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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 d() 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   y (y 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 U0 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 d 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 

 (Т) 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 [645]. According to this method 

[1] the sounding pulse with deformation amplitude in 

sound wave ε ~ 10
-7 

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 

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 d absorption in KBr single crystals was stud-

ied as a function of the statistic loading value of  in 

300…435 K temperature range. The value of d 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 

(  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 μm/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 0 at  = 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  310
-5 

s
-1

 in the range of stresses           

 = (0…8)10
5
 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 d and  were measured. The sample was unload-

ed when the indicated loading range was over. It was 

found that after the sample unloading the quantity d 

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 loss theor= 

0.104 Db/μm. 

RESULTS AND DISCUSSION 

The theory [1] is based on the expression [40] 

)
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  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(, T) = U0 –  is energy of activation of 

the dislocation unpinning from the pinning centers; U0  

is the energy of the dislocation binding with the pinning 

center in the absence of external stresses;  =  is 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 

form of   (, T) = LW +  (1 – W).   

 

 

Fig. 1. Reduced dislocation attenuation in KBr single 

crystals as a function of external static loading 
 

Taking into account that  ~ 4  [21, 40] the relation 

is used for low frequencies 
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, where  

)(d 00   . The resulting relation, appropriate for 

thermal activated analysis based on experiment data, 

looks like [1]:  
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Experimental dependences 
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, ob-

tained in our study at temperatures 300, 330, 375, 400, 

and 435 К are presented in Fig. 1.  

According to [1] in each of the curves 1–5 (see 

Fig. 1) after reaching the stress *
 the linear sections 

appear from which the dependence of the dislocation 

segment length  (T) can be reproduced by the formula:   
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 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). 
 

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 d 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]: 
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where
30

8

a
N  , is the lattice constant [15]. As well as, 

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]:   
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,         (3) 

where a and m are the numbers of equivalent free po-

sitions of interstitials or substitutions in the unit cell of 

the dislocation atmosphere; С0 – atomic fraction of im-

purity atoms in the matrix volume; Sa and Sm – oscillato-

ry entropies of matrix atoms and dislocation atmosphere 

it is easy to find the energy of dislocation binding with 
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the pinning center. By taking the logarithm of equation 

(3) we obtain 

  

       
kT

U

k

)SS(
]C)ln[(Cln am

m

a 0
0 







.       (4) 

It is seen from the equation [4] that by plotting the 

dependence lnC – f (1/T) it is easy to determine U0 by 

the slope.  

Fig. 3 presents the dependence lnС - (1/T) calculated 

with taking into account the curve С(Т).  
 

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 U0  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 d() 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 d 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   y (y 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 U0  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 KCl.    
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ОТКРЕПЛЕНИЕ ДИСЛОКАЦИЙ ОТ СТОПОРОВ В МОНОКРИСТАЛЛАХ KBr,  

ВЫЗВАННОЕ УПРУГИМ НАПРЯЖЕНИЕМ И ТЕМПЕРАТУРОЙ 

А.М. Петченко, Г.А. Петченко, С.Н. Бойко, А.С. Литвиненко, О.Ю. Коляда  

С помощью импульсного эхо-метода на частоте 7,5 МГц в температурном интервале 300…435 К изучено 

дислокационное затухание ультразвука d() в KBr как функция статического напряжения в квазиупругой 

области деформаций. Определено, что повышение температуры при величинах   y (y – предел теку-

чести кристаллов) приводит к интенсивному откреплению дислокаций. Из-за этого концентрация стопоров, 

ограничивающих их движение, резко снижается, а эффективная длина дислокационного сегмента увеличи-

вается. Путем обработки экспериментальных результатов рассчитана величина энергии связи U0 примесного 

атома с дислокацией.  



 

 

ВІДКРІПЛЕННЯ ДИСЛОКАЦІЙ ВІД СТОПОРІВ У МОНОКРИСТАЛАХ KBr,  

ВИКЛИКАНЕ ПРУЖНИМ НАВАНТАЖЕННЯМ І ТЕМПЕРАТУРОЮ 

О.М. Петченко, Г.О. Петченко, С.М. Бойко, А.С. Литвиненко, О.Ю. Коляда 

За допомогою імпульсного ехо-методу на частоті 7,5 МГц у температурному інтервалі 300…435 К ви-

вчено дислокаційне згасання ультразвуку d() у KBr як функція статичного навантаження в квазіпружній 

області деформацій. Визначено, що підвищення температури при величинах   y (y – границя плину кри-

сталів) призводить до інтенсивного відкріплення дислокацій. Внаслідок цього концентрація стопорів, що 

контролюють їх рух, різко знижується, а ефективна довжина дислокаційного сегмента збільшується. Шля-

хом обробки експериментальних результатів розраховано величину енергії зв’язку U0  домішкового атома з 

дислокацією.  

 


