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Using light-scattering method, the cracks formation was experimentally studied in
NaCl single crystals under uniaxial cyclic compression (107 N/m?2) during ~10 ¢ at room
temperature and following annealing at T = 500°C for ~10 min. The observed cracks were
sorted (conventionally, in comparison with wavelength of the light used) into small ones
showing the pattern of isotropic scattering, and big ones showing the scattering pattern
with sharp maxima. It was established, that both small and big cracks were positioned in
{100} planes and formed by Cottrell mechanism. In late stages of deformation, a little
quantity of cracks was observed in {110} planes. Among possible mechanisms of the cracks
formation, Stroh mechanism is considered as the most probable in our case of small
deformations and stress. As the cracks are accumulated, the formation of ordered compact
groups of cracks is found which are analogous to ordered groups of solid foreign-phase
precipitations under decomposition of supersaturated solid solutions. The volume fraction
of small cracks is by two orders of value higher than the volume fraction of big ones. The
volume fractions of both kinds of cracks increase with the cycle number, but the big crack
volume fraction increases much faster.

OKCIIepUMEeHTAJIbHO HUCCIEeLOBAHO METOLOM CBeTOpaccedHUA 00pasoBaHUE TPEIIUH B MOHO-
kpucraniaax NaCl B yeaoBusax ogmoocHoro nmraudeckoro coxarus (107 H/m?) B reuenue ~10 ¢
mpu KOMHATHOM TeMIlepaType U mociaenayoiiero otskura npu T = 500°C B teuenme ~10 muH.
HabnromaemMble TpeUUHEI IO pasMepaM pasiesieHb! (YCIOBHO, IO CPABHEHWIO ¢ AIMHOI BOJIHEI
WCTIOJB3YEMOTO CBETA) Ha MaJble, JAONIUe WB0TPOMHYI KAPTHHY DPACCESHWS, W KPYIHEIe,
KapTuHa PAcCesSHUS CBeTa KOTOPBIMU COJEPIKUT PE3KMe MaKCUMYMBI. ¥YCTAHOBJEHO, UTO U
MaJsible, W KPYIHBIE TPEIUHBI pacmojaraiTes B Iiockocrax tuma {100} u obpasywores
mexanuaMoMm Kottpensna. Ha gamerkux cragusax gedopMupoBanms HABGIIOAAIOTCA B HeGOJIb-
1ITOM KOJUYeCTBe TPEIUHLI B MaoCKocTAX Tuma {110}. V3 BOZMOMKHLIX MeXaHM3MOB HUX
o0pasoBaHMA B HAIleM ciiyuae (Manblx medopManuili U HATUPAKeHUIT) HAnboIee BEePOATHBIM
mpenacTaBaserca MexauusMm Crtpo. O6HapyKeHO, O Mepe HAKOIJIEHUS TPENIUH, o0pasoBaHUe
YIOPAMTOUEHHBIX KOMIAKTHLIX TPYIN TPEINH, aHAJOTUYHBIX YIOPAMTOUEHHBIM TPYIITIaM TBep-
IbIX WHO(MASHBIX BBIEJeHWH TPM pacuaje TEPecHINNIEHHBIX TBEPABIX pacTBopoB. O0neMHasd
MOJIA MAJBIX TPEININH Ha [Ba TOPAIKA TPEBOCXOAUT OGHEMHYIO AOMI0 KPymHBIX. O0LeMHBIE
MOJMN TeX U JAPYTUX PACTYT C HOMEPOM IIMKJA, HO OIMEPEIKAIONMM TEeMIIOM DPAaCTeT JOJsd
KPYOHBIX TPETUH.
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1. Introduction

The problem of solids strength is very
deeply intertwined with a problem of differ-
ent defects formation in the solid under
loading [1] — dislocations, micro-cracks [2],
pores, etc., including also statistical ones
connected with energy fluctuations. The ob-
served patterns [8-6] can be understood
only on the basis of experimental studying
and analyzing the evolution of all compo-
nents of materials defect structure in their
inseparable connection. A lot of experimen-
tal data have been accumulated also on the
evolution of defect structures during defor-
mation [7-10]. However, the question about
physical mechanisms of stress relaxation
nearby the present and just formed stress
local concentrators and related transforma-
tion of the defect structure remains practi-
cally open. As well, direct investigations are
necessary to understand the interconnection
of elemental acts of plastic deformation and
destruction that demands various measuring
instruments.

