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Reorientation in alkali-halide single crystals under mechanical
stress in an initial stage of high-temperature creep
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Structural changes in KCl and NaCl single crystals were investigated at the initial stage of the high-temperature creep during
impeded motion of dislocation in easy-slip systems. The main features of the formation of dislocation structures were studied at the
initial stage of rotational deformation, marked by the development of reorientation bands in single crystals. The subsequent process of
rotational deformation was also analyzed, as the reorientation bands enlarge and merge and hence, single crystals become polycrystals.
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JocnimkeHo cTpykrypHi 3Minn B MoHOKpHcTanax KCl i NaCl Ha nmouarkoBiii cTa/ii BHCOKOTEMITEpaTypHOi MOB3y4YOCTi B YMOBaX,
KOJIM B CHCTEMI JIETKOTO KOB3aHHS PyX JIUCJIOKAlii yckinaaHeHo. BuBueHo ocobnuBocTi GopMyBaHHS THCIOKAIHHUX CTPYKTYp Ha
caMoMy ITOYaTKOBOMY €Tami poTamniifHoi nedopmariii, Ko 3apoKyIoThCs CMyTH IIepeopieHTalli B OKpeMHX 001acTsIX MOHOKPHCTAIA,
3POCTaHHS 1 3UTTS SIKUX TIPU3BOIMUTD JI0 IEPETBOPEHHSI MOHOKPHCTAIIIA B TTOTIKPUCTAIL.

KurouoBi ciioBa: qucioxanii, poramiiina qedopmaris, MOHOKPHUCTA, MTOTIKPUCTAJ, CMYTH TIEPEOPIEHTAILI], CMyTa CKHIY.

HccnenoBanbl cTpykTypHble n3MeHeHHss B MoHOKpucTamuiax KCl m NaCl Ha HavanbHOW CTaauM BBICOKOTEMIICPATYPHOM
MOJ3Y4YECTH B YCIOBHUAX, KOIJIAa B CHCTEME JIETKOTO CKOJBKCHHS JBMXKCHUE IHUCIOKAIMH 3aTpyqHEHO. M3ydeHbl 0COOCHHOCTH
(hopMHpOBaHUS TUCIOKAMOHHBIX CTPYKTYp Ha CaMOM HA4YallbHOM JTalle POTAIIMOHHOW JehOopMaIiu, KOTna 3apokKIar0TCs TTOJIOCH
MEPEOPUEHTALINH B OTACIBHBIX 00JACTIX MOHOKPHCTAIUIA, POCT U CIUSHHAE KOTOPHIX MPUBOIUT K TPEBPAIICHHIO MOHOKPHCTAIIA B

TIOJIMKPUCTATLI.

KiroueBsble cj10Ba: AMCIOKALMH, POTALMOHHAS Ie(hOopMaLMs, MOHOKPHCTAILI, TIOJIUKPUCTAILI, HOJIOCHI IEPEOPUCHTALIMH, IT0JIOCA

cbpoca.

The transformation of single crystals to polycrystals
due to reorientation of large areas during rotational
deformation can occur at different load regimes in crystals
with different bond types and unit cell types [1, 2].

What happens at the initial stage of reorientation band
formation is unclear. Simple structure of reorientation band
consists of two edge dislocation walls with antiparallel
Burger’s vectors [3, 4]. This structure indicates an already
formed kink band, but not the process of its forming.
The only explanation of such structure is a so-called
“mechanical polygonisation,” which sometimes occurs
during the low-temperature deformation [3]. This model
has a defect: the probability that such dislocations form a
band is rather small.

The reorientation of crystal areas causes the significant
decrease of internal stresses. The formation of reorientation
band effects a dip on strain hardening curve G(€).
However, the formation of reorientation bands at the initial
stage of fragmentation during the rotational deformation is
hardly studied [4]. The purpose of this investigation was to

explore a surface relief forming of single crystals at an
initial stage of high-temperature creep, forming of
dislocation structure at these conditions and influence of
such dislocation structures on the rotation deformation.

In this paper, the structural changes in single crystals
with NaCl-type lattice are investigated at the initial stage
of reorientation during high-temperature creep when
dislocation glide (motion) is impeded.

