CP303 – Set #3 (July-October 2013)

Question Bank 1: 
Reaction Kinetics and Isothermal Batch Reactor Design

Q1 A compound A is mixed with an equimolar quantity of a second compound B in an ideal batch reactor. After 10 minutes, half of A has reacted in a liquid-phase reaction 
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. How much of A will be left unreacted after 20 minutes of the reaction, if the reaction is 

a)
first-order in A and zero-order in B.






   [20%]

b)
first-order in A and first-order in B.






   [30%]

c)
second-order in A and first-order in B.





   [30%]

Sketch the concentration of A versus time curves for the three cases analysed above in the same plot.           









   [20%]   

Q2 Conversion of A to B proceeds by the autocatalytic liquid-phase reaction 
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 in an ideal batch reactor, and the rate equation is given by  
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, where k is the specific reaction rate and CA and CB are the respective concentrations of A and B at time t.

a)
Show that CA is related to time t according to 
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where CO = CAO + CBO, and CAO and CBO are the respective initial concentrations of A and B.










   [60%]

b)
Show that the rate of reaction 
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 reaches its maximum when CA = CO /2. Hence, or otherwise, determine the time required for 
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 to reach its maximum in terms of k and the initial concentrations.








   [40%]

Q3 The gas-phase reaction 
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is carried out in a constant volume batch reactor maintained at isothermal conditions. Initially there are 80 mole% A and 20 mole% inerts at 1 atm. The total pressure rises by 40% in 3 min. Assume that the reaction is first order with respect to A.

a) 
Determine the numerical value of the reaction rate constant k, and state its unit.  
   [60%]

b)
Determine the total pressure in the reactor after another 3 min of reaction time.         [40%]

Q4 A gas-phase decomposition of A as 
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 is carried out in an isothermal batch reactor of constant volume V. The rate of decomposition of A is thought to follow a first-order rate law, given by 
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, where CA is the concentration of A at time t.

a) 
Show that 
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, where CA0  is the initial concentration of A.                [30%]

Q4 continues on page 2

b) Suppose the concentration of A is measured at several reaction times with the following results:

	t (in min )
	4.0
	20.2
	40.0
	60.0
	120.0
	180.0

	CA (in mol/litre)
	0.0155
	0.0152
	0.0140
	0.0136
	0.0118
	0.0096


Use these results to verify the proposed rate law graphically, and determine the rate constant k, giving both its value and its unit.                                                
               [50%]

c)
Show that the pressure P in the reactor at time t is given by
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, where R is the universal gas constant, and T is the temperature in K.
                
               [20%]

Q5 A gas-phase reaction 
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 is carried out in an isothermal batch reactor operated at 25oC with a constant total pressure of 1.2 atm. 

a) 
If the volume of the reaction mixture, starting with pure A (CA0 = 1 mol/m3), increases by 50% in 40 min, determine the second-order rate constant for the reaction.  

   [50%]

b) 
If the volume of the reaction mixture remains constant while the pressure increases with time, determine the following:

i)
Find the conversion of A at 50% increase of pressure, and state whether it differs from case (a).








               [25%]

ii)
Find the corresponding time taken.





   [25%]

Q6 The gas-phase reaction 
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is carried out at 4400C in a constant volume batch reactor. Starting with pure A in the reactor, the following data are obtained:

	Time, t (sec)
	0
	100
	200
	300
	400

	Total pressure (kPa )
	82.7
	71.1
	64.0
	60.4
	56.7


a)
Show that the given reaction can be approximated to a second-order reaction.           [60%]
b)
Determine the numerical value of reaction rate constant k, and clearly specify its unit.

  [20%]

c)
What would have been the total pressure in the reactor if the reaction had continued until 500 seconds.                                                                                                                  [20%]

Q7 A gas-phase reaction 
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 with the rate expression given by 
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, is taking place in a batch reactor, whose volume is proportional to the total pressure in the reactor. Equal moles of A and B are present initially in the reactor of volume Vo and a total pressure of Po. The reactor is maintained at a temperature T throughout.

a)
Show that the reactor volume V at time t is given by 
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, where X is the    conversion of A at t.  






     
               [20%]

b)
Show that the time taken to reach a final conversion Xf  of A is given by
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       where R is the universal gas constant, and k is reaction rate constant.

   [40%]

c)
Suggest a method to find tf from the above equation assuming that all the other parameters are known.







