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1.a)
Explain the importance of thermodynamics in chemical reaction engineering.
   b)
Explain about the elementary and non-elementary reactions.

2.a)
What are the various ways of studying reactions in a batch reactor.

b)
In an irreversible homogeneous unimolecular type first order reaction, 22% of the reactants disappear in 32 minutes, for a concentration of the reactant 0.06 and also for 0.9 mols per litre.  Find the rate equation for this reaction.

3.
Obtain the expression for the space time of a steadystate mixed flow reactor.

4.
What are the general considerations for the best arrangement of a set of ideal reactor.

5.
Given the gas phase reaction A=B+C.  Start with pure, A.  Suppose that 50% of the original, ‘A’, is dissociated at 10000K and 10 atm. as well as at 5000K and 0.1 atm.  (i) Calculate the percent dissociation at 2500K and 1 atm.  (ii) Calculate the percent dissociation at 2500K and 0.01 atm.

Data: 
Average, Cp of ‘A’ = 12 cels/mol 0K


Average Cp of ‘B’ = 7 cal/mol 0K



Average Cp of ‘C’ = 5 cal/mol 0K.
6.
Assuming that the gas phase is ideal, calculate the degree of conversion and the equilibrium composition, if the following reaction is carriedout at 5000K and 40 bar, 
C2H4(g) + H2O(g) 
[image: image1.wmf]®

C2H5OH(g)   Assume that the reactants in stoichiometric ratio enter the reactor 
[image: image2.wmf]D



 EMBED Equation.3  [image: image3.wmf]0
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7.
In an experimental reactor, the decomposition of the following reaction in gas phase is being studied:  2A(g) 
[image: image4.wmf]®

B(g) +C(g) The temperature is 4000K. and pressure 1 atm.  The standard free energy change for the reaction at this temperature is 3000 K col/Kg.mol.  A gas mixture tapped from the reactor contained 0.1 Kg mol. of  ‘B’ and ‘C’ each and 1 Kg mol of ‘A’.  What are the equilibrium compositions.

8.
Write short notes on the following:


a) Batch and flow reactors  b) Zero order reaction  c) Space time and space velocity  d) Auto Cetalytic reactions.

- - -
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1.a)
Discuss in brief the transition state theory.
b)
Data on the effect of temperature on the reaction between A and B are reported below.  Find the values of the constants in the Arrhenius equation.



T, 0C  : 30   40   50   60   70
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 0.5   1.1   2.2   4.0   6.0

2.a)
Describe any two methods for interpretation of batch reactor rate data.

b)
Show that the following mechanism can explain the first order decomposition of N2O5


N2O5 
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3.a)
What is meant by half-life of a reaction?  Show how the overall order of a reaction is related to half-life.

   b)
Find the overall order of the irreversible reaction 2H2 + 2NO --- N2 + 2H2O


From the following constant volume data using equimolar amounts of hydrogen and nitri oxide


Total pressure, mm Hg: 200
240
230
320
326


Half-life, Sec.

 : 265
186
115
104
 67

4.a)
Distinguish between batch, tublar and stirred tank reactors with relative advantages and disadvantages.

   b)
The reaction 2A = = C+D is to be conducted in CSTR at a flow rate of 100 lits. per hr.  Initially the concentration of A is 1.5 k.mol/lit. and those of C and D are zero.  The specific reaction rate in the forward direction is 10 lit. /k.mol.hr.and the thermodynamic equilibrium constant is Kc=16.0.  It is desired to obtain 80% of the equilibrium conversion.  What is the size of CSTR?
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5.a)
Derive the performance equation for a steady state mixed flow reactor.

   b)
A high molecular weight hydrocarbon stream ‘A’ is fed continuously to a heated high temperature mixed reactor where it thermally cracks (homogeneous gas reaction) into lower molecular weight materials, collectively called R, by a stoichiometry approximated by A 
[image: image12.wmf]®

5R.  By changing the feed rate different extents of cracking are obtained as follows:

FAO millimol/hr : 300
1000
3000
5000


CAout millimol/lit :     16
   30
    50
   60


The internal void volume of the reactor is V=0.1 lit., and at the temperature of the reactor the feed concentration is CAO=100 millimol/lit.  Find a rate equation to represent the cracking reaction.

6.
Explain the procedure for the design of an ideal plug flow reactor under adiabatic & non-isothermal conditions for a simple first order irreversible reaction.

7.
Consider the following elementary reactions.



A + B 
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One mole of A and 3 moles of B are rapidly mixed together.  The reaction is very slow, allowing analysis of compositions at various times.  When the 2.2 moles B remains unreacted, 0.2 mole S is present in the mixture.  What should be the composition of the mixture.  (A, B, R and S) when the amount of S present is 0.6 mole?

8.
Write short notes on any FOUR of the following:


a) Choice of reactor types for parallel reactions


b) Method of initial rates


c) Autocatalytic reactions


d) Zero order reaction


e) Rate theories

- - -
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1.a)
Remembering that the half life of reaction varies with the initial concentration of the reactant, explain how the reaction order could be determined utilizing the method of half-lives.
   b)
Calculate the value of activation energy required for the rate to double when the temperature is increased from 300 to 310 K.

   c)
In a homogeneous isothermal liquid phase reaction A 
[image: image16.wmf]®

 products in a batch reactor with an initial concentration of A of 1 mol/liter, the conversion is 80% after 8 minutes.  After 18 minutes, the conversion is 90%.  Find the rate equation.

