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Introduction
Thermoelastic stresses (TES) always develop during 

the growth of dielectric crystals, in particularly alkali-
halide. Thermoelastic stress relaxation can signifi cantly 
change the crystal structure and aff ect 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 10х10х10 mm size with initial dislocation 
density 25 cm10  . Crystals were heated on a ceramic 

substrate at constant rate 
min
K6W  to temperature T, 

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: C620T , 

min15t . 
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: 

TEE                                (1)

where T  is the relative crystal strain in the near-
surface layer parallel to it’s surface,  is the linear thermal 
expansion coeffi  cient, rTTT   is the diff erence 
between the temperature of the heated crystal and the room 
temperature rT , E is Young’s modulus in the direction 
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parallel to the crystal surface. In our case K600T  

and 15 K103   [2], so after removing of the crystal 

from the oven the internal stresses reach E108.1 2
. 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 fi gures (sphere and cylinder). In 

particular, for a thin rectangular plate of constant width 2c 
(Fig 1a) in which the temperature is an even function of y 
and does not depend on x, namely
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(see Fig. 1b)
If a sphere of temperature 0T  is dipped into a liquid 

with temperature 1T  ( 01 TT  ) 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
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Fig. 2. The cleavage of hardened KBr single crystal. C620T , min15t .

a                                                                                                                        b

c                                                                                                                        d

Fig. 1. Thin rectangular plate of constant width 2c. 
Temperature is an even function of y and does not 
depend on x and z.
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at time
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0574.0                        (4)

In (3) and (4)  is Poisson’s ratio; R – sphere radius; 
C, ,  – 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 
b, c).

3) The cleavage step density is the greatest in the 
central part of crystal. 

Dislocation structures.

Fig. 3. Dislocation structure of a hardened sample: a – 
near to the surface, b, c – in the middle.

Fig. 4. Photoelastic pictures of KBr single crystals. 
Isocline parameters: a – 0, b – 25, c – 30, d – 40, 
e – 45.

a

b

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

The dislocation density is signifi cantly decreased 
after annealing of the hardened single crystal at 

C625T  for h3t . This eff ect 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 1 , 2  and the shear stress 

12  are presented in each point of plain stressed body. The 
relation between stresses 

21

12
2,1

22tan



 .

Black lines in Fig. 4 are isoclines along which the 
angles ( 1 , 2 ) between principal stresses 1 , 2  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 fi gure there are four 
points of intersection of the isoclines of diff erent parameters 
(A, B, C, D). So-called “special isotropic points” are where 
only the hydrostatic pressure is present. Solid lines in Fig. 5 

denote isostates; at each point the tangent is consistent with 
the direction of one of the main stresses.

The diff erence between principal stresses 

21   using isochromatic (color) lines could not 

be determined, as the optomechanical coeffi  cient 
proportional to   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 signifi cant change of the crystal structure 
up to the transformation of some regions into polycrystal 
by reorientation and fragmentation.
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Fig. 5. Image of isoclines (dotted lines) and isostates 
(solid lines) in a hardened crystal.
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