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Abstract: The new relations in kinematics of the magnetoplasticity phenomenon based on the experimental
studies and the computer simulations are presented. The movement of the crystal dislocation line through a
random distribution of the point defects, being the obstacles for the motion of the dislocation, is discussed. It is
shown that the mean value of the obstacles on the dislocation line does not depend on their concentration C' in

the sample and the critical dispatching force is proportional to v/C.
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Introduction

The MagnetoPlastic Effect in nonmagnetic materials
(MPE), was discovered in 1987 [1]. Fig. 1 shows the experi-
mental scheme and the results obtained. The sample of the
nonmagnetic material (e.g., NaCl, Al or ZnS) was expo-
sed to the action of the magnetic field and after the che-
mical treatment the unexpected translation of the disloca-
tions, the linear defects of the crystal lattice, was observed:

the dislocations (1, 2, 3, 4,...) moved to the new positions
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Fig. 1: Experimental scheme: crystal exposed to a static magnetic field B
and the observation of the new positions of the dislocations.

The physics of the reaction of the solid to the
magnetic field

It is well known that some physical processes in solids
only allow for selected spin configurations. The interactions
of spins with the magnetic field, having a very low energy,
even mostly neglected from the energetic point of view, have
a strong impact on the results of the chemical reactions, lu-
minosity, electric conductivity, photosynthesis, etc. In our

case the key phenomenon is the interaction of the disloca-
tion with the spins of the obstacles, which in most cases
are the specific point defects of the crystal lattice. Under
the action of the magnetic field the reorganization of the
obstacle’s spin occurs, the pinning force dislocation-point

defect is reduced and the dislocation can continue its mo-
tion.

There are also other conditions to be fulfilled. Parti-
cularly the depinning time 74, should be smaller than the

spin-lattice relaxation time 7,_;. In the opposite case the
thermal chaotic vibrations practically exclude the MPE.
It was observed that time 74, increases when the value of
the magnetic field decreases. It means that there exists a
certain By, threshold value of the magnetic field B when
MPE stops existing. It can be estimated from the condition
Tap(Bin) ~ Ts—;. In paper [2] such threshold values of the
magnetic field in Al, NaCl, and LiF crystals were observed
and measured. The dependence of By, on the temperature

was also confirmed.
Experiments [1] and [3] show that the mean route [ and

the density p,, of the mobile dislocations increase with the
increasing of the B2t value and is relatively well described
by the equations

Al =1—1ly~ kB*t,App = pm — po

2 0
~ Aposo[l — exp(—AB?t)],

where [y and pg are connected with the chemical treatment
of the sample crystal, Apoo = (Pm — po)B2t— 00, and k and A
are the constant parameters connected with a given crystal.
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Fig. 2: Histograms for paths of dislocations in NaCl crystals after 1 min
and 5 min exposure times in H field of 0.5T.

The obtained results are shown in Fig. 2 and described
by Equ. (2).
B%t
l=l+k— 2
otk (2)

Physical mechanism of MPE kinematics

It was established that motions of the mobile disloca-
tions have a relay character. One of the arguments obtained

from the experiments is that the density of mobile disloca-
tions increases with the time of the exposition of the crystal
sample to the magnetic field. The dislocations assemble to

create the fields of intrinsic stresses and the mobile dislo-
cation moves to places with the smaller stresses. Such a

mechanism produces a new intrinsic stress field, and the
other dislocation may follow the first one. It is obvious that
for this type of motion the mean time ¢, of the motion
of the separate dislocations should be considerably smaller
than the time ¢ of the exposition in the magnetic field. It
was found [3] that ¢, ~ 0.07¢.

It was shown [3] that in the crystals NaCl(Ca) with the
calcium concentration C' = 0.5 ppm and correspondingly
Cy ~ 10'7 ¢m™3, the distance Ay between the rows of
obstacles (see Fig. 3) can be approximated by

1
Ay~ ———— ~ 0.3um. (3)
V20 Cy,
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Fig. 3: Experimental results of the dependence of the mean route ! of the

mobile dislocations on B2t for NaCl crystals with different concentration
C' of the interstitial atoms Ca.

