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---
1.
A liquid-phase reaction is currently carried out commercially in a series of three, equal volume, stirred-tank reactors operating isothermally.   It is planned to replace these reactors with a single, tubular-flow reactor.  To obtain the same conversion as in the stirred-tank equipment, for the same Vt/Q, what degree of dispersion is necessary in the tubular reactor?  That is, determine the value of DL/μL if the flow in the tubular reactor could be represented by the dispersion model.

2.
A pulse test on a piece of reaction equipment gave the following results: The output concentration rose linearly from zero to 0.5 (mol/m3 in 5 min, then fell linearly to zero in 10 min after reaching the maximum value.

   
a)
Calculate in tabular form the values of E(t) and F(t) at 1 min intervals.

b)
If the reactor were plug flow with the same flow and volume, what would be the conversion?


3. a)
Derive a relation for determining the conversion for micro fluid in a plug flow reactor.










    b)
What are early and late mixing of fluids?

4.
What are the differences between progressive conversion model and unreacted core model? 
Explain with the help of concentration profiles, assuming spherical particles. Give some 
industrial examples of this nature.

5.
Spherical particles of pure carbon are burning. The process is controlled by mass transfer of Oxygen to carbon surface. The mass transfer coefficient obeys an equation of the form




[image: image1.wmf]34

.

0

5

.

0

Re

Sc

A

D

d

k

m

=


What is the ratio of the time required for the radius of the particles to be halved to that required for complete combustion?
6.
Derive a rate equation for fast reaction with a second-order rate between A and B, fluid-fluid reaction



A(gas) + bB(liquid) (product


And sketch the concentration profiles assuming a two film theory.
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7.
Derive an expression for effectiveness factor of a cylindrical catalyst pellet, sealed at ends, in which a first order chemical reaction takes place under isothermal conditions. 



8. a)
Discuss about the merits and demerits of various experimental reactors for finding rates in catalytic reactions.

    b)
Explain how you can determine the influence of the following resistances.

i)  Film resistance
ii)  Pore resistance
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1.
The following readings represent a continuous response to a delta function input into a closed vessel to be used as a reactor.  Plot E(θ) Vs ((and estimate the variance :










	Time, min.
	Con. of tracer g/lit

	0
	0

	5
	3

	10
	5

	15
	5

	20
	4

	25
	2

	30
	1

	35
	0


2.
A stream of fully suspended fine solids (v= 1m3/min) passes through two mixed flow reactors in series, each containing 1 m3 of slurry.  As soon as a particle enters the reactors, conversion to product begins and is complete after two minutes in the reactors.  When a particle leaves the reactors, reaction stops.  What fraction of particles is completely converted to product in this system?
3.
With suitable sketches compare the performance of a mixed flow reactor with a PFR both treating


   
a)
Micro fluid with nth order kinetics, (A = 0





   
b)
Macro fluid with nth order kinetics, (A = 0


4.
Derive a relationship between conversion and time for a non catalytic heterogeneous reaction for which the surface reaction is controlling. List out the assumptions.

5.
A gas-solid non catalytic reaction (shrinking core) is investigated by measuring the time required for complete conversion of solid B as a function of particle diameter. The results are as follows:


Particle dia, mm

0.063

0.125

0.250


 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 


Time of complete


Conversion , min. 

5.0

10.0

20.0

If the diffusion resistance in the gas phase around particle is negligible, what mechanism controls the rate of reaction.
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6.a)
Mention the three reasons for which heterogeneous fluid-fluid reactions are made to take place.  Give examples wherever possible.





b)
With the help of a neat diagram describe the double mixed reactor and write its particular features.  Explain how it can be used to obtain the clues to the kinetic regime from experiments in fluid-fluid reactions.

7.a)
Derive the differential equation describing diffusion and reaction in a spherical catalyst. 










   b)
Obtain an expression for effectiveness factor.

8. a)
Explain about the various factors responsible for catalyst deactivation.

    b)
What are various decay reactions? Write expressions for rate of reaction and rate of deactivation for various decay reactions.
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1.
Distinguish between a micro-fluid and a macro fluid. How they contribute to pattern of mining of fluids? Discuss the various models used to explain about degree of segregation.
2.a)  
Explain the significance of E, F and C curves.  Distinguish between a real and    an ideal reactor.








   b)
What are the models used to characterize the flow in closed vessels? And highlight their limitations. 

3. a)
Sketch the contacting patterns, which can give same exponential decay RTD.

b)
For a single fluid, discuss the effect of kinetics, effect of mixing factors, effect of conversion level, effect on product distribution.


4.
In a non-catalytic fluid solid reaction the diffusion through gas film is the controlling step. Derive the over all rate expression for the reaction of particles of unchanging size.

5.
In slurry reactors pure reactant gas is bubbled through liquid containing suspended catalyst particle let us view these kinetics interms of the film theory.  Thus to reach the surface of solid the reactant which enters the liquid must diffuse through the liquid film into the main body of liquid and then through the film surrounding the catalyst particle. At the surface of the particle reactant yields product according to first order kinetics.  Derive an expression for the rate of reaction interms of these resistances.

6.a)
For a liquid-gas non catalytic slow reaction which is entirely taking place in the main body of the liquid, derive the rate equation.




   b)
Show what shape the above equation takes if the reaction is infinitely slow.
7. a)
In developing rate equations for catalytic reactions how do you account for the various processes that may cause resistance to reaction?



    b)
Explain the active site theory.







    c)
How this theory accounts for the changes in operating pressures?


8. a)
For deactivating catalyst in batch solid and batch fluid develop an expression relating the changing gas concentration with time.

     b)
For deactivating catalyst in batch solids and mixed flow of fluid, develop an expression relating the changing gas concentration with time.
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1.
The concentration readings in given Table. represent a continuous response to a pulse input into a closed vessel which is to be used as a chemical reactor.  Calculate the mean residence time of fluid in the vessel t, and tabulate and plot the exit age distribution E.


2.
What are the models applied to characterize the flow in vessels?  Explain about them briefly.  Highlight their limitation.  Distinguish between a close Vessel and an open vessel.


3.a)
With a sketch explain the difference in behaviour of micro fluids and macro fluids in the reaction of A and B.





   b)
Explain the partial segregation in the mixing of two miscible fluids in a reactor
4.
In a non-catalytic fluid solid reaction the diffusion through Ash layer is the controlling step. Derive the overall rate expression for the reaction of particles of unchanging size. Express the conversion interms of reaction time.

5.
A solid feed having different size fractions is to be reacted in a rotating tubular reactor the process follows shrinking core model and is chemical reaction controlled. Total time required for the feed to pass through the reactor is 180 min. The size fraction of feed are:

1 mm and less than 1 mm particles = 25% by weight  

2.5 mm particles = 20% by weight 

3 mm particles = 15% by weight 
4mm particles = 30% by weight 
5 mm particles = 10% by weight 

Calculate the mean conversion of solids for residence time of 30 minutes.

6.
Develop expressions for the height of the tower where a steady state counter current mass transfer (liquid-gas) operation is taking place both in gas parameters and gas parameters.

7. a)
Define effectiveness factor and Thiele modulus.

    b)
For mixture of particles how effectiveness factor is calculated?

    c)
What is the effect of Thiele modulus on the effectiveness factor?
    d)
How Thiele modulus is modified to account for arbitrary reactions?       
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8. a)
For deactivating catalyst in batch solids and plug flow of fluid, develop and expression relating the changing gas concentration with time.

    b)
Explain how the order of deactivation can be determined for a deactivating catalyst.
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