     
 
   [20%]

d)
Discuss briefly how tf changes when the final conversion Xf  is increased towards 1. [20%]
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Q8 The elementary, reversible, liquid-phase reaction given below is carried out in an isothermal batch reactor:
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a)
Initially, the reactor contains 2 mol/litre of A, and no B. Show that 
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where CA  is the concentration of A, in mol/litre, and t is the time, in min. 

   [45%]

b)
If CA reaches an equilibrium value of 0.33 mol/litre, show that k1/k2 = 5.                    [20%] 

c)
If CA is reduced to 1 mol/litre in 0.9 minute, determine k1 and k2. State clearly the units of k1 and k2.                                                                         

   

   [35%]

Q9 Consider the liquid-phase, reversible reaction 

taking place in a constant temperature batch reactor. The forward reaction is known to be first-order in A and first-order in B with the specific reaction rate kf. The backward reaction is known to be first-order in P with the specific reaction rate kb. Initial concentrations of the reactants A and B were each 1.0 kgmol/m3. There was no P present initially.

a)
Show that
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where (– rA) is  the rate of reaction of A, and CA  is the corresponding concentration of A  in the reactor in kgmol/m3  .                                                              

               [30%]   

b)
As the reaction proceeded CA was monitored and the corresponding values for (–rA) were evaluated, and these data are tabulated below:

	CA (in kgmol/m3  ) 
	1.0
	0.6
	0.5
	0.45
	0.4
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 (in kgmol/m3.min )
	1.52
	0.40
	0.24
	0.15
	0.06


Determine the numerical values of the specific reaction rates kf and kb, and specify their respective units.                                           





   [40%]

c)
Explain briefly how you would determine the time required to half the initial concentration of A. (You may consider numerical methods as well.)                          [30%]

Q10 a) The conversion of A to R proceeds by the first-order, reversible, liquid-phase reaction, 

in a batch reactor. Initially, there are 0.8 mol/litre of A and 0.5 mol/litre of R in the reactor. In one minute, the concentration of A drops to 0.6 mol/litre. When the equilibrium is reached, the concentration of A is 0.52 mol/litre. Determine the numerical values of the reaction rate constants, and the equilibrium constant, Keq, for this reaction. Also, specify the respective units of the constants.   





   [60%]

b)
The results of part (a) are obtained at a temperature of 720 K. It is also observed that the equilibrium concentration of A will become half of the value given in part (a) if the temperature is reduced to 630 K. Find the heat of reaction 
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 if Keq is known to be proportional to 
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   [40%]

Q11 The following chain reaction takes place in a constant volume batch reactor: 

Each reaction is first-order and irreversible. The initial concentration of A is CA0, and only A is present initially.

a)
Derive expressions for the concentrations of A (CA) and B (CB) as functions of time. [60%]                                                                                                                                                                                                                                                                                                                                                              

b)
For the given reaction, k1 = 0.35 hr-1, k2 = 0.13 hr-1, CA0 = 4 mol/m3, and CB0 = CC0  = 0, where CB0 and CC0 are the initial concentrations of B and C, respectively. Find the time taken for B to attain its maximum concentration, and the corresponding maximum concentration.    








   [25%]

b)
Plot the concentrations of A, B and C as functions of time.  



   [15%]
Q12 Consider a pure substance A in dilute solution in a laboratory flask with the initial concentration of CAO. This substance decomposes at constant temperature to form an intermediate B. This intermediate reacts further to give another product C. Thus,
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Both reaction steps are first-order, irreversible and have the same reaction rate constant, which is k, at any temperature.

a)
Show that the time at which the concentration of B reaches it maximum value can be given by 
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   [60%]

b)
The time 
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taken in a series of experiments at different constant temperatures, was found to be a function of the temperature of the experiment T. The results are listed below:

	T (K)
	300              350             400              450

	tmax (sec)
	7400            212             13.8             2.5


Find the activation energy of the specific reaction rate k.



   [40%]

Q13 A liquid-phase, bioreaction 
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 products, takes place in a batch reactor at constant temperature. The rate of reaction of A shall be described by the reaction kinetics,
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where CA is the concentration of A at time t, and k1 and k2 are constants.

a)
Show that a plot of  
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  would be a straight line, where CA0  is the initial concentration of A.                          

  
                           [40%]

b)
The bioreaction was carried out in a laboratory with CA0 = 1 millimol/litre. The concentration of A dropped to 0.38 millimol/litre in 4 hours, and to 0.04 millimol/litre in 8 hours. Determine the constants k1 and k2, and state their units.        


   [40%]  

c)
Determine the time required to reduce the concentration of A to 25% of its initial value.











   [20%]

Self Study: Workout Q5, Q6, Q7, Q12 and Q13 of Set #3
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