To cover such a distance the dislocation needs time
At ~ 0.07s. Thetime is too big to be connected with the

spin evolution time in the obstacle-dislocation line system
limited by time 74, of the magnetic depinning. Because of
the condition 74, < 75_; and from the experiments) We
have that 7,_; ~ 10~* = 107 3s. It occurs that time Tdp

cannot be greater than 10™%s. The next argument is that
the spin transformation of obstacles on the dislocation line
cannot take place simultaneously but rather step by step.
The new dislocations are introduced by the weak hit on the
sample just before the measurements, and they find their
new stable positions according to the relief (distribution)
of the long range internal stress field ;. The sliding force

Fi :bO'i, (4)

where b — Burgers vector, is compensated by the pinning
force of the point obstacles. Parallel to the growing concen-
tration C' of the point obstacles in the sample the number
ngot Of the obstacles on the dislocation line also grows and
the pinning force grows too. Consequently, the condition

05 ~ Niot (5)

should be fulfilled independently on the concentration C
too.
We assume, in order to describe the interaction of these

two forces, the approximation of the linear tension. In the

case when the dislocation line has a form of an arc of a
circle with a radius R spanned between the two pinning

centers we have

T Gb?
R:E, where ng, (6)
and G — is the shear elastic constant of a crystal. It is seen
that G/o; ~ 10° and the mean length of dislocation line in



Pol. J. Appl. Sci., 2016, 2, 21-24

Alshits V.I. et al.: Experimental Studies and. ..

our experiments T ~ 1um, so the radius of curvature R is
very big, and the curvature of the dislocation line is small.

Computer Modelling of MPE

The motion of the dislocation line through the random
distribution of point defects, i.e., the pinning centers, is
modelled as the displacement of the geometrical line in 2D
space (gliding plane) [4]. In our computer experiments the
number of point defects in the modelling plane of the dia-
meter of some tens of microns, corresponding to the field
of microscope vision, was in the range from 500 to 2500.

In the computer simulations of the MPE the straight di-
slocation line goes from the bottom of the modelling plane
until it meets the first obstacle. At that moment the two ad-
ditional points outside the observation window (see Fig. 4),
one to the left and one to the right, are added to the di-
slocation line which starts to bow creating two arcs of two
curvature radii R;, i = 1, 2. In the situation one of the arcs
reaches the next obstacle; it divides into two new arcs.

ca® o Ca'e®

Ay ~1/,[2bC,

Fig. 4: Rows of obstacles in the crystal lattice.

The detachment of the dislocation arcs from the ob-
stacle takes place when the angle «,, is smaller than the

critical angle o, (see Fig. 5). The next calculations take
place without that point and the process stops when all
the stop points are crossed over, and all the arcs reach their
minimal radius R = 1/F, and there are no angles a,, smal-
ler the critical angle a.. It is the starting position of the
computer simulation.

The algorithm of the switching on the magnetic field
consists in increasing the critical angle a.. by the value Aa.
In calculations the other critical angle was used, and namely
6. = 2(180° — a), which in the magnetic field decreased
its value according to the equation

Aa,
-

07 =0,

C

(7)
The computer experiments 7" used in the following limits
07" = (0.2+0.3)0,., (8)

which corresponds to following values of A«

o

Fig. 5: The angle a, between the dislocation arcs at the obstacle n.

Aae = 20.(0.7+0.8) . (9)

After the magnetic field is switched on a certain part of
obstacles on the dislocation lines with the angles #,, in the
limits 07" < 6, < 0. leave the equilibrium positions, and
their detachment from the obstacles occur. We call them
the active obstacles. The results of the computer simulation
of the dislocation displacement independence of the applied
force F and the number of obstacles is shown in Fig. 6.
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Fig. 6: Dependence of dislocation displacement on the applied force F,
different values of the critical angle a. and different number of obstacles.

In Fig. 7, an example of the normalized histograms
of the discrete distrubution of the angles 6,, is given by
Eqn. (10) for N = 1500.

An(0;) = ngoe H(0;)AG (10)
where
0c
/H(e)do ~1. (11)
0
is shown.

The scope 0 < 6 < 6. of the changes of the angle 6
is divided into 8 parts of the width Af = 6./8. The data
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Fig. 7: Normalized histograms of the distribution H(6,).

Table 1: Data for a. = 157° and for different numbers of obstacles N

N 500 | 1000 | 1500 | 2000 | 2500
F,=1/R | 050 | 0.80 | 0.95 1.1 1.3
Ntot 21 31 37 43 48

0 10.03 | 10.10 | 10.03 | 10.04 | 10.04

v=20/0. | 0.873 | 0.878 | 0.873 | 0.873 | 0.873

calculated in the computer simulations and used in con-
struction Fig. 7 are shown in Table 1.

Conclusions

In this paper the kinematical aspects of the magnetopla-
sticity were discussed. The connection of real experiments
with the computer simulations was shown to be very fru-
itful. We can state that the proposed kinematical scheme
successfully explains all observations made on the NaCl
crystals. As discussed the transformation of the structure
of the point defects in the magnetic field can influence not
only the mechanical but also other physical properties of
the crystals, as occurs in the dielectric properties of the
segnetoelectrics. It can be concluded that our research is
strongly connected with the research on the smart mate-
rials.
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