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Abstract. Two theoretical models are proposed, which describe solid-state amorphizing
transformations at, respectively, grain boundaries and dislocations in crystalline solids. In the
framework of the former model, the driving force for the formation of an amorphous
intergranular layer is revealed and estimated, which is related to changes in the elastic energy
density of a conventional grain boundary that transforms into the amorphous layer. The
second model describes nucleation of the amorphous phase at the cores of lattice and
interfacial dislocations as a process associated with the special splitting of such dislocations.
In the framework of the model, the special role of elastic distortions in solid-state
amorphization at dislocation cores is revealed and examined.

1. Introduction the effect of interfaces on the solid-state amorphization
in metallic multilayer coatings has been performed by
Solid-state amorphizing transformations or, in other terms, Benedictuset al [18]. The main aim of this paper is
crystal-to-glass transitions are the subject of intensive studiesto suggest and theoretically describe the amorphization
(for a review see [1-6]). In particular, the solid-state micromechanisms which are the elastic-energy-decrease-
amorphizing transformations occur in multilayer coatings induced splitting of grain boundaries and the special splitting
consisting of alternate metallic layers, in mechanically of lattice and interfacial dislocations.
alloyed metallic powders, in irradiated crystals, in metallic
a_Ions_ under high-strain deformation, and in ceramics at » g|astic energy of amorphous intergranular
sintering processes. boundaries
Up to now, physical micromechanisms of the solid-state
amorphization have not been unambigiously recognized. At Elastic distortions induced by a grain boundary are effectively
the same time, such micromechanisms are of great interesgescribed as those induced by grain-boundary dislocations
for the development of technologies related to the solid- (GBDs) arranged in a wall-like ensemble [19-21]. Such
state amorphizing transformations. In experimental studies GBDs exist in any grain boundary for geometric reasons;
the role of defects has been revealed to be very importantmore precisely, GBDs play the role as elemental carriers
in amorphization phenomena in crystals. In particular, of grain-boundary misorientation. If a grain boundary
it has been experimentally observed that the amorphousis formed at quasi-equilibrium conditions, interspacings
phase commonly nucleates at interphase and (inter)grainbetween GBDs and their Burgers vectors are strictly
boundaries [7-9] and, sometimes, at interfacial and lattice caused by geometric parameters (misorientation, etc) of the
dislocations [10,11]. In order to take into account the boundary. If a grain boundary is formed at non-equilibrium
important role of defects in the solid-state amorphization, conditions (say, by hot-pressing methods), additional GBDs
several theoretical models have been proposed describingxist in the boundary that are disorderedly distributed and
such amorphization micromechanisms as the splitting of induce high elastic distortions, see for example [20].
disclinations at triple junctions of grain boundaries [12, 13], In the light of the GBD picture, we think the formation of
special diffusion-induced grain boundary migration [14], amorphous intergranular boundaries as a process associated
amorphization in regions with high-density ensembles of with a re-distribution of GBDs, leading to a decrease of their
point defects [15,16], and deformation-induced splitting elastic energy. Actually, the disordered amorphous structure,
of grain boundaries intersected with pile-ups of lattice incontrastto equilibrium structures of non-amorphized grain
dislocations [17]. Also, the thermodynamic analysis of boundaries, does not impose strict geometric restrictions on
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y whereG denotes the shear modulwsthe Poisson ratio, and
ro the dislocation core radiust.

Let us consider the elastic energy dendity. Following
Mura’s method [23], the elastic energy densitg can be

[

. . . calculated as follows:
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. T .= whereo;; denotes the stress field); the plastic distortion
! _J_ + ‘,j—_ ands the surface at which the displacement jump occurs (for
4 O — more details, see appendix A). The plastic distortion of an
Lo, L x edge dislocation is defined as
i Bl = 8:(S)—bj) @)
€L I ij — Y1 J
L c WL
_L 4.+ wheres;(S) = [,8(r — r)dS’ with §(r — ') being the
1.+ three-dimensionad-function, » denotes the coordinates of
L4 the surfaces, =’ is the integration coordinate arg is the
__I_ . jth component of Burgers vector of the dislocation.
. Since the configuration of GBDs in question (figurb)).(
. -h is periodic, it is sufficient to calculate the elastic energy
(@ (b) density of a GBDs configuration fragment with a length equal
Figure 1. Configurations of GBDs ind) non-amorphized to periodh,. In these circumstances, the plastic distortion
boundary andif) amorphous boundary, in which case the » is defined as the sum of the plastic distortions of two
amorphous film (dotted region) is formed between two dislocation dislocations that exist in the choosen GBDs configuration
walls. fragment, namely the dislocation located at the poin(0,

