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Abstract

Pre-straining of magnesium alloy modifies the final texture of the material and therefore leads
to a different deformation behavior during subsequent loading. At the same time, heat treatment in
the context of thermo-mechanical procedures can be used as softening mechanism, as well as for age
hardening processing. In mechanical conditions with twin-dominated deformation in textured
magnesium alloys, the twin boundaries can be pinned if existing after a pre-deformation of samples
and therefore influence their mobility. The impact of the ongoing mechanical behavior has been
discussed. In the present paper, a procedure of pre-compression and reverse tensile loading of
extruded binary magnesium alloy Mg-1wt.% Zn (Z1) is used and intermediate aging at 200°C has
been applied in two different routes. The effect of the heat treatment on the flow behavior during
subsequent mechanical loading has been correlated with the dominating deformation mechanisms
revealed by in-situ acoustic emission measurements and ex-sifu scanning electron microscopy. The
pinning of twin boundaries can restrict their mobility in experimental environments that favor the
recovery of the samples. As a result, new twins easily nucleate if the concurrent re-orientation of the

lattice is favorable for strain accommodation.

1. Introduction

The formation of a strong basal texture is a well-known phenomenon for wrought magnesium
alloys. Such a characteristic texture together with the directionality of the twinning mechanism in the
hcp lattice is responsible for their anisotropic mechanical properties. For enhancing mechanical
properties of Mg alloys, besides variations in alloying composition, thermomechanical treatment has
a potential to be exploited. In particular, the effect of either sole heat treatment (HT),!'* pre-
straining,'>®! or their proper combination -'2I on mechanical properties of wrought Mg alloys has
attracted interest during last decades.

In extruded Mg alloys, pre-compression along the extrusion direction (ED), i.e. perpendicular

to the c-axis of the Acp lattice structure, introduces {10-12}<10-11> extension twins into the



microstructure.!'*!%l Depending on the level of the pre-strain, various twin volume fractions can be
achieved.>!! A resulting new texture component allows the activation of deformation mechanisms
(dislocation slip and twinning), which are not promoted in the initial state before pre-straining.
Therefore, pre-straining and a corresponding moderation of the deformation behavior during further
loading can be used to reduce the tension-compression asymmetry of the mechanical properties.!”-)
During reverse loading of pre-compressed Mg alloys, detwinning — i.e. thickness reduction or
complete disappearance of existing twin lamellae — becomes a key deformation mechanism. 516l

171 or by

Detwinning can be realized either by migration of already existing twin boundaries
secondary twinning inside existing twins.”'®!) Ex-situ and in-situ methods, such as electron
backscattered diffraction (EBSD), high-speed imaging and acoustic emission (AE) technique, have
been successfully used for investigations of the twinning-detwinning process during cyclic loading
in Mg alloys.[18-20-21]

During a heat treatment, besides recovery processes, pinning of twin boundaries can take
place. Nie at al.*?! have reported periodic segregation of Zn and Gd solute atoms in fully coherent
twin boundaries, providing a pinning effect for the twin boundaries, which leads to a strengthening
of the alloy. The control of the twinning-detwinning process by annealing in pure Mg, AZ31 and
AZ91 has been recently studied by Cui et al.”!%, The effect of Al and Zn as solute elements and
respective Al and Zn containing precipitates on the migration of atoms to the twin boundaries during
detwinning was studied in particular. They concluded that the formation of secondary twins inside
primary twins during reverse loading can be ascribed to the low mobility of the incoherent twin
boundaries due to the hindering effect of precipitates. It was shown by Drozdenko et al.l'”! that
isothermal aging at 200°C for 8 h does not completely disrupt the mobility of twin boundaries, and
twin thickening or shrinkage can be observed. However, it was indicated that solute segregation due

to heat treatment can lead to the appearance of secondary twinning inside existing twins as a special

mode of the detwinning process.



Based on the above-mentioned information it can be concluded that pre-compression and
pinning of grain/twin boundaries by solute atoms results in the different yielding behavior during
subsequent mechanical loading. However, it is not completely clear by which mechanisms the
subsequent deformation of such thermomechanically treated samples is controlled.

Acoustic emission (AE) is an in-situ technique, which is based on acquiring transient elastic
waves as a result of sudden release of energy due to a local dynamic change within a material, such
as collective dislocation movement or twin nucleation.?*! AE is a powerful method for revealing the

active deformation mechanisms and their development during loading. The AE technique was

[23-28 21,29-32]

successfully used to investigate various metallic materials, I'especially with a hcp lattice,!
as it is highly sensitive to twin nucleation.

The aim of this study is to explore the effect of pre-compression and the concurrent activation
of dislocation slip and twinning on the mechanical response during subsequent tensile loading.
Especially, the effect of intermediate isothermal aging with respect to the pinning of twin boundaries
as well as with respect to the recovery process is investigated. AE measurements allow tracking the
active deformation mechanisms while scanning electron microscopy (backscattered electron (BSE)
imaging and EBSD mapping) provides information about the interaction of twin boundaries with

precipitates. The obtained evidence can be useful for the development of Mg alloys with enhanced

properties.

2. Experimental procedure

The binary Z1 magnesium alloy (Mg + 1 wt.%Zn) was extruded at 300°C with the extrusion
ratio of 1:30. The extruded material is characterized by a homogeneous, fully recrystallized
microstructure with an average grain size of ~ 50um, see Figure 1. Basal planes are aligned parallel
to the extrusion direction.

Samples with a gauge length of 15 mm, a diameter of 8 mm, and screw heads on both ends

were machined from the round extruded profile to be tested in ED. Deformation tests were performed
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in a universal testing machine Instron 5882 at room temperature. Loading was performed with a
constant strain rate of 10 s\,

To reveal the effect of pre-compression and concurrent activation of dislocation slip and
twinning on the mechanical response during subsequent loading after an intermediate heat-treatment
of the samples, the following two testing routes were chosen:

Route I: pre-compression up to 100 MPa (5.6% of nominal strain), isothermal aging at 200°C
for 8 h and reverse tensile loading up to 75 MPa;

Route II: pre-compression up to 75 MPa (2.7% of nominal strain), isothermal aging at 200°C
for 8 h, re-compression up to 100 MPa (i.e. additional 3% of nominal strain) and reverse tensile
loading up to 75 MPa.

These experimental routes were repeated to receive samples for microstructure evaluation
after the respective segments of the experiments.

For monitoring the AE response, a computer-controlled PCI-2 device (Physical Acoustic
Corporation) with a piezoelectric transducer (PICO - PAC, operating frequency range 200-750 KHz)
and a 2/4/6-preamplifier giving a gain of 60 dB was used during deformation testing. The sensor was
attached to the sample surface using vacuum grease and a clamp. The raw AE signal provides
information about the AE peak amplitude: sources of low and high amplitude AE signals can be
distinguished. Besides the raw AE signal, AE count rate (ANC/At), which is the count number per
unit time (0.1 s) at a given threshold voltage level,**! was used to determine changes in collective
dislocation processes and twinning activity. Thus, both the raw AE signal and the AE count rate are