This article was downloaded by:

On: 19 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Polymeric Materials
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713647664

The Effect of Strong Electric Field on Microhardness and Mobility of the

Indented Dislocations in Alkali Halides
"t? V. 1. Savenko? E. D. Shchukin®
* Institute of Physical Chemistry, RAN, Moscow, Russia

To cite this Article Savenko, V. I. and Shchukin, E. D.(1995) "The Effect of Strong Electric Field on Microhardness and
Mobility of the Indented Dislocations in Alkali Halides', International Journal of Polymeric Materials, 29: 1, 27 — 36

To link to this Article: DOI: 10.1080/00914039508009676
URL: http://dx.doi.org/10.1080/00914039508009676

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713647664
http://dx.doi.org/10.1080/00914039508009676
http://www.informaworld.com/terms-and-conditions-of-access.pdf

12:11 19 January 2011

Downl oaded At:

Intern. J. Polymeric Mater., 1995, Vol. 29, pp. 27-36 © 1995 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published under license by
Photocopying permitted by license only Gordon and Breach Science Publishers SA

Printed in Malaysia

The Effect of Strong Electric Field on
Microhardness and Mobility of the Indented
Dislocations in Alkali Halides

V. . SAVENKO and E. D. SHCHUKIN
Institute of Physical Chemistry, RAN, Moscow, Russia

(Received August 15, 1994)

Some regularities and particular specialties of electromechanical effect have been investigated in NaCl
single crystals. The conclusion has been drawn that the existence of the electromechanical effect in
crystals with ionic interatomic bonds appears to result from both the direct electrical field’s force on
charged dislocations, as the filaments and the modification under field influence the impurities, and
point defect’s state in the crystal lattice. The last modification is to vary the interactions between the
obstacles and the dislocations moving in solid, thus facilitating or hardening the microplastic deformation
in the hole.

KEY WORDS Electromechanical effects, microhardness, semiconductors plastic deformation, alkali
halides.

1. INTRODUCTION

The decrease in microhardness of the subsurface layers of solids exposed under
the external electric fields, or electromechanical effect (EME), is observed in ionic
crystals as well as in semiconductors and semimetals.'~'* The EME is apparently
caused by the influence of the electric field on the elementary acts of crystal’s
plastic deformation. However, the mechanisms controlling this effect in different
kinds of solids are not entirely identical. For example, in some semiconductors and
semimetals the degree of manifestation of the effect seems to be closely related to
the intensity of the water adsorption processes on the sample surface from the
atmosphere.'~* On the contrary, in ionic crystals where EME apparently is not so
sensitive to the state of the very surface (see, e.g., Reference 12), the peculiar
behavior of the charged defects in the external electric field—the linear (dislo-
cations)!!"!2 and the point (vacancies and impurities)!*—usually plays the major
role. Thus in order to understand the nature and the specific features of EME in
ionic crystals, additional investigations are required. The necessity of such inves-
tigations is obvious because the main features of the EME in these crystals have
not been studied in detail. There is also no complete description of the EME
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micromechanisms on the atomic and molecular level taking into account the dis-
location and point defect’s interaction.

This paper is devoted to the further investigation of the features and nature of
the EME in ionic crystals. The method of the dislocation rosettes is used here
together with the measurements of the sample microhardness as in the previous
work.!2

2. EXPERIMENTAL PROCEDURE

NaCl single crystals grown by the Kyropoulos method in a vacuum were used for
the investigation. Macroscopic yield point was s, = 250 G/mm? (type I) and s, =
210 G/mm? (type II). The samples contained both cationic (Ca**, Mg**, Mn* +,
Fe* *) and anionic (OH ™) impurities. The concentration of two-valent cations of
each kind did not exceed 6-10~* at percent. The anion impurity was about 8103
at percent, thus being dominant. The initial magnitude of the dislocation’s density
in the crystals was not more than 10* cm ~2. The microhardness tester PMT-3 was
used for the creation of the dislocation rosettes and for the measurements of the
sample’s microhardness. Indentation was made by Vickers standard diamond in-
denter.'* The microhardness tester was placed in a hermetically sealed air chamber.
The samples were tested at room temperature and normal atmospheric pressure,
and the relative humidity during experiments was kept constant (60%).