y = 0) and the dislocation located at the point€ A, y = 0)
the spatial distribution of GBDs. This allows GBDs to be (see figure 1)), wherex denotes the distance between the
arranged in amorphous boundaries in a way to decrease theiflislocation walls or, in other words, the thickness of the

elastic energy in comparison with the elastic energy of GBDs amorphous intergranular boundary.
in ‘equilibrium’ non-amorphized boundaries. The stress field is the sum of stress fields induced by the

In order to estimate the difference in the elastic WO dislocation walls (figure 1), that is

energy density between amorphous and non-amorphized o1 = (1)(x y)+a( )(x — A, y) (5)
boundaries, hereinafter we will model in the first
approximation a non-amorphized grain boundary as aW|tha()beingthestressfield of one of the dislocation walls.

periodic wall of GBDs with period; (figure 1@)), and Following [11], the fields " is as follows:
' ij :
amorphous boundary as two periodic walls of GBDs, each

having periodi,, in which case the amorphous filmis located 5@ — _Gibn sin 27 y*

between these two walls (figurel}). GBDs belonging to o 21 (1= v)hz )

dislocation configurations in non-amorphized (figure)i( % cosh Zrx* — cos 2ry* + 2rx* sinh 2z x*
and amorphous (figure l)) boundaries are supposed to be (cosh 2rx* — cos 2ry*)?
characterized by Burgers vectdrsandb,, respectively, that W _ _ Gb 7 sin 27y

satisfy the following equality:b;/h1 = 2by/hs. In other %4 2r(1—v)hy

words, the dislocation charge per unit of boundary length is cosh Zrx* — cos Zry* — 2w x* sinh Zrx*
the same for the model configurations of GBDs in question X (cosh 2rx* — cos 2ry*)?

(figure 1). o Gb 2 . COSh2Zrx*cos 2ry” — 1

R el o = T

In the framework of our model, the differenceWw T 2r(d— v)hy (cosh Zx* — COS 2ry*)2
between the elastic energy densities of non-amorphized and (1)
= V(0% t0yy)
amorphous boundaries is as follows: ’
oé? =07 =0 (6)

AW = W1 - Wa. @ t Ingeneral, the energy of GBD cores contributes to the elastic energy of the

configuration of GBDs. However, the atomic structures of both conventional
Here W; and W, are the elastic energy densities of the and amorphous intergranular boundary phases are characterized by rather

configurations of GBDs, shown in figuresal(and 1(3): low valut_as of density, in which case the cont_ributic_)n of GBDs cores to
. . the elastic energy is low. In addition, the configurations of GBDs, shown
respectively. The elastic energy dendity of the GBD walll in figures 16) and 1p), have the same sum dislocation charge (Burgers
(figure 1@)) is as follows [22]: vector). This causes only a small difference between the contributions
of GBD cores to the elastic energy densities of these configurations. At
sz Tr Tr the same time, namely the difference between the elastic energy densities

Wy = 7[ 0 coth™® _In <2 sinh—(’)] of the configurations of GBDs is of interest in context of this paper. In
Ar(1—v)hy h1 hq these circumstances, hereinafter in our calculations we will neglect the

2) contributions of GBD cores to the elastic energy densities.
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wherex* = x/hy andy* = y/ h, are relative coordinates. Table 1. AW for various values 0b; andb;.

