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1.
The first order reaction      A → B

is carried out in a 10-cm-diameter tubular reactor 6.36m in length.  The specific reaction rate is 0.25 min-1.  Following are the results of a tracer test carried out in this reaction

	t(s)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	12
	14

	C(mg/liter)
	0
	1
	5
	8
	10
	8
	6
	4
	3
	2.2
	1.5
	0.6
	0


Calculate conversion using (a) the closed vessel dispersion model, 



 (b) the tanks-in-series model.


2.
The following data were obtained from a step tracer input to a reactor:

	t (min)
	0
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	C(mg/m3)
	0
	0
	1
	4
	7
	8
	8.5
	8.5
	9.2
	9.5
	10
	11


	t(min)
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	C(mg/m3)
	15
	20
	22
	23
	23.5
	24
	24.3
	24.5
	24.5
	24.5


For the second order reaction

2A    (      B +  C

with kCA0  = 0.1 min –1 , a reactor volume of 1 m3 , and  a volume flow rate of 0.06 m3/min  determine the conversion of A :

(a) Using the dispersion model






(b) Using the tanks-in-series model


3. a)
Define the following terms.


(i)
Micro fluid

(ii)
Macro fluid

(iii)
Degree of segregation (iv) 
Earliness of mixing


b)
Explain the difference in behaviour of micro fluids and macro fluids in mixed flow reactor.

4.
In a non catalytic fluid solid reaction, the surface reaction is the controlling step. Derive a relation ship between conversion and time for a shrinking spherical particle.
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5.
A feed consisting 30% of 50 micron radius particle 40% of 100 micron radius particles 30% of 200 micron radius particles is to be fed continuously in a thin layer on to a moving grate cross current to a flow of reactant gas. For the planned operating condition the time required for complete conversion is 5,10 and 20 min for the three sizes of particles.  Find the conversion of solids for a residence time of 8 min in the reactor.

6.
Derive a rate equation for an instantaneous reaction of any order between A and B, fluid-fluid reaction



A(gas) + bB(liquid) (product


And sketch the concentration profiles assuming a two-film theory.

7.
Write short notes on:

    

a)
Catalyst poisoning

   
 
b)
Thiele parameter

    

c)
Catalyst selectivity

    

d)
Catalyst fouling

8.
For the solid catalyzed reaction A + B
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R + S, develop an expression for rate equation, if surface reaction is controlling the overall reaction. All species are chemisorbed.
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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.
Hydrogen sulfide is removed from coal gas by contact with a moving bed of iron 
oxide particles which convert to the sulfide as follows:



Fe2O3 → FeS

In our reactor the fraction of oxide converted in any particle is determined by its residence time t and the time needed for complete conversion of the particle τ, and this is given by



1 – x = 
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 when t < 1 hr, and with τ = 1 hr


and


         X =1 when t ≥ 1 hr


Find the conversion of iron oxide to sulfide if the RTD of solids in the contactor is approximated by the above given curve.

3. a)
Derive the general equation for determining conversion for macro fluid in mixed reactors.








b)
Deduce the above equation for a first order reaction and show that the degree of segregation has no effect on conversion for first order system.

4.
Derive an expression relating conversion and time for a non​ catalytic heterogeneous reaction of shrinking size of the particle in the stokes low regime. Explain its limitations.
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5.
A 200 ton solid hold up is needed in a single fluidized bed reactor for 99% conversion of particles of unchanging size where ash diffusion controls. What would be the hold up in two fludized beds in series for indentical conversion, feed rate and gas environment? 

6.
CO2 is to be removed from air by counter-current contact with water at 25oC.


(a)What are the relative resistances of gas and liquid films for this operation?


(b) What simplest form of rate equation would you use for tower design?

(c) For this removal operation would you expect reaction with absorption to be helpful?  Why?  








From the literature we have for CO2 between air and water:



kga = 80 mol/hr.lit.atm



kla = 25/hr



H = 30 atm.lit/mol

7. a)
Enumerate the resistances that are important in the study of catalytic reactions. 

    b)
How would you plan experimental kinetic work to find the limits of operation of these resistances and to study the resistances separately?

8.
For the solid catalyzed reaction A + B
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R + S, develop an expression for rate equation, if adsorption of A is controlling the overall reaction. Assume only A, R and S are adsorbed and B is in gas phase.
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1.
The following tracer data have seen obtained for liquid decomposing with rate.

