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Abstract—Acoustic emission upon mechanical loading of alloys of the Pb–Sn system is studied. It is revealed
that the Kaiser effect is not observed under repeated loading of the material at component concentrations
leading to the formation of a eutectic structure. An explanation for the absence of acoustic-emission memory
in eutectic lead-based alloys is proposed. The explanation is based on the specific character of the plastic flow
implemented due to the motion of eutectic α- and β-phase colonies as a whole along common interfaces.
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Repeated loading of different materials is accompanied by a phenomenon according to which acoustic
emission forming under local reconstructions of the
structure is detected only after exceeding the level of
the preceding loading. This phenomenon was called
the “Kaiser effect” [1]. In the case of metal materials,
this effect reflects the irreversibility of the plastic flow
process. Studying the acoustic-emission memory
effect for such a specific class of materials as eutectic
lead-based alloys is of significant interest. Compounds of the Pb–Sn system with different concentrations of constituents are actively used as solders in
electronic devices—in particular, in aerospace technology, in which they undergo considerable variable
loadings while in operation [2–4]. Changes in the
concentration of constituents lead to qualitative
changes in the structure and, as a consequence, have
an effect on mechanical properties [5]. Studying the
Kaiser effect allows one to reveal the prehistory of the
deformation behavior of materials and constructional
elements based on eutectic lead alloys under cyclic
loadings and to establish peculiarities of the formation
of their elastic and plastic properties. This work is
aimed at studying acoustic emission under repeated
loading of lead–tin eutectic alloys.
For the test materials, samples obtained by recrystallization from the lead–tin melt were used. The
obtained melt was poured into a mold heated to 200°C
and cooled with a rate of ∼8°C/h. After cooling, the
material was homogenized at a temperature of 160°C
during 48 h. The samples had a standard shape for
static tension tests with working section dimensions of

50 × 10 × 5 mm. Concentrations of the constituents
were specified to reflect main regions of the state diagram of the Pb–Sn system; namely, the composition
of the alloys under study was as follows (in wt %):
99% Pb–1% Sn with the structure of the α-phase,
50% Pb–50% Sn with the hypoeutectic structure, and
38.1% Pb–61.9% Sn, according to concentrations at
the eutectic point.
The samples were loaded on a mechanical test
installation at room temperature by the “hard”
scheme. The rate of stretch was 4.5%/min, which kept
the creep effect from manifesting itself in these materials as early as at room temperature [2, 3]. In the
course of the tests, the applied load and the grip displacement by which conventional stresses σ and conventional deformation of the sample ε were calculated
were recorded. When certain loads were reached, the
stretching process was interrupted and the deformation microstructure of the material was examined. To
analyze the microstructure, a reference grid was
scratched on the sample surface. Acoustic emission
signals were recorded on an automated setup with a
sampling frequency of 2.5 MHz in a frequency interval
from 50 to 500 kHz according to the technique of [6,
7]. For the informative parameter characterizing the
acoustic emission, root-mean-square acoustic emission stress U was used. The obtained experimental data
were represented as dependences of quantities σ and U
on deformation ε.
Figure 1a presents the load curves and acoustic
emission of the 99% Pb–1% Sn alloy. Under deformation ε = 18%, the loading was interrupted and, after
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Fig. 1. Acoustic emission under plastic deformation of the
99% Pb–1% Sn alloy. (a) Acoustic emission and load
curves and (b) deformation structure, ε = 18%.

unloading, the stretching continued up to destruction
of the sample. It follows from Fig. 1a that acoustic
emission at the stage of repeated loading is detected
only after reaching the previous maximum stress σ;
i.e., the Kaiser effect is observed. This is caused by the
fact that plastic deformation is implemented due to the
motion of dislocations in the grain volume. As shown
by Fig. 1b, dislocations intensely slip in intragrain
regions. Under high deformations, the density of dislocations sharply increases and they begin to decelerate each other. By virtue of this, acoustic emission at
the initial interval of repeated loading is not detected
until the elastic stresses inside the material make it
possible to overcome the decelerating action of the
appearing dislocation barriers [8].
Figure 2 presents experimental data for the 50%
Pb–50% Sn alloy with the hypoeutectoid structure. As
follows from Fig. 2a, a qualitatively different kind of
acoustic emission is observed: after each subsequent
unloading at ε = 9 and 22%, powerful acoustic emission is observed at the initial stage of repeated loading
long before reaching the level of previous loading. This
means that the Kaiser effect is violated for this material. To clarify the physical nature of this violation, the
deformation microstructure of the samples was invesTECHNICAL PHYSICS LETTERS
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Fig. 2. Acoustic emission under plastic deformation of the
50% Pb–50% Sn alloy. (a) Acoustic emission and load
curves and (b) deformation structure, ε = 9%. A is the
boundaries between eutectic colonies, and B is the discontinuity of the reference line.

tigated. As seen from Fig. 2b, this microstructure is
presented by colonies of eutectic interlayers [9, 10]
formed by α- and β-phases with isolated inclusions of
the α-phase. It is significant that the line of the reference grid is little curved inside eutectic colonies while
a discontinuity of the line is observed at the interface
between adjacent colonies. It means that, in contrast
to the case of the 99% Pb–1% Sn alloy, plastic flow is
implemented not due to the motion of dislocations in
the grain volume, but due to the motion of eutectic
colonies as a whole along interfaces between these colonies. By virtue of the absence of dislocation deceleration, such motion restarts just after the increase in the
load and manifests itself as acoustic emission at the
initial stage of repeated loading. The obtained result is
qualitatively similar to the well-known violation of the
Kaiser effect in the process of crack formation [11]
when the repeated increase in the load is immediately
accompanied by acoustic emission due to the immediate appearance of new microcrack steps generating
acoustic pulses.
Acoustic emission under deformation of the 38.1%
Pb–61.9% Sn eutectic composition alloy is presented
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and demonstrates their slip as a whole along the interfaces.
Thus, the formation of eutectic composition
phases in alloys of the Pb–Sn system leads to violation
of the Kaiser effect. Such violation can be caused by a
peculiarity of the plastic flow of eutectic alloys. This
particularity manifests itself as the motion of colonies
of eutectic interlayers of α- and β-phases as a whole
along the interfaces between the colonies.
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