With (4)—(6) substituted to (3), we obtain the following AW
formula for Wo: Values ofb; andb, (Ga)

Gb? Tro ro+ A b, =a/10,by =6b, —0.164

e = = o [Zf(T) ¥ f(” h bi=10h 0154

2 2 2 by =20b, —0.120

wr(x2 =Y. 0 by =a/20,b; = 6b,  —0.170

ho by =10, —0.167

. =2 —0.158
Here f (o) = o cotha — In |2 sinha|. by = 200

From formulae (2) and (7) we find a dependence of
AW¢ = W, — Wy on the boundary thickness which is
shown in figure 2 (in units o6 ro/[47 (1 — v)]) for hy = 2ry

and some characteristic values of parameterandb. Its Thus the free-energy decrease related to the amorphizing

" i L .
specific featureisthat W< is tentatively constant for > transformation at its initial (jump-like) stage (figure 3) is as
(see figure 2). This is related to the fact that the two walls ¢5|jows:

of dislocations (figure 1) do not elastically interact with each
other, if the interspacing between them is higher tha, AW ~ Wy — Walsmigrar — (2 + Ale,.  (10)
the interspacing between neighbouring dislocations in each
wall, which (following to the theory of dislocations [22]) where W; and W,(X) are given by formulae (2) and (7),
also plays the role as the screening length of stress fields ofrespectively. The amorphizing transformation (figure 3)
dislocations belonging to a dislocation wall. occurs as an energetically profitable transformation, if
AW > 0. WhenAW < 0, the amorphizing transformation
is energetically forbidden.

In order to estimata W, let us discuss entity,_. which
figures on the right-hand side of (10). In doing so, we
distinguish the two following situations:

tothe total free-energy density per unitarea of the amorphized
boundary.

3. Role of elastic distortions in solid-state
amorphization at grain boundaries

Thus, in our model, the decrease AW¢) in the elastic
energy causes the basic driving force for the transformation (1) The initial crystalline phase contains ‘ordinary’
of a conventional grain boundary into an amorphous (small or intermediate) density of defects near the grain
intergranular layer (figure 3). There are also other boundary. The chemical composition of the boundary and its
contributions to the change of the total free energy (or anothervicinity is constant and close to that of the adjacent crystalline
relevant thermodynamic potential) of the system, that are grains In this situation (which is rather ordinary in crystals)
related to the amorphizing transformation (figure 3). So, the differences,_. between the free-energy densities of the
such a transformation is accompanied by the formation of amorphous and crystalline phases ranges fi®3 toG /63
two crystal/glass interfaces, each of them characterized by(see [25] and references therein, in whigh. was measured
energy density;,, (per unit area of interface). Following for glass-to-crystal transitions resulting in crystals with small
[24], densities of defects), whe€gis the shear modulus. With this
Wint & &q_ck (8) taken into account, for characteristic values of parameters

) k ~ 1.5x 1072 m (see [26] and references thereir)~ 3a
wheree,_. denotes the difference between the free-energy (wherea ~ 3 x 10-1° m is the crystal lattice parameter),

densities of the amorphous and crystalline phasesxand — A) ~ 24,70 ~ a,v = L, ¢, . = G/70,b, ~ a/10 and
the characteristic spatial scale of structural inhomogeneitiesa/zo, andby = 6by, 10b,, and 2B, from (2), (7), and (10) we
in the amorphous phase. The value dF;2 serves as an  find AW < O (see table 1). As a corollary, the amorphizing
energetic characteristic of the amorphizing transformation {rgnsformation (figure 3) is energetically forbidden in the
(figure 3). discussed situation.

To deal with another characteristic, hereinafter we (2) The initial crystalline phase contains a high density
assume that the transformation of a conventional grain of defects and/or the chemical composition of a grain
boundary into an amorphous intergranular layer occurs athoundary and its vicinity is different from that of the adjacent
its initial stage in a jump-like way, with the thickness crystalline grains Such a situation occurs, in particular, in
Lo of the conventional boundary abruptly changing into crystalline solids under irradiation treatment and high-strain
the thicknessio + A of the amorphous layer (figure 3).  deformation that produce high-density ensembles of defects.
This transformation results, in particular, in both the The presence of high-density ensembles of irradiation- or
crystal-to-glass transition occuring within the region with - deformation-produced defects essentially increases the free-
the thicknessAi and the grain-boundary-phase-to-glass energy density of the crystalline phase, in which case
transition occuring within the region with the thickness  this density becomes close to the free-energy density of
(figure 3). Since the free-energy densities of the grain the amorphous phase. As a resulj, . in solids with
boundary phase and the glassy phase are close, the transitiortsigh densities of defects is essentially smaller than. in
in question are approximately characterized by the following solids with ‘ordinary’ (small or intermediate) densities of
contribution defects. Also, the discussed situation (2) comes into play

