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M.E. / M.TECH. DEGREE EXAMINATIONS, DEC 2019 

Second Semester 
CL18202 – ADVANCED CHEMICAL REACTION ENGINEERING 

(Chemical Engineering) 
(Regulation 2018) 

Time: Three Hours                                                                                         Maximum : 100 Marks 
Answer ALL questions 

PART A - (10 X 2 = 20 Marks) 
  CO RBT 
1. Differentiate micromixing and macromixing. 1 U 
2. Define active intermediates. Write their significance in formulation of reaction 

mechanisms. 
1 U 

3. Sketch the relationship for temperature and equilibrium conversion for adiabatic 
exothermic reactions. 

2 U 

4. How does interstage cooling affect the conversion in a series of reactors? 2 AP 
5. Sketch the CSTR stability diagram and write an expression for S* for a second 

order reaction. 
3 AP 

6. What is Effectiveness factor? Write its significance in reaction engineering. 3 U 
7. State the Mears criterion and Weiz-Prater Criterion. 4 R 
8. Elucidate the application of two phase theory of fluidization in modeling of 

fluidized bed reactor. 
4 U 

9. Under what conditions the axial diffusion and axial dispersion are neglected in a 
packed bed reactor? 

5 U 

10. List the applications of population balance modeling. 5 R 
   

PART B - (5 X16 = 80 Marks) 
11. (a) (i) Derive an expression for mean conversion of a first order 

reaction using segregation model when RTD is equivalent to an 
ideal CSTR and Laminar flow reactor. 

(8) 1 AP 

  (ii) Derive the energy balance equation for a PFR. (8) 1 AP 
(OR) 

 (b) Discuss the operation of semi-batch reactors. Derive the design 
equation of a semi-batch reactor in terms of conversion and 
equilibrium conversion. 

(16) 1 AP 
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12. (a) n-Butane is being isomerized to iso-Butane in a Plug Flow Reactor. 

The reaction is carried out adiabatically with a specific reaction rate 
of 31.1 hr-1 at 350 K. Calculate the volume of the PFR necessary to 
process 170 kmol/hr at 80% conversion of a feed mixture of 90 mol 
% n- Butane and 10 mol % i-Pentane which is considered as an inert. 
The feed enters at 350 K. The heat of reaction is -6900 J/mol of 
Butane, Activation energy = 65.7 kJ/mol, CA0 = 9.3 kmol/m3, Kc = 
3.03 at 600C and the specific heat capacity of Butane and Pentane are 
141 J/mol K and 161 J/mol K respectively. 

(16) 2 AP 

(OR) 
 (b) Explain the occurrence of multiple steady states and derive 

expressions for heat generated and heat removal terms in CSTR 
Operations. 

(16) 2 AP 

 
13. (a) Using the LHHW Model, derive the rate expressions if surface 

reaction is rate controlling and Desorption of A is rate controlling. 
(16) 3 AP 

(OR) 
 (b) Explain the dispersion model for non-ideal reactors. (16) 3 AP 
 

14. (a) Catalytic Oxidation of Ammonia in a fluidized bed reactor under 
experimental conditions was first order dependent only on Ammonia 
concentration. 5 kg of catalyst was used for a feed containing 20% 
NH3 and remaining Oxygen with a gas flow rate of 850 cm3/s. Predict 
the conversion using Kunii-Levenspiel model for the given data. 
Pressure = 850 torr, Temperature = 543K, Sphericity 0.5, density of 
the particle = 2.06 g/cm3 , diameter of the tube = 11.5 cm, kcat = 
0.0858 s-1 density of the gas = 0.000785 g/cm3 viscosity of the gas = 
0.000298 gm/cm.s, DAB = 0.618 cm2/s, bed porosity at minimum 
fluidization = 0.65, minimum fluidization velocity 1.6 cm/s and 
average bubble diameter is 5 cm. 

(16) 4 AP 

(OR) 
 (b) What is two phase theory of fluidization? Derive the Davidson model 

for fluidization. 
(16) 4 AP 

 
15. (a) Explain in detail the application of reaction engineering principles 

for the separation of Carbon-di-Oxide and absorption in high 
pressure water. 

(16) 5 AN 

(OR) 
 (b) Explain the particle distribution model in colloidal particle synthesis 

in batch reactor. 
(16) 5 AN 

 
 
 


