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In earlier works {1,2] was auggested a theory of forwation
of nuclei of vacanoy clusters in a singls crysial nsial
subject to the uniaxial atrain. Affer ascuwing an analogy
with the process of formation of a navahaso in & liguid=-
vapour system, the nucleation rate equation was derived.
On the basis of energy considerations the change of ths
activation snergy of the vacancy motion, dus to the cxys~-

tal elongation, was also found in the form
AU= an;“{l ~(1+8)™ - ”r-:[l - 1+ 2)'“}} , (1)

whers a, m, n, are material constants, ¢is the linear
strein of the orystal, and R, is the lattics constan®.

The aim of the paper is to investigate the misrucrsek
nucleation rate in a polyerystalline metal subject tc the
uniaxial strain. As it is known, the vacancy clusters ars
formed much easier on the grain boundaries than within the
grains. Thus, one of the ways which can bring us closer to
the early stage of fracture mechanism consists in investi-
gating the process of heterogeneous nucleation of the mi-
crocrack. The considerations are based on assuming an a-
nalogy with the process of vapour condensation on a sub-
strate. On the other hand, the treatment of hetercgsneous
nucleation requires an atomistic approach since in onr
case very high supersaturations are expected. Consequent-
1y, for the analysis of the problem the description of va-

pour deposits on a substrate, carried out on the basis of
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statistical mechanics and proposad by Walton[B],was chosen-»
Let us consider a sample of a polycrystal subject to the
unisxial strain- The assumptions may be listed as follows:
(1) Dpislocation density is negligibly small everywhers ex-
cept on the grain boundaries. (ii) Grain boundaries are
free from prefersntial adsorption sites. (111) Only single
advacancies (adsorbed vacancies) are mobile on the grain
boundaries. (iv) Only single advacancies may desorb direct-
ly from the boundaries. (v) Aggregate nucleation and growth
cocur only by the addition of single vacancies due to the

surface diffusion. (vi) A quasi-steady state is established .

Let us now consider an internal region of the crystal
sontaining & grain boundary. The problem has been analysed
via the petit canonical smsamble and reduced to that of
calculating the partition function of a two-dimensional ad-
sorbed gas composed of different aggregates.

The partition function has the form

Z-gexp(-g})
where Biktho energy of state 1,k is Boltzmann's constant,
T is the absolute temperature, and the sum is taken over
all possidle configurations of the N advacancies on the
graia boundary.

Let Ho be the density of discrete adsorption sites per
unit area of the boundary (zlolscn‘2),_nn - the squilib-
rium surface density of clusters of n advacancies, and
&y - the potential :nergy of an aggregate of size n.
Assuming that HGE}&%iHi’ B, aggregates can be distributed

over Ho positions in
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and its contribution to the partition function is
Ty = &/miﬂno ezp(HisifkT) . (2)

The total contribution to 2 of all the aggregates is
the product of all the terms (2), and the partition funce

tion is the sum of all thess products over all possible
distributions

k )
= 1 s t
Z . éé; 1:1 H;T [Hoexp(giﬂ (3)

The most probable distribution of aggregates N corra-
sponds to the minimum of free enargy ®. This, owing %o

the relation F = ~kT1n?, leads to the maximum of In%Z with
the condition
S in, (4)

i=]1

Thus, the problem is reduced to the solution of a aset
of two squationa: (4) anga

m[lnz + 1n>&(§1 iKi-H)]n 0 (5)

where Inl is the Legrangian miltiplier.

Replacing the sum (3) by the largest component T (the
method of the maximum term), assuming that Hy»1 and ap-
plying Stirling's formula 1nK ! = N lnﬂ »Ni, we obtain

1n:ra.miz1 [ exp(H)] u% [y 10w vy o, (1 s 4] (6)

Formal differentiating of Eq.(5), Eq.(6) being taken into
account, leads to

n
ngg[lnmlm\(glmi-n)} = +1nN + kf& + jlnie InHJ = 0 (7)
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B =
sncs, § 3 B exp( 63/1:!!} Ad ang putting j=1 we can find )X
and the density of critical clusters Hn,

Tar= W (0 /80 sxp(m , femy (8)
where n'is the numbsr of advacanciss in g oritical cluster,
and En’“ € wn“’el is the net #ain in 8nergy when the clug.
ter is formeq from n* advacanciss (binding ensrgy).

The nuslsation Tate I is the rate of promotion of oritic.
al elusters, ccataining n¥* Vacancies, to the smaliest gtge

ble clusters {nuelei) by advacancy capture

J = Nn*'n* ? (9)

whers ¥, v18 the capture rate of single advacancies by a
oluster of size pn*.

B “.
oy If we denote by Pp the incidence rate of vacanciss,
the equilibrium advacanocy Population Kl can be expressed as
=
B = I’p’l‘a = va axp(Ea/k!') (10)
The incidence rate may he written approximately ag P
P
Vo, where v 1s the avarage velocity of a vacancy which can
be dete '
riined as v nvﬂoaxp[-(vm- AU)/%T]with U, denoting
the activation snergy of motion of vacancies and AU given
by (1)s o is the current volunme vacancy concentration in
the strained cerystal (£30), on the ofher hand, the initial
concentration of 78cancies (g =0) ig given by the known
formula e, =J(’exp(-U,f/k1‘), where ¥ 18 the total number of
atomic siteg Per unit volume ang Ui’ is the activation ener-

&y of formation of & vacancy. If we assume that, due to the
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strein, this energy will be lowered by AU , then ¢ =
Nexp [—(Uf-AU)/kT]- 0,exp(40/k?). Thus, the incidence rats is
Pp aynoooexp[-(Um-QAU)M] B ' {11)
The capture rate W, «Can be reckoned from kinetie oconsider-
ations. When advacancies diffuse over the grain boundary
with a mean veloecity va= dvexp( -Ed/k'!), where 4 is the dis-
tance between adsorption sites and Ed is the agtivation
energy for surface diffusion, and bn is the capture width of
the critical aggregate, then
Yne= Do, AVE) exp(-EyfkT) . (12)
Substituting (8) and (12) into (9) ana taking into account
(10) and (11) as well as putting R =~ 1/d2, we finally ob-

tain the mierocrack nucleation rate in the loaded crystal

Ta(Ry0 )™ *1a? Ly axp{[( 1¥+1)(E,~U,+200)+E,, -E,| /kr} (13)

where AU, as a function of strain £y 18 given by (1),

The proposed mechanism of microcrack nucleation explains
to some degree the beginning of the process of fracture and
the nature of formation of small oracks. Once the growing
nucleus of a microcrack has reached the size of the order
of a Griffith crack, its further growth can follow the ex-
isting continuum hypothesss.
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