AW, _. ~ AA&4_c 9) in cintered ceramics, where the chemical composition of
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Figure 2. Dependence cAW on2, (a) for b, = ro/10 and b) for b, = ry/20. Curves 1, 2 and 3 correspond to values;of 6b,, 10b,
and 2@, respectively.

the grain boundary phase is different from that of the bulk ct e
phase, as well as in multilayer metallic coatings, in which TP
intensive grain boundary diffusion causes highly varied el
spatial inhomogeneities of the chemical composition [1-4]. e
In these circumstances, the valuegf,. characterizing grain — e
boundaries and their vicinities can be essentially lower than I
the values ofg,_. in situation (1). More than that, due St
to diffusional mixing, the value of,_. can even be less .
than zero, which specifies the material in and near grain t
boundaries in multilayer metallic coatings [1-4]. With A A+ A
this taken into account, for characteristic values of the ’ ’
parameters.g ~ 3a, AA &~ 2a, k =~ 5a (=15 x 1072 m), Figure 3. The starting stage of the transformation of a

ro % a, v ~ 1/3, andb, ~ a/10 anda/20, from conventional grain boundary (with thickneig into an

(), (7), and (10) we find dependences & on ¢,_., amorphous intergranular layer (with thicknegs+ AA).

which are shown in figure 4. AW(s,_.) > 0, in some

ranges of the parameters (see figure 4), in which case thedecreas&A W¢ = W, — Wy in the elastic energy, is naturally

transformation of a conventional grain boundary into an defined as

am?rpglous intergranular layer (figure 3) is energetically el _ _(dAWE/) B Gb2r? |:ro+k

profitable. - dir ) Ar@Q—v)h3] ho
Now let us turn to the analysis of a continuous spreading ro+A\2  ro— A ro — A)2

of an amorphous intergranular layer, after the layer has xcsck(n ) — csck(w ) ] (11)

been initially formed in the jump-like way. The spreading ha h

occurs continuously and is featured by a continuous changeThe driving forceF related to decrease in the elastic energy

(increase) of the thicknegasof the amorphous layer. Inthese is high ath < &, and rather low at > k5, because the value

circumstances, the driving force for the spreading, related to of AW¢ is highly sensitive to. in the range of. > h, and

2
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Figure 4. Dependences oA W ong,_. for (a) b, = a/10 and b) b, = a/20. Curves 1, 2 and 3 correspond to values,of 6b,, 10, and
20b,, respectively.

is weakly dependent chin the range. > 5, (see figure 2). 4. Role of elastic distortions in solid-state

As a corollary, the forcg® plays the important role as a amorphization at lattice and interfacial dislocations

driving force for the spreading of an amorphous layer, but

only at the formation stage characterized by valugsgfh. The amorphous phase was observed experimentally to

For > h, F¢ stops being essential as a driving force, in be nucleated at lattice dislocation cores in quartz under

which case another thermodynamic folemainly affects ~ irradiation treatment [10].  Also, it has been revealed

the spreading of an amorphous layer. experimentally that amorphous SiPrecipitates are formed
Let us briefly discuss the forc€'. This force originates & grain boundary steps (being sources of stress fields) in

from spreading-induced changes in both the crystaliglassS! Picrystals under thermal treatment [11]. In order to

interfacial-energy densityx2,_. and the amorphous-layer explain these experlr_nental data, |_n_th|s sect_lon we suggest

energy density.e,_., but not taking into account changes in & Model that describes the splitting of dislocations as

the elastic energy density. Sineg_., generally speaking, 2" amorp.hlzat.lon m|cromechanlsm.. Ip domg SO, special

is dependent on. (due to spatial inhomogeneities of the attention is paid to the role of elastic distortions in such a

chemical composition), the forcg in its general form is splittin.g process.
defined as Within the framework of the proposed model, a pre-

existent, either lattice or interfacial, dislocation with Burgers
vector B splits into a cylinder-like array of dislocations
with small Burgers vectors, in which case the core of the
pre-existent dislocation, in fact, spreads into the cylinder-
The thermodynamic forc&” can be either a driving or  like region (figure 5). Since the resultant dislocations with
hampering force (either0 or <0) for the spreading of an  small Burgers vectors are partial, the cylinder-like region
amorphous layer in different solid systems, depending on theis disordered and naturally treated as a nucleus of the
structural characteristics and chemical composition of such amorphous phase.