Directly before testing, the samples (plates 10 X 10 X 5 mm) were prepared
by chipping the primary crystal along the planes of the natural cleavage. The plates
were then inserted into the chamber and exposed there for 30—40 minutes in order
that the crystal’s surface could reach an equilibrium state.

Still in the chamber, the samples were placed on the table of the microhardness
tester between the vertical plates of a high voltage capacitor. Several series of
imprints were made on the surface of each sample with and without the field action
applied. In each case the plane (001) was indented. The vector of the external
electric field in contrast to References 11 and 12 was always complanar to the
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FIGURE | The dependence of imprint diagonal d on the indenter load P in the external electric field
E (1) and without the field (IT).
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sample’s surface and took its bearing along (100) direction. When all the series of
imprints were made, the samples were selectively etched to reveal the developed
dislocation rosettes around the imprints (see Figure 1).

The plastic deformation of the material under indentation is known to be closely
related to the generation of the dislocations and to their movement in the rosette
“arms.” Therefore, to describe the quantitative EME—in addition—to the mi-
crohardness value H and to the imprint diagonal value d—the geometric charac-
teristics of the dislocation rosettes, namely lengths of their edge (/,) and screw (1))
“arms,” have been used. The distance from the rosette center up to the leading
dislocation in the arm was taken as the arm length. The average of the experimental
data was taken over 100 rosettes obtained under the same experimental conditions.

3. EXPERIMENTAL RESULTS

The dependence of the imprint diagonal d and the microhardness H on the indenter
load P obtained for the samples indented in the external electric field of intensity
E = 26 kV/cm and without the field are given in Figures 1 and 2.

It follows from Figure 1 that the dependence of the imprint diagonal on the load
P is of the form:

P = a(E)d"® 1)

Without the field action, the index n(0) = 1.83 = 0.02. This result coincides
with the data obtained in Reference 15 for the series of alkali-halide crystals. In
the electric field £ = 26 kV/cm, the parameter »n has the value ny = 1.96 + 0.02.

The following expression is known to be valid for the microhardness'*: H =
1854 P/d?, and therefore substitution of (1) in this expression gives the numerical
value of H at E = 26 kV/cm that is practically independent on the indenter load
(see Figure 2). The increase of the microhardness for smait loads observed in alkali-
halide crystals is usually related to the hardening influence of subsurface layer and
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FIGURE 2 The dependence of microhardness H on the indenter load P for microindentation in the
field £ (I) and without it (i)
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the surface of the sample.!3~'# Therefore, invariability of the value of H under the
conditions of given experiments indicates that the external electric field stimulates
the processes, which partly compensate for the hardening effect of the boundary
regions of the crystal.

The experiments reveal the symmetry (on average) of the edge “arms” of dis-
location rosettes created in unstressed samples in the absence of the electric field
influence. But the rosette’s symmetry essentially falls when the strong electrical
field parallel to the sample surface is applied during the indentation.

The rays of the edge “‘arms” with the dislocations moving in the direction of the
field vector E turn to be longer (or shorter) on average than those directed against
the field.'® Qualitative observations show that the sign and the degree of this
asymmetry depend strongly on the purity of the crystal and are obviously defined
by the sign and the quantity of the electric charge transferring by the dislocations.
At the same time the asymmetry of the rosettes rapidly diminishes with the in-
creasing hardness of the crystals. Additional investigations are necessary for the
more detailed quantitative description of this phenomenon. Here it is worthwhile
to emphasize that for NaCl single crystals used in the present work, the influence
of the electric field on the edge rays directed against the field was comparatively
weak. This means that in the given samples the sign of the effective charge trans-
ferring by the moving dislocations is, on average, positive due to the presence of
large concentration of the anion impurities.?® Therefore, the experimental data for
the edge rays of these kind are excluded in the future from our consideration.

