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The impulse echo-method was applied to study, in the temperature range 300...435 K and at 7.5 MHz frequency,
the dislocation attenuation ay(o) in KBr crystals as a function of static loading in the quasi-elastic strain range. It has
been found that the temperature increase at stresses o < oy (oy is the yield limit of a crystal) leads to the intensive
dislocations’ unpinning. Consequently, concentration of stoppers, controlling their motion, sharply decreases and the
effective length of oscillating dislocation segments increases. As a result of experimental data processing the energy
of the impurity atom binding with dislocation Uy was calculated in the following work.

INTRODUCTION

The study [1], offering a theory for conducting
thermal activation analysis of the dislocation unpinning
from pinning centers, is based on the results of acoustic
measurements. These measurements were obtained un-
der the simultaneous influence of temperature and
stresses applied to samples in the elastic strain range. To
test this theory [1], authors studied the ultrasonic atten-
uation «aq in high-purity copper samples at a frequency
of 10.17 MHz under the influence of thermomechanical
effects mentioned above. As a result, the temperature
dependence of dislocation segment’s average length

14 (7) was determined here (as well as an average size of
dislocation cell L and the binding energy of impurity
atom). Having analyzed the obtained data and chemical
composition of studied samples, authors [1] have made
a conclusion that atoms of Fe and Zn are the most prob-
able centers of dislocation pinning. Noted that previous-
ly thermal activation analysis was conducted basing on
data obtained by measuring individual dislocation mo-
bility [2, 3] or by applying the low-frequency internal
friction at KHz frequency range [4, 5]. But obtained
data were always unreliable. The method’s [2, 3] errors
occur due to difficulties in the calculation of the stress
that effects the passage of individual dislocation on ~ 50
inter-atomic spacing in crystal when individual disloca-
tion is under the alternate influence of direct and reverse
mechanical impulse. Errors in the second method [4, 5],
which take place due to changes in dislocation structure
of the crystal and caused by the influence of elastic
waves of considerable amplitude, are not taken into
consideration. All this leads to the distortion of ob-
served thermal activation processes’ data. In this con-
nection for solving such problems the urgency of the
method of high-frequency amplitude independent inter-
nal friction is obvious [6—45]. According to this method
[1] the sounding pulse with deformation amplitude in
sound wave & ~ 107 is passed through the crystal under
the external thermomechanical effects. The acoustic
signal allows obtaining the high accuracy information
on subtle processes in crystals at their loading in the
field of quasi-elastic deformation, and this does not af-
fect the course of their occurrence. Due to certain tech-
nical difficulties associated with its implementation, the
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method [1] has not received wide application, although
the topicality of its use to study the power laws of dislo-
cations’ with stoppers interaction [7], of course, remains
relevant.

The purpose of this study is to continue investiga-
tions similar to [1, 18] on the KBr crystals.

MATERIALS AND EXPERIMENTAL
TECHNIQUES

In this study, as well as in [1, 18], the dislocation ul-
trasonic oy absorption in KBr single crystals was stud-
ied as a function of the statistic loading value of o in
300...435 K temperature range. The value of a4 was
measured by the superimposed exponent method on
7.5 MHz longitudinal wave. KBr crystal was chosen as
the object of the study due to its low Debye temperature
(6 = 175 K), which made it possible to observe the ef-
fects of the breakout of dislocations at a sufficiently low
temperature tests. The samples with orientation <100>
were treated by grinding and polishing to achieve the
certain non-parallelism of the work surfaces of about
+1 um/cm. Then the prepared samples were annealed in
the muffle furnace MP-2UM for ~15 h at temperature of
600 °C with subsequent slow cooling up to the room
temperature. High-temperature liquid VKJ-94 was ap-
plied as a transition layer between the piezoelectric
transducer and the sample. Experiments were carried
out by the following scheme. Using a specially designed
furnace with electronic control a given test temperature
of the samples was set and strictly maintained. The tem-
perature was measured with a differential copper-
constantan thermocouple. After reaching the required
temperature an initial attenuation ¢ at o= 0 was meas-
ured. Then the sample was step-by-step loaded by com-
pression in the tensile-testing machine of “Instron” type
at strain rate of ~3-10° s in the range of stresses
o= (0...8)-10° Pa. To avoid the point defect redistribu-
tion under applied load action the time of each loading
was ~ 15 s. After each stop of the machine rod the quan-
tities oy and o were measured. The sample was unload-
ed when the indicated loading range was over. It was
found that after the sample unloading the quantity oy
returned to its initial value at the given temperature that
evidence on the elastic character of the sample loading.
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This has been confirmed by absence of strain stress on
the chart of the recorder KSP-4 at each stop of machine
movable clamps in the indicated range of temperatures
and stresses. The corresponding estimates were carried
out to exclude apparent losses as well as losses caused
by the non-parallelism of the working surfaces of the
sample from the measured ultrasound attenuation [21].
Analysis has shown that the dominant contribution in
the apparent loss is made by the diffraction 10Ss ceor=
0.104 Db/um.

