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Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

---
1.
A has a non ideal   batch tank reactor   and B has modeled it as two well mixed batch reactors with transfer between them (as given in the fig.). A wants to check this model. B states   that  VI = 30 ft3 and V11 = 10 ft3. The transfer rate v was 0.1 ft3/s. At time t= 0  A puts 0.1lb mol of tracer into the region near the agitator(reactor I ).  If B was correct , what should be the concentration  of tracer in reactor I,110 s after A puts in the  tracer.

     









I

II

2. 
Calculate the recycle ratio, in a flow recycle reactor, necessary to give conversion 

of 61% for the actual reactor. for a first-order reaction for which k=0.1 s-1 and       θ = 10 s.











	(/(
	0
	0.5
	0.7
	0.875
	1.0
	1.5
	2.0
	2.5
	3.0

	J(()
	0
	0.10
	0.22
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3.
Find the expression for conversion of a macro fluid in two equal size mixed reactors in series for a zero order reaction. If conversion is 99% for the micro fluid what is it for a macro fluid having the same reaction rate?
4.
Spherical particles of zinc blende of radius 1 mm are roasted in an 8% oxygen stream at 9000 C and 1atm.  This reaction is 

2 Zn S + 3 02 


  2 ZnO + 2 S02
Assuming that the reaction proceeds by shrinking core model and neglecting the film resistance. Calculate the time needed for complete conversion of a particle and the relative resistance of ash layer during this operation.

Data:
Density of Solid

=
4.13Kg/m3

Rate constant


=
0.02m/s


Effective diffusivity

=
0.08Cm2/S.
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5.
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 in terms of reaction time.
6.
Find the size of a packed bed reactor for treating 2000 mol/hr of pure A at 1170 C. The conversion required is 60%.  The following kinetic data are available:

CA, mol/liter

0.039

0.0575

0.075

0.092

-rA, molA/hr.kg cat. 
3.4

5.4

7.6

9.1

The reaction is   A -----------(4 R

7.
Write short notes on:


(i)
Experimental methods of finding rates of solid catalyzed reactions


(ii)
Experimental determination of pore size and surface area of catalyst.

8.
CO​2 is to be removed from air by counter – current contact with water at 250C.
   a)
What are the relative resistances of gas and liquid films for their operation?

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

   b)
For this removal operation would you expect reaction with absorption to be 
helpful? why?

From the literature we have for CO​2 ​​ between air and water:

kga  = 80 ml/hr.lit.atm


kla  = 25/hr


H   = 30 atm. lit / ml
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1.
The flow through a reactor is 10 m3/min. A pulse test gave the following concentration measurements at the outlet:

	t(min)
	c x 105
	t(min)
	c x 105

	0
	0
	15
	238

	0.4
	329
	20
	136

	1.0
	622
	25
	77

	2
	812
	30
	44

	3
	831
	35
	25

	4
	785
	40
	14

	5
	720
	45
	8

	6
	650
	50
	5

	8
	523
	60
	1

	10
	418
	-
	-


(a) If the reactor is modeled as tanks in series, how many tanks are needed  to represent this reactor ? What is the conversion(k =0.1 min-1) ?




(b) If the reactor is modeled by a dispersion model, what  is the Peclet number ? What is   the conversion  (k =0.1 min-1) ?





2.
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.





       


	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
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3.
Discuss the product distribution in multiple reactions. Give also the concentration profiles of the components of the series parallel reaction.
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4. 
In a non-catalytic fluid solid reaction the diffusion through gas film is the controlling step.  Derive the overall rate expression for the reaction of particles of unchanging size.

5.
Two small samples of solids are introduced in to a constant environment oven and kept there for one hour under these conditions.  4mm particles are 58% converted and 2mm particles are 87.5% converted.  Find the rate controlling mechanism for the conversion of solids and the time needed for complete conversion of 1mm particles.
6.
The following data on an irreversible reaction are obtained with decaying catalyst in a batch reactor. 

CA
1.000

0.802

0.675

0.532
   0.422       0.368


t, hr  
0

0.25

0.5

1
      2

(
What can you say about the kinetics?


7.
(i)
What are the different methods of preparation of catalysts? Discuss any   one method of preparation.










(ii)
What are the functions of carriers used in catalyst?




(iii) What are promoters and inhibitors? Why are they added?

8.
We plan to use an NaOH solution to hasten the removal of CO2 from air at 250C. 
From the literature we have for CO2 between air and water.

kga = 80 mol/hr. bit atm, kla = 25/hr, H = 30 atm.bit/mol.

   a)
What form of rate absorption  be speeded compared to physical absorption with 
pure water ?

   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 + 20H-  = H20 + CO3
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1.
Carry out the liquid phase, second order dimerization

2A
(
B   ;   rA    =    -kCA2


for which k = 0.01 m3/mol-min at the reaction temperature. The feed is pure A with CA0 = 8 mol/m3. The reactor is non ideal  and perhaps  could be modeled  as two CSTRs with interchange. The reactor volume is 1000 m3, and the feed rate of dimerization 25 m3/min. A tracer test is run on this reactor and the results are given in column.