The dependencies of the lengths of the edge and the screw rosette arms on the
indenter load obtained with and without the field E = 26 kV/cm are represented
in Figure 3. They show that the relationship between the ray length and the load
in all cases is described by the following relation

NaCl

v+« E=26kV/cm
a o E=0

p)

1000

400

10 | L | | 1 | P(G)
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FIGURE 3 The dependence of edge (e) and screw (s) dislocation arm lengths obtained for rosettes
created in the electric field (I) and without it, on the load P.
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I=K-Pr @)

The values of the parameters K and m for the edge (e) and screw (s) arms are
determined by the method of least squares (Table I).

It is seen from the Table, that the external electric field influences only upon
the K, values, whereas the numerical values of K and index m are invariable in
fact, the latter being slightly higher for screw arms. The numerical value for m
practically coincides with that obtained earlier for the edge rays of the rosettes in
alkali-halide crystals,?'*? and also for the rays consisting of the 60°-dislocations in
silicon.?

The experiment shows that the EME in alkali-halide crystals is observed only
under microindentation with loads less then 100 G (Figure 1 and 2). In other words,

TABLE I

The influence of the external electric field on the numerical values
of l,, = K, P dependence

Intensity of K, 108 K, 106
electric field, m, mg
kV sem din-1/2 -em |  din1/2-em
0 45+ 0,2 20 0,1 0,50 * 0,53
0,01 0,01
26 54t 0,2 2,1+ 0,1 0,49 + 0,63
0,01 0,01

Ale/ le( %)
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FIGURE 4 The dependence of relative variation in run lengths of edge leading dislocations in the
electric field on the depth of semiloop’s deposition (or on the load P).
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plasticizing action of the electric field occurs if the surface layers of thickness not
more than 100 mm are involved in the plastic deformation under indenter (see
Figures 2 and 3). It is interesting to compare this result with the data on the influence
of electrical field upon the run lengths of leading dislocations in the rosettes created
under different indenter loads. Figure 4 shows the experimental relationship be-
tween the parameter

Al IE -

e_

ok

and the indenter load, or the same, the depth of the dislocation semiloops h.
This relationship is defined also by the power function

Al
—l—oﬁ = A-hm 3)
where m; = —0.4 = 0.01. The experiments reveal that the value A/, /l¢ consid-

erably depends on the crystal yield point. The less is the sample yield point the
higher is numerical value of Al /2. The dependence of Al /I on the intensity of
the electric field is given in Figure 5 for the rosettes, created under indenter load
P = 2G in relatively more soft crystals (type II). It follows from the comparison
of Figures 4 and 5, that the decrease of yicld point leads to the twofold increase
of Al,/l2 maximum value (at E = 26 kv/cm). In this case the dependency of Al,/
2 on E, can be presented as

Al
?5=C'E" (4)
where a = 0.65 = 0.02.
)
80
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FIGURE 5 The dependence of dislocation EME characteristic Al/[2 on the electric field intensity.
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It should be mentioned that for the softer crystals (after annealing), the sensitivity
to the electric field influence increases not only for the edge, but also for the screw
dislocation arms of rosettes. However, the screw arms are as before far less sensitive
to the field action, compared to the edge ones.

3. DISCUSSION

It follows from the experiments described above that the plasticizing effect of the
external electric field diminishes with the increase of the indenter load, or with the
depth of the subsurface layer where the dislocation semiloops are deposited. Thus
the EME in ionic crystals like in semiconductors is observed only in a narrow
subsurface region of the crystal. The general reasons for the EME localization in
the sub-surface layer are not yet established because of the complexity of the EME
mechanism itself.