For transparent objects, such as alkali-
halide (AH) single crystals, the technique
for studying the defect structure was devel-
oped basing on measuring the patterns of
light scattering during defect formation
[11]. The information on geometry, sizes
and arrangement of the defects as scatter-
ing centers is obtained from experimental
data on spatial distribution of light-scatter-
ing intensity [11, 12].

In the present work was aimed at the
study of geometry and formation mecha-
nisms of crack assemble in NaCl single crys-
tals under cycling uniaxial compression
using the light-scattering method. It was
shown experimentally and theoretically that
under loading cycling, accumulation of crys-
talline lattice faults took place [7, 13]. This is
connected to the fact that practically always
under secondary loading the deformation
takes place due to new shears formation [14].

2. Experimental

As the objects of the study optically
transparent NaCl single crystals were se-
lected, which are less hygroscopic than KCI
and KBr, and more convenient for studying
by light-scattering method.

From NaCl single crystals grown by Ky-
ropulos method, the samples in the form of
cylinders with axis parallel to crystal-
lographic direction (100) and sizes d = 8 mm
and 2 =15 mm were made. The samples
were subjected to normalizing annealing at
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Fig. 1. The scheme for light scattering inten-
sity measurements: a) I and 2 are, respec-
tively, lateral and axial lighting the sample;

x

Iy, Iy, Iy are intensities of incident beam,
directly passed one, and one scattered at the
angle 6, respectively.

T =700° during t=1 h, after that the
light-scattering intensity was measured.
The procedure of the experiment consisted
in cyclic repeating of deforming and anneal-
ing operations followed by the light-scatter-
ing intensity measurements after each opera-
tion. For each sample, 4—5 cycles in all were
performed. The observation results were aver-
aged over a series of 20 samples.

The sample deformation was carried out
along the cylinder axis coinciding with
(100) type direction at room temperature

under stress o =10"N/m2, and holding
under loading for about 10 s. Under this
stress, the noticeable variation of the light-
scattering pattern was observed already at
the first deformation step. Under loading
4-10"N/m2, the authors of [15] observed the
formation of large micro-cracks and large
(of an order of 100 um) globe-shaped assem-
blages of pores.

Annealing was carried out at T = 500°C
for 10 min in order to somewhat stress re-
laxation near concentrators, thus, to pre-
vent the formation of visible main cracks
[16]. In order to avoid large thermal stress,
both heating and cooling of the sample were
carried out together with the furnace ap-
proximately for 10 min. As the estimations
made by the technique [17] and the experi-
mental testing showed, thermo-elastic stress
were minimum, and the dislocation density
did not increase under such regime of ther-
mal treatment.

The scheme for measurement of scattered
light intensity is shown in Fig. 1. Two vari-
ants of lighting were used: (1) lateral light-
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ing, and (2) axial lighting. The sample
could revolve on its axis, thus varying ¢
angle setting the crystallographic orienta-
tion of the crystal within the incident light
beam at 0 = const. The scattered light was
registered in XOY plane where the incident
I, and the scattered I(0) light beams laid,
which is named the scattering plane. The
dependence I(0) at lateral lighting is named
the scattering indicatrix. For spherical par-
ticles with size less than incident light
wavelength, the indicatrix is mirror-sym-
metrical relative to XOZ plane. As the par-
ticle size increases to values comparative or
larger than the incident light wavelength,
the indicatrix becomes asymmetric —
stretched forward (along the incident light
beam). This fact is used for determination
of the scattering particle sizes, or even the
function of the particles size distribution. If
the scattering centers are not spherical, the
pattern of spatial distribution of the scat-
tering light becomes substantially compli-
cated; therefore, for each specific form of
particles, taking into consideration their
spatial arrangement and physical proper-
ties, the solution of the corresponding di-
rect problem is necessary.

For the case of AH single crystals with
FCC lattice, it is expected that the foreign
particles appearing in them will have the
parallelepiped-like limiting forms (cubes,
plates, or rods). In [11], on the base of the
direct problem solution for such particles
with different ratios of sides and their sizes
but with low refraction index relative to the
matrix (Rayleigh-Gans approximation), the
angle dependences of light-scattering I(¢) at
0 = const for lateral and axis lighting, and
I(0) at @ = const for lateral lighting were
calculated by the computer. These allow de-
terminating the particle forms and crystal-
lographic orientations firmly enough by
comparing the calculated and experimental
dependences. Notice, that in principle this
technique can be applied also for transpar-
ent crystals of another symmetry providing
the direct problem solution for another par-
ticle forms.

