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g » Atomistic models for diffusion coefficients - ionic crystals
)

" Intrinsic and extrinsic regimes in stoichiometric material
-]

'S « Diffusion in nonstoichiometric oxides; the oxygen sensor
)

o

-, * Quick primer on grain boundary structure

©

3 « Diffusion spectrum in defective crystals

|_

« Diffusion regimes in defective crystals

* DIGM (“dig-em”)
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» Essentials of grain boundary structure
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Specification of a grain boundary: five degrees of freedom (at least)

Rotation axis r
Rotation angle g
Boundary normal n

Example: tilt boundary
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- Possible diffusion paths in polycrystals
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DBulk bulk (lattice) diffusivity

DBound d, grain boundary diffusivity

DSurf d, (free) surface diffusivity

DDisl d | dislocation diffusivity

Typical behavior
in fcc metals

-3

log Diffusivity (cm?/s)
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Diffusion data from NiO, comparing rates of bulk diffusion and grain
boundary diffusion
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Role of grain boundary structure on impurity diffusion
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Regimes of grain boundary “short-circuit” diffusion for
stationary boundaries

Diffusing species inititally coats top surface...

A regime

a) all material | b) boundary region c¢) core only

Case A: Characteristic diffusion distance in bulk > grain size s.

fraction of atomic sites in grain boundaries is h»3d/s

L B
and effective mean squared displacement is Det = D™ (1- h)t+ D ht
and for N <<1, Der =D" +(3d/9)D"

« “Multiple” because diffusing atom visits several grains
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* Regimes of grain boundary “short-circuit” diffusion for
stationary boundaries (continued)

Case C: Characteristic diffusion distance in bulk < atomic spacing <
characteristic diffusion distance in grain boundary.

» “Isolated” because a diffusing atom C regime

visits only the grain boundaries

c¢) core only

Bulk

: : 2 2
Case B: Intermediate regime where | <D " t<s

* “Isolated” because a diffusing atom regle g

visits only a single grain

b) boundary region



MIT 3.21 Spring 2001 © S.M. Allen Lecture 18 Friday, March 23

* Analysis of Type-B regime for Stationary Boundaries

free surface, c(y=0,x) =1

Source Surface

(b) Accumulation Surface

-> 5 -

Solve two-dimensional diffusion problem for fast boundary diffusion and
relatively slow bulk diffusion, with constant concentration of diffusant at
the surface as illustrated.

ﬂCB ~ 1]2(:8 +2a[CL(.j

Mt 2 &g

X1:0

with x| = X/d, Vi :(y/d)\/DBulk/DBound and tg = DBqut/dZ
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* Analysis of Type-B regime for Stationary Boundaries (continued)

For wide range of conditions
* g.b. acts like a source with erf solution off to the sides

L & Xq ou
c (X, y.t1)=0=c YLtle]- erf
(ust) =0=c()al- efg et

* g.b is effectively “saturated” and steady-state solution to diffusion

equation applies in the boundary

B 2 B .
fic 1c (v ) ey .a@x ou
—=0= A —erf
fit % 20" 1)e &2,ftion, g

and thus
Y4

€ x4 0 u
c®(yoty) = eXpe-g Wi
ptlﬂ :

and so the final solution is

L e x4 U
C (X, V,t1) =exXpé c—= al - erf =]
(%1, y1.t1) IOé St s y1Ugl %5 i 50
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References for additional study:

KPIM Chapter 9

KPIM Appendix B, Structure of Interfaces Involving Crystalline
Materials (background on structure)

Allen and Thomas, The Structure of Materials, 1999

Section 5.3, Surface Imperfections (background on
grain boundaries, stacking faults, etc.)

R W Balluffi and A Sutton, Interfaces in Crystalline Materials, 1995

Chapter 8 on Diffusion at Interfaces - goes into more advanced
topics than KPIM
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