systems. A detailed (cumbersome and labour-consuming)  The basic driving force for the amorphizing splitting of
analysis of F’ is beyond the scope of this paper which is a dislocation is related to a splitting-induced decreae!
devoted to the examination of the role of elastic distortions in the elastic energy of the dislocation. The hampering
in solid-state amorphizing transformations. forces for the splitting are commonly associated with the

deg_. (1)

F'\)~ —eg-c(h) — (2 + 1) @

(12)
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amorphizing splitting is characterized by a dislocation

density continuously and homogeniously distributed along
the cylinder-like interface between the amorphous region and
the surrounding crystalline phase. In doing so, after some
algebra (see appendix B), we find with the help of formulae
[22] the energy density,_, as follows:

L =

Figure 5. The splitting of a dislocation into a cylinder-like ~ GB? 1 2R
ensemble of dislocations with small Burgers vectors, which is Wi—a = Ird—v) 05-27""+1n - In2). (16)
accompanied by the formation of the amorphous (dotted) region,

the core of the split dislocation. From formulae (13) and (14) we find the following

formula for decrease\ W¢ in the elastic energy related to
excess energy densitW, of the amorphous core of the the amorphizing splitting (figure 5):
split dislocation and with the energy densi#,, of the ,
cry;tgl/gla}ss interface whose formation results from the AW = GB (In Ra 1‘5+2ﬂ-1). (17)
splitting (figure 5). A (1—v) 42
Let us consider the splitting-induced decrease in the
elastic energy density, which can be divided into the three AW < 0 for a wide range of parameters of the system and
terms this, therefore, causes the driving force for the amorphizing
AW‘” = Wr — Wp + Wd—d- (13) Spllttlng B
Now let us turn to analysis of the energy densitiés

Here W, and W, are the proper energy densities of the pre- andi,,.. The free-energy density, of the amorphous core
existent dislocation and that of the ensemble of the resultant st he spit dislocation is approximately as follows:

dislocations with small Burgers vectors.W,_, denotes
the energy density of the interaction between the resultant W, ~ nrle, . (18)
dislocations.

The proper energy density of the pre-existent dislocation wheres, . isthe difference between the free-energy densities
with Burgers vectorB is given by the following standard  (per unit volume) of the amorphous and crystalline phases.

formula (e.g. [22]) As to W,,, following [24], the energy density of a
) crystal/glass interface per unit area of such interface is
WA GB (In R + Z) (14) ~ ke&,_., Wherex denotes the characteristic spatial scale
P A1 —v) ro of structural inhomogeneities in the amorphous phase. As

a corollary, the energy densitW;,, of the crystal/glass
interface which surrounds the split dislocation core per unit
of the dislocation length is as follows:

whereG denotes the shear modulughe Poisson ratidZ the
factor taking into account the contribution of the pre-existent
dislocation core to its energyZ(~ 1), ro the dislocation

core radius (assumed to be close:tdhe lattice parameter), Wi A 27k, . (19)
and R denotes the screening length of the dislocation stress
field. (The value ofR depends on the spatial distribution Hereinafter we assume that the splitting of a pre-existent

of sources of stresses near the pre-existent dislocation [22] dislocation into a cylinder-like ensemble of dislocations
For example, in a situation where the pre-existent dislocation (figure 5) at its initial stage occurs in a jump-like stage
is one of chaotically distributed dislocations in a crystal, with the pre-existent dislocation core radiusa) abruptly
R is commonly close to the mean interspacing between changing into the radiug of the initial cylinder-like nucleus
dislocations of the ensemble [22].) of the amorphous phase. In these circumstances, from
The splitting of the pre-existent dislocation into an formulae (17)—(19), we find that the total changaV in
ensemble of partial dislocations with small Burgers vectors the free-energy density, related to the amorphizing splitting
(figure 5) is, in fact, a local transformation which does not (figure 5) at its initial stage as
affect the long-range stress field of the transformed defect 2
. . . . - GB Ra
configuration. Inthese circumstances, the screeninglengthofAw ~ —— (n
stress fields of the partial dislocations is the same as with the 4r(1—v) 4
pre-existent dislocation and the energy denBitythe sum of +707 28 + 271 KEg (20)

