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Chapter 6. Diffusion in Solids

Diffusion ~ phenomenon of material transport by atomic motion
(HA S AU ogF EAQ| 0|F )

Introduction
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- interdiffusion (&% &4&h or impurity diffusion (=2 &4

cf.) self diffusion (X}F7| &4
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Diffusion of Cu atoms

Cu Cu-Ni alloy Mi
Diffusion of Ni atoms
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Diffusion Mechanisms
HA4E MRl o0 2fft Ho|=22 ohsS BrEHSHoF &
1) empty adjacent site
2) sufficient energy to break bonds
- Vacancy diffusion (23 &f&h
(Fig. 6.3 (a)) ®A7t vacancyZ 0O|S
. number of vacancies & T0{| 2|&
- Interstitial diffusion (& & & &h

(Fig. 6.3 (b)) & A7+ empty interstitial /x| £ O|S
H,C, N, O & &R0 E0{& HE | 52 AHXto| B2
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Steady-State Diffusion (4 AFE & A

N\

time-dependent process

Diffusion flux, J (B &F E2HA)
 EH| AlZH EHR] HAEEZ SitstE 2™ or HAF

(kg/m?.s or atoms/m?Z.s)

j mass or number of atoms

g M _LtaM

At? o) A dt

area time

* Steady state (& 2 EH): A EH7F AlZtof| 2t B3R = AL
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Py > Pg Thin metal plate
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metal plate
CA
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Concentration gradient = ——

(8T 7|27
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* Steady-state diffusion in a single direction

(L oML H&Ef =il

J=—D— : Fick’s 1st law

/\/ dx (Fick2| A 1 2%l

diffusion coefficient (m?/s)
(At %)

Driving force (#'& =) in diffusion ~ concentration gradient

(sHttolMel 2L 5ETI87)
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Ex. 6.1) Iron plate at 700 °C

Diffusion flux at steady-state ?

iron plate
C-rich D = 3x10* m?/s
C, |77
1.2 kg/m3 Cg

L C-poor

0.8 kg/m3 L >
Xa Xp X
(5mm) (10mm)
Cr,-C

— J == B A= 2.4x10° kg/m?.s

Xg — Xp
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Nonsteady-State Diffusion (H|%&AF AFE ZFAH

> A &&ofM diffusion flux & concentration gradient7}
timeod| 2} 848t

2
X _pit
to >ty > 11 ot OX

: Fick’s 2nd law
(FickQ| A 2 §1%)
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Factors That Influence Diffusion
(2HAko ¥ E O|x[= A

« Diffusing species (B &t 5)

D (& AtAH ) ~ indicative of diffusion rate

(Table 6.2) Host metalt diffusing speciesOil [IFE& D
gsp

Fe (self-diffusion), D = 3x10-21 m?/s
C (inter-diffusion), D = 2.4x101?2 m?/s
Fe2| Z22 vacancy diffusion
{ C9o| A< interstitial diffusion

- Vacancy diffusion < Interstitial diffusion
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Table 6.2 A Tabulation of Diffusion Data

Activation Ene Calculated Values
Diffusing Host 8y Qu
Species Metal Dy(m*/5) kJ/maol eV/atom T(°C) D(m*/s)
Fe a-Fe TR0 251 2.60 500 3.0 x 10~
(BCC) 900 1.8 % 10713
Fe y-Fe 515 11 284 2.94 900 1.1 x 10717
(FCC) 1100 7.8 x 1010
C w-Fe 6.2 x 1077 80 0.83 500 2.4 x 10712
900 1 )
C y-Fe 2.3 x 105 148 1.53 900 5.9 x 1012
1100 53 x 10~
Cu Cu 7.8 x 1073 211 2.19 500 42 x 1071
Zn Cu 2.4 % 103 1589 1.96 500 4.0 x 10718
Al Al 23 % 104 144 1.49 500 42 % 101
Cu Al 6.5 x 103 136 1.41 500 4.1 x 10~
Mg Al 125107 131 1.35 500 1.9 x 10-13
Cu Ni 27 %107 256 2.65 500 1.3 x 10-22

Source: E. A. Brandes and G. B. Brook (Editors), Smnuthells Metals Reference Book, Tth edition, Butterworth-
Heinemann, Oxford, 1992,
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e Temperature

~ most profound influence on D (&F&F 7|$) & J (B4t flux)

2fotod| CHet

Qd activation E
D=D,exp| —— (J/mol)
RT
A ME|2 o Ex
(Tofl 22

> FeQ self-diffusion @< (Table 6.2 & X),

T7F 500 °CO|A{ 900 °CE E! Il D= 65 Hi &7} !
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Ex. 6.4) D (BH&H =) of Mg in Al at 550 °C ?

Table 6.2 2| data2 £ E
{ D, =1.2x10™* m?/s
Qg =131kJ/mol

— D =D, exp(—g—_f_j

12104 m? /S)exp[_ 131,000 J/mol j

(8.31J/mol.K )(823K)
~5.8x10 m?/s

(500 °C > 550 °CZ 50 °C £7}0i D= 3 Hi &7}
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