The sizes of anisomeric particles can be
determined by the angle half-widths of cor-
responding light-scattering maxima; by the
ratios of the heights of corresponding max-
ima I{@) at 6 = 45° and 6 = 135°; by elonga-
tion of the scattering indicatrix, as it was
described in [11]. The particle concentration
is determined by the light-scattering inten-
sity (I) at 6 = 90° from the expression:
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Fig. 2. Micrographs of dislocation structures
for NaCl single crystal: a — the initial sam-
ple before deformation (x180), b, ¢ — after
the third and fifths deformation cycles,
(x180).

I=2.9-10"Nv2d2(0,0,,), (1)

where N, v are particle concentration and
volume, respectively; ®2(0, 0;) is phase
function taking into consideration the phase
relations of waves scattered by particle ele-
mental volumes, and determined by the
technique given in [11]; o, is the direction
cosine matrix describing the position of the
particle proper coordinate system within the
laboratory coordinate system (XOY). The
factor 2.9-1017 takes into account all geo-
metric, physical, and light-, and electro-
technical parameters of the installation, and
allows expression of the light-scattering in-
tensity in mV. The light-scattering dia-
grams I(@) are measured at lateral lighting
with settled angles 6 = 45°, 90°, 135°, and
at axial lighting with 6 = 90°.

3. Experimental results

The dislocation structure was studied on
special samples cut off the same block of
NaCl single crystal which was used also for
preparation of cylinder samples for measur-
ing the light-scattering. The samples had a
shape of parallelepipeds with 8x8x15 mm3
sizes and were subjected to temperature —
loading treatment using the same technique
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as for the samples for light-scattering ex-
periments. In Fig. 2 the dislocation struc-
tures are shown for the initial sample (a)
and the samples after the third (b) and the
fifth (c) cycles. The dislocation density in
the initial sample was about 2.109 m~2.
After the first deformation, the dislocation
density increased by a factor about 2-3.
After several loading cycles, a lot of solder
pads occurred on the crystal cleavages, so
the surface looked like a little deformed.
Etching the surface resulted in non-contrast
pattern, and dislocation structure was al-
most non-recognized (Fig. 2b and 2c).

Examples of typical angle dependences of
light-scattering intensities for the initial
sample and the sample after the first, sec-
ond, and third loading cycles are shown in
Fig.3. The scattering pattern for the initial
sample (dependence I(¢) is isotropic under
axial lighting. The scattering indicatrix (de-
pendence I(0) under lateral lighting) con-
tains no peaks (smooth curve), but being
not Rayleigh one, this is somewhat forward
elongated. The scattering particle radius,
which is determined by the indicatrix asym-
metry, was found to be about 1.2:10-7 m,
and their concentration was of the order of
1013 m~3, The particle shape was unknown,
thus, the size given should be understood as
an effective radius of the particles. The
similar observations were done in [18]
where micro-cracks formation was observed
in {100} type planes in KCI single crystals
(in the solid samples and in the samples
with a solitary pore) under conditions of
uniform compression of the crystal. Taking
into account these and other observations
and also the symmetry of NaCl type crys-
tals, it may be assumed that in the sample
under consideration in initial state, also
micro-cracks and cubic micro-pores bounded
by {100} type planes are responsible for the
light scattering.

Already the first deformation of the
sample results in appearing the scattering
peaks in the scattering diagrams for lateral
lighting. Qualitative changes are observed
in the indicatrix — the scattering peaks ap-
pear in it. The "smooth component” of the
scattering indicatrix changes: the indicatrix
asymmetry decreases, and the trend to in-
creasing the scattering average intensity ap-
pears (Fig. 3). This indicates the fact that
in the crystal after the first deformation,
new scattering particles occurred which
sizes are somewhat lower than for the parti-
cles present on the initial sample (the indi-
catrix asymmetry decreased). It may be as-
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Fig. 3. Examples of scattering diagrams I(¢)

at fixed angles 0 equal to 45°, 90° and 135°
under lateral lighting: a — for the initial
sample; b, ¢, d — after the first, the second
and the third deformation-annealing cycles,
respectively; e — example of a split maxi-
mum under lateral lighting; f — possible
scheme of the group. The attenuator posi-
tions of the registering device: a — 1 mV, b
—3mV,c — 10 mV, d — 30 mV.

sumed that these particles are cracks and
micro-pores which are usually observed
under such conditions.

