UNIVERSITY OF PERADENIYA

Faculty of Engineering

END SEMESTER EXAMINATION – MAY 2008

CP303 REACTION ENGINEERING   

(2 HOURS)

(Answer ONLY THREE Questions)
The marks shown in square brackets are percentages of the total marks for that question.

	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) Exothermic elementary liquid phase reaction, 
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is carried out in a batch reactor with a cooling coil to keep the reactor isothermal at 270C. The rate equation is given by 
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 where 
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is the specific reaction rate and 
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 and 
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 are the respective concentrations of A and B at time t.
a) Show that 
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 is related to the time t according to,
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where
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are the initial concentrations of A and B, respectively.
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b) Calculate the time taken for 95% conversion of A if 
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 litre/ (mol.min) at 27 0C.
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c) Calculate the total amount of heat that must be removed by the cooling coil when the 95% conversion of A is reached
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Additional data:
· Heat of reaction, 
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· The constant specific heats of A and B are 10 kJ/mol.K and 40 kJ/mol.K, respectively.
· Volume of the reactor =1200 litre
· The energy balance over a batch reactor is given by,
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P.T.O.
2)  The elementary liquid phase reaction 
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 takes place in a continuous stirred tank reactor (CSTR) under adiabatic conditions. Initial temperature of the liquid mixture, which contains no B and C is 350K. Space-time of the CSTR is 250 seconds. 
(a) Using the mass balance, show that 
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 is the final conversion of 
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 and 
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is the specific reaction rate.
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(b) Using the energy balance show that 
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, where 
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is the temperature of the reacting mixture in Kelvin and 
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is the conversion of A.
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(c) Determine the steady state operating temperature and the corresponding conversion of A. 
(Hint: You may use a graphical plot selecting T from 350K to 430K in 20K intervals)).
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Additional Data: 

· The heat of reaction: 
[image: image22.wmf]H

D

= - 6,000 kJ/kmol of 
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 reacted at 300 K.

· The specific reaction rate 
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· The constant specific heats of 
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and 
[image: image26.wmf]C

 are 40 kJ/kmol.K, 10 kJ/kmol.K and 10 kJ/kmol.K, respectively.

· The energy balance over a CSTR operated at steady state is given by,
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where 
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 is the heat of reaction at the reference temperature and 
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Note: The heat of reaction 
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 is independent of the temperature if  
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3)  An elementary liquid-phase reversible reaction
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 is taking place in an ideal plug flow reactor (PFR) operated at steady state under isothermal conditions. The forward reaction rate constant is 2 per minute and the equilibrium constant (kforward/kbackward) is 5. 

If feed contains A and no B,

(a) determine the equilibrium conversion of A, and
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(b) determine the space time required to reach 80% of the equilibrium conversion at the exit of the reactor.
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P.T.O.

4)  The irreversible gas-phase reaction 
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 takes place in a plug flow reactor (PFR) at 1600 0C, operated at steady state under ideal conditions. The reaction is first order in terms of
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. The rate constant at this temperature is 12 
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. The feed consists of 4 
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of pure 
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 and the desired conversion of 
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is 80%. The reactor is to be operated at a temperature of 1600 0C and a pressure of 1 atm, respectively.


(a)
Determine the space-time of the reactor required to achieve 80% conversion of 
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at the exit.
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(b) Determine the volume of PFR needed to achieve the desired conversion.

           [40%]
Additional Data:

· You may use without proof,
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· For a general gas phase reaction,
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the volume flow rate 
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 is related to 
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where,
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THE END
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