Comparison of the data presented in Figures 2 and 4 shows that the lengths of
the edge arms of rosettes, defined as the runs of the leading dislocations in the
direction of the vector E, are found to be far more sensitive to the field action
than the microhardness. Therefore, it is most expedient to deal with parameters
of the dislocation rosettes when EME in ionic crystals is studied. The empirical
relationship, approximately describing the EME in NaCl crystals, can be obtained
by the combining of the expressions 3 and 4, namely

AL B
R &)

Obviously, the parameter g is the characteristic of the material studied. For a
given type of crystal the numerical value of g particularly depends on the impurity’s
concentration and the impurity state in the crystal lattice. More detailed information
about the impurity influence on the EME will be given henceforth.

A remarkable circumstance is the nonlinear dependence of the magnitude of the
effect upon the external field intensity (see expressions 5). Let’s analyze this de-
pendence in detail. The force interaction of the electric field with the dislocation,
assumed to be a charged thread, is equivalent to the appearance of the additional
shear stress in the planes of sliding of the dislocations®*:

A7, ~ pE/b

where p is the linear charge density of the dislocation and b is Burgers vector.

A modelling of this effect has been fulfilled by means of making the additional
mechanical stress Atx, in the slip planes of the edge dislocation arms under the
one-axial compression of the sample with simultaneous inculcating of the indenter.
The axis of the compression has been directed colinearly to the vector E. For small
A7, the following correlation takes place Al /g ~ Ati, (see Figure 6 and Ref-
erence 25). Consequently, the value D/, /[2 would have been proportional to E
only due to the direct force action of the field E on the charged dislocations. The
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FIGURE 6 The relative run length variation of the edge leading dislocation in the rosette arms under
the stress of one-axial compression. The axis of compression is perpendicular to the indented surface.

non-linearity of the effect observed in our experiments (see the relation 5) means
that the EME in the given situation is caused not only by the above indicated force
interaction. Undoubtedly, such action brings its own contribution to the EME,
particularly in “pure” crystals.!226

In a roundabout way, the evidence of this conclusion is the more weak influence
of the field E on the runs of screw arms—see Figure 3. Indeed, the screw dislo-
cations under the usual conditions do not transfer the electric charge in the (100)
direction,® and consequently they cannot be accelerated by the field E, which
vector is parallel to (100).

However, along with the direct field-force action, the noticeable influence on
the value of the effects is brought also by the field action upon the state of impurities
and the other point defects that are the stoppers for the dislocations, i.e., the
centers of the retardation of the dislocation motion.

It is known that under the electrical field influence, the complexes of the point
defects regulate their orientation.?® In addition, the point elements of these com-
plexes are partially carried away by the elastic field of the moving dislocations,?’
i.e., some charged lattice defects acquire additional drift velocities. Under the
favorable electric field direction both such processes lead to the decreasing of the
dislocation braking by the above mentioned defects—stoppers.

Meanwhile the increasing in the dislocation velocity caused by the alteration in
the defect’s state appears to be a non-linear function of the external electrical field
E.%-3! Hence, the total influence of the electric field on the runs of the leading
edge dislocations is found to be also non-linear.

The leading dislocations move in the rosette arm. rays under the abruptly non-
homogeneous and radially decreasing stress field derived from the indenter and
from the preceding arm dislocations. So the quasi-viscous mechanism of the dis-
location motion that initially realizes in the rosette rays is gradually replaced by
the thermally-activated mechanism of the point defects—stoppers overcoming.
Accordingly, the main method of the electric field’s influence upon the motion of
the dislocations is also replaced. Namely, in the initial stages of rosette formation—
when the dislocations move in the arm rays with near-sound velocities—the basic
mechanism of the electric field plasticizing is apparently the direct accelerating of
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the charged dislocations by the field E. In the final stages of the microindenting,
when the arm dislocations move with relatively small velocities, the variations in
the retarding force of stoppers under the field influence become the most important
field-plasticizing mechanism.

Both these mechanisms undoubtedly define the EME value but their contribu-
tions during the various stages of imprint formation are essentially different. It is
also obvious that the crystal impurities must influence the relative magnitude of
these contributions.
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