RESULTS AND DISCUSSION
The theory [1] is based on the expression [40]

W (o, T) =N -exp( —%)for probability W of

dislocation segment unpinning from one of point stop-

pers of total number N = L/ ¢ under external static load-
ing. Here U(c, T) = Uy—I7 is energy of activation of
the dislocation unpinning from the pinning centers; Ug
is the energy of the dislocation binding with the pinning
center in the absence of external stresses; 7= Q-cis the
reduced shear stress provoking the dislocation slipping;
£ is orientation factor taking into account that the re-
duced shift stress in the slip plane is less than the ap-

plied stress; ¥'= bd-£ is the activation volume, where
d ~ (1...3) b is distance of the effective dislocation
binding with the stopper; b is the Burger vector. In the
approximation of the catastrophic dislocations unpin-
ning from stoppers authors [1] have accepted the rela-
tion that takes into account the change of the dislocation
segment length when the external stress changes in the

formof £ (o, T) = LW+ £ (1-W).
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Fig. 1. Reduced dislocation attenuation in KBr single
crystals as a function of external static loading

Taking into account that o~ ¢* [21, 40] the relation

: o (2a(0)\; _ 1(o)

is used for low frequencies ( )4 = S where
a, (

o, = a4 (o =0). The resulting relation, appropriate for

thermal activated analysis based on experiment data,

looks like [1]:
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Experimental dependences In[(OC—“)Z -1]-o, ob-
%
tained in our study at temperatures 300, 330, 375, 400,
and 435 K are presented in Fig. 1.

According to [1] in each of the curves 1-5 (see
Fig. 1) after reaching the stress o the linear sections
appear from which the dependence of the dislocation
segment length ¢ (T) can be reproduced by the formula:

1
k-T -Aln[( %)% ~1]
(= %
Q-b-l-Ac
Using the data given in Fig. 1 and other values (£,
b) taken from our paper [15], this dependence was ob-
tained (Fig. 2, curve 1).
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Fig. 2. The temperature dependence of the effective
length of the dislocation segment 1 and impurity con-
centration of dislocation 2 in KBr single crystals

It is evident that ¢ (T) increases with the temperature
increasing and, taking into account equation (1), the
dislocation ultrasound attenuation ¢y should increase
too; this is observed in our experiments.

Very likely, that the dislocation segment length ¢
increasing with temperature is related with gradual de-
crease of the pinning center concentration C on the dis-
locations. It is convenient to verify such as assumption
with the use of the expression from [1, 18]:

C= " )

8 . .
where N, = —, is the lattice constant [15]. As well as,
a

the results for ¢ (T), dependence C(T) were obtained
(see Fig. 2, curve 2).

It is obvious, that the temperature increase promotes
the processes of dislocation separation from the stoppers
that leads to the concentration C(T) decrease and, sub-
sequently, to ¢ (T) increase. Using equation [1]:
=T (S m S a )

T ), ®)

where S, and £, are the numbers of equivalent free po-
sitions of interstitials or substitutions in the unit cell of
the dislocation atmosphere; C, — atomic fraction of im-
purity atoms in the matrix volume; S, and S, — oscillato-
ry entropies of matrix atoms and dislocation atmosphere
it is easy to find the energy of dislocation binding with

Iz Uo
C~(£2).c,-
(ﬂm) exp(



the pinning center. By taking the logarithm of equation
(3) we obtain
|ncz|n[(&).co]_m+u_0_ (4)
B, k KT
It is seen from the equation [4] that by plotting the
dependence InC — f (1/T) it is easy to determine U, by
the slope.
Fig. 3 presents the dependence InC - (1/T) calculated
with taking into account the curve C(7).
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Fig. 3. Temperature dependence of pinning centers con-
centration in KBr single crystals

According to recommendations of [1] by plotting the
linear dependence we oriented ourselves onto the points
related to the high-temperature regions where the mech-
anisms of dislocation thermal unpinning from the impu-
rity atoms prevail over purely mechanical separation.
After determination of the temperature behavior of the
indicated line we have found the value of the energy of
dislocation binding with stoppers Uy ~ 0.37 eV that is in
good agreement with the results of [1, 18].