Experimental technique
The performed experiments used alkali halide single
crystals NaCl and KCl shaped as rectangular prisms with

an initial dislocation density © ~10° cm™ and average

linear size of the blocks / =107 m.
Single crystals were compressed uniaxially in the
direction <111> at temperature range from 0.6 to 0.92

T, in the creep mode. Because of the orientation of the

compression, the reduced shear stresses in all primary slip
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Fig 1. a — scheme of deformation; b — the initial stage of the reorientation bands formation in NaCl. T=625°C,
6 =0.6MPa, t=5 min, ¢ — KCl T=650°C, ©=0.8MPa, t=30 min.

systems {110} <110 > were zero.

Substructure evolution

The dislocation structure was visualized by selective
etching.

Single crystals became polycrystals at high
temperature and high level of external stresses during creep
at relative deformation € > 0.1 due to the formation of
sets of reorientation areas [5, 6]. The angles between these
areas reach several degrees.

During the initial stage of deformation of single crystal
prisms the reorientation bands started to form on the crystal
sides which were parallel to the compression vector and
have greater area (surface “2” on Fig 1a).

Initially the reorientation bands were perpendicular
to the direction of external uniaxial compression. Before

forming of the reorientation band, the surface relief became
striped (“crumpled”). With the increase of deformation
the reorientation bands became wider, merged together
and changed their orientations (Fig 1lc). As a result of
deformation, the dislocation structures of single crystals on
surfaces “1”” and “2” were significantly altered (Fig. 1 a).
On surface 1, one can see the set of etching pits forming
the rectangular cells (Fig 2a). The orientation of etch pits
rows is <110>. Hence, they denote the formation of the
low-angle boundaries composed of edge dislocations. Two
sets of dislocation boundaries indicate that the deformation
process is provided by dislocations of two perpendicular
slip systems {110}. During deformation the dislocation
structures transform into the typical for the high temperature
creep block structures with big blocks and arbitrarily
oriented block boundaries. The arbitrary orientation of
boundaries indicates the presence of dislocations of two
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Fig. 2. Dislocation structures of NaCl single crystals, T=625°C, & =0.6MPa, t=5 min, a— surface “1”, b — surface “2”.
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Fig. 3. The cleavage steps on surface “2” in NaCl single crystal. T=600°C, & =0.4MPa, t=30 min..

slip systems in each boundary.

On the surface of type “2,” the dislocation structure
is quite different. Along with the chaotically distributed
dislocations, there are periodic rows of etch pits in <100>
direction. Such areas indicate reorientation bands beginning
to form. These periodic rows of etch pits consist of screw
dislocations. This fact is confirmed by three experimental
evidences. The first of which is the direction of these short
rows. Second, these rows disintegrated into chaotically
distributed dislocations, as pile-ups of screw dislocations
with the same Burger’s vectors are unstable. Third, the
analysis of cleavage steps on surface of deformed crystal
confirms the presence of screw dislocations.

The alkali-halide crystals with NaCl-type lattice are
such, that if we apply external concentrated force, the
crystal cleaves out along the planes with minimum surface
energy {100}. Since the splitting forms two free surfaces, it
requires high energies. Thus the cleavage cannot instantly
occur in the whole crystal. The cleavage spreads from one
point to another in the form of crack, which starts in the
place of the force application.

In a single crystal without dislocations, the cleavage
surfaces have to be perfectly smooth on atom level.
In real single crystals, the cleavage surface consists of
the system of cleavage steps formed during the crack
propagation through the rows of screw dislocations. If the
crack crosses the twist boundary consisting of at least two
screw dislocation systems with different Burgers vectors,
numerous cleavage steps appear. Such cleavage steps can
merge, thus forming either higher steps or merging creeks
that spread in the direction of crack propagation.

If after the crack has crossed the boundary and only
orientation of cleavage steps is changed, the nonappearance
of new steps implies that this boundary is the tilt boundary,
consisting of edge dislocations. An increased amount of
cleavage steps indicates the twist boundary consisting of
screw dislocations. In all crystals we can see both types of
dislocations, particularly in the areas of reorientation band
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formation (Fig. 3).

Conclusions

Actively discussed in literature, simple dislocation
structure of reorientation bands indicates the collective
nature of evolution of dislocation structure during the
formation and motion of such reorientation bands. It was
shown before reorientation band forming, the surface
relief becomes striped. The dislocation structures were
completely different on surfaces “1” and “2”. They depend
on nucleation of dislocations in different slip systems.

In high temperature creep experiments under the
condition of formation of new dislocations in crystal, a high
amount of dipoles of partial disclinations develop. Thus,
we can infer that partial disclinations carry the rotational
deformation.
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