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The new model is developed, taking into account the simultaneous grain
boundary diffusion (within the Fisher—Gibbs approximation) and chemical
interaction, which leads to the AB-type molecules’ formation in a binary sys-
tem. The evaluation of ‘reaction’ effect on the rate of the whole process is
made.

PosriaHyTo HOBY MOJZeNb, IO BpaXoBye AU(PY3ii0 B3MOBK MeK 3epeH (B paMm-
Kax ampoKcmMaIii @imepa—fi66ca) OJHOYACHO 3 XiMiuHOIO B3aeMogi€ro, sKa
Bejlie 10 YTBOPEHHSA MoJeKyJ Tuily AB y 6iHapHUX cucTeMax. 3po0JIeHO OIiHKY
BILINBY «PeaKIlii» Ha IIIBUAKICTh IPOIleCy B I[iJIOMY.

PaccmoTpena HOBasg MOJesb, KOTOpas yYUTHIBaeT AUMPYSUIO IO I'PaHUIIAM
3épeH (B paMKax anmpoxcuMariuu Pumiepa—['166ca) OTHOBPEMEHHO C XUMU-
YeCKUM B3aMOJEHCTBNEM, BeIYIUM K 00pa3oBaHuio MOJeKyJa Tuna AB B 6u-
HapHBIX cucremax. CresaHa OIEHKA BJIUAHUA «PEaKINU» HA CKOPOCTh IIPO-
1mecca B I[eJIOM.
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1. INTRODUCTION

Usual description of grain boundary diffusion (GBD) is based on Fish-
er’s model [1]—model of advancing diffusion in grain boundary (GB)
with leakage to grain bulk. Various methods of diffusant concentra-
tion field calculation were applied: for selfdiffusion and heterodiffu-
sion, taking into account a segregation [2, 3] and formation of atomic
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complexes in GB [4—6], for various temperature conditions [7] and var-
ious structural types of GBs [8].

It may seem strange, but the model describing influence of chemical
processes in grain boundary, which bind a part of diffusing atoms, on
the rate of their moving in GB was not developed. Though the experi-
mental fact of GBD delay due to precipitation of nanoparticles in grain
boundary is well-known, it is usually connected with the idea that fine
particles, which are formed in GB, reduce the section of boundary and
diffusive flux.

The purpose of this work is to develop the Fisher’s model of GBD
taking into account simultaneous chemical interaction of solute and
solvent atoms in GB. Situations of such kind—parallel carrying out of
two processes with participation of the same atoms—are well-known in
heterogeneous kinetics [9].

2. MODEL

Let us consider a bicrystal in a dilute binary solution A[B] (4 is matrix
atom, B is diffusing impurity). There are three processes in GB at the
same time: two correspond to Fisher’s model (advanced diffusion of
atoms in GB and leakage to the bulk) and the third, connected with
chemical interaction and formation the molecule of A,B, type. Fur-
ther, we will restrict our consideration to the simplest case of AB.

For description of the first two processes, we use Fisher’s model: GB
is located normally to external surface, the substance B moves from a
surface where its concentration ¢, = const, along grain boundary (on y-
axis), with diffusion coefficient D,, and leaks from GB into volume
(along x-axis) with coefficient D << D, (see Fig. 1). Let us keep all as-
sumptions of Fisher’s model corresponding to the B-regime according
to Harrison [7]: width of GB is § << (Dt)"?, where t is the time of dif-
fusion annealing. We will neglect direct diffusion from the surface to
the bulk.

Let us describe a process of formation of AB molecule in GB as a
chemical reaction:

A+B—" 5 AB. (1)

According to the theory of simple collisions [9], the reaction rate can
be described as:

__de, _ 4,
w=-—b=Ke,(A)c,(B), 2)

where ¢,(A) and c¢,(B) are the concentrations of solvent (4) and solute
(B) in grain boundary, and % is the constant of the process rate (1). In a
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Fig. 1. Diffusion of B in GB with leakage to the bulk, 4 is the GB thickness.

bulk, we neglect formation of AB compound. As ¢,(A) = const, it is pos-
sible to write:

w = ke, (B), 3)

where k = K¢, (4) instead of (2).
Taking into account reaction (3), Fisher’s equations will look like:

2
ac(x’y’t) — Da c(x’zy’t)’ (4)
ot 0x
2
de, (¥, 1) _D, J cb(g,t) L2 p9ex,y,1) ~ ke, )
ot oy 80 ox |3
2

where c is the concentration of the element B in a grain bulk.

The third term of sum in the right part of equation (5) describes re-
duction of concentration of diffusing element in GB due to the binding
of part of B atoms—this is a new element of the model. The second
term of the sum, as well as at Fisher’s model, describes leakage of B
atoms from GB to the bulk, s is a segregation factor

c
§s=—2

(6)

¢ x=%8/2
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3. RESULTS AND DISCUSSION

, and, according to the Fish-

Solving equation (4), substituting g_c
x x=0

: . " . dc .
er’s quasi-stationary condition, assuming a—; =0, we obtain

dc"—(i+ 2/D ]cb=0 (7

dy2 Db SSDb \/H

instead of Eq. (5).

Equation (7) differs from the usual Fisher’s one by the term k/D,,
which describes contribution of chemical interaction in GBD. The solu-
tion of Eq. (7) looks like

Yy
= -2, 8
c, csexp( LJ (8)
where
Lo Lb ©
(L + Lp)
I* =D,k (10)
and

3 sSDb\/E

2 =0V
" oD

In these equations, Ly is diffusion length or distance on which con-
centration of diffusing substance decreases in e times owing to GBD
and leakage, and L, is kinetic length. Concentration decreases due to
formation of chemical compound AB. Linear dependence of Inc, re-
mains, but, as Li + Lf) > Lf) , diffusion at GB is slowed down.

The grain boundary concentration decreases due to the chemical re-
action in GB (kinetic braking factor, f,), and to the leakage from GB to
the bulk (diffusion braking factor, f;). Both factors

(11)

fd =< > fk =kt (12)

slow down GBD.
The ratio of kinetic braking factor f, to diffusion factor f; is the fol-
lowing:
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f _ Rt 8Okt (13)

f, bt D’
sd

i.e. the ratio of dimensionless time of chemical reaction to dimension-
less path of bulk diffusion. From the equation (13), we can see that this
ratio is proportional to k, s, ()"’ and inversely depends on (D)"?. As
for the temperature dependence, it looks like

1
E +E -—E,
L st ) T T g (14)

L D, RT

with the effective activation energy of GBD

E: =E +E, _%Ed’ (15)

where E, is the energy of segregation (E,<0), E, and E, are the activa-
tion energies of chemical reaction and of bulk diffusion.

Usually, E,>E,, the more so E, > %Ed , and even though E <O,

E >0, and the ratio f—k increases with temperature.
d

4. CONCLUSIONS

Many factors can slow down GBD flux and eliminate or decrease accel-
erated GBD. In this paper, we showed that one of such factors has ki-
netic nature. The chemical reaction decreases GB flux and GB concen-
tration. The kinetic braking effect is proportional to the reaction rate
constant.
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