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DIFFUSION IN MATERIALS 
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Max Marks: 100 

Q.CODE: Z1110 

Answer Part-A which is compulsory and any four from Part-B. 

The figures in the right hand margin indicate marks. 

  

Part – A (Answer all the questions) 

Q1  Answer the following questions: multiple type or dash fill up type (2 x 10) 
 a) In general Fick's _____ law is a scalar equation and Fick's _____ 

law is vector equation. 

 

 b) By definitionof  error function  erf(z);  erf(-z)=  _____  and  erf(0)= 
_____ . 

 

 c) In  alpha  iron  carbon  diffuses  by  _____  mechanism and  iron 
diffuses by _____ mechanism. 

 

 d) If high energy neutron knocks off atom from normal site to _____ 
position it is called self- _____. 

 

 e) For fcc system coordination number is _____ and for bcc system 
coordination number is _____ . 

 

 f) Anelasticy in  alpha  iron  is  due to diffusion  of carbon  from  _____ 
site to _____ site. 

 

 g) The point defects in ionic compound are _____ defect and _____ 
defect/disorder. 

 

 h) The electrical conductivity  of NaCl  is primarily  due to diffusion of 
_____ ion. 

 

 i) With  increase  of  Debye  frequency      the  jump  frequency  of  atom 
_____. 

 

 j) In alpha iron at any temperature out of vacant interstitial sites and 
vacant  substitutional  sites,  vacant  _______  sites  are  more  in 
number. 

 

    

Q2  Answer the following questions: Short answer type (2 x 10) 
 a) Write down Fick's second law when diffusion coefficient varies.  

 b) When D is a function of concentration, name the method to obtain 
D(c) to be calculated from experimental c(x) vs x plot. 

 

 c) Define tracer diffusion coefficient.  

 d) Between  fcc  and  bcc  system  which structure of  same  materialin 
general would have higher self-diffusion coefficient? 
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 e) Draw the locations of all the interstitial sites on upper surface of a 
bccunit cell. 

 

 f) How many interstitial sites are there in a fcc unit cell?  

 g) Define Matano Interface and show it diagrammatically.  

 h) For a metal at 727 deg C enthalpy change for creation of vacancy 
is  25  Kcal/mol.Assuming  entropy  changeto  be  zero,  calculate 
equilibrium vacancy concentrationat 727 deg C. 
R=0.00198588 Kcal / mol·K   

 

 i) For bcc   alpha iron lattice parameter is 0.2856 nano meter if jump 
frequency  of  carbon  atom  is  1010 /sec  calculate  diffusion 
coefficient in m

2
/s. 

 

 j) What is a diffusion couple?  

    

  Part – B (Answer any four questions)  

Q3 a) A steel with uniform carbon concentration of 0.25 wt% is heated to 
950  deg  C.  If  the  concentration  of  carbon  at  the  surface  is 
suddenly brought to and maintained at  1.25 wt%, how long will it 
take to achieve  a carbon content of 0.75wt% at a position 0.5mm 
below the surface ? 
D= 1.6x10

-11 
m

2
/s 

Assume the steel piece is semi-infinite. 
 Assume for small change of erf(z) change of z  is proportional.  
 Table for error function.  
   z                     erf(z) 
  0.46             0.4864  
  0.49             0.5116 

(10) 

 b) With adequate diagram prove Fick's second law. (5) 

    

Q4 a) Find the solution for diffusion for a pair of semi-infinite solid bars A 
and B of unit cross section joined together at x = 0. 
The boundary conditions are given by  
c = 0 for x < 0, at t = 0 (solid bar A) 
and 
c = c' for x > 0, at t=0 (solid bar B) 

(10) 

 b) Calculate  the Diffusion coefficient  for  copper  at  723  deg  C. 
Frequency  factor  D0  =  0.20  x  10-4  m2s-1.  Associated  enthalpy 
change is 196000 Jmol

-1
. R = 8.314 J / mol. K. 

(5) 

   
 

 

Q5 a) Describe  briefly  different  diffusion  mechanisms in  crystalline 
solids. 

(10) 

 b) Prove that D=(1/6) β2 Γ  
Where D= diffusion coefficient. 
β= distance between adjacent lattice planes. 
 Γ= average number of jumps/second by an atom. 
Assume  jump  frequency  of  atom  is  same  in  all  perpendicular 
directions in 3 dimensions. 

(5) 
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Q6 a) Describe briefly self-diffusion anomaly with reference to divacancy 
only. 

(10) 

 b) Describe  role  of  quenched  divacancy  during  precipitation  in  age 
hardening alloy. 

(5) 

    

Q7 a) Derive  an  equation  relating marker velocity  and  intrinsic  diffusion 
coefficients  in  a  substitutional  binary  alloy  referring  to  Kirkendall 
effect. 

(10) 

 b) Describe Kirkendall effect. (5) 

    

Q8 a) Describe  effect  on  vacancies  around  Cd ion  after  adding  small 
quantity of Cd in pure Ag. 

(10) 

 b) Write  the  charge  conservation  equation  relating  various 
concentrations  for  adding  small  amount  of  cadmium  chloride  to 
sodium chloride crystal. 
 

(5) 

    

Q9 a) Name  the  experimental  methods  for  determining  Hv (enthalpy 
change for creation of vacancy) and describe in brief  the principle 
of quenching method for  determining Hv. 

(10) 

 b) Describe  with  suitable  diagram  activated  complex  formation  and 
activation energy barrier during diffusion by vacancy mechanism. 

(5) 
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