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The frequency spectra of dislocation losses of ultrasound in LiF single crystals irradi-
ated with 0 - 400 roentgen doses and preliminarily strained at ¢ = 0.3 % are investigated
at room temperature in 22.5 - 232 MHz frequency range. It is found that the rise of
X-ray irradiation doses is accompanied with clearly observed effect of dislocation reso-
nance quenching which manifests itself in monotonous shift of the dislocation resonance
maximum towards higher frequencies and lower amplitudes. The dependences of the
coefficient of dynamic viscosity B and the average effective length of the dislocation
segment L on the irradiation time ranging from O to 60 min are established and analyzed.

HccnemoBaHbl 4acTOTHBIE CIEKTPHI AUCAOKAIIMOHHBIX IIOTEPh YJLTPA3BYKA B YAaCTOTHOM
auanasone 22,5—232,5 Mru, gasi 00aydyeHHBIX B mHTepBase 103 obuayuenuii 0-400 penrren
MoHOKpuctamioB LiF ¢ Beamumnoil npeasapurenpHoll medopmanuu € = 0,8 % npm KoMHAT-
HOIl TemIeparype. YCTAHOBJEHO, YTO IPH yBEJIWYEHUU NO3bI PEHTIeHOBCKOI'O OOJydYeHUS B
YKa3aHHOM HHTEpPBaJe 4eTKO Habuarogaercda 3((eKT ralleHrusd JHCJIOKAIMOHHOIO PEe30HAHCA,
BEIPAMKAIONIUICS B MOHOTOHHOM CMEINEHHH AUCIOKAIMOHHOIO PE30HAHCHOIO MAKCHAMyMa B
CTOPOHY GOJBIIMX YACTOT M MEHBIINX AMILIHUTYZ. ¥ CTAHOBJEHBI W IPOAHAIN3NPOBAHLI 3aBU-
CHMOCTH KOHCTAHTBI AeMI(pupoBaHus B u cpensHell a((MEKTUBHON AJMHLI JUCIOKAIMOHHOIO
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cermedTa L or Bpemenu oOaydenus B uHrepBase 0—60 muH.

1. Introduction

It is known that radiation damage in
ionic crystals leads to changes in mechani-
cal [1-2], electrical [3] and optical [4, 5]
properties. The efficient method [6] which
allows to separate inputs to the restriction
of dislocation mobility of various types of
stoppers is based on the usage of the irra-
diation effect on the dislocations mobility in
a magnetic field. To study the radiation-in-
duced defects of these crystals, high doses
of radiation have been used. However, con-
sidering that the beginning of the qualita-
tive changes is formed in the very early
stages of exposure, the information on
changes beginning and their dynamics is
very important in both applied and theoreti-
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cal aspects. In particular, this information
may be useful for the solution of the engi-
neering problems associated with the usage
of ionic crystals in acousto-optics, as well as
the theoretical estimation of the radiation
exposure effects [1]. To study the effect of
low dose irradiation on the dislocation mo-
bility, the method of amplitude-independent
internal friction, which has a high sensitiv-
ity to weak stopper has been used. Earlier
mentioned method has been used in the
study dispersion of high-frequency ultra-
sound in NaCl [7].

The aim of this paper is a detailed study
of the weak X-ray irradiation effect on the
parameters of damped dislocation resonance
and on the absolute value of the viscosity
coefficient in a single crystal LiF.
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2. Experimental

The frequency dependence of the disloca-
tion losses of ultrasound in the acoustic LiF
crystals with a residual deformation 0.3 %
(in the unirradiated and then in the irradi-
ated states) in the frequency range 22.5-
232.5 MHz and temperature T = 300 K has
been investigated. The LiF crystals of purity
1004 wt.% and the dimensions of
17x17x25 mm3, obtained by the puncturing
along the slip planes <100> have been used
for the experiments. Later, the cleaved sam-
ples were fine polished and received the
subsequent optical polishing, so that non-
parallelism of the working end of the sam-
ple was approximately 1 pm/sm. To insert
into the crystal "fresh” dislocations, and
thus avoid the appearance of slip bands, ac-
cording to [8], a sample has been pre-de-
formed by the compression along <100> di-
rection on the testing machine type "In-
stron”, the strain rate of 1072 s71. Under
such loading conditions, the crystal surface
is uniformly covered with the figures of
etching, which facilitates their calculation.

The measurement of the longitudinal ul-
trasound absorption has been performed by
the application of the calibrated exponen-
tial. The ultrasonic wave has been passed
along the long axis of the crystal in a direc-
tion in which its preliminary deformation
has been carried out.