	Time t, min
	Tracer Output Concentration, Cpulse 

gm/liter fluid

	0
	0

	5
	3

	10
	5

	15
	5

	20
	4

	25
	2

	30
	1

	35
	0


rA = kCA,   
k = 0.307 min-1
Find the fraction of reactant unconverted in the real reactor and compare this with the fraction unconverted in a plug flow reactor of the same size.

2.
Tubular reactors for thermal cracking are designed on the assumption of plug flow.  On the suspicion that non-ideal flow may be an important factor now being ignored, let us make a rough estimate of its role.  For this assume isothermal operations in a 2.5-cm ID tubular reactor, using a Reynolds number of 10 000 for flowing fluid.  The cracking reaction is approximately first order.  If calculations show that 99% decomposition can be obtained in a plug flow reactor 3m long, how much longer must the real reactor be if non-ideal flow is taken into account?


3. 
Discuss the different models available to explain partial segregation. 
4.
Discuss the methods of determination of the rate-controlling step for non-catalytic           fluid-particle reactions and explain how the required data is obtained.

5.
A batch of solids (20 Kg A, 20 kg B, 60 Kg C) are fluidized at high air velocity and the entrained solids are removed and collected for analysis. After 8 min. of operation an analysis of the entrained solids shows 18 kg A 10 Kg B and no C calculate the elutriation constant for these solids.  
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6.
We plan to use an NaOH solution to hasten the removal of CO2 from air at 25oC.  From the literature we have for CO2 between air and water:


kga = 80 mol/hr.lit.atm;  kla = 25/hr;    H = 30 atm.lit/mol.

(a) What form of rate equation should we use when 
[image: image4.wmf]2
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=0.01 atm and the solution is 2N in NaOH?








(b) How much can absorption be speeded compared to physical absorption with pure water?









Assume that the reaction is instantaneous and is represented by


CO2 + 20 H- = H2O + CO3- -
7. a)
What is meant by effectiveness factor?




       

b)
Derive an expression for an isothermal first order reaction to show the dependence of the factor on the parameters. Single pore model is applicable.

8.
For the solid catalyzed reaction A + B
[image: image5.wmf]¬
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R + S, develop an expression for rate equation, if adsorption of B is controlling the overall reaction.  A, B and R are chemisorbed while S is in gas phase.
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1.
Dispersed noncoalescing droplets (CAo= 2 mol/liter) react (A→R, -rA = KC2A, k = 0.5 liter/mol. min) as they pass through a contactor.  Find the average concentration of A remaining in the droplets leaving the contactor if their RTD is given by the curve in Fig   

 SHAPE  \* MERGEFORMAT 


          
2.
Fluid flows at a steady rate through ten well-behaved tanks in series.  A pulse of tracer is introduced into the first tank, and at the time this tracer leaves the system




Maximum concentration = 100 mmol





      Tracer spread = 1 min


If ten more tanks are connected in series with the original ten tanks, what would be

a) The maximum concentration of leaving tracer?





b)  How does the relative spread change with number of tanks?

3.
Device a sketch to illustrate the difference in performance of second order reactions as a function of RTD, degree of segregation and earliness of mixing.
4.
Distinguish between homogeneous and heterogeneous reaction system with examples. Discuss briefly the development of the rate equation in case of a heterogeneous system. What are the ideal contacting patterns adopted in two phase system.
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5.
In a gas phase environment, particles are converted to solid product with initial concentration of gaseous phase as CAo 

A (g)+ B (s) 
        R (g) + S(s) 

Reaction follows shrinking core model with reaction control. The time for complete conversion was reported as 60 mins. If a fludized bed is to be designed to treat 15 ton/hr. of solid for 85% conversion. Calculate the weight of the solid in the reactor if gas is assumed to be in mixed flow.

6. a)
Discuss about the various kinetic regimes for mass transfer and reaction for    fluid-fluid reactions assuming two-film theory.  Sketch the concentration profiles.  

    b)
Discuss briefly about slurry reaction kinetics.

7.
Discuss the role of the following on heterogeneous catalytic reaction:




a)
Pore size




b)
Pore size distribution

c)
Surface area  

d)
Pellet size.

8.
For the solid catalyzed reaction A + B
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R + S, develop an expression for rate equation, if desorption of R is controlling the overall reaction. All components are adsorbed.
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