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I' vas established earlier [1] that preliminary plastic -i

deformation leads to the acceleration of the diffusion of tin in
nickel. This made it possible to suggest that structural changes
arising during deformation play a vital role in accelerating the
dif'f'"sion. As is known., fragmetation of the grains and an increase
in the disorientation of adjacent blocks [2] occurs during plastic
defonnation. Both of these circumstances can lead to the effect
under consideration.

On the basis of experimental data obtained in study [1],
it is interesting to evaluate quantitatively the role of each of
these fa.ctors separately: does only the change in the dimensions
of the blocks have an influence on the effect observed or in
addition to this, is a change in the mobility of the block along
the boundaries also significant in the result of deformation?

In this connection, it is necessary to consider the problem
of a separate determination of local diffusion characteristics in
a real, solid body. First, an attempt to solve such a problem wac
made by Fischer [3,h]. Later, a more strict solution to the problem
of diffusion was presented on the basis of the Fischer model [r, 6].

The model adopted by Fischer has substantial deficiencies as
a result of which the size of the grains does not figure directly in
the diffusion equations. The Fischer model is not useful for descri-
bing diffusion at the boundaries of the mosaic blocks since it
describes diffusion in isolated fissures, i•e., it does not take
account of the mutual effect of flows from adjacent boundaries to
the center of the block or grain.
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U
Lately another model of the spread cf diffusion flc.s in a

real solid body has been proposed [7l. A polycrystal is treated
as the wrapping of spheres (of grains, blocks, etc.) of medi.um
size r.. The boundaries of the metal grains in this mcdel represent
an isolatcd T•haze with its customarv equilibrium and kinematic
characteristics. in a certain average width ao, conditions exist
in this phase which provide P. stepped jump in the concantration and
the ccefficient of diffusion. The diffusing matter is distributed
between two pYhases: the boundary and the volume of the grain. The
model under consideration is close to the nodel adopted in the
theory of thermal transference in granular material W, .

The evaluation of the boundaries of applicability of the model
"now that with its aid one can describe the progress of the process
of diffusion in the volume or along the boundary of the mosaic
.-locks [7]. These models are satisfied by the following system
of equations and boundary conditions:

"2"rD 2w 2 w(1)
21W-DI + 2, w

- 22w

7 ,t 2 )xro (2)

u (ot) - u0  (3)

u (x.o) - 0 (4)

w (Xtro.,t) ý ou(x't) (5)

w (x,r, ) 0o (6)

where u is the concentration of diffusing matter in the boundary of
the block;

w is the concentration of the diffusing matter in the volume
of the block;

D1 is the coefficient of diffusion in the volume;

D is the coefficient of diffusion along the boundary of the

block;
r is the average size of the block;

ao is the width of the boundary;

t is diffusion time;
x is the distance from the surface of the model;
r is the distance from the boundary of the block calculated

from its center.
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In setting up these equations, the spherical syninetry of the
functicn -w was assumed, which signifies the absence of a gradient of
concentration along the boundary at a depth of one block.

The boundary condition (3) satisfies the constancy of the
concentration at the boundary of the grain, i.e., the selection of
a diffusion problem, and condition (5) takes into account the presence
of the equilibrium of the distribution of concentration between the
body of the block and its boundary at each moment of time. The
distribution occurs in a rather thin layer and is characterized by
the constant of dispersion ; which is independent ofi time.

Let us introduce the dimensionless parameters:

,r Dlt ; _ ½D2
r r 2  D

Then the equation is rewritten in the following form:

C ; c

"" 2u -- 2 - c d- (7)

0
where c rw.

The boundary conditions:

S(,0) 0 (8)

(0o,) u (9)
•" °rou = u* (For

simplification, it will

be assumed henceforth (10)
that o 1)

c 0 0 (l

c (0 , p , O) 0 (12)

The system is solved by the operational method of LaPlace.
The exact solution in representation (7) has the form:

e - + -2  K(p)

uo P e (13)
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where
e iP"+ e-- P

K(p) p 1 -- pcth -p -- 1

e P e-- -(1)

and - - e 1, • _ e P- -•
C • U

e P---- e - ( 5

or

2 e_m e •~*e ~ ;Pi p+ (p)
__ _, - .... exp, - •

u0 pI --e
e -- e (16)

The solution obtained (13, 16) in the representations exactly
satisfy system (1, 2). However, it is cumbersome and precludes the
possibility of going from the general form to the original. Further
simplifications are connected with the concrete peculiarities of the
problem to be solved. Up to the present time the solution has had a
quite general character, excluding the assumption of the spherical
symmetry of w.

In this connection, we shall consider in greater detail the
question of the limits of applicability of the proposed model.

The absence of a gradient of concentration along the boundary
at dJstances on the order of the size of the block signifies that
at any point the following condition should be fulfilled

;3 x ro <(\1. (17)

u

or

ro _D 2 ao0

D1  ý'oK(p) (18)
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The evaluation shows that in considering the process of
diffusion along the blocks and between them, condition (18) is
always satisfied.

