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Answer all parts of a question at a place. 
  

Part – A (Answer all the questions) 
Q1  Answer the following questions: multiple type or dash fill up type: (2 x 10) 

 a) For the same diffusion time, the depth of diffusion penetration at 500 and 850 
C is in the ratio of 1:6. The activation energy for diffusion is: 
a) 57 kJ mol-1 c) 114 kJ mol-1 
b) 37 kJ mol-1 d) 74 kJ mol-1 

 

 b) Among the following elements, the one with the largest diffusion coefficient in 
steel at 1000 C is :     
a) Mn c) W  
b) Ni d) C 

 

 c) The fastest diffusing species in Fe is  
a) H c) C             
b) Ni d) W 

 

 d) If the enthalpy of motion of a vacancy is 100 kJ mol-1, the time that a vacancy 
takes to jump to an adjacent site at 25 C is about 
a) 3×1017 s c) 1013 s 
b) 2×1026 s d) 3×104 s                  

 

 e) If the diffusion jump distance is 1.5 Aͦ, the theoretical value of D0 in m2s-1is 
approximately 
a) 1.5×104 s c) 1.5×10-3 s       
b) 2.25×10-7 s d) 2.25×107 s    

 

 f) If D0 = 0.4 x 10-4 m2/s and Q = 100 kJ/mol, to double the depth penetration, 
the initial temperature of 900 C should be increased to  
a) 910 C c) 986C  
b) 923 C d) 1083C       

 

 g) In a steel, during carburization at 937 C, 0.6%C is found at a depth of 0.2mm 
after 1hr. The time required to get 0.6%C at double this depth at the same 
temperature is  
a) 60 s c) 2hr 
b) 1.414hr d) 4hr 

 

 h) The error function of 0 is  
a) -1 c) 0 
b) 1 d) ∞ 

 

 i) Compute the rate at which a vacancy jumps in copper at 20C. The activation 
barrier for the jump is 100 kJ mol-1. 
a) 1.5×10-5 s-1 c) 3×10-5 s-1 

b) 2 ×10-6 s-1 d) 4 ×10-5 s-1 

 

 j) The unit of the diffusion coefficient D--------------and flux J is ---------------.  
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Q2  Answer the following questions: Short answer type: (2 x 10) 

 a) Cite two reasons why interstitial diffusion is normally more rapid than vacancy 
diffusion. 

 

 b) What is the effect of hydrostatic pressure on diffusion?  

 c) What are the two necessary conditions for diffusion to occur?  

 d) What is the effect of grain size on the diffusion of polycrystalline materials?  

 e) What is the effect of temperature on diffusion? How is the activation energy 
obtained? 

 

 f) Calculate the diffusivity of carbon in γ-Fe at 927 C. D0 = 2 x 10-5 m2/s and Q 
= 142 kJ/mol. 

 

 g) The diffusivity of Ag atoms in solid silver metal is 1.0X1017 m2/s at 500 C and 
7.0x10-13 m2/s at 1000 C. Calculate the activation energy (J/mole) for the 
diffusion of Ag in Ag in the T range 500 to 1000C. 

 

 h) The activation energy for the diffusion of copper in silver is 193,000J/mol. 
Calculate the diffusion coefficient at 1200K (927 C), given that D at 1000K 
(727 C) is 1×10-11 m2/s. 

 

 i) A plain carbon steel (0.18% C) is to be carburized at 927 C.What is the time 
needed to make the carbon content 0.35% at adepth of 0.4 mm? Take C 
content at surface to be 1.15 wt%. D = 1.28 x 10-11 m2/s. 

 

 j) What is Kirkendal effect?  
    
  Part – B (Answer any four questions)  

Q3 a) What are the atomic mechanisms of diffusion? Briefly explain interstitial 
Diffusion as a Random Jump Process. 

(10) 

 b) Compare diffusion mechanisms of self-diffusion and vacancy diffusion. (5) 
    

Q4 a) Briefly explain the steady state and non-steady state diffusion equations. (10) 
 b) How diffusion occurs in grain boundaries and dislocations, explain 

withexamples? 
(5) 

    
Q5 a) How concentration gradient is related to the diffusion process? What is 

chemical diffusion coefficient and tracer diffusion coefficient?  
(10) 

 b) How are they inter related? (5) 
    

Q6 a) What is inter-diffusion coefficient? Derive Fick’s second law of inter-diffusion 
coefficient.     

(10) 

 b) Briefly explain the diffusion process for a ternary alloy Fe-Si-C.    (5) 
    

Q7 a) How diffusion takes place in nonmetals? What is effect of impurities on DT, σ 
and conductivity? 

(10) 

 b) Experimentallycheck therelation between σ and DT. 
 
 
 
 
 
 

(5) 
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Q8 a) A sheet of steel 1.5mm thick has nitrogen atmospheres on both sides at 

1200C and is permitted to achieve a steady-state diffusion condition. The 
diffusion coefficient for nitrogen in this temperature is 6×10-11 m2/s, and the 
diffusion flux is found to be 1.2×10-7 kg/m2-s. Also, it is known that the 
concentration of nitrogen in the steel at the high-pressure surface is 4kg/m3. 
How far into the sheet from this high-pressure side will the concentration be 
2.0kg/m3? Assume a linear concentration profile.  
  

(10) 

 b) Nitrogen from a gaseous phase is to be diffused into pure iron at 700C. If the 
surface concentration is maintained at 0.1 wt% N, what will be the 
concentration 1 mm from the surface after 10h? The diffusion coefficient for 
nitrogen in iron at 700°Cis 2.5×10-11 m2/s. 

(5) 

    
Q9 a) If boron, B, is diffused into a thick slice of Si with no previous B in it at a 

temperature of 1100°C for 5 h, what is the depth below the surface at which 
the concentration is 1017 atoms/cm3 if the surface concentration is 1018 
atoms/cm3? D = 4 × 10-13 cm2/s for B diffusing in Si at 1100°C. 

(10) 

 b) Carbon is allowed to diffuse through a steel plate 10mm thick. The 
concentrations of carbon at the two faces are 0.85 and 0.40 kg C/cm3 Fe, 
which maintained constant. If the pre-exponential and activation energy are 
6.2×10-7 m2/s and 80,000 J/mol, respectively, compute the temperature at 
which the diffusion flux is 6.3×10-10 kg/m2-s. 

(5) 
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