CONCLUSIONS

The acoustic impulse method was applied to investi-
gate, in the temperature range from 300 to 435 K and at
7.5 MHz frequency, the dislocation absorption ay(o) in
KBr crystals as a function of the statistic load in the
quasi-elastic strain range. It has been found that at
T =300 K the loading change has a weak effect on the
quantity g increase. However, after the rise in tempera-
ture the same loads lead to significant acoustic loss in-
creasing. As a result of experimental data processing
within the framework of known theories, the tempera-
ture dependences of the dislocation segment length
¢ (T) and the of point pinning center concentration on
dislocations C(T) were determined. It is shown that the
temperature increase under the stresses o < o, (oy de-
note the yield limit of a crystal) leads to the intensive
dislocation unpinning. Consequently, the concentration
of stoppers controlling the dislocation motion sharply
decreases and the effective length of oscillating disloca-
tion segments increases. The value of the energy of im-
purity atom binding with a dislocation is calculated,
which equals Uy ~ 0.37 eV for KBr crystal. Analysis has
shown that the values of mentioned dislocation charac-
teristics are in close agreement with theoretical esti-
mates, as well as, with experimental data obtained by
the same method for ion crystals CsJ and KCI.
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OTKPEILIEHUE JUCJIOKAIIMIA OT CTOIMMOPOB B MOHOKPUCTAJLTAX KBr,
BBI3BBAHHOE YIIPYTUM HAIIPSIKEHUEM U TEMITIEPATYPOM

A.M. Ilemuyenko, I A. llemuenxo, C.H. Boiiko, A.C. /lumeunenxo, O.10. Konsoa

C momoIs0 UMITYJIBCHOTO 3X0-MeToAa Ha yactote 7,5 MI'1 B temnepatypHom unaTepBasie 300...435 K nzyueno
JIICIIOKAIIMOHHOE 3aTyxaHue yiubTpa3Byka og(o) B KBr kak QyHKIMS CTaTHYECKOTO HAMPSHKEHUSI B KBA3UYIPYron
obnactu nedopmanuii. OnpeneneHo, 4To MOBBIIICHHE TEMIIEPATyphl IPH BEIHMYUHAX O < Oy (Oy — Ipeneln TeKy-
YEeCTH KPUCTAIJIOB) NPUBOAUT K HHTEHCUBHOMY OTKPEIUIEHUIO AUCIIOKAaNuit. M3-3a 3TOro KOHIIEHTPALUs CTOTIOPOB,
OrpaHUYMBAIOIIUX UX JABUKCHUEC, PE3KO CHHMKACTCA, a 3(1)(1)CKTI/IBH3.$I JJIMHA AUCJIOKAITMOHHOTO CETMCHTA YBCINYU-
Baetcs. Ilyrem 06paboTKH IKCTIEPUMEHTATIBHBIX PE3yIbTaTOB pacCYNTaHa BeMIrHA 3HEPTUH cBs13u Uy IpuMecHOTo

aToMa C JUCJIOKaIue.



BIJIKPITIJIEHHSA JIACJIOKAIIIHA BIJ CTOIIOPIB Y MOHOKPUCTAJIAX KBr,
BUKJ/IMKAHE IIPYKHUM HABAHTAKEHHSAM I TEMIIEPATYPOIO

O.M. Ilemuenxo, I'.0. Ilemuenxo, C.M. boiixo, A.C. lumeunenxo, O.10. Konsaoa

3a J0IOMOTro0 IMITyJIbCHOTO €Xx0-MeToay Ha 4dactoti 7,5 MI'm y Temneparypuomy intepsani 300...435 K Bu-
BUCHO JIMCIIOKAIliiiHe 3racaHHs yapTpasByky (o) y KBr sk QyHKIS CTATHIHOTO HABAaHTAKCHHS B KBa3ilpyKHii
obnacti nedopmaniit. BusHaueHo, O MiABUINCHHS TEMIICPATypH NPH BEJIMYHHAX O < Oy (0y — TPaHULS IUTUHY KpH-
CTaNiB) MPHU3BOJNTH J0 IHTCHCHBHOTO BiIKPIIUICHHS MUCIOKaliil. BHACTIOK [[bOTO0 KOHLEHTpALisS CTOMOPIB, IIO
KOHTPOJIIOIOT IX PYX, PI3KO 3HIKYETHCS, a e()eKTUBHA JOBKHHA JUCIOKAI[IHHOrO cerMeHTa 30umbmyerbest. Lns-
XOM OOpOOKH €KCIIEpUMEHTAIBHUX PE3YNbTATIiB PO3PAX0OBAHO BEIMYMHY eHeprii 3B 513Ky Uy IoMilIKoBoro atoma 3
JUCIIOKALIEIO.



