JOURNAL OF NANO- AND ELECTRONIC PHYSICS
Vol. 12 No 3, 03040(3pp) (2020)

Short Communication

Analysis of the Dynamic and Structural Characteristics’ Behavior in NaCl
Single Crystals Pre-deformed and X-ray Irradiated

0.M. Petchenko, G.O. Petchenko, S.M. Boiko, A.V. Bezugly

O.M. Beketov Kharkiv National University of Urban Economy, 17, Marshal Bazhanov St., 61002 Kharkiv, Ukraine

(Received 01 November 2019; revised manuscript received 15 June 2020; published online 25 June 2020)

Pulse-echo method in the frequency range 37.5-232.5 MHz has been used to study the behavior of dis-
location decrement Aq4(f) on X-ray irradiated to doses 0-600 R NaCl single crystals with the residual strain
value of 0.5 % at room temperature. It has been found out that with the increasing doses of radiation, the
effect of amplitude damping of the dislocation resonance can be observed, which leads to a marked restora-
tion of initial acoustic characteristics of the crystals. It also noted that high-frequency asymptote for these
theoretical profiles are identical which is characteristic only for acoustic testing of irradiated crystals.
From the frequency curves, taken from crystals with different doses of radiation, the dependencies of the
viscosity coefficient B and the average effective length of the dislocation segment L on the dose of irradia-
tion £ have been determined in the framework of Granato-Lucke's string dislocation theory. In the frame-
work of the Stern and Granato model, the behavior of An(&), fu(&) and L(&) curves has been studied. The va-
lidity of the theoretical prognostications concerning increasing or decreasing with the exposure time ac-
cording to the law (1 + f)? parameters Am, fm, and L have been proved. A good match of the calculations’
results with the theoretical curve L(¢) by Stern-Granato and Granato-Lucke theories has been noted. Ob-
tained results show, that the parameter B does not depend on the irradiation dose in the range 0-600 R. It
confirms the validity of the views that the coefficient of dynamic damping of dislocations B is a fundamen-
tal characteristic of the crystal depending only on the interaction of dislocations with the phonon subsys-
tem of the crystal and not depending on the parameters of its dislocation structure.
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1. INTRODUCTION

This work is devoted to studying the influence of
structural imperfections of crystals on the mobility of
dislocations [1-10]. According to the Granato-Lucke
string dislocation theory, there are two types of stop-
pers that have a fixing effect for dislocations. The first
type of stoppers, Mott's stoppers, are the so-called
strong stoppers, nodes of the dislocation grid. They are
due to the presence of a sufficiently large value of pre-
liminary deformation in the testing crystals. The se-
cond type of stoppers, Friedel's stoppers, are weaker in
their fixing action. These are point defects: impurities,
radiation defects, and so on. The main characteristic
that determines the course of plastic deformation of
crystals is the dynamic drag coefficient of dislocations
B. At present, we have accumulated a rather large ar-
ray of information on ionic crystals [8-10] regarding the
fact that parameter B is determined only by the inter-
action of mobile dislocations with the phonon subsys-
tem of the crystal and independent of its dislocation
structure. As regards the effect of radiation-induced
defects on the dynamic drag of dislocations B in crys-
tals, it can be noted [9] that, apart from the experi-
ments on LiF crystals that we performed, there is no
other information. Summarizing the information al-
ready available, the following can be noted. In contrast
to experiments with a change in temperature and the
value of preliminary deformation of crystals, irradia-
tion experiments have a peculiarity — the high-
frequency asymptotes of the Aa(f) curves are not repre-
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sented by a family of straight lines parallel to each oth-
er, but converge in a single line. In [9], we analyzed
this fact in detail and presented its justification. The
proof is based on the use of the Granato-Lucke string
dislocation theory. In addition, it was noted that the
damping coefficient B does not depend on the dose of X-
ray irradiation of the crystals. This result was obtained
for the first time and is of great importance. Earlier in
the literature, there was a heated discussion about the
order of magnitude of B. Each research group used
samples with different structural states and it was be-
lieved that it is impossible to compare the results of the
works. Many researchers irradiated crystals with X-ray
radiation, since it was noted long ago that the acoustic
methods were sensitive to radiation damage to the
crystal. It was believed that when assessing the level of
dynamic drag of dislocations in crystals, unirradiated
and irradiated samples could not be compared at all.
Our work showed that preliminary X-ray processing of
crystals does not have any effect on parameter B. In
view of this circumstance, a deep analysis of a large
array of experimental studies of the mobility of disloca-
tions in crystals can be carried out. At the same time, it
should be noted that this information was obtained
only for LiF crystals. It is clear that similar studies
should be carried out on other crystals in order to more
substantively prove the validity of our conclusions [9].
Thus, the aim of the present work is to study the ef-
fect of X-ray irradiation of samples on the frequency
spectra of ultrasonic dislocation absorption in NaCl
crystals and to determine the dynamic and structural

© 2020 Sumy State University


http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
http://sumdu.edu.ua/
https://doi.org/10.21272/jnep.12(3).03040

O.M. PETCHENKO, G.O. PETCHENKO ET AL.

characteristics for samples with different radiation
doses. First of all, the fact of convergence of high-
frequency asymptotes in one line for the studied NaCl
crystals is verified, and then the fulfillment of the con-
dition for the independence of the dynamic drag coeffi-
cient of dislocations B from the radiation dose of the
crystals is monitored. Stern-Granato theory, which
describes the behavior of the resonance characteristics
of the Ad(f) curves as a function of the radiation dose of
crystals, is also verified.

2. EXPERIMENTS, RESULTS AND DISCUSSION

The techniques for preparing samples to perform
measurements and tests, methods and equipment used
to obtain the data presented below are minutely de-
scribed in [8-10]. Fig. 1 shows the results of the re-
search of the frequency dependence of the dislocation
decrement Aq(f) for NaCl samples with a residual de-
formation = 0.5 % measured before (curve 1) and after
(curves 2-4) irradiation.
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Fig. 1 — Frequency dependences of the dislocation decrement
of ultrasonic attenuation in irradiated NaCl crystals with
different values of X-irradiation doses

It can be noted that with the increase of the irradia-
tion dose, resonance curves Ad(f), decreasing in the
height, monotonically shift toward higher frequencies.
The experimental points are well described by the the-
oretical frequency profile calculated for the case of the
exponential distribution of dislocation loops in length.
It also shows that high-frequency asymptote for these
theoretical profiles 1-4 is identical. It should be noted
that the binding of the theoretical curves [8, 9] to the
experimental data has been carried out with a focus on
the points that lie on the descending branch of the ex-
perimental curve and in the resonance area.

Fig. 2 demonstrates the shift effect [9] with irradia-
tion of the parameters of the resonance peak in ampli-
tude and frequency. The course of irradiation dose &
dependences Am(d and fm(d shows that under condi-
tions of the radiation dose rise up to 600 R, the magni-
tude of the dislocation decrement Am in the maximum
dramatically reduces, and its resonance frequency fm
increases at that time.

According to Stern and Granato model [9], the in-
terrelation between the irradiation time change and
the resonant maximum parameters of the curves Ad(f)
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(the resonant frequency fm and the decrement in the
maximum Am) and the mean effective length of the dis-
location segment L:
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where f., A, L, are, respectively, the resonance fre-

quency, the decrement in the maximum Am and the
average effective length of the dislocation loop for the

crystal irradiated over a time interval t, [0, A0,
L,_, are the same parameters for non-irradiated one,
p=P-L,_,/A, where P is the total number of blocking

points suitable for the dislocation grid per time unit.
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Fig. 2 — Irradiation dependences of the resonance peak in
amplitude Am and frequency fm in NaCl single crystals

Granato-Lucke theory [8, 9] provides the relation-
ships (2) describing the resonance peak and descending
branch of the curve Aa(f):

0,0847C . 4QGHA

A, =220, AL f, = A, =
0 == B ’Bf

7(2)

where A, is the decrement value at frequencies f >> fum;
Q =0.3655 is the orientation factor, G = 1.78'1010 Pa is
the shear modulus in the active gliding system;
5b=3.99'10-19m 1is the Burgers’ vector module,
Gb2=2.8310-92 Pam2, v=0.212 is the Poisson's coeffi-
cient, C=2-Gb% (1 —-v)=2.29'10-? N is the effective
stretch of bent dislocation, A = 7.3:10° m ~2 is the densi-
ty of dislocations; L is the average effective length of
the dislocation loop, Ao = (8Gb2)/(72C).

Using the curves (Fig. 1), the B and L values can be
calculated from the relationships (2). The results of
calculations of the dependences of these parameters on
the irradiation dose & are shown in Fig. 3. Experi-
mental points L(&) are well described by the theoretical
Stern and Granato curves calculated by formula (1).

The damping coefficient B is seen to be independent
of irradiation dose in the range 0-600 R (Fig. 3, curve
2). This result is in good agreement with previous re-
sults [9].
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Fig. 3 — Dependences of the damping constant B and the av-
erage effective length of the dislocation loop L on the irradia-
tion dose &
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AnaJtia moBegiHKM JUHAMIYHHX 1 CTPYKTYPHHUX XapAKTEPUCTHUK Y MIOIEPeIHbO
npoaedopMoBaHMX TA ONIpPOMiHeHuX X-nmpoMmeHamu Mouokpucrasgax NaCl

0O.M. Iletuenko, I'.O. Iletuenro, C.M. Boiiko, A.B. Beayrmuit

XapKiscoKull HAUIOHANLHUL YHIBepcumem micbko2o 2ocnodapemea imeni O.M. Bexemosa,
eys. Mapwana Basxcarnosa, 17, 61002 Xapkis, Ykpaina

ImoymscarM exo-meromom y miamasoni yacror 37,5-232,5 MI' ma monokpucrasax NaCl i3 Besmummo0
3asuirkoBol gedopmartii 0,5 % mpu KIMHATHIM TeMIIEpaTypi BUBYEHO MOBEJIHKY IKCJIOKAIIHOTO JeKpeMe-
Hra Ad(f) B yMoBax BapiloBaHHS 03U X-OIPOMiHeHHs 3pa3kis B inTepsaii 0-600 P. Beranosieno, 1o i3 apo-
CTAHHSM JIO3W OIPOMIHEHHS CIIOCTEPITaeThes e(eKT TaciHHS aMILIITYIN JUACJIOKAIIMHOTO Pe30HAHCY, IO
PU3BOAMTH JI0 TIOMITHOTO BIJHOBJIEHHS BUXIJHUX aKyCTHUYHUX XapPAKTEPUCTUK KpUCTaJiB. Takox Bii3Ha-
YaEeThCs, 1[0 BUCOKOYACTOTHI ACHIMIITOTH BKA3aHUX XaPaKTEePUCTUK 30iral0ThCs B CYI[JIbHY JIHI, IO € Xa-
PAKTEPHOI0 OCOOJIMBICTIO AKYCTUYHOIO €KCIEPUMEHTY 3 OIPOMIHEHUMH KPHUCTAJIAMH. 3 YACTOTHUX KPUBUX,
SHATHUX JIJIsI KPUCTAJIB 3 PI3HUMHU J03aMH OIIPOMIHEHHS, B pAMKaxX CTPYHHOI JUCIOKAITiiHOI Teopii ['panaro-
JIrokke BU3HAYEHO 3aJIEMKHOCTI KoedirtieHTa B'sI3K0CTI B 1 cepeiHbol e(DeKTUBHOI JOBKUHU JUCIOKAIIIHOTO
cermenry L Bix no3u X-onpominenHss & Y pamrax mogesi [llrepra i 'pararo Oyso BuBYeHO XiJT excrepume-
HTAJIBHUX 3aJIeKHOCTER Am(&), fu(d) 1 L(£). BuronaHo mepeBipky TeOpeTHUHHX IepeadavdeHb MOJIENl CTOCOB-
HO 3POCTAHHS YU CIIAJTy BKA3aHUX XapaKTePUCTHK 3 YacoM X-ompoMiHeHHs ¢ 3a 3axoHoM (1 + ft)2. Crocrepi-
raerbes A00pa BIATOBIIHICTE MOMIisK coboto 3asesxHocTedt L(&), oepmxaHux B paMKax PO3PAXYHKY 34 TEOpis-
mu ['pamaro-Jlokke 1 [lrepua-I'panaro. Omepsxani pe3ysibTaTé IeMOHCTPYIOTH TOM (PAKT, M0 KoedilfieHT
IMHAMIYHOIO TaJIbMyBAHHA OMCJIOKALN B He 3aJIeKUTh BiJ J03M X-OMPOMIHEHHSA Y BUBUCHOMY 1HTEPBAJI
103 0-600 P. Ile miaTBepmxye yABIEHHS IIOI0 TOrO, II0 KoedimieHT gemiidyBaHHA B e pyHIaMeHTaIbHOIO
XapPaKTEPUCTUKOI0 KPUCTAJIA, 110 3AJIeIKUTH JIUIIIE BiJl B3AeMOIii AUCIOKAIIIHM 3 1010 (DOHOHHOIO IIiICHCTEMOI0
1 He 3aJIeKUTD BiJ] IapaMeTpiB JUCIOKAIIMHOL CTPYKTYPH KPUCTAJIIB.

Kmouori ciora: Jlucimorariitumii nexpement, Jledopmarris, Ompominenns, uciokarii, Koeditienr mu-
HaMIYHOTO rajbMyBanHs, CepenHsa epeKTUBHA JOBKUHA IUCIOKAIIINHOTO CErMEHTA.
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