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The origin of internal stresses during hardening of alkali-halide single crystals was investigated. It is shown that the thremoelastic
stress relaxation is accompanied by the fragmentation of distinct areas of a single crystal and by the development of new dislocations,
which formed a cellular structure. The internal stress distribution is qualitatively analyzed by the photoelasticity method.
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SKCHepI/IMCHTaﬂBHO HCCJICIOBAHO BO3HHUKHOBCHHC

BHYTPEHHHUX

HaHp;DKeHI/Iﬁ Ipu  3aKajke MICJIOYHOTATIOUIHBIX

MOHOKpucTanios ¢ pemerkoii Tuna NaCl. ITokxazaHo, 4To penakcanust TEpMOYNPYTHX HANPSKEHUH COMPOBOXKIAETCS BOSHUKHOBEHHEM
HOBBIX JJUCJIOKAaLUH, (OPMHUPYIOINX SYEUCThIE CTPYKTYpPbl; M (parMeHTaluend OTAeNbHBIX oOyacTeil MOHOKpucTauia. Metogom
(OoTOYNPYrocTH KaueCTBEHHO MTPOAHAIM3UPOBAHO paCIpe/ieeHHe BHYTPEHHUX HANPSHKEHHUH.

KuroueBnle ciioBa: 3aKajika; TepMOYNpyTHe HAPSDKEHHS; TUCIOKAK; GpparMeHTanus; (oToynpyrocts.

ExcriepuMeHTanbHO AOCIIIPKEHO BUHUKHEHHS BHYTPIIIHIX HANpYKeHb MPH 3arapTyBaHHI JIy)KHOTAJIOITHUX MOHOKPHCTAIIB 3
rparkoro tuna NaCl. TTokasaHo, 1110 pesakcaiisi TEpMOIPYKHUX HANpPYKEHb CYHPOBOIKYETHCS BUHUKHCHHSM HOBUX JHMCIIOKALii,
SKi YTBOPIOIOTh KOMIpYacTi CTPYKTYypH, Ta ()parMeHTALi€l0 OKPEMHMX YacTHH MOHOKpHUcTaida. MeTogoM (OTONPYKHOCTI SKICHO

IIPOAHAaJIi30BaHO PO3IIOALT BHYTPILIHIX HAIPYKESHB.

KurouoBi cioBa: rapryBaHHs; TEPMONPY>KHI HaIPY KEHHS; IUCIIOKALIiT; ()parMeHTais; GoTonpyKHICTb.

Introduction

Thermoelastic stresses (TES) always develop during
the growth of dielectric crystals, in particularly alkali-
halide. Thermoelastic stress relaxation can significantly
change the crystal structure and affect further operating
characteristics.

Some experimental observations of structural changes
while hardening of alkali-halide single crystals with NaCl-
type lattice are presented in this article. The majority of
the performed experiments used KBr single crystals, as
such crystals are relatively “soft” and do not crack during
hardening

Experimental technique
Experiments were performed with alkali halide single
crystals of 10x10x10 mm size with initial dislocation

density p ~ 0 m . Crystals were heated on a ceramic

substrate at constant rate W = 6 to temperature T,

min

then maintained at this temperature for a particular time t
and quickly taken out from the oven (to the room
temperature). For the KBr single crystals: T =620°C,

t=5 min.

The cooled down crystals were cleaved, the
dislocation structure along with the cleavage relief were
optically analyzed. By the photoelasticity method the
distribution of the internal stresses was studied [1].

Thermoelastic stresses
As well known, cooling begins from the surface.
Hence the near-surface layer tends to shrink and thus
compresses the internal volume. The situation is similar
to the stretching of a metal hoop on a barrel. As a result,
in the internal region the compressing stresses appear,
while stretching stresses, parallel to the closest crystal side,
develop in the near-surface layer. The mean value of these
stress can be estimated from a ratio:
o~ cE ~ aAE (1)
where € = AAT s the relative crystal strain in the near-
surface layer parallel to it’s surface, o is the linear thermal
expansion coefficient, AT =T —T_ is the difference
between the temperature of the heated crystal and the room
temperature T,, E is Young’s modulus in the direction
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Fig. 1. Thin rectangular plate of constant width 2c.
Temperature is an even function of y and does not
depend on X and z.

