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IV-B.Tech I-Semester Supplementary Examinations, May 2003

CHEMICAL REACTION ENGINEERING-II

(Chemical Engineering)

Time: 3 hours






Max. Marks: 70

Answer any FIVE questions

All questions carry equal marks

---

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
###
OR








