
Engineering Materials MECH 390

Tutorial 3

Chapter 5Chapter 5
Diffusion in Solids

What is it?
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DiffusionDiffusion

Diffusion ‐ Mass transport by atomic motionDiffusion Mass transport by atomic motion

Mechanisms
• Gases & Liquids random (Brownian) motion• Gases & Liquids – random (Brownian) motion
• Solids – vacancy diffusion or interstitial diffusion
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Diffusion
•  Interdiffusion:  In an alloy, atoms tend to migrate

from regions of high conc. to regions of low conc.
I iti ll

Diffusion

Aft tiInitially

Adapted from

After some time

Adapted from 
Figs. 5.1 and 
5.2, Callister 
7e.
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DiffusionDiffusion
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Steady‐State DiffusionSteady State Diffusion
Rate of diffusion independent of time

Flux proportional to concentration gradient =
dx
dC

Fick’s first law of diffusionC1
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Similar to 5.8:A sheet of BCC iron 1 mm thick was exposed to a
carburizing gas atmosphere on one side and a decarburizingcarburizing gas atmosphere on one side and a decarburizing
atmosphere on the other side at 725oC.After having reached steady
state, the iron was quickly cooled to room temperature. The carbon

i h f f h h d i dconcentrations at the two surfaces of the sheet were determined to
be 0.012 and 0.0075 wt%. Compute the diffusion coefficient if the
diffusion flux is 1.4*10‐8 kg/m2‐s ?

1mmatmosphere 725oC

C =0 0075 wt%C 0 012 wt%

A B

CC =0.0075 wt%CC =0.012 wt%

6

J=1.4*10‐8 kg/m2‐s, D=? 
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convert the carbon concentrations from wt% to kg /m3 (composition conversion,Ch.4‐
4 4 86)4.4p.86)

1. Concentration 0.012 wt%

C 0 944 k / 3

7

CA=0.944 kg /m3
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2. Concentration 0.0075 wt% 

C =0 59 kg /m3CB=0.59 kg /m3
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5.25:The steady‐state diffusion flux through a metal plate is
7 8*10‐8 kg/m2 s at a temperature of 1200oC and when the concentration gradient7.8*10 8 kg/m2‐s at a temperature of 1200oC and when the concentration gradient
is ‐500kg/m4 .Calculate the diffusion flux at 1000oC for the same concentration

gradient and assuming activation energy for diffusion of 145,000 J/mol.

* 8 k / 2J=7.8*10‐8 kg/m2‐s  at 1200oC

=‐500kg/m4 assumed constant12 CCC −
=

Δ
500kg/m assumed constant

12 xxx −
=

Δ

Find J   at 1000oC
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Diffusion and Temperature

D = Do exp
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟−

Qd

RTD Do exp⎝ ⎠ RT

= diffusion coefficient [m2/s]D
= pre-exponential (time independent coefficient)[m2/s](fixed)
= activation energy [J/mol or cal/mol or eV/atom] 

gas constant [8 314 J/mol K or 1 987 cal/mol K or 8 62*10 5eV/atom K]

Do

Qd

R = gas constant [8.314 J/mol-K or 1.987 cal/mol-K or 8.62*10-5eV/atom-K]
= absolute temperature [K]

R
T

Note: D  as a function of Temperature is used for steady 
and non‐steady state cases.
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At 1000oC
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Non‐steady State DiffusionNon steady State Diffusion
• The concentration of diffucing species is a function of both time and position C = C(x,t)
• In this case Fick’s Second Law is used• In this case Fick s Second Law is used

2CDC ∂
=

∂Fick’s Second Law
2x

D
t ∂∂

c s Seco d a

(concentration in terms of both position and time)
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Assumptions
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5.15:Solution

After 15h , CC =0.35 wt% at 2mm from surface 

h ld b f h i bWhat would be time necessary for the same concentration by at 6mm 
from the surface ?

From Equation 5.6b, 

But since the temperature is constant, so also is D constant, and 
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Time t=?
C1=0.3 wt%  at X=4mm
C0=0.1 wt%
Cs=0.9 wt%
T=1100 oC
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5‐12

247/15/2012 Dr.Waleed Khalil Ahmed CRU‐COE‐UAEU



257/15/2012 Dr.Waleed Khalil Ahmed CRU‐COE‐UAEU



267/15/2012 Dr.Waleed Khalil Ahmed CRU‐COE‐UAEU