1


2


3

4

5

	t(min)
	C(mg/m3)
	E(t)(min-1)
	1-F(t)
	E(t)/ (1-F(t))(min-1)

	0
	112
	0.0280
	1.000
	0.0280

	5
	95.8
	0.0240
	0.871
	0.0276

	10
	82.2
	0.0206
	0.760
	0.0271

	15
	70.6
	0.0177
	0.663
	0.0267

	20
	60.9
	0.0152
	0.584
	0.0260

	30
	45.6
	0.0144
	0.472
	0.0242

	40
	34.5
	0.00863
	0.353
	0.0244

	50
	26.3
	0.00658
	0.278
	0.0237

	70
	15.7
	0.00393
	0.174
	0.0226

	100
	7.67
	0.00192
	0.087
	0.0221

	150
	2.55
	0.000638
	0.024
	0.0266

	200
	0.90
	0.000225
	0.003
	0.075


Columns 3 to 5 are calculated from 1 and 2.
The bounds on the conversion for different possible degrees of micro mixing for the RTD of this reactor are to be known.  What are they?
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.
Discuss the different models available to explain partial segregation.
Contd…2
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4.
In a non catalytic fluid solid reaction, the surface reaction is the controlling step.  Derive a relationship between conversion and time for a shrinking spherical particle.

5.
A batch of solids of uniform size is treated by gas in a uniform environment. Solid is converted to give a non flaking product according to the shrinking core model. Conversion is about 7/8 for a reaction time of one hour, conversion is complete in two hours.  What mechanism is rate controlling?

6.
The reversible catalytic reaction 


   A
       

R



proceeds with decaying catalyst in a batch reactor. The equilibrium conversion is 0.5 What can you say of the kinetics of reaction and deactivation from the following data?

  
T,hr
0

0.25

0.5

1

2
(

CA  
1.00

0.901

0.830

0.766

0.711
0.684

7.
Write short notes on :


(i)
Catalyst poisoning


(ii)
Thiele parameter

(iii) Catalyst selectivity
(iv) Catalyst fouling 

8.
CO​2 is to be removed from air by counter – current contact with water at 250C.

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

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

   b)
For this removal operation would you expect reaction with absorption to be 
helpful? why?


From the literature have for CO​2 ​​ between air and water:


kga  = 80 ml/hr.lit.atm


kla  = 25/hr


H   = 30 atm. lit / ml
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1.
Consider the non-ideal reactor characterized by the RTD data given in the table.

	T
	C(t)
	E(t)
	tE(t)
	t-tm 
	(t-tm)2 E(t) 

	0
	0
	0
	0
	-5.15
	0

	1
	1
	0.02
	0.02
	-4.15
	0.34

	2
	5
	0.10
	0.20
	-3.15
	0.992

	3
	8
	0.16
	0.48
	-2.15
	0.74

	4
	10
	0.20
	0.80
	-1.15
	0.265

	5
	8
	0.16
	0.80
	-0.15
	0.004

	6
	6
	0.12
	0.72
	0.85
	0.087

	7
	4
	0.08
	0.56
	1.85
	0.274

	8
	3
	0.06
	0.48
	2.85
	0.487

	9
	2.2
	0.044
	0.40
	3.85
	0.652

	10
	1.5
	0.03
	0.30
	4.85
	0.706

	12
	0.6
	0.012
	0.14
	6.85
	0.563

	14
	0
	0
	0
	8.85
	0


  
Last two column are completed after tm is found.

The irreversible gas phase non elementary reaction

A + B   ( C+ D

is first order in A and second order in B and is to be carried out isothermally.

Calculate the conversion for

(a) A PFR a laminar flow reactor with complete segregation and CSTR.



(b) The cases of complete segregation and maximum mixedness.



2.
From a pulse input into a vessel we obtain the following output signal

	Time, min
	1
	3
	5
	7
	9
	11
	13
	15

	Concentration 

(arbitrary)
	0
	0
	10
	10
	10
	10
	0
	0


We want to represent the flow through the vessel with the tanks-in-series model.  Determine the number of tanks to use.
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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 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.

5.
The single size of particle is fed to a fludized bed.  At constant gas flowrate 50% of the solids are blown out as carry over.  With unchanging flow rates of the solids and gas but doubling the height of the fluidized bed, estimate.



a)
Mean residence time of solids



b)
Fraction of feed blown out as carry over.


Assume unchanged bed density and uniform feed rate.

6.
The use of a differential reactor to study the formation of methane from hydrogen and carbon monoxide over a nickel catalyst gave the following:



                  0.0183 P1/2H2  PCO




rCH4    =  ------------------------------




        1 + 1.5 PH2  
It is desired to produce 20 tons/day of CH4. Calculate the catalyst weight necessary to achieve 80% conversion in a fixed bed reactor. The feed consists of 75% hydrogen and 25 % carbon monoxide at a temperature of 3000 C and a pressure of 10 atm.

7.a)
For developing rate equations for solid fluid catalytic reactions, what models are available? Indicate their relative merits.

   b)
Enumerate the resistances that are important in the study of catalytic reactions.
   c)
How would you plan experimental kinetic work to find the limits of operation of these resistances and to study the resistances separately?    

8.
We plan to use an NaOH solution to hasten the removal of CO2 from air at 250C. 
From the literature we have for CO2 between air and water.
kga = 80 mol/hr. bit 
atm, kla = 25/hr, H = 30 atm.bit/mol.

   a)
What form of rate absorption  be speeded compared to physical absorption with 
pure water ?

   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 + 20H-  = H20 + CO3
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Set. No.


1





Set. No.


2





Set. No.


3





Set. No.


4








_1094966284.unknown

