Observation of the effect of superconducting state on the
mobility of dislocations in Nb
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The mobility of dislocations in a thermally activated region of motion of
dislocations in niobium single crystals at 4.2 K was measured and a noticeable
difference between the mobilities of dislocations in the normal state and the
superconducting state was observed.

PACS numbers: 74.70.Lp, 66.30.Lw

Since the time a decrease of the critical shear strain and of the plastic flow stress
was detected in superconductors during transition from the normal state (V) to the
superconducting state (S)'? this effect was studied in different materials and under
different deformation conditions (see Refs. 3 and 4). The observed effect of supercon-
ducting phase transition on the mechanical characteristics was usually attributed to
variation of the interaction between moving dislocations and conduction electrons.>
However, the theoretical concepts hitherto have not been verified by direct measure-
ment of the mobility of dislocations. In this work we measured the mobility of disloca-
tions in Nb single crystals at 4.2 K in the N and S states.

The samples of rectangular cross section with a (001) axis were cut out of a Nb
single crystal R,y « /R, x = 350), polished, and annealed (1000 K, 30 min, 10 —* Pa)
in order to remove hydrogen. The dislocation density of the “background” in the
samples was 10° cm ~2,

The dislocations introduced into the surface of the sample {140} by injection of
the indenter were situated in the {110} (111) glide systems with the orientational
factor n = 0.41. The experiments were conducted in the following order. 1) The im-
pressions in the form of transverse rows with a 1-mm spacing (a total of about 300
impressions) were applied uniformly by the indenter at 300 K on the entire working
surface of a 25-mm-long sample. 2) The sample was inserted into a loading device with
a superconducting solenoid, cooled to 4.2 K, and loaded by bending it at three points
during the time ¢ = 10-10* sec; the stress produced at the sample’s surface increased
linearly from O at the outer supports to 7 = 200 MH/m? at the center of the sample. A
transition to the N state was accomplished by turning on a 7-kOe longitudinal magnet-
ic field. 3) The sample was warmed to room temperature and the dislocations were
identified in the puncture rosettes on the compression side by using a special etching
agent.’

Because of the peculiarities of motion of the dislocations at low temperatures,® we
used a different technique here instead of the generally accepted measurement of the
dislocation path lengths at a specified loading time ¢. As it turned out, the appearance
of the dislocation rosetts changes compared with the original in a certain region of
stress that depends on the loading time: the number of dislocations in the rays de-

438 0021-3640/80/080438-03$00.60 © 1980 American Institute of Physics 438



w b
t—’seél
S ATV (
o — 3
—- N
s
FIG. 1.
/”‘3 =
1wl
1 i 1 1 L

]
70 50 1o 130 170
7. min/m?

creases, and short, thin tracks, observed as a result of etching, are produced in the
direction of their motion. The departed dislocations are lost among the “background”
dislocations. We therefore, determined the stress produced at the onset of motion of
the dislocations 7, which corresponds to the specified loading time ¢, from the distance
between the support and that row of rosettes in which the motion of dislocations was
observed in 70% of the rosettes. ” The obtained ¢ (7) dependence characterizes the
dislocation mobility, and ¢ has the meaning of the average time of the “difficult”
situation.

The obtained data for the mobility of dislocations in the N and S states are shown
in Fig. 1 in the lgr~'-lgr coordinates. The dashed line represents the confidence
interval determined with a reliability of 0.9 for a number of experimental points in
each state. » The results of measurements demonstrate a noticeably different mobility
of the dislocations in the N and S states: Aryg =7y —73 =25+ 5 and 12.5+5
MH/m?, respectively, at ¢t ~' = 10! and 10 sec !, and 5 '>¢ 57" at 7 = const.
The observed ¢ ~'(r) dependence (my = 45 + 26 and mg = 130 + 100, where
m = Algt~'/A lgr) indicates that the mechanism of motion of the dislocations is an
activation-type mechanism rather than a viscous type. The estimate showed that the
Peierls force is 7, ~1 MH/m?«r, i.e., the motion of dislocations is controlled by
overcoming the local barriers.

Experiments on macrodeformation produced by bending with use of the same
samples showed that the N-S transition leads to a 4 MH/m?-fold reduction of the flow
stress (for n = 0.41) typical of Nb,>° and the stress produced during the onset of
plastic flow exceeds by a factor of three the stress due to the motion of dislocations.
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The existing theoretical models predict® that for thermally activated motion of
dislocations and for a viscous motion the ratio of the dislocation velocities in the § and
N states can be inversely proportional to the ratio of the corresponding components of
the electron viscosity of the dislocations B: vg/vy = By/Bs = 1/2 [1 + exp(4 /kT)),
where 4 is the parameter of the superconductor’s gap. Taking the theoretical value
24 (4.2) = 3.4 kT, for Nb,'° we obtain the estimate vg/vy =20. Since v =Lt ~', Lg
>L,, and L = const at 7 = const, we have from the experiment vg/v,>t5 '/t
= 7X 10% This value, which is much higher than the theoretical value, indicates that
the models for the motion of dislocations, which give vg/vy = By/Bg,” must be
refined.

A larger ratio of v5/vy can produce inertial effects of the moving dislocation''!?

due to dynamic reduction of the critical stress in overcoming the barrier as the viscos-
ity By is reduced to Bg and a concomitant decrease in the number of obstacles that
must be overcome activationally.® The other option is to change the activation param-
eters of motion of a dislocation in the S-N transition*; however, detailed calculations of
such models are not available.

The authors are grateful to V. G. Glebovskii for providing Nb single crystals and
to V.S. Bobrov for useful discussions.

YSuch behavior of dislocations corresponds to the notion® that at low temperatures the motion of disloca-
tions is essentially nonuniform: a slow passage of a group of almost insurmountable obstacles (*‘difficult”
situation) alternates with a fast transition to the next difficult situation. Although the length of the
“difficult” situations is much smaller than the distance between them, the bulk of the dislocation’s time is
spent on overcoming them.

The errors of all the measured or calculated values given below were determined with a confidence
coefficient of 0.9, except for mg (see below), where it was chosen to be to 0.7.
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