The I(p) peak symmetry as a rule is ab-
sent in the light-scattering diagrams under
lateral lighting after the first deformation.
Evidently, this is caused by what slip planes
from possible ones have taken part in defor-
mation process. Already after the second de-
formation cycle, most often four scattering
peaks are observed in the diagram at 6 = 90°,
which correspond to the angles ¢ of crystal
rotation: 45°, 135°, 225°, 315° (in initial
state, at 6 = 0, the direction [100] coincides
with the incident beam direction). At the
lateral lighting, after two cycles, none of
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peaks are observed as a rule in the light
scattering diagram I(@).

The indicated arrangement of the peaks
in the scattering diagrams at lateral and
axial lighting testifies to the fact that in
the disperse structure of the sample after
deformation, big enough plate particles oc-
curred lying in the planes of {100} type.
These particles are, evidently, the cracks.
The scattering peaks are not ocbserved from
the small cracks, therefore, their orienta-
tion is considered to be the same as for the
cracks, from which the peaks are observed.
Sorting the cracks by sizes into "small” and
"big" is rather conventional. That is caused
by with the light-scattering method used for
their observation: if a particle has a relative
size k, - a <1 (k, = 2n/A,, A, is wavelength
of the incident light in the medium where
the particle is), the scattering diagrams are
isotropic, so the particle is considered as
small; if particles have the relative size
k, - a =1, the scattering intensity peaks ap-
pear in the scattering diagrams, so, the par-
ticle is considered as big.

The differences between formed cracks
sizes are connected with the differences of
local conditions for their generation and
growth, but their nature, mechanism of
generation and growth, the plane of their
deposition under the specific experimental
conditions are similar (do not depend on the
sizes). The formation of some quantity of
cubic holes due to vacancy coalescence dur-
ing plastic deformation and subsequent an-
nealing also must not be ruled out.

After 3—-4 cycles of loading and anneal-
ing, some scattering peaks are split. After
the splitting, the angle distance between the
neighboring peaks is from ~10° to 40° + 50°.

4. Discussion

The discussion of the results we begin
from the analysis of the data resulted from
the scattering indicatrix looking like a
smooth curve (without peaks). Such shape
of the indicatrix is characteristic for either
spherical (isomeric) particles, or, as it was
mentioned earlier, for anisomeric particles,
if their effective radius a satisfies the con-
dition: kga <1 (small particles). In our
case, such anisomeric particles are small
cracks (as it was mentioned above).

For approximate estimation of the small
crack size we apply the following approach.
By the indicatrix asymmetry m = I,5/1;35
we determine a certain effective radius a of
the particle [11, 12]. Taking into account
that the particle scattering intensity aver-
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Fig. 4. Dependences of crack concentration
(Nv) — (a), and crack volume (V) — (b, ¢) on the
cycle number (i): O® — small cracks, A A — big
cracks; O A — after deformation, ® A — after
deformation and annealing.

aged over the sample rotation angle ¢ is
determined by the particle volume, we
equate the volume of the sphere (4/3)mad
with effective radius a to the volume of a
plate L2§ (L is the plate width, § is its
thickness). Assuming (L/d) =10 + 20, we
obtain the estimation of a small crack size:
L = 4a. The crack concentration was deter-
mined by the technique proposed in [11].
The obtained dependences of concentra-
tion (N) and volume (v) of small cracks on
the cycle number (i) are shown in Fig. 4a, b.
As it is seen, their volume somewhat de-
creases in the beginning, and then it shows
a trend to increase as the number of cycle (i
increases; but as a whole, for all five cycles,
the increase of the small crack volume is
insignificant. The crack concentration (N)
increases with the cycle number, however
this trend becomes somewhat slower to the
end of the experiment. The observed begin-
ning behavior of the dependence v(i) is
naturally to relate with the fact that in the
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initial sample, there were particles of some-
what larger sizes than the new-generated
ones. Addition to them of a lot of new
cracks of slightly less size decreases a little
their observed average size.

