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To study the nature of the mechanisms that limit the viscous motion of dislocations,
the dampfed dislocation resonance in LiF crystals at room temperature in the range of
radiation doses of 0—1000 R has been scrutinized by the impulse echo method in the
frequency range 37.5-232.5 MHz. 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 from the time of irradiation has been
determined. On the basis of the carried out measurements, calculations and analysis it has
been concluded that the dynamic damping of dislocations in the given object, and given
experimental conditions is determined only by the phonon spectrum of the crystal.

C 1menp0 M3yUeHUsS TPUPOALI MeXaHM3MOB, JUMUTHUPYIOMINX BASKOE NBUKEHUE AUCIOKA-
MU, UMIOYJIBCHBIM 9X0-METOAOM B UACTOTHOM xauamasone 37.5—232.5 MI'm mcceiemoBan 3a-
neMIpUpPOBaHHBIN AUCIOKAIIMOHHBIN pe3oHanc B Kpucramnax LiF mpm xKomwuarmoit temmepa-
Type B nHTepBase n03 obayuenus 0—-1000 P. 13 yacTOTHBIX KPUBBIX, CHATHIX AJA KPUCTAJ-
JIOB ¢ PAsHBIMM 03aMU O0JydeHUs, OMPEEIeHBl 3aBUCUMOCTY Koa(hPuIilreHTa BASKOCTU B 1
cpenHeil sh(PeKTUBHOM IJIUHBI AMCIOKAIMOHHOTO cerMeHTa L oT Bpemenm oOayuenusa. Ha
OCHOBAHWM TPOMEJaHHEIX W3MePeHUil, PacueToB M WX aHAJIMBa CAeJaH BBIBOJ O TOM, UTO
IUHAMWYECKOE TOPMOJKeHUE MUCHOKAINI B JAHHOM O0BEKTe U B MaHHBIX SKCIEPUMEHTAJb-

© 2012 — STC "Institute for Single Crystals”

HBIX YCJHOBHUAX OIIpeaesseTCsa TOJBKO q)OHOHHI:IM CIIEKTPOM KpucrTaJja.

1. Introduction

This article is a continuation of [1],
where we studied the effect of low doses
irradiation (0-400 R) on localization of the
frequency spectra of the dislocational ultra-
sonic absorption Ay(f) in monocrystals of
LiF. These crystals are of practical interest
for X-ray spectroscopy [2], laser technology
[3], radiobiology [4]- In addition, due to
their high Debye temperature [5] they can
be used at T = 300 K in pure form to study
the effects of dislocations consolidation by
the radiation defects, since relaxation proc-
esses at this temperature do not occur.

In research [1], impulse-echo method had
been used to thoroughly study the behavior
of the resonant maximum parameters — the
dislocation damping rate A, in resonance
and the resonance frequency f,, and the
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average effective length of the dislocation
segment L and the coefficient of dynamic
damping of dislocations B due to irradiation
time ¢. It had been found that increasing of
the irradiation dose in the examined crys-
tals leads to shift of the curves Ay(f) to
higher frequencies and lower values of the
decrement. The analysis of the data has re-
vealed that in contrast to the experiments
with temperature changes and strain [6, 7],
these shifts were so, that high frequency
asymptote from the family of curves Ay(f)
for different irradiation doses were practi-
cally identical to each other. The indicated
effect of shifts, observed in LiF in [1], was
similar to the previously observed one by
the authors [8] at high purity copper in the
measurements of the attenuation by the im-
pulse method in the range of 5-100 MHz.
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In [1] it had been possible to study depend-
ence of the viscosity coefficient B on the
time of irradiation, which had helped to
clarify the results of work [9], in which
there was an increase of parameter B from the
innitial values of 1.7-107% to 2.5-107¢ Pa-s due
to the irradiation dose of ~ 103 R on
monocrystals. It should be also noted, that
the work [1] additionally confirmed the ef-
fectiveness of ultrasonic methods of inter-
nal friction [10] for reliable recording of
the dislocations exposure of pinning points
by the radiation origin. The high efficiency
of acoustic methods [8, 10] has been stipu-
lated by the fact that the attenuation of
ultrasound o is very sensitive to minor
changes (including those due to irradiation)
of the average effective length L of the dis-
location segment under the law o ~ L%. For
registration of radiation-induced defects op-
tical methods are often used, in which the
dependence of the transmittance coefficient
from the radiation wavelength, passing
through the crystal is measured. However,
indicated methods despite their major ad-
vantages do not allow on early stages to
mark the accumulation of defects caused by
radiation. According to the works of vari-
ous authors, doses more than 103 R are re-
quired to registrate the color centers.

Our preliminary studies of LiF crystals
on SF-26 spectrophotometer showed that at
the irradiation time 2 h 40 min (dose
slightly higher 103 R, taking into account
the power of the radiation source 0.11 R/s)
color centers can be actually observed in the
examined samples.

Taking into consideration the above men-
tioned facts, it is interesting to continue
the research which was begun in [1] and
observe the dynamics the curves shift Ay(f),
L(t) and B(t) in the range of irradiation
doses 0—-1000 R, under which the formation
of color centers develops in the examined
crystals, that became the purpose of the
current study.

2. Experimental

In this paper, by impulse method in the
frequency range of 37.5—232.5 MHz and X-ray
irradiation dose range of 0—1000 R the fre-
quency dependence of the dislocation losses
of ultrasound in monocrystals LiF at the
temperature T = 300 K was studied. The
monocrystals [1] with the magnitude of re-
sidual strain 0.4 % were used in the experi-
ments. Information about the purity of the
samples, their size, features of preparation
(gouging, grinding, polishing, annealing,
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Fig. 1. Frequency dependences of the ultra-
sound dislocation damping rate at different pe-
riods of irradiation: the theoretical curves 1
(120 min) and 2 (160 min) [11] and their high-
frequency asymptotes.

pickling, deformation), as well as the acous-
tic features of the experiment has been
given in [1]. Additional irradiation of LiF
crystals to the total dose of about ~103 R
was performed on the same unit URS-55 at
the same operation mode as in [1]. The ra-
diation dose rate was not changed and was
0.11 R/s. The total exposure time of crys-
tals was 2 h and 40 min.

3. Results and discussion

The results of the study of frequency
dependence of the ultrasound dislocation
damping rate Ay(f) in LiF crystals for the
total exposure time of 120 min and 160 min
at room temperature are shown in Fig. 1
(curve I and 2, respectively).

As it can be seen, the flow of curves
Ay (f) do not differ qualitatively from the
corresponding dependences given in [1] for
low-dose irradiation. The experimental
points as well as previously [1] are de-
scribed by the theoretical frequency profiles
[11], calculated for the case of exponential
distribution of dislocation loops along the
lengths. You can also see that under irra-
diation the resonance curves shift monotoni-
cally to higher frequencies areas and lower
values of the decrement, and their high-fre-
quency asymptotes are almost superimposed
on each other. The expressions for the reso-
nance frequency f,,, the decrement in the
maximum A, and the average effective
length of the dislocation loop L as a func-
tion of time ¢ is taken in the form [8]:
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= IR0 + Bt)2; (1)
A0
An= 1y po?

L=L,o/(1+pt),

where f,!=0, A=0, L,_, — the same parameters

for the non-irradiated crystal, p = P - L,_,/A,
P — the total number of blocking centers,
which reach the dislocation net per time
unit, A — the dislocation density (constant
during the experiment).

In [10, 12] the above mentioned formulae
have been also used, however it has been
noted that the concentration of pinning cen-
ters c(t) = B - t, which are added during the
exposure time to the loop length L, ,, in
general, are not strictly linear function of
time, and the above mentioned calculations
can be used only as the first approach.

Thus, using the data of the present
work, shown in Fig. 1, and the results of [1]
and formulae (1), we were able to compare
the experimental points for A, (%) and f,,(%)
with the theoretical curves (Fig. 2).

Fig. 2 shows that the experimental
points are well described by the theoretical
curves calculated by the model [8]. It also
shows that the increase in irradiation time
leads to the decrease of the dislocation dec-
rement A, and increase of the resonance
frequency f,,.

To get information on the dependences
due to the irradiation time in the range of
0-1000 R of average effective length of the
dislocation segment and the coefficient of
dynamic of dislocations damping B, taking
into account the cumulative effect of all the
damping forces influencing on the disloca-
tion, we have processed the data shown in
Fig. 1,2, as in [1], in the framework of
Granato-Lucke theory [18] using the equa-
tions describing the position of the reso-
nance peak and the descending branch of
the dependence of A,(f):

A, = 2.2QA(ALZ; &)
. 0.084nC 3)
m=  2BLZ? "’
_ 4QGb2A “)
= TEzBf >

where A, the value of the decrement for frequen-

f>>f,; & =0.3811 [1] — the orientation

cies
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Fig. 2. Dependences of the parameters of the
resonance peak A (I) and f, (2) from the
time of irradiation, dotted lines — theoreti-
cal curves [8].

factor, which takes into account that pro-
vided reduced shear stress in the slip plane
is less than the applied stress; L — average
effective length of the dislocation seg-
ment; Ay = (8Gb?)/(n3C), C — effective tension
of a curved dislocation (C = 2-Gb2/m(1 — V));
A =14.5109 m™2 [1] - the dislocation den-
sity; v = 0.27 [1] — Poisson’s ratio; G =
3.533-1010 Pa [1] — shear module of the ac-
tive slip systems; b = 2.85:10710 m [1] — the
magnitude of Burgers’ vector, Gb2=
28.7-10710 pa.m2,

The results of calculations by formulae
(1)—(4) of the dependences of the average
effective length of the dislocation segment
L and the absolute values B from the time
of irradiation are shown in Fig. 3 by curves
1 and 2, respectively.

It can be seen (Fig. 3, curve 1) that the
experimental points, obtained by calculat-
ing L(t) by formulae (2) and (3) match
well with each other and fit the theoreti-
cal curve L, =L, /(1 + PBt). According to
the research data [1], under the influence of
X-irradiation dose of 400 R the average
length of dislocation segment has decreased
from the value 8.1-10°7 m (for non-irradi-
ated crystal) to a value of 4.3-1077 m, ob-
tained after irradiation time of 1 h. Taking
into consideration the results of this work,
it is possible to state that the additional
irradiation of the samples to a total dose of
1000 R, corresponding to the total exposure
time of 2 h and 40 min, resulted in an ad-
ditional reduction of L to the wvalue of
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Fig. 3. Dependences of the average effective
length of the dislocation segment L (1) and
the coefficient of dynamic damping of dislo-
cations B (2) from the irradiation time.

Curve 1 — theoretical calculation of L in the
framework of [8] by the last expression (1),
points — calculations in the framework of

the theory [13]: X — calculation of L by B
and f, (3), O — L calculation by the reso-
nance (2), ¥ — calculation of B in the de-
scending branch (4), A — calculation of the
resonance (3) and (2).

2.44-1077 m, i.e., the tendency of L short-
ening by irradiation has been preserved, but
the pace of decline has slowed. As in [1], it
may be noted that the behavior of the curve
L(t) fully explains all of the dependences
presented in Fig. 1 and 2. Irradiation leads
to the reduction of the average effective
length of the dislocation loops, vibrating in
the ultrasonic wave, which is reflected in the
shift of the resonance maximum (Fig. 1, 2) to
higher frequencies areas and lower values of
the dislocation decrement.

Calculations of the coefficient of the dy-
namic damping of dislocations B (Fig. 3,
curve 2) have been also performed by two
independent sources of information: accord-
ing to the position of the resonance peak
(Formula 8) and along the descending
branch (Formula 4). It is seen that the re-
sults of the calculations are practically
identical.

According to the research results [1], the
average value of the parameter B was
3.65-107% Pas. After completing, in this
paper the similar calculation in the range of
exposure area 2.5 times larger than in [1],
and having calculated the same value ac-
cording to other data, we state that its av-
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erage value remained virtually unchanged
(3.62:107% Pa-s).

Fig. 3 shows that the parameter B does
not depend on the irradiation dose in the
range of 0-1000 R. This result, together
with the results of [6, 7] confirms the valid-
ity of the authors’ views [14] that the coef-
ficient of dynamic damping of dislocations
B is a fundamental characteristic of the
crystal, depending only on the interaction
of dislocations with the phonon subsystem
of the crystal, and not depending on the
parameters of its dislocation structure.

Summarizing the work, the following
conclusions can be done. As it can be seen,
ultrasound is a convenient way of probing
the processes of radiation damage in crys-
tals at an early stage, which importance has
been emphasized by the authors of the re-
search [5]. Using standard and proven opti-
cal techniques for the same samples, it is
possible to draw conclusions not only about
the presence of color centers in irradiated
crystals, but also to determine their type
and number [15] by the spectral dependence

of the irradiation transmittance T (A). These
problems, in our view, have significant
prospects and could form the basis of our
subsequent works.

4. Conclusions

1) The effect of X-ray irradiation in the
range of 0-1000 R on the frequency spectra
of ultrasound dislocation absorption in the
frequency range of 37.5-232.5 MHz in LiF
at T = 800 K was investigated.

2) On the basis of the comparison of the
obtained experimental data, with the per-
formed in the framework of the model by Stern
and Granato theoretical calculation, the flow of
curves A, () and f,,({) was studied over the
entire range of radiation doses of 0-1000 R.
The validity of the theoretical prognostica-
tions concerning increasing or decreasing
with the exposure time according to the
law (1 + Pt)2 parameters A, and f,, respec-
tively have been proved.

3) On the basis of the performed and
compared to each other calculations of the
dynamic viscosity B coefficient in the de-
scending branches, and by the location of
resonance on curves Ay(f), the independence
B from the irradiation dose in the examined
dose range of 0—-1000 R has been proved,
which is consistent with the theory [14].

4) In the framework of the theory [13]
the dependence of the length dislocation
segment L from the irradiation time was
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calculated in two ways. A good match of
these calculations’ results with each other
and with the theoretical curve L(¢) by Stern
and Granato has been noted.
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JInHaMiuyHe raJbMyBaHHS THCIOKAIiNA
B ompoMiHeHuX Kpucraaax LiF

I'.O.Ilemuenko

3 MeTo0 BUBYUEHHS UPUPOAM MeXaHisdMiB, M0 JMIMIiTyIOTHL B ASKHUN pPyX [AUCIOKAIiif,
iMOyJIBCHUM JyHaA-MeTOAOM B YacTOTHOMY miamasoni 37,56—232,56 MI'n mocaig:keHo 3ageMII-
doBanuil gucnorarifinmit pesomanc y kpucranax LiF mpu kimmarmiit temnepatypi B imTe-
praii go3 ompominenna 0—1000 P. 3 yacToTHMX KPUBUX, BHATUX AJS KPUCTAJTIB i3 pisHuMMT
03aMU OTIPOMiHeHHs#A, BUSHAUEHO 3aJeKHOCTI Koedinienra B’ a3kocti B i cepenaboi edeKTUB-
HOI MOBKWHU JUCJIOKAIliliHoTOo cerMeHTy L Bim uacy ompowminemus. Ha migcTarBi BUKOHaHUX
BUMipIOBaHb, PO3PAXyHKIiB Ta iX aHanisy 3pobJeHO BUCHOBOK TIPO Te, IO AUHAMIUHE TaabMy-
BAHHA AUCJIOKAIil Vv JaHOMYy 00’€KTi Ta B [aHWX YMOBaX €KCIePUMEeHTY BU3HAUAETHCA JIUIIIE

(QOHOHHUM CHEKTPOM KPUCTAJA.
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