proper elastic energy densities of the resultant dislocations, e amorphizing splitting (figure 5) at its initial stage occurs
can be approximately defined as the energy density of theas an energetically profitable transformationAi¥ < 0.

elastic distortions created by the pre-existent dislocation in WhenAW > 0, the amorphizing splitting at is energetically

—15+ 27f1)

the region outside of its amorphous core. That is forbidden
~ GB2 In estimations ofAW, we can get to two situations,
" ———-—1In— (15) as discussed in section 3: situation (1), with an
Ae(l—v) r

‘ordinary’ density of defects and chemical homogeneity, and

wherer denotes radius of the amorphous dislocation core.  situation (2), with a high density of defects and/or chemical
Now let us examinéW,_, in the first approximation, inhomogeneities. In the ‘ordinary’ situation (situation (1))

in which the dislocation ensemble resulted from the &.— ~ from (G/83)to (G/63). Then, for the characteristic
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AW, Ga® phase at such boundaries and dislocations. In the
framework of the suggested models, elastic-energy-decrease-
0.0015 induced transformations—splitting of grain boundaries
(figures 1 and 3) and special splitting of lattice and
0.001 interfacial dislocations (figure 5)—represent effective
micromechanisms for the solid-state amorphization. In this
0-0005 context, grain boundaries and dislocations are theoretically
€e G recognized here as preferable places for nucleation of the

“o.gpat2s ~0.00002 “0.000015 ~0.00001 amorphous phase; this corresponds to experimental data
«0.0005/ [7-11].
In general, the role of dislocations and grain boundaries
in the amorphization process is not restricted to their
Figure 6. The dependence afW one,_.. capability to create stress fields, whose relaxation contributes
to the driving of the solid-state amorphization. Diffusion
in both dislocation cores and grain boundaries is essentially
higher than that in the bulk crystalline phase [19]. This
causes the effect of defects, dislocations, and grain
boundaries on the solid-state amorphization to be different
under at various conditions. So, diffusional mixing of
atoms of different chemical species plays the important
role in driving the solid-state amorphization in multilayer
coatings and mechanically alloyed powders [1-6], in which
case high diffusional properties of both dislocations and
grain boundaries facilitate nucleation of the amorphous
phase at such defects. At the same time, irradiation-
induced point defects (whose generation in the pre-existent
crystalline phase leads to the solid-state amorphization)
intensively annihilate moving along dislocations and grain
boundaries, in which case high diffusional properties of
dislocations and grain boundaries facilitate annihilation of
irradiation-induced point defects and, therefore, hamper
the amorphization processes. (A similar effect occurs
in irradiated nanocrystalline solids in which an extremely

values of the parameters ~ 3a, k ~ 5a, ¢,_. ~ G/70,
R = 10°, B = a/10 andv = 1/3, from formula (20) we
find AW ~ 1.75G x a®> > 0. As a result, the amorphizing
splitting (figure 5) is energetically forbidden.

In situation (2) dealing, in particular, with irradiation-
induced defects in the pre-existent crystalline phase
(corresponding to experiments in [10]) as well as with
the chemical composition changing in the vicinity of an
interfacial dislocation due to intensive diffusion processes
(corresponding to experiments in [11]), we have values of
eq.—c that are essentially lower than those in the ‘ordinary’
situation (situation (1)). With this taken into account, for
the characteristic values of the parametérs 3a, k =~ 5a,

R = 10, B = a/10 andv = 1/3, from (20) we find
dependence ofAW on ¢,_., which is shown in figure 6.
AW(e,—.) < 0 in some ranges of the parameters (see
figure 6). Therefore, the amorphizing splitting (figure 5) at
its initial stage is energetically profitable in the cases with the

parameters valued in such ranges. high density of grain boundaries, in many cases, provides

