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Solutions of pipe diffusion In a simple approach isolated dislocations may be

approximated by infinite pipes of radius a and diffusivity D' penetrating the crys-
tal perpendicularly to the surface. The bulk diffusivities are D" parallel and D L

Perpendicular to the pipes. The mean distance 2A between dislocations may be cal-

culated from the dislocation density m, A = (1 m)_l/z. A solution may be calculated
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for (D“ t) /2 < A, the result for a constant initial source is given by
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The result is similar to Whipple's solution (1).

The solution for an instantaneous source may be calculated from the solution for

2 constant source (references (2, 3))

_ 19 . 3)
Qi(l',)—- -@—"————t—v 3e Qc();)

The corresponding time depending solutions have been given elsewhere (4).
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Discussion A short review of pipe diffusion data from the literature, whi
may be evaluated according to solutions (1) and (3), will be given.
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? Fig., 1, Self-diffusion in Nb at 1000 0C after 168 h
: \\X Nb - NB as a function of diffusion depth, reported by Reuther
N and Achter (6);
= x T=1000°C e single crgstal dislocation density
s x f=168h m =4x10° ¢cm™4,
x O polygonized crystal, dislocation density
m =17,6x10% em™%;
3 \ solid and dashed lines give the best fit according to
4 equation (3)
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; \\ '*x.;'iao\o_% Though many section experiments on pipe dif-
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\ .\‘»{‘ fusion have been published recently (5), only few
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' L ' authors have provided all the information necessary
z (P’ﬁ) —— for complete evaluation: Activity Q, diffusion depth
z, diffusion time t, annealing temperature T, dis-
location density m, and the initial condition,

Fig. 1 shows a Nb self-diffusion experiment by Reuther and Achter (6). A single
crystalline (SC) sample of a total dislocation density m = 4x105 cm“2 and a poly-
gonized crystalline (PC) sample of m = 7, 6):105 cm_2 have been annealed simuita-
neously at 1000 °C for 168 h. As the dislocation density m is the only parameter
that differs in both diffusion runs, & according to equation (2) should vary by a
factor € (PC)/e(SC) = [m(PC)/m(SC)]l/z = 1. 38 causing the parallel shift of the
tail in Fig. 1. (The parameter k in solutions (1) and (3) appears as a ratio k/¢
only, which is independent of m.) These considerations are reflected by the best
fit according to equation (3), which is represented by the solid and dashed lines in

-17 2 -1
Fig. 1: D = 6. 3x10 ecm’s , A=30, &=0.020 for the SC sample and D =

-17 -1
=6.4x10 cmzs , A=30, €=0.028 for the PC sample, with a ratio ¢ (PC)/
/€(SC) = 1.4, From these parameters a pipe radius a = 2}(10-5 em may be calculated
for both samples.

Fig. 2 shows the diffusion of Nb into Ta at 1250 °C after 2 h annealing time by

-1
Pawel and Lundy (7). The best fit has been obtained for D = 1.5x10 15 cmzs )

-1
'=2.4x10 3 cmzs 1, and €=0,02. With the observed dislocation density m =

= 105 em™2 the dislocation radius a = 3.5x10"° ¢m may be calculated. Additional
diffusion runs at 1350 °C by the same authors (7) indicate an activation energy Eb =

=4,2 eV for the bulk and Ep =1.7 eV for pipe diffusion of Nb into Ta.
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Fig. 2. Nb diffusion in Ta at 1250 °C after 2h as a 0

function of square of diffusion depth reported by - Nb

Pawel and Lundy (7). Solid line corresponds to the ol

best fit according to equation (3) = T =720

t=2h

Self-diffusion of Se has been investigated by
Britter and Gobrecht (8). Fig. 3 shows the result
of the best fit according to equation (1). The calcu-
lated diffusivities have been plotted versus the reci-
Procal temperature. Open circles for bulk diffusivi-

ties represent calculations by the authors (8), solid

circles are the results from equation (1), The ac- | ;
ivati g 7 50
tivation energies calculated by the best fit are 22000 Vo) —
i
E, =(L.4 + 0.1)eV for bulk diffusion parallel to
the c-axis, Et = (1.0 + 0.5)eV for bulk diffusion perpendicular to the c-axis,
] - )
Ep =(0.85 + 0,2)eV for pipe diffusion parallel to the c-axis.

No reasonable activation energy has been obtained for pipe diffusion perpend-

icular to the c-axis due to large variations of dislocation densities (or € ) at dif-

ferent temperatures, whereas €=0.02+0. 01 was found constant at all temper-

atures for pipe diffusion parallel to the c-axis. -—T00)
A . 5 -2 215 200 765 135
t a dislocation density of about m =10 cm y AT T T
i . | £ =085¢e/
is leads to a mean dislocation radius a = 3x ;
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x19 -0
em. = £-002
From all calculations so far ununexpect- N <006
. - ~
edly high value for the meandislocation radius SUE
~
~

has been obtained, a 10-5 cm. A similar result
has been reported for Te (9). This large value

may be due to sub-grain-boundaries, which

Fig. 3. Bulk and pipe diffusivities of Se self-dif-

fusion as a funetion of reciprocal temperature; , :

© bulk diffusivities given by Britter and LT TR TR TR
Gobrecht (8), ZQ—](K'?)H

® bulk and pipe diffusivities calculated ac- ’
cording to equation (1)
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are present even though isolated dislocations may prevail. This has indeed been

observed for Ta and Nb (6, 7).
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