parallel to the crystal surface. In our case AT ~ 600 K
and o~ 3-0 ° K™ [2], so after removing of the crystal
from the oven the internal stresses reach 6 ~1.8-0 > E

. This value considerably exceeded the level of stress
necessary for dislocation arising in alkali halide crystals.
The TES problem is not solved analytically for
isotropic cubic shape bodies [3, 4]. There are solutions for
several simple cases of temperature distribution and for
rotationally symmetric figures (sphere and cylinder). In

particular, for a thin rectangular plate of constant width 2¢
(Fig 1a) in which the temperature is an even function of y
and does not depend on X, namely

2
TzT{l—y—zj
C

The solution for TES is [3]

Ox

2
=§aTrE —aTrE(l—Z—zJ )

(see Fig. 1b)
If a sphere of temperature T0 is dipped into a liquid

with temperature T1 (T1 >T0) the external part of the

sphere will be dilate thus causing the comprehensive
uniform radial stretching in the middle. The maximum
value of this stress is

aE
=0.771————(T, -T 3
Gy 2(1—V)(Tl 0) (3)

Fig. 2. The cleavage of hardened KBr single crystal. T =
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b Fig. 4. Photoelastic pictures of KBr single crystals.
. Isocline parameters: a — 0°, b — 25°, ¢ — 30°, d — 40°,
e—45°.
R’C
t=0.0574——P )
X

In (3) and (4) v is Poisson’s ratio; R — sphere radius;
C, p, x — heat capacity, density and heat conductivity.

Results
Surface relief.
1) Periodically located bands of reorientation near to
a surface of hardened single crystals.
2) Dense system of cleavage steps; in the outer layer
the step orientation becomes normal to the surface (Fig. 2
c b, ¢).

3) The cleavage step density is the greatest in the

Fig. 3. Dislocation structure of a hardened sample: a —
central part of crystal.

near to the surface, b, ¢ — in the middle.

at time Dislocation structures.

46 BicHuk XHY, cepis «®isukay, sun. 26, 2017



O.1.Kovtun, D.V.Matsokin, I.N.Pakhomova

gdis 25

DI 45

45%.- 15lD
Fig. 5. Image of isoclines (dotted lines) and isostates
(solid lines) in a hardened crystal.

The resulting dislocation density is greatest near to
the surface. In the central part of the crystal, dislocations
form a cellular structure with diffused boundaries
(Fig. 3b, ¢).

The dislocation density is significantly decreased
after annealing of the hardened single crystal at
T =625°C for t =3 h . This effect can be explained by
the annihilation of dislocations with antiparallel Burger’s
vectors. Cleavage steps became curved and their density
decreased.

Photoelastisity.

Observations of the hardened single crystals
in polarized light (light source=polarizer=-crystal
—analyzer) in the crossed nicols yielded interesting
photoelastic images that changed as the crystal was rotated
with respect to the light polarization plane (Fig. 4).

Two principal stresses G,, G, and the shear stress
T, are presented in each point of plain stressed body. The
relation between stresses

21,

tan29, , = .
0,0,

Black lines in Fig. 4 are isoclines along which the

angles (9, 3,) between principal stresses G,, G, and
polarization plane [1] are preserved.

The crystal was rotated with respect to the light
polarization plane from 0° to 90° in steps of 5°. A schematic
isocline pattern is shown in Fig. 5. Each isocline is marked
with its parameter. As seen from the figure there are four
points of intersection of the isoclines of different parameters
(A, B, C, D). So-called “special isotropic points” are where
only the hydrostatic pressure is present. Solid lines in Fig. 5
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denote isostates; at each point the tangent is consistent with
the direction of one of the main stresses.
The difference  between  principal

Ac =0, — 0, using isochromatic (color) lines could not

stresses

be determined, as the optomechanical coefficient
proportional to AG is small in alkali-halide crystals [1].

The obtained pictures qualitatively obviously show
the presence of internal stresses in hardened crystal.

Conclusions
The internal thermoelastic stresses emerge in alkali
halide single crystals during hardening. Relaxation of these
stresses leads to significant change of the crystal structure
up to the transformation of some regions into polycrystal
by reorientation and fragmentation.
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