The irradiation of the crystals LiF has
been performed on an aggregate URS-55
(Cu, 40 kV, 10 mA). The irradiation dose
rate, determined with a dosimeter KID-2 at
the location of the crystals under considera-
tion was 0.11 roentgen/sec. In order to
avoid irregularities caused by the action of
internal stresses, each of the 4 side faces
parallel to the long axis of the crystal has
been irradiated for 15 min, which corre-
sponded to a total dose of 400 roentgen.

3. Results and discussion

Figure 1 shows the results of the fre-
quency dependence study of dislocation dec-
rement for the samples with LiF residual
deformation € = 0.3 % before the X-ray ir-
radiation (curve 1) and after it (curves 2-5).

It is seen, that the form of frequency
curves Ay(f) for the dislocation decrement
has the character of damped resonance. The
obtained experimental points fall on the
theoretical frequency profile, calculated for
the case of exponential distribution of dislo-
cation loops along its length. When compar-
ing the measured curves Ay(f) with the theo-
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Fig. 1. Frequency dependence of the disloca-
tion decrement for LiF samples with the value

of deformation ¢ = 0.3 % at room tempera-
ture with the different irradiation time i:

1 — unirradiated, 2 — 15 min., 3 —
30 min., 4 — 45 min., 5§ — 60 min. Solid
lines 1, 2, 3, 4, 5 — theoretical curves and

high frequency asymptotes.

retical profile, the binding of the latter was
carried out primarily with a focus on those
data points that lay on the descending
branch of the experimental curve in the
resonance area. As in [7-9], we have used
the equations describing the position of the
resonance peak and its descending branch:

A,, = 2.20A(AL2, 1)
Foo 0.084nC 2)
mn 2BLZ °
_ 40QGb3A 3)
® n2Bf ’
where A, — the value of the decrement for

frequencies f > f,,, & — the orientation fac-
tor which takes into account that the re-
duced shear stress in the slip plane is less
than the applied stress, L — an average
effective length of dislocation segment,
Ag = (8Gb2)/(n3C), C — the effective stress
of the bent dislocation (C = 2.Gb2/n(1-v)),
A — the density of dislocations, v — Paus-
son’s ratio, G — shear modulus of the cur-
rent slip system, b — Burgers vector value.
The equation (3) shows that the limiting
value of the decrement A, is mainly deter-
mined by the parameters Q, A, B and does
not depend on the length of the dislocation
segment L and the nature of the loops dis-
tribution along its length, i.e., measuring

Functional materials, 17, 4, 2010



G.A.Petchenko, A.M.Petchenko / The study of the ...

B-10°, Pa-s

3 1 1 1 1 1 1 L 12
0 10 20 30 40 50 t, min

Fig. 2. Dependence of the irradiation time ¢ of
the average effective length dislocation seg-
ment L (1) and damping constants B (2) for the
LiIF crystals with the magnitude of previous
deformation € = 0.3 % at room temperature.

the resonance curves A,(f) and using rela-
tion (38), we can easily determine the damp-
ing constant B, previously determining the
amount of high-frequency asymptote value
A, and the dislocation density by the selec-
tive etching. To find the coefficient of the
viscosity B the following values have been
used in this study Gy;¢= 3.583-1010 Pa,
Q =0.311 [9], b = 2.85:10710 m, calculated
by the formula b =a/V2 [10], where a =
4.025-10710 m [11], A =1.281019 m=2 ob-
tained in this study by counting the etch
pits. The dislocation density A in LiF before
and after the exposure to X-ray beams of
X-ray dose of 400 roentgen remains un-
changed.

The results of the calculations by the
formula (3) of the absolute value B have
been shown in curve 2 in Fig. 2. The coeffi-
cient of viscosity before and after irradia-
tion at a constant temperature and density
of dislocations is virtually identical. The av-
erage value of the parameter B, obtained
according to Figure 2 is 3.87-107® Pa-s. To
elucidate the mechanism controlling the
shift of the dislocation resonance on height
and frequency in the present work, the be-
havior of the dislocation of the parameter L
in LiF erystals under the influence of vari-
ous doses of irradiation has been investi-
gated. L values have been calculated by the
formula (2), with the substitution of values
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Fig. 3. Dependence of the irradiation time ¢
values of the dislocation decrement at the
maximum A, (I) and the resonance frequency
fm (@) for the LiF crystals with the magnitude

of deformation ¢ = 0.8 % at room temperature.