Let us clarify, how is justified from the
point of view of the energy-force approach
the appearance of the cracks with observed
sizes, and how can these be stable under low
enough average stress applied. According to
Griffith criterion, the critical size L* of a
stable crack able to grow is given by the
evaluation [16]:

_ 8Gy 1 (2)

“nl-v) o2

where G is shear modulus, Yy is the specific
surface energy, V is Poisson coefficient, ¢ is the
applied compressive stress. Taking into ac-
count that y= 0.1 Gb [10] (b is Burgers vec-
tor) and substituting the numerical values:
b=31010m, v= 0.3, G=1.281010 N/m?2,
6 =107 N/m2, we obtain L* = 71075 m.
This evaluation indicates that the observed
crack size (L =4a = 4.81077" m) is by two
orders less than the size followed from (2).
Such situation occurs practically always
[16] and is explained by the fact that the
existence of sub-critical size cracks is stabi-
lized not by the applied average stress but
by the stress concentration in vertices of
dislocation clusters compressed under the
applied average stress.

Let us evaluate the possible over-stress
value under our conditions using the follow-
ing model [16]. Let’s assume that these
stresses occur at the vertex of hindered dis-
location clusters. If the cluster is hindered
by intersections of the dislocation forest, at
the mobile dislocation density p the cluster
length I will be I =p~1/2, The dislocation
number which can be supported in the clus-
ter by the applied stress o is determined
according to [16] as

-l -vio (3)

N Gb

The stress 6 near the cluster vertex,
where x — 1/2 <1/2, is

~ l s 4)
G_cj'(ac—l/2) )

Within continual approximation, this
formula is valid for the distances more than

(x) between the head dislocations in the
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cluster which, in turn, is of the order of
value x’ = [/(2N). Substituting in (4) in-
stead of (x —1/2) its limiting value x’ =
1/(2N) and taking into consideration that in
our case p = 6-109 m2, we obtain the
value for the over-stress at the cluster ver-
tex: o/c = 138. Substituting in (2) the
value (6) instead of (G), we obtain for (L¥)
the value 81077 m. As it is seen, the value
(L¥) is close to the size of the observed
cracks L = 4.8.1077 m. Hence, it may be
assumed that the crack formation model ac-
cepted as the base for the evaluation is
quite real, and the cracks observed should
be stable (as it is observed experimentally).
This is even more justified, taking into ac-
count that in ionic crystals of NaCl type the
planes {100} being isolated have signifi-
cantly lower surface energy (y) than the
generally accepted in estimations average
value 0.1 Gb. For example, the ratio
(Y(llo)/'Y(loo)) =~ 2.7 is known for NaCl. This
fact substantially facilitates the generation
of cracks positioned just in the {100}
planes.

Now, let us discuss the results of experi-
mental observations for big cracks responsi-
ble for the peaks in the scattering dia-
grams. As it was mentioned above, we con-
cluded that the scattering particles having
the plate-like shape are positioned in {100}
planes. Taking into consideration the an-
isotropy of the surface energy in NaCl type
single crystals as well as its minimum value
for {100} planes, the result obtained seems
logical. In the mentioned crack arrange-
ment, also the information on the most
probable mechanism for their formation is
laid. That may be Cottrell mechanism [16]
which consists in that in the places of the
slipband intersections due to dislocation re-
actions like (a/2)[101] + (a/2)[101] = a[001],
so called "sitting” dislocations are formed
(unable to move). Burgers vector and the
line of such ’sitting’ dislocation are in the
planes of (001) type, while the possible slip
planes are {110} and directions (110). Elas-
tic stress from such dislocation walls can
relax due to opening the micro-cracks in
{100} planes. The similar picture was ob-
served earlier in the experiments on healing
the isolated holes by dislocation mechanism
under crystal hydrostatic compression.
Micro- and macro-cracks in {100} planes
were formed in the crystal plastic deforma-
tion area joining the pore [18].

The half-width of the big cracks was de-
termined by measuring the angle full width
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at half maximum for corresponding scatter-
ing maxima using the plots from [11]. It
was assumed that the function particle dis-
tribution by sizes is Gaussian with disper-
sion value 0.5. The plate thickness was also
determined by the technique proposed in
[11]. The particle concentration was deter-
mined by Eq.(1) and ®(6, o;,) data taken
from [11].

