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END SEMESTER EXAMINATION – JANUARY 2007

CP303 REACTION ENGINEERING   

(Two hours)

(Answer ALL FOUR Questions)
The marks shown in square brackets are percentages of the total marks.

	Simplifying assumptions used in developing solutions should be specified.  In case of any un- certainty about the meaning of the question, the assumed meaning should be clearly specified.


1.  The elementary, irreversible reaction shown below, takes place in a batch reactor which is kept at constant volume. Both reactions are found to be first order. Only A is present at the start of the reaction.
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(a) Derive an expression for the concentration of A (CA) as a function of initial concentration of A (CAO), rate constant k1 and time t.


[30%]

(b) Derive an expression for the concentration of B (CB) as a function of initial concentration of A (CAO), rate constants k1, k2 and time t.


[30%]
(c) Find the time taken for B to attain its maximum concentration, when k1 = 0.45 hr-1 and k2 = 0.15 hr-1.








[40%]
2. Consider the following elementary liquid phase reaction carried out in an ideal CSTR operated at constant temperature at steady state.
A 
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 2B + C

The feed stream enters the CSTR at a volume flow rate of 1.2 m3/hr. The concentration of A in the feed stream is 2 kmol/m3 whereas B and C are not present in the feed stream. The concentration of A in the exit stream of the CSTR is found to be 0.05 kmol/m3. If the specific reaction rate is 21 hr-1,
(a) Determine the volume of the CSTR.





[60%]

(b) Calculate the space time required to attain the given concentration at the exit.











[40%]
Please turn over
3. For the elementary reversible liquid phase reaction A  
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(a) Obtain a relationship between equilibrium conversion and temperature using mass balance.

     You may use following data.


Initial concentration of A is CAO
Initial concentration of B is zero, CBO = 0

      Forward reaction rate constant = k1
      Backward reaction rate constant = k2
      Equilibrium rate constant keqm = k1/k2
keqm = A e
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, where A is a constant, ΔH is heat of reaction, R is universal gas constant and T is temperature.











[30%]

(b) Obtain a relationship between equilibrium conversion, specific heat (Cp), heat of reaction (ΔH) and temperature using energy balance.















[30%]

(c) Explain how you find the adiabatic equilibrium conversion and adiabatic temperature using the above two equations.
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4. Consider the liquid phase reaction, 
2A 
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 B + C,
which is second order in A. 
Its specific reaction rate k is given by k = 1015 exp (-10,840/T) m3  kmol-1 min-1, where the temperature T is in Kelvin. 
The given reaction is carried out in a steady state reaction system consisting of three plug flow reactors (PFR’s) connected in series. Assume that the reactors behave ideally. The three reactors are of the same size, each having a volume of 0.1 m3. The feed stream flowing at a constant rate of 0.025 m3/min consists of A at a concentration of 1.5 kmol/m3. B and C are not present at the feed stream. Neglect the density changes due to the mixing of liquids. 

If the temperature of the first reactor is maintained at 30 0C, the second at 35 0C and the third at 40 0C, determine the final conversion of A.
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