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Section-A (Answer all questions, marks - 15) 

1. (i) In which of the following situations the Knudsen diffusion is expected to be important 
(a) liquid-phase diffusion in large pores 
(b) gas-phase diffusion in a very fine capillary at a low pressure 
(c) diffusion in a molten metal 
(d) diffusion in solid metal 

(ii) Which of the following solutes has the highest diffusivity in water 
(a) tert-butanol (b) iso-propanol (c) methanol (d) sec-butyl alcohol 

(iii) The breathing process within the lungs involves 
(a) Diffusion of component A through non-diffusing component B 
(b) Equirnolar counter diffusion 
(c) Multicomponent non-equimolar counterdiffusion 
(d) Diffusion of component A and B plus convection 

(iv) The range of diffusion coefficients in biological gels are 
(a) 0.28 x 10-9 to 1.4 x 10-9 m2/s 
(b) 0.42 x 10-9 to 1.7 x 10-9 m2/s 
(c) 1.28 x 10-9 to 2.34 x 10-8 m2 /s 
(d) 0.14 x 10-7 to 1.2 x 10-7 m2/s 

(v) For inert solids the value of tortuosity is 
(a) 1 to 4.5 
(b) 2 to 3.7 
(c) 1.5 to 5 
(d) 1.23 to 3.5 [1 x 5 = 5] 

2. (i) The diffusivity of argon in nitrogen at 20°C and 1 atrn pressure is 0.194 cm2/s. 
What would be the diffusivity ofN2 in Ar at 50°C and 2.5 atrn pressure? 

(ii) Calculate the relative volatility for the benzene-toluene system at 85°C if the 
vapor pressure ofbenzene is 116:9 kPa and that of toluene is 46 kPa. 

(iii) Under what conditions are the mass average velocity and the molar average 
velocity of the components of a mixture are equal? 

(iv) Enlist the assumptions of constant molar overflow in McCabe-Thiele method. 

(v) What will be the partitioning coefficient of eutectic composition of two component 
system which are partially miscible in the solid state. [2 x 5 =10] 

--------- - -----
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Section-B (Answer all questions. marks- 15) 

3. A mixture of He and N2 gas is contained in a· ,pipe at 22°C and a constant pressure of 1 
atm. At one end of the pipe the partial pressure of He is 0.80 atm and at the other end 
0.5m apart (from the starting point) the partial pressure is 0.15 atm. If diffusion 
coefficient of He-N2 mixture is 0.125 x 10-4 m2/s, calculate the flux of Helium at steady 
state. [5] 

4. The surface temperature of a sphere of naRthalene having a diameter of 2.0 mm is 
suspended in a large volume of still air at 45 C and 101325 Pa pressure. If the diffusion 
coefficient of napthalene in air at 45°C is 6.84 x 1 o-6 m2./s and vapor pressure is 0.5 mm 
of Hg. Calculate the rate of evaporation of napthalene from the surface. [ 5] 

5. Locate the q line pictorially for the following feed conditions in a distillation column: 
a. liquid below boiling point 
b. Liquid + vapor 
c. Saturated vapor [5] 

Section-C (Answer any three questions, marks - 30) 

6. Derive the solution for the process of transient diffusion in a semi""infinite solid. 

Where, c0 =initial concentration of the semi infinite solid at t = 0 
Cs =concentration ofthe fluid in the environment just adjacent to the solid 
c = concentration at point x and time t in the semi infinite solid. 
D = diffusivity in the solid. [10] 

7. A liquid mixture ofbenzene'-toluene is to be distilled in a fractionating tower at 101.3 kPa 
pressure. The feed of 100 kg mol/h is liquid and it contains 45 mol % benzene and 55 
mol %toluene and enters at 327.6 K. A distillate containing 95 mol % benzene and 5 mol 
% toluene and a bottoms containing 10 mol % benzene and 90 mol % toluene are to be 
obtained: The reflux ratio is 4:1. The average heat capacity of the feed is 159 kJ/kg mol. 
K and the average latent heat is 32099 kJ/kg mol. Equilibrium data for this system are 
given in Table. I at 101.32 kPa pressure. The boiling point of the feed is given as 366.7 K. 
Calculate the kg moles per hour distillate, kg moles per hour bottoms and the number of 
theoretical trays needed using McCabe-Thiele method. 
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Table. 1 
Temperature Mole fraction of Temperature Mole fraction of 

benzene at benzene at 
101.325 kPa 101.325 kPa 

K c XA YA K c XA YA 
353.3 80.1 1.000 1.000 373.2 100 0.258 0.456 
358.2 85 0.780 0.900 378.2 105 0.130 0.261 
363.2 90 0.581 0.777 383.8 110.6 0 0 
368.2 95 0.411 0.632 

. [10] 
8. Simulate the process of diffusion as a random walk by the expression Rn = A.(n) 112 

, where 
Rnis the. total distance covered in nth step and A, is the specific dimension of atoms in the 
crystal in a solid. [ 1 0] 

9. Write short notes on 
(a) Henry's law 
(b) Azeotropes 
(c) Steam distillation 
(d) Two-bulb method 

Appendix 

1. 
q XF y=--x---

q-1 q-1 

Ln Dxv 
• 2. Yn+l =Vxn +--

n+l li';,+l 

- R XD 
3 Yn+l- --Xn +-
. R+1 R+l 

[2.5 X 4 =10) 

************* 
(Best Wishes from the Course Instructor} 
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