Diffusion Creep

Poirier, Chapter 2 and 7, 1985.
Gordon, 1985.
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Fick’s First Law: Driving Force

(

V C e Chemical Diffusion
V | e Thermal diffusion
J=-DVu +

V V e Electrical conduction

O e Diffusion creep

\
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Types of Diffusion

Mechanism Path Process
|sotope Lattice Interdiffusion
Self-diffusion Pipe Creep
Vacancy Grain Boundary | Ambipolar
Interstitial Surface

Ring Pore fluid
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Diffusion mechanisms

Vacancy Diffusion
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Ring Diffusion
Direct Exchange
Cyclic Exchange
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Vacancy-Assisted Diffusion |::°

The FCC lattice geometry requires

W=(\3-1)D,=0.73D,

Q
&)

5 = ay [110]
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Kinetics Equation for
Vacancy Diffusion

e Coefficient of Diffusivity for Self-diffusion not the
same as Coefficient for Vacancy Diffusion

Dsd = Nv .Dv migration

=N, exp—(AG, /KT )D, exp—(AG, /kT)
=D_ . exp—(AG,+AG, )/ kT
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Diffusion Creep in Monatomic Solid o
| ﬁ e Basic Ideas
8 \éoc.onmes Sugerso’r%ro’rgd‘ _
e oboo\oee e Supersaturation of
o000 o000 vacancies owing to
ﬁ>§oooooooooo<ﬁ stress
%O g : ¢ : : : ; : : » Diffusion results
§o o000 o0 oo e Work done on mat’l
e o0 o ¢ o by tractions

Energy dissipated in
heat, entropy, and
surface area

-
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Diffusion Creep

e Nabarro-Herring Creep e Monatomic

Lattice e Quasi static
e Coble Creep e \acancy
Grain Boundary e Increasing length;

Poisoining
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Critical ldea: Tension makes eecs
vacancy formation easier. :
ﬁ e Tension=supersaturation
]
AG, (0)=AG}(0)-0Q
AG, (0)
m) N g CmCeexpm— o
I AG, (0)-0Q
C = Clexp— =
d i{o)=Cexp o
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Gradient in Composition

e Path Length:
Tension B fiux e Boundary: 2xd/4
7 o Lattice: (n/2)x(d/4)

5 ’%%7 e Concentration Difference

% AG —oQ
— = e Cexp—(—-——)

(E) AG , +oQ2

O

_ _ fr
e cron- (U7

AG _
Clexp- (—fvt)(exp% —exp(%j

GB flux kT
AG
AC =2C exp— (—LZ ol

kT kTC

e Quasi-static Approx.
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Fick’s 15t Law :
AC
J ==D L.
path!] path!] AL @qth )
Total flux =XFlux on each Path: —
dl] /
CDvacEZuxD J [ ']BD -l v/ 8%/2
®VCZC ux 25 .o
J, = totallavelflux= dm;ﬁ ZD: J, 7JBD iil)
Plugging AC and AL into i.) and inserting fluxes in ii.): AG -0
2C exp— (—2L)s
AGy  oQ 1 26 o $XPT
JtotalD_ _D 2C<@Xp ( [) ( Db kTD kT
kT kTDzm’JKS d dj2
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Total Flux on Both Paths

o
AG
J Torar = il)LCW)@x]p— = mm{aﬂ} + 20 2DBCVO[(
wd- ki kT ] d 0 dor|
AG \
:& D,C. [exp— v/l {GQ} 1+7;_§&D>
md ¢t |k || 24D,
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Converting flux to strain

b |
T e Each vacancy that travels through
] B A1 the channel adds layer of depth b
9 AID #vacs b g 9 PR bD 2J, . €2
l / g d B totall’| d

=" "D |1+—=L
nd> kT 1\ 2d D)

an o |._3200 {1 ﬂﬁDBD]
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Summary: N-H and Coble Creep

e Diffusion Creep Constitutive Law:

s 200y (| WD,
zd” kT

® DLD: DVMCVD
e Strain rate linear in stress

e Other geometries change initial constant
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