In Fig. 4a, c, the dependences of concen-
tration (V) and big cracks volume (v) on the
cycle number (i) are shown after deforma-
tion and after annealing. As it is seen, the
volume increase of both big and small
cracks is insignificant. The big cracks con-
centration rises with the cycle number much
faster than for the small ones but also
shows a trend to slowing.

The dependences of small and big cracks
volume fraction (Nv) variation on the cycle
number are shown in Fig. 5. As it is seen,
the volume fractions of both types of cracks
increase with the cycle number, but the big
cracks fraction increases faster. This is ob-
viously connected with that the big cracks
have certainly over-critical size; therefore,
these display much lower tendency to clos-
ing after loading removing, thus being ac-
cumulated both by quantity and by total
volume from one cycle to another. The total
relative volume of cracks in the crystal is
represented as almost a whole by small
cracks, and this increases during the load-
ing cycling by about two orders of value.

In the late cycles of deformation, the ef-
fect of splitting into two closely positioned
peaks is observed for some scattering peaks
(Fig. 3e). The similar scattering peak split-
ting was observed as well in [19] during
studying the solid solution decomposition in
KCIl + Ba system. Also in [19] the ordered
groups of BaCl, precipitations were ob-
served by electron microscopy. Schemati-
cally, the conversion of the scattering pat-
tern from the scattering by solitary chaoti-
cally distributed parallel plates to the
scattering by a compact group of closely
arranged plates may be represent as follows.
The ordered group shown schematically in
Fig. 3f due to interferential addition of
waves scattered by each particle of the
group causes a maximum on the scattering
diagram as a solitary particle with its depo-
sition plane (habitus) forming the angle (o)
with {100} plane. As the group may be con-
structed in two mirror-symmetric directions
relative to the deposition plane {100} of in-
dividual particle, the habitus of the group
may constitute the angle (xo) with {100}
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Fig. 5. Dependences of cracks volume frac-
tion (Nv) on the cycle number (i): O ® —
small cracks, A A — big cracks; O A — after
deformation, ®, A — after deformation and
annealing.

type plane. This results in splitting the
maximum into two maxima shifted relative
one another over the crystal turning angle
(¢) by the value AQ = 2o (see Fig. 3f). Tak-
ing into consideration the results of [19] it
can be assumed that in our case, the forma-
tion of compact ordered groups of cracks is
also a consequence of total elastic energy
minimization for the crack system including
concentration over-stress and mutual ar-
rangement of cracks in the group. In [20]
the similar step-wise arrangement of cracks
was observed in intermetallide TizAl.

The small cracks have the size close to
critical value. They do not close down (at
any case, completely) in the existing stress
field mainly due to plastic deformation in
the mouths. Therefore they are able to open
under loading and partially close down after
its removing. Additionally, small cracks,
displaying none individual scattering an-
isotropy, are able also to form groups with
the same geometry and on account of the
same physical causes that bigger particles,
thus contributing into intensity of the split
scattering maxima.

Along with scattering maxima from
cracks lying in the planes {100}, sometimes
in late stages of deformation the scattering
peaks occur positioned at the angles ¢ = 0°,
90°, 180°, 270° under lateral lighting the
sample. Also the scattering maxima are ob-
served positioned at the same angles ¢ = 0°,
90°, 180°, 270° but under axial lighting.
Such configuration of the maxima is caused
by cracks lying in {110} planes. These obser-
vations are not regular; therefore they were
not treated quantitatively. As evaluation it

Functional materials, 19, 4, 2012
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may be noticed that the cracks in {110}
planes and big cracks in planes {100} are
almost similar by size (judging by the max-
ima half-width), but the quantity of cracks
in {110} is lower by several orders of value.
They are able to form either by the mecha-
nism of opening parallel slip planes that is
possible under large loadings and high de-
grees of deformation [16] where high dislo-
cation density occurs in the slipband and
the distance between bands is small, or by
Stroh mechanism (crack opening at the ver-
tex of a dislocation cluster hindered by a
tough detainer). In this case the dislocation
cluster near the hindrance transform the
dislocations near the detainer into cleaving
ones [16], and the crystal cleavage and the
crack formation result in some relaxation of
the local stress and allow to the source to
form new dislocation loops absorbed by the
growing crack. The first mechanism under
our conditions is not excluded but seems
significantly less probable (because of small
loading) than Stroh mechanism [16].