NOW .|8t us t_ur_n to the_ analysis Of_ further continuous the extremely fast annihilation of irradiation-induced point
amorphizing splitting, which comes into play after the defects [27].)

amorpho_us core_of th? split dislocation has_ k_)een initially New dislocations and grain boundaries are generated
form.ed in the qup-llke way. The spl|t.t|ng oceurs during plastic deformation [22,28]. Therefore, the role
cpntmuously and is characterized by a gontlnuous changeof such defects increases in the amorphization processes
(mcrease) of theh ameTPhOUi core fradu;:s In theﬁe_ occuring in plastically deformed materials. In this context,
circumstances, the driving force for the ggprp 121N the effect of dislocations and grain boundaries, as preferable
splitting, related to the corresponding decreA3&“ in the places for nucleation of the amorphous phase, can be

elastic energy, is defined as follows: naturally treated as the effect that significantly contributes to
dA W 2 the experimentally observed [2] fact that the intensity of the
- AW Gbh? 1 - i :
Fé =— = = (21) amorphization processes in mechanically alloyed powders
dr 2r(l=wyr (where both deformation and diffusional mixing come into

F, decreases, as increases. This, in the framework p!ay) .is more than that in multilayer coatings (where only

of our model, indicates that the effect of the dislocation- 'd|ffu§|o.nal mixing oceurs). It. should also'be noted that

induced elast'ic distortions on nucleation of the amorphous “Tad'a“‘?” IS capabl_e of causing changes in ens_embles_ of

phase decreases, when the amorphous nucleus grows ci‘llslocatmns_ an(_JI grain bounda_rle_s an_d,therefore, influencing
. ) ’ - . Fhe amorphization processes in irradiated crystals.

a dislocation (when the radius of the nucleus increases). To summarize, as it has been theoretically shown

This theoretical statement is in agreement with experimental here, elastic distor,tions created by dislocations and grai’n

data [10,11] on the observation of amorphous nuclei at boundaries play the significant role in the initiation of the

dislocations, that are characterized by finite dimensions. solid-state amorphization at such defects. These results can
be effectively used in a future (more complete) theoretical
5. Concluding remarks description of the amorphization at dislocations and grain
o ) ) ) ~ boundaries, which should also take into account diffusion
Elastic distortions induced by intergranular boundaries processes in dislocation cores and grain boundaries, as well

and dislocations are theoretically revealed, here, to haveas the (deformation- and/or irradiation-induced) evolution of
a crucial influence on the nucleation of the amorphous ensembles of dislocations and grain boundaries.
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(6]
Appendix A

SurfaceS at which a displacement jump (associated with 7
a dislocation) occurs is defined in the framework of the [g]
Volterra’s scheme of introducing of dislocations in a solid
as follows (for details, see [22,23]): (1) a solid is cut along  [9]
a surfaceS bounded by dislocation line; (2) one of the sides
o . . . [10]
of the cut is displaced by vectadr, in which case either an
excess or a deficit of material is formed in the region near the [11]
surfaceS; and (3) the sides of the cut are ‘glued’, in which
case either the excess of material is removed or the deficit of[12]
material is compensated for by the addition of new material.
Stages (1)—(3) result in the formation of a dislocation with [15]
Burgers vectob, characterized by the surfae
[16]

Appendix B H;}

The discussed dislocation system in its final state representg19]
a cylinder-like ensemble of dislocations with small Burgers

vectors (figure 5). Toanalytically calculate the energy density [20]
W,_y of their interaction, we will model such dislocations to [21]
be uniformly and continuously distributed along the cylinder.
The energy density of the interaction of two elemental [22]
(infinitesimal) fragments, say fragments 1 and 2, of the

‘dislocation cylinder’ (figure 5) can be written with the help  [23]
of standard formula [22] as:

[24]

_ Gdbydby 2r|sin(g/2)| | ., ¢ [gg]
M2 =—ord—v) <'n R +S'”2§> Gn =
[27]

where ¢ is the angle between normals to the frag-
ments Land 2. Sinck™ db = B, we find b = (B/2x) do. (28]
Integral of W1, (see formulaB1)) over the cylindrical region

gives formula (16) fo,_,.
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