8]



4.



A second order reaction occurs in a reactor system of mixed flow reactor followed by Plug flow reactor. For simplicity take Co = 1, k =1,  =ד1 for each unit. Calculate the conversion for the following processing fluids. (a) Micro fluid b) Macro fluid. [8+8]
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1.



What is the basis for the classification of catalyst? Explain about the type of catalysts used in hydrogenation and dehydrogenation reactions of commercial importance. [16]
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6.



In slurry reactor pure reactant gases is bubbled through the liquid to reach the surface of the solid. Thus to reach the surface of the solid the reactant which enters the liquid must diffuse through the liquid film in to the main body of the liquid, and then through the film surrounding the catalyst particle. At the surface of the particle reactants yields products accounting to first order kinetics. Sketch the concentration profile of the gaseous reactant A. List out the resistances offered to the overall rate of reaction. [16]



How do you distinguish between a differential and integral reactor? Compare and constrast. [16]



8.



Show that t/= דּ1-3(1- XB)2/3 + 2(1- XB), when the overall reaction is controlled by ash layer and write the assumptions. [16] --ooOoo--
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD III .B.TECH –II SEM SUPPLEMENTARY EXAMINATIONS JANUARY- 2010 CHEMICAL REACTION ENGINEERING – II (CHEMICAL ENGINEERING) Time: 3hours Max.Marks:80 Answer any FIVE questions All questions carry equal marks --A reactor with a number of dividing baffeles is to be used to run the reaction AÆR with -rA= 0.05 CA mol/lit.min Time Con
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(a) Find the E versus t Curve (b) Calculate the variance of the E curve (c) Calculate conversion directly from data



[4+4+8]



Write about dispersion model and mention its applications and limitations. An injected slug of tracer material flows with its carrier fluid down a long, straight pipe in dispersed plug flow. At point ‘A’ in the pipe the spread of tracer is 16m. at Point B , 1 km down stream from A, its spread is 32m. What do you estim ate its spread to be at Point C, which is 2km down stream from A. [8+8].



3.a)



From a pulse input in to a vessel we obtain the following out put signal Time Con



b)
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We want to represent the flow through the vessel with the tanks in series model. Determine the no. of tanks to use. Give a brief account of the tanks-in-series model. [8+8] For a second order reaction derive an expression for the conversion of a macro fluid in mixed reactors of equal size connected in series. If the conversion for micro fluids is 99%, what is the conversion for macro fluid have the same reaction rate? Explain the mixing of two miscible fluids. [10+6]
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b)



What is the basis for classification of catalyst? Explain about the types of catalysts used in hydrogenation and dehydrogenation reactions of commercial importance. [16]



6.



Derive the expression for the effectiveness factor.
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[16]



7.



Distinguish between slow and fast deactivation of catalysts. What are the different experimental devices used for studying the above two types of deactivation? Explain with sketches. [16]



8.



Two small samples of solids are introduced in a constant environment oven and kept there for one hour. Under these conditions the 4mm particles are 58% converted, and two mm particles are 87.5% converted. Find the time needed for complete conversion if imm particles of 1mm particles in this oven. [16]
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