5. Conclusions

As a result of the experiments, their
analysis and evaluations it was established
that under cyclic loading of NaCl samples
with relatively low loadings (=107 N/m2),
microscopic cracks occurred in them: small
k,a <1 and big k,a>1, which are posi-
tioned at {100} planes and generated by Cot-
trell mechanism. Their volume fraction (Nv)
increases during the loading cycling. The
critical size of the cracks estimated based
on Griffith criterion including the factor of
stress concentration agreed practically with
the experimentally observed size of the
formed small cracks.

In the late stages of deformation, the
transformation of geometry of the crack as-
semble was found; this consisted in forma-
tion of ordered compact crack groups that
was revealed by the peak splitting in dia-
grams I(Q).

Along with cracks lying in {100} planes,
in the late deformation stages the formation
of the cracks lying in {110} planes was
found. From two possible mechanisms of
their formation (the mechanism of opening
the parallel slip bands, and Stroh mecha-
nism — the crack opening at the vertex of
dislocation cluster hindered by tough de-
tent), under our conditions with low loading
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and small deformation, Stroh mechanism is
considered the most probable.

The volume fraction of small cracks ex-
ceeds by two orders of value the volume
fraction of big cracks. The volume fractions
of both kinds of the cracks increase with
the cycle number, but the fraction of big
cracks increases faster (more than by an
order). Therefore, as to the risk of the crys-
tal destruction, it is caused, first of all, by
big cracks, not only due to fast increasing
their total volume, but also in connection
with the trend to formation of large ordered
groups and, possibly the main (destroying)
cracks.
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MexaHi3MHu YTBOPEHHA i reomMeTpia aHCcaMOJIO TPillUH,
SKi (pOpMYyIOTHCA IPH OJHOOCHOBOMY IHMKJIIYHOMY
cruckanHi monokpucrajis NaCl

I10.1.Boiiko, M.A.Bonocrwx, B.I' 'Kononenko

ExcrepuMeHTaIbHO AOCIiIKEHO METOJOM CBiTJIOPO3CiI0BAHHS YTBOPEHHS TPINIMH ¥ MOHO-
rpuctanax NaCl B ymoBax ofHoocs0Boro mukaiunoro cruckanss (107 H/Mz) npotarom ~10 ¢
npu KimuarHi#i Temmeparypi i momanbioro Bigmany npu T = 500°C nporarom 10 xs. Cmoc-
TepeKyBaHi TpimmHN 3a posmipamu poamgineHi (yMOBHO, y IIOPIiBHSHHI 3 MOBMKHHOIO XBHJL
cBiTaa, [0 BUKOPHWCTAHO) Ha MaJji, [0 AAIOTh i30TPONHY KapTHUHY pPosciroBanHsa, i Beauki,
KapTHHA Po3CiloBaHHA cBiT/a AKMMHU MicTuTh piski makcumymu. Beranosieno, mro i madi, i
BeJAMKi TpimuHM poaramoByloTbea y maommuHax tuiy {100} i yrBOpromThCA MexaHiaMoOM
Korrpenna. Ha mamekux cramiax meopMyBaHHS CIIOCTEPiraroTbCa y HEBEAMKIN KinbKocTi
Tpimuan y maommHax tumy {110}, 3 MoAMBUX MexaHiaMiB iX YTBOPEHHA y HAIIOMY
Bumagky (mManux pgedopmaniii i HampyskeHb) Haubinbm iMOBIpHMM BHIAETbCA MeXaHIZM
Crpo. Busasieno, y Mipy HAKONWYEHHS TPIIIUH, YTBOPEHHA BIOPAIKOBAHUX KOMIIAKTHUX
rpyIn TPIimuH, AHAJOTIUYHMX YIOPALKOBAHHUM IPyIaM TBepAMX HMHMIOMAZHUX BUIIJEHBb IPHU
posmajni nmepecrueHMX TBepAuX posunmHiB. O6’eMHa yacTKa MaJuX TPIIIMH HA ABa IOPAIKU
nepesepirye 06’eMHy 4yacTKy Beaukux. O6’eMHI yacTKy TX 1 iIHIIMX 3pOCTAIOTH 3 HOMEPOM
LUAKJY, ajie BUIEePeIKAIbHIM TEMIIOM 3POCTA€ UYACTKA BEJIUKHUX TPIIHH.
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