We shall assume that in the period of diffusion annealing,
the diffusing matter penetrates to a distance exceeding 100 times
the size of the block. These conditions are fulfilled in the
experiments. Then t t andinasmuchas 1

(consequently p \I), but

Lim • K(p) -• p

p-7 0  3

one can compute with a high degree of precision

K(p) 1
3

In addition, assuming that l<\ £_Y in place of (13) we
obtain 3 a 0

2. ...: 1 e -- (19)
p P

where

! 2 ( (20)
-Y 3 a0

Let us make the transition to the original

2e - erfc
p 2 -c

where crfc(x) r- I -- erf(x).

Consequently,
u erfc _ (21)
U 2 'T
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ilaking the transition now to function w, we obtain from (I5)

I:' - e 9 PR -" eW " 22)

P -

Since -,-p !: <( 2, we have

e e 2- PI, (23)

"-.-e ~ P 2 -JFe - p - - e -21 . -

The eqiaality w u u follows from (22) and (23) which leads
to the relationship

V u erfc (24)
U 0  U 0 •

00 2 -/ --

The absence of the dependence of w on r and also the equality
of the concentration of diffused matter in the block and at the
boundanr of' the block are a natural consequencc of the requirement
concerning the penetration of diffused matter to a iepth which
sig-nificantly exceeds the dimensions of the block.

Inasmuch as it is not pcssible to observe directly the flow
along the boundaries and in the block using the method of auto-
radiography, we find the average conientration of diffused matter
in th grain (wae age) depending on the depth of penetration
and the time perios, taking account of the portion of the surface
occupied by the boundaries and the body of the blocks.

u2 r 2
u 0roao + w Yro

cp 2
2 Xp r0a 0 ro

Cr, since ao •ý ro

Wave -ý- w. (25)

From (25) and (24), it follows:
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w cP erfc (26)
Uo 2• k

Let us estimate the order of magnitude of

YI

in accordance with (20)

Stro

a.

The analyois of experimental data makes it possible to give
the following values to the elements of this expression:

10 10 r0 -- 103r-0 10_ 4

a
wl pe

and 10

in accordance with the suggestion on the proce3sing of a large
number of blocks. Vhen it follows -1. I0• and 17.- 10.

Thus P ;; 102 and and- 10 and this means that

one can use an asymptotic expansion

S2
P2 2-

erfc e- - -e

"2 "(27)

From (26) and (27), it follows:

Wcp - e -- cx (28)

Uo X

where

A ' •- / D2 aot

A 7!. (29)
r 0
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C ~ ro0

6aoD2 t (30)

Let us introduce logarithms in (28):

Inwcp 'n(uoA)-- in x -- Cx2  (31)

It is clear that if In x ýýCx2 then the second element in
equation (31) can bo ignored (in comparison with the value of the
third element) and Inwave can be considezed proportion to x2 .
The evaluation shows that this condition is always satisfied when
x -\ I-0 ci. For lesser values of the depth of penetration one
actually observes a deviation in the dependence ]nXave - x
from the linear.

It is easy to see that

(32)ro 6ao0tC--

Thus, processing the experiments obtained can lead to a
determination of the ratio D- and its change under the influence

ro

of d~fowmation. However, the analysis of one of this quantity does
not prooviC> an answer to the problem posed since its increase can
be caased by increasing D2 as well as by decreasing r0 .

In order to determine the relative role of the change in these
two narameters, it is necessary to enlist some values. It is
expedient to take into consideration the effective coefficient of
diffusion in the grain D,, obtained earlier in processing experiment
[1] mentioned above. Sihce the coefficient of diffusion along the
boundaries of the blocks significantly exceeds the coefficient of
difffUýon within the blocks, one may expect the crushing of the block
to increase the effective coefficient of ciffusion in the grain in
proportion to the surface of the blocks.

Actually, for large values of D2, the speed of diffusion
within the grain must be determined by D1 and the surface of the
blocks and will not grow noticeably with an increase in D2 . Thus,
one may expect D3 to be proportional to 1_. Comparing the change

r 0



in- D2  with the change in D one can establish separat2ly the role
- 3'

0

of the factors inder consideration.
!he results of such calculations for the case of the Oiffusion

of tin in nickel are presented in Tables 1 and 2 (for th? calculations,
it was assumed a 0 5 • 10- 8 cm).

An analysis ,,f the cxpcrimental data shows that the incrcase
in the effective coefficient of diffusion in the grain, observec
as a result of defom'ation, is explained by thie fragmontation of
the grains ancý the lecrease in the sizes of the blocks of mosaics.
A ~ual:ly, the constancy o' the ratio D iD2 (last column in Tables

r

1 and 2) indicates that D increases in orooorticn to the surface

of the blocks ( r), and D2 practically does not change with an

increase in the degree of deformation. (In this regard, the unlikely
hypothesis that D changes as D1 is not considered.)
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If r is assumed to be on the order of 1o-5 cm. it folio-ws
from, the daýýa presented in conjunction with the hypothesis mentioned
that D2  109-
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