UNIVERSITY OF PERADENIYA

Faculty of Engineering

END OF SEMESTER EXAMINATION – September 2011
CP303 REACTION ENGINEERING   

(2 HOURS)

(Answer ALL four questions)
	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.


It is an open-book examination and therefore you are free to refer to any material.

1.
Consider the gas-phase decomposition 
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, which is carried out at a constant temperature of 7500C and a constant pressure of 101 kPa in a plug flow reactor (PFR) operated at steady state. The reaction rate is given by 
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, where the specific rate constant k = 0.534 s-1 and 
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 is the concentration of A. Volumetric flow rate at the entrance of the PFR is 2 L/s. Feed to the reactor contains only A. Determine the volume of PFR required to reach 80% conversion of A, considering the variations in the volumetric flow rate through the reactor.            






      [20 marks]


Additional help: You may use
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, if necessary.
2.
a) 
An elementary liquid-phase reaction 
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 is carried out in a batch reactor at 27oC. Initially there are equal number of moles of A and B in the reactor, and no C. Initial concentration of A is CA0 = 2.0 mol/L. Reaction rate is 
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. Rate constant is k = 0.01725 L/mol.min at 27oC. Determine the time taken to reach 95% conversion of A.







      


      [10 marks]

b)
The given reaction is an exothermic reaction, and therefore the reactor is equipped with a cooling coil to keep the reacting mixture at a constant temperature of 27oC. (i) Show that the total amount of heat removed by the cooling coil when the conversion xA is reached is given by the following expression, and (ii) determine its numerical value (in kcal). 
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where V is the volume of the reacting mixture, given as 1200 L, and 
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 is the heat of reaction at 27oC, given as -10,000 cal/mol of A reacted. Molar heat capacities are assumed to be constant at CpA = CpB = 20 cal/mol.K and CpC = 40 cal/mol.K, and the total pressure remains constant throughout the reaction.  



      [20 marks]
Please turn over
3.
A substrate is decomposed in the presence of an enzyme according to the Michaelis-Menten kinetics with KM = 10 g/L and rmax = 7 g/L.min. 

a) If the reaction is carried out in a CSTR of 2 L volume at steady state, what will be the concentration of substrate leaving the reactor? The flow rate is 0.5 L/min, and the inlet substrate concentration is 50 g/L. 





      [05 marks]

b) If we operate two one-litre CSTRs in series at steady state with the same flow rate and inlet substrate concentration, what will be the concentration of substrate leaving the second reactor? The enzyme concentration in the two reactors is maintained at the same value all of the time.                                                                                             [10 marks]

c) Is the two reactor system more efficient than one reactor whose volume is equal to the sum of the two reactors?                                                                                       [05 marks]

4.
An exothermic liquid-phase elementary reaction 


[image: image9]
is carried out in a CSTR operated at steady state. The rate constants are given as k1 =1011 exp(-12,000/T) min-1 and k2 = 8x1014 exp(-17,000/T) min-1, where T is the temperature in K. Feed contains A at a concentration of 31 kmol/m3 and no B. Assume that the density of the liquid mixture remains a constant at 1000 kg/m3, and that the average specific heat of the reacting mixture is 4.2 kJ/kg.K. Universal gas constant R = 8.314 kJ/kmol.K. Figure Q4 (given on page 3) shows the optimum conversion versus temperature profile. 

a) Determine the adiabatic temperature and the corresponding optimum conversion with the feed to the CSTR at a temperature of 300 K. 




      [10 marks]

b) Show that the optimum conversion determined in part (a) could be increased by reducing inlet concentration of A. 





     
      [05 marks]
c) Determine the inlet concentration of A to reach an optimum conversion of 0.80 under adiabatic operating conditions at the same feed temperature.

      [10 marks]

d) What is the space-time required in part (c)?  




      [05 marks]
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Figure Q4
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