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III-B.Tech -II-Semester Supplementary Examination April/May 2004

CHEMICAL REACTION ENGINEERING-I
(Chemical Engineering)

Time: 3 hours.






Max. Marks: 70

Answer any FIVE questions

All questions carry equal marks

- - -

1. a)
The hydrogenation of acetylene over a catalyst is represented by the reaction

C2H2+H2⇄C2 H4   Compute the standard heat of reaction. The following data is available.

	Temperature( K
	298
	600
	1000

	Equilibrium constant, atm-1
	5.193(1024
	1.194(109
	501.4


b) How do you compute the equilibrium composition in case of multiple reactions? Discuss.









2. a)
Explain, how total pressure data help in finding the rate equation.

b)
The reaction 
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 is studied isothermally at 36o C in a constant volume batch reactor. Using the following data obtain the rate equation in units of moles, liters and minutes.

	Time, min
	3
	7
	14
	23
	34
	48
	68
	95

	Total Pressure, mm Hg.
	620
	600
	575
	550
	525
	500
	474
	450


3.
The formation of phosgene has been found to proceed as follows


CO + Cl2  
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Forward reaction: 
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 = K1 [CO] [Cl2]3/2

Reverse reaction : 
[image: image4.wmf]2

COCl

r

 = K2 [Cl2]1/2 [COCl2]


a)
Are these rate expressions thermodynamically consistent?


b)
Determine whether the following mechanism is consistent with these 

experimentally found rates.





Cl2 
     2Cl*


Fast, at equilibrium





Cl* + CO
  COCl*

Fast, at equilibrium





COCl* + Cl2 
        COCl2 + Cl*
Slow, rate controlling.
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4. a)
The following reaction is carried out in mixed flow reactor at 400 0 C and 1 atm. Pressure.   The reaction is second order irreversible,  A  (  B +  C .

Find the size of the reactor needed to obtain 95 % conversion when the feed rate is 100 gm/sec. And the reaction velocity constant at 500 0C is 0.4m3/kg.mole.sec.  The molecular weight of A is 44.

b)
Distinguish clearly between (i) batch (ii) plug flow and (iii) mixed flow reactors.   Explain the characteristics and application of each reactor.  Mention merits and demerits of each reactor.

5. a)
Define recycle ratio. What is the effect of varying the recycle ratio from zero to infinity on the performance of the recycle reactor?

b) Develop the performance equation for a recycle reactor. Write the performance equation for the two extremes of the recycle ratio.

6.
For the parallel decomposition of A, where R is desired 



 R





rR = 1


A             S
rS = 2 CA
    with CAO = 1 kg mole / m3

               
RT = CA2

 T

What is the maximum CR we may expect in isothermal operations

a) in a mixed flow reactor

b) in a plug flow reactor

7.
The elementary irreversible organic liquid phase reaction A+B           C is carried out in a flow reactor. An equal molar feed in A and B enters at 27oC and the volumetric flow rate is 2 dm3/s.







(a)
Calculate the CSTR volume necessary to achieve 85% conversion when the reaction is carried out adiabatically.

(b)
Calculate the conversion that can be achieved in a 500 dm3 CSTR. Heats of formation are given by:
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A  (273) = -20 kcal/mole; 
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 (273) = -15 kcal/mole;  
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 (273) = -41 kcal/mole; CAO= 0.1kmol/m3 

CPA = CPB = 15 cal/mole.oK; CPC = 30 cal/mole.oK.

 k = 0.01 dm3/mole.s at 300oK; E = 10000 cal/mole.

8.
Write short notes on 

a) Order and molecularity 

b) Empirical rate equations.
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