2.a)
Fluid A of concentration 16 g/liter flows through a plug flow reactor of 1 m long at a linear velocity of 15 m/h.  The first order irreversible reaction A 
[image: image17.wmf]®

B with a specific reaction rate constant of 30 h-1 takes place in the reactor.  Calculate  the concentration of A at half the length of the reactor.

   b)
CSTRs can be used to test the rate equation.  How do you make an appropriate plot to test a second order reaction with volume change?

3.a)
You have two streams and two plug flow reactors.  Reactant A decomposes according to a second order reaction.  Two streams are to be processed, the first with an initial concentration of 1 gmol/liter and volumetric flow rate of 1 liter/min; the other with an initial concentration of 2 gmol/liter and volumetric flow rate of 2 liters/min.  For the first stream alone in a plug flow reactor the volume needed for 75% conversion is V.  What arrangement of streams (series or parallel) and reactors will require the least total volume for attaining a final concentration of 0.25?

   b)
If you have a CSTR and a PFR, what are the general rules for best arrangement of these reactors?

4.a)
Initially pure A is kept in a vessel at 2 atm and 4500C.  The rate constant for the gas phase reaction A 
[image: image18.wmf]®

B+C is 0.0212 min-1.  What is the total pressure in the vessel after 30 minutes.  Assume ideal gas behavior, constant temperature and constant volume.

   b)
A first order irreversible liquid phase reaction is carried out in three mixed reactors of equal volume.  The volumetric flow rate is v0.  A quantity 
[image: image19.wmf]0
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of the effluent from the last stage is recycled to the first stage.  Find an expression for fractional conversion under recycle conditions.
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5.
For the pair of elementary reactions A+B
[image: image20.wmf]®

2C and A+C
[image: image21.wmf]®

D these conditions are given.  CA0=3 CB0; CC0=CD0=0.  Derive the rate equation for A in terms of the concentrations of A and B.

6.
For the series parallel reactions A
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C and A
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 D, find the time for maximum concentration of B in a plug flow reactor.  Initially pure A was present.

7.
A reaction A
[image: image25.wmf]®

B is to be carried out in a CSTR.  Pure A with a flow rate of 134 kg/h at 200C enters the reactor.  To achieve 97% conversion, calculate the reactor volume and the amount of heat that must be removed to operate the reactor isothermally at 1630C.  The specific reaction rate constant at 1630C is 0.8 h-1 and the heat of reaction is -83 cal/g.  The heat capacities of A and B may be assumed to be identical and equal to 0.5 cal/g.0C.  Their densities may also be assumed tobe equal to 0.9 g/cm3.

8.
Write short notes on any FOUR:


i) Temperature dependency of rate of reaction from collision theory


ii) Differential method of analysis of data


iii) Yield and selectivity


iv) Effect of pressure and temperature on equilibrium conversion for exothermic and endothermic reactions


v) Zero order reactions.

- - -
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1.a)
How is the temperature dependency of the equilibrium constant estimated from thermodynamics.

   b)
Explain the molecularity and order of chemical reactions.

2.
The first order reversible liquid reaction A=R with the initial concentration of A, CAO=0.5 mol/litre and that of R, CRO=0 takes place in a batch reactor.  After 8 minutes, conversion of A is 33.3% while the equilibrium conversion is 66.7%.  Find the rate equation for this reaction.

3.
Obtain the expression for the space velocity of a steady state plug flow reactor.

4.
Consider the first order decomposition reaction, A
[image: image26.wmf]®

R.  Two feed streams are to be processed as follows
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Where CA and FA represent the concentration and flow rates of ‘A’.  V=volume of the reactor.  If V1=20 l.  What is the total volume (V1+V2) required.
5.
The reversible first order gas reaction. A
[image: image29.wmf]Û

R is to be carried out in a mixed reactor.  Calculate the percentage conversion at equilibrium of A at 3000K and 4000K.  from the following data
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= -8000 cal/mol at 3000K.
Equilibrium constant, K=10 at 3000K Feed consists of pure ‘A’. Total pressure remains constant.
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6.
Assuming that the gas phase is ideal, calculate the degree of conversion and the equilibrium composition, if the following reaction is carried out at 5000K and 40 bar.,
C2H4(g) + H2O(g) 
[image: image32.wmf]®

C2H5OH(g)
Assume that the reactants in stoichirmetric ratio enter the reactor.
[image: image33.wmf]

 EMBED Equation.3  [image: image34.wmf]0
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7.
In an experimental reactor, the decomposition of the following reaction in gas phase is being studied, 2A(g) 
[image: image35.wmf]®

B(g) +C(g).  The temperature is 4000K and the pressure 1 atm.  The standard free energy change for the reaction at this temperature is 3000 K col/kg.mol.  A gas mixture tapped from the reactor contained 0.1 Kg.mol of ‘B’ and ‘C’ each, and 1 Kg.mol of ‘A’.  What are the equilibrium compositions.

8.
Write short notes on the following:


i) Plug flow versus mixed flow reactors.

ii) Variables that effect the rate of reaction.


iii) Integral method of analysis of data.


iv) Auto catalytic reactions.

- - -
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