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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  
[image: image2.wmf]1
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Forward reaction: 
[image: image3.wmf]2

COCl

r

 = 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:





[image: image5.wmf]o
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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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1.
The following reaction occurs in a reactor operate at 527( K and 264 atm

C2H4(g)+H2O(g)⇄C2H5OH(g) calculate the composition of reactor effluent at equilibrium. The following data is available.

Feed composition:  C2H2 =25 mol%; H2O=60 mol% and N2=15 mol%

	Component
	∆Gf0(298(K) kcal/mol
	∆Hf0  (298( K)

kcal/mol
	Fugacity coefficient

	H2O(g)
	-54.63
	-57.79
	0.190

	C2H4 (g)
	16.28
	12.49
	0.885

	C2H5OH (g)
	-40.30
	-56.24
	0.280


The standard state for each species may be taken as pure material at unit fugacity. State your assumptions.

2. a)
The decomposition of ammonia on a tungsten wire is carried out at 856o C and the following data are obtained.

	Total Pressure
	0.30
	0.330
	0.359
	0.418

	Time, sec
	200
	400
	600
	1000


Check whether the reaction follows zero order kinetics. Find the reaction velocity constant.

    b)
For a second order reaction shows that the half-life period is 
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K – is the rate constant and CAO – initial concentration of reactant.

3.
Phosgene forms and decomposes according to the reaction


CO + Cl2   
[image: image9.wmf]1
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Forward reaction: 
[image: image10.wmf]2

COCl

r

 = K1 [CO] [Cl2]3/2

Reverse reaction : 
[image: image11.wmf]2

COCl
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 = K2 [Cl2]1/2 [COCl2]


a)
Check whether these rate expressions are thermodynamically consistent?


b)
Determine whether the following mechanism is consistent with 

experimentally found rates.
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Cl2 
     2Cl*


Fast, at equilibrium





Cl* + Cl2
   Cl*3


Fast, at equilibrium





Cl*3 + CO 
        COCl2 + Cl*
Slow, rate controlling.

4.
From the following data  find a satisfactory rate equation for gas phase decomposition of  A  (  R  +   S,   taking place isothermally in a mixed  reactor.

Space time in Sec. :
0.423
 5.10
 13.5
 44.0
192.0

Conversion            :
0.22
 0.63
  0.75
 0.88
 0.96

Initial concentration is 0.002 mole/lit.

5.
Acetic anhydride is to be hydrolyzed in three stirred tank reactors operated in series. The reaction is first order with k = 0.0806 min-1. Each reactor has a volume of 1.8 liters and the feed rate to the first is 35 liters/hr. Compute the percent of hydrolysis accomplished in the three reactors.

6.
Substance A in a liquid reacts to produce R and S as follows.



                 R
Ist order



A



     S
Ist order

A feed (CAO = 1, CRO = CSO = 0) enters two mixed reactors in series (P1 = 2.5 min, P2 = 5 min).  If the composition in the first reactor is CA1 = 0.4, CR1 = 0.4, CS1 = 0.2, find the composition leaving the second reactor.

7.
The elementary gas phases reaction 
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 is carried out adiabatically in a PFR packed with a catalyst. Pure A enters the reactor at a volumetric flow rate of 20 dm3/s at a pressure of 10 atm and a temperature of 450oK.

(16)

    a)
Plot the conversion and temperature down the plug flow reactor until  
80% conversion is reached (the maximum catalyst weight that can be 
packed into the PFR is 50 kg).

    b)
What catalyst weight is necessary to achieve 80% conversion in a 

CSTR CPA = 40 J/mole.oK; CPB=25 J/mole;  CPC = 15 J/mole.oK

 
Heat of formation are given by:
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A  (273) = -70 kcal/mole ; 
[image: image14.wmf]o
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 (273) = -50 kcal/mole; 
[image: image15.wmf]o
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= -40 kJ/mole; 

k = 0.133 exp (E/R) [(1/450) - (1/T)]  dm3/kcal.s with   E = 31.4 kJ/mole.

8.
Write a brief notes on: 

    a) 
Ideal characteristics of flow reactors

    b)  
Pseudo steady state hypotensis.
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1.
The following data are obtained in a study of polymerization of styrene in the solvent benzene:

	T ((C)
	30
	25
	20
	15
	10

	KC(Lit/gmole)1/2.(1/min)
	0.93
	0.56
	0.39
	0.26
	0.15


Using the data, evaluate the activation energy and the frequency factor of the Arrhenius equation.

2. 
A tri molecular elementary reaction 
[image: image16.wmf]oducts
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, takes place in a batch reactor. Using the following data find a suitable rate equation.


	Time, min
	0.0
	1.0
	2.0
	3.0
	4.0
	5.0

	Concentration of A, mole/lit
	0.500
	0.250
	0.189
	0.158
	0.138
	0.125



The component B is introduced at 1 mole/lit. along with component A. Derive the equation used.

3.
Chemicals A, B and C combine to give R and S with steichiometry 

A + B + C 
       R + S  

The observed rate is rR = K 
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The following mechanisms have been proposed to explain the observed kinetics.


Mechanism I : A + B              X + R



C + X 

S


Mechanism II : A + C 



  B + Y 
 S

a)
Are these mechanisms consistent with the kinetic expression?

b) If neither is consistent, devise a scheme.
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4.
The reaction  A  + B  (   R   is first order with respect to each of the reactants  when conducted in liquid phase  in a 1.5m3  plug flow reactor using a mole ratio M =  CBo/CAo  = 2,   a 90 % conversion is obtained.  What mole ratio M will provide the same amount of product, if the reaction is conducted in a 7.5 m3 backmix reactor.

5.
The elementary irreversible reaction 2A ( R is carried out in the liquid phase in a 3-stage back mix reactor. The product kCA0
[image: image18.wmf]t

for each stage has a value of 5. Find the conversion in the reactor.

6.
For a liquid phase parallel reactions



   K1


dCR  = 1.0 CACB0.2 Kg mole/m3s


A + B 

R desired, 
 dt 

   

K2


dCS  = 1.0 CA0.5 CB1.8 Kg mole/m3s


A + B 

S unwanted, 
 dt 

Find the fraction of impurity in the product stream for 90% conversion of pure A and pure B, 

a) for plug flow.

b)  for mixed flow

Each A and B has a density of 20 kg moles/m3.

7.
The following reaction A+B            C is carried out adiabatically in a constant volume batch reactor. The rate law is -rA = k1 CA1/2   CB1/2 - k2CC . Plot the conversion and the concentrations of the reacting species as a function of time. Entering temperature = 100oC; k1(373oK) = 2 x 10-3 /s; E1 = 100 kJ/mole






  K2(373oK) = 3 x 10-5 /s; E2 = 150 kJ/mole


CAO = 0.1 mole/dm3 ; CBO = 0.125 mole/dm3; 
[image: image19.wmf]D

H
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 (298OK) = -40000 J/mole A CPA = 25 J/mole.oK; CPB = 25 J/mole.oK ; CPC = 40 J/mole.oK.

8.
Write a short notes on: 

a) Half life period method 

    b) 
Excess reactant and stoichimetric proportions methods.
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1. a)
Derive the Arrhenius law from thermodynamic principles.

    b)
For a given activation energy the rate doubles for 10oC rise in temperature.

It is a therms rule and valid at a specific temperature.  Show that the relationship between activation energy and temperature for which the rule holds is T = 
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2. 
For studying the kinetics of the reaction 
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 the variation in the volume of reaction mixture with time is followed. When the feed with 20% inerts is introduced, the following data are obtained.


	Time, min
	0.0
	1.0
	2.0
	3.0
	4.0
	5.0
	10.0

	Volume,  lit.
	1.0
	1.15
	1.29
	1.41
	1.53
	1.63
	2.01



Determine the rate equation for this reaction.

3. a)
Distinguish between elementary and non elementary reactions.

    b)
Show that the following scheme




N2O5 

NO2 + NO3*
NO2 + NO3*         NO* + O​​2 + NO2
NO* + NO3* 
      2NO2
is consistent with and explain the observed first order decomposition of N2O5
4.
Sulfuryl chloride (SO2Cl2) is to  be dissociated in a plug flow reactor to sulfur dioxide and chlorine at 3300 C with rate constant of 1.32 x 10 –3 per min. for a feed rate of  25 kg/hr of pure SO2Cl2. and 90 % conversion.  Determine (i) volume of reactor  (ii) Space velocity  (iii) Actual residence time.

5. a)
What are autocatalytic reactions? Explain with a typical rate-concentration curve. Give some important examples of autocatalytic reactions.

    b)
Which reactor is more efficient for carrying out autocatalytic reactions at various conversion levels? Explain with the help of 1/(-rA) versus XA graph.
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6.
Consider the decomposition of A 


  
  K1





      A  

R (desired product) 
 



  K2

      A 

S (unwanted product)


With corresponding rate equations of 

rR =  dCR  = K1CAa1
        dt

rS =  dCS  = K2CAa2
        dt

Derive the expressions for the fractional yield and overall yield at the desired product in.  a) PFR.

b) CSTR.

7. 
The hydrolysis of acetic anhydride is conducted in a reaction battery consisting of four vessels. The temperature of the first reactor is maintained at 10oC, the second at 15oC, the third at 25oC and the fourth at 40oC. The reaction is first order, with specific reaction rates as follows:








T,oC  


10

15

25

40


K, min-1
       0.0567
       0.0806
        0.158  
         0.380


The inlet composition is 1.5 k.mole/gal, the feed rate is 25 gpm, the vessels are the of same size and the desired conversion is  95%.

(a) What size of vessels is needed ?

(b) If all reactors are maintained at 15oC, how many reactors of the size calculated in part (a) will be needed? 

Take 1 gallon = 4.54596 liters.

8.
Write brief notes on:

     a) 
Equilibrium – Thermodynamics and kinetics points of view.

     b) 
Optimum temperature progression.
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