for Pausson’s coefficient v = 0.27, obtained
from the relation v = C;5/C;; + C;5 [10] and
value C = 2.5:109 N, calculated taking into
account the value Gb2 = 2.87-10710 Pa-m2. In
addition, the data for the resonance fre-
quency f, and the damping constant B,
given in Fig. 8 and 2, have been used re-
spectively. As a result of the generated cal-
culations, the dependence of the dislocation
segment length L from the irradiation time
has been specified, which is represented
with the curve I in Fig. 2. It is seen that
with the increasing doses of the irradiation
the length of the dislocation segment L de-
creases monotonically from the initial value
of 8.11.107 m (for the unirradiated crystal)
to a value of 4.14-10~7 m, obtained after the
X radiation for 1 h.

The analysis of equations (1) and (2)
shows that the reduction of the length of
the arc L has to result in a shift of the
resonance peak to higher frequencies and
decrease its amplitude, as it is observed in
Fig. 3. Moreover, a high frequency asymp-
tote of the maximum in accordance with (3)
should be the same for all stages of irradia-
tion. This is due to the fact that in equation
(3) the value A, does not depend on the
length of the dislocation loop L, but on the
dislocation density A, which does not
change at such doses. The experimental data
presented in Fig. 1 clearly confirm these
theoretical predictions.
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4. Conclusions

It has been discovered that after the ex-
posure to doses of X-ray irradiation equal
to about 100 roentgen in LiF crystals the
level of the resonant absorption of ultrasound
is significantly reduced, and also its frequency
localization is changed. With the further irra-
diation, the behavior of dislocation resonance
remains the same. Resonance curves A(f), de-
creasing in amplitude, monotonically shift to-
wards the high frequency areas.

It has been shown that after the expo-
sure to X-ray irradiation the quantity of
the dislocation decrement A, at the maxi-
mum decreases sharply, and its resonant
frequency £, in this case increases about
4 times. With the application of the maxi-
mum dose of 400 roentgen in crystals the
quenching effect of the dislocation reso-
nance is observed, accompanied by a sub-
stantial reverse of subordinate acoustic
characteristics of the crystal.

It has been proved that the density of dis-
locations A in LiF crystals before and after
exposure to X-ray dose of 400 roentgen re-
mains the same, and the independence of
the coefficient of dynamic viscosity B from
the radiation dose has been established. The
average value of the parameter B is
3.87-1075 Pas.

The dependence of the dislocation segment
length L on the irradiation time has been
defined. It has been shown that with the in-
creasing doses of the dislocation segment
length L, due to its pinning with blocking
centers, decreases monotonically from the in-
itial value of 8.11-107 m (for the unirradi-
ated crystal) to a value of 4.14.10°7 m, ob-
tained after the X radiation for 1 h.
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CoocrepesxxkenHsa e(eKTy TraciHHA AUCIOKAI[IMHOTO
pe3oHaHcy B Kpucragax LiF mig BmaumBom maaumx mos
PEHTTeHiBCHKOT0 ONPOMiHEHHS

I'.O.Ilemuenxo, O.M.Ilemuenko

HocaigKeHo 4acTOTHI CIIEKTPM AMCIOKAIINHMUX BTPAT YJAbTPa3BYKY B YaCTOTHOMY Aiama-
soni 22,5—-232,5 Mru giasa onpoMminenux B iHTepBasi 103 onpominenns 0—400 peHTreH MoHO-
kpucraraiB LiF 3 Benmmumnoio momepesunoi medgopmanii € = 0,8 % npu kKimuarHif Temmepa-
Typi. BeramoBieno, mio npu 30idblIeHHI 103M PEHTrEeHIBCHKOrO ONPOMiHEHHS y BKasaHOMY
imTepBani uiTKO mpocTeKyeThcs e(eKT raciHHs IUCIOKAIIMHOIrO pe3oHaHCY, IO BHPA-
JKAETBCA y MOHOTOHHOMY B3MIiIl[€eHHI JHCJIOKAI[iiHOrO pPEe30HAHCHOro MaKCHUMyMy B OiK
OlJIBIIMX YACTOT i MEHIIMX aMILIiTyx. BecTaHoBIeHO Ta IIPOaHAJIiB0BAHO 3aJI€KHOCTI KOHCTaH-
T gemudyBanuda B i cepenuboi e)eKTHBHOI TOBMKHUHHU JHCIOKAIiliHOrO cermenTy L Bimg uacy

onpominenus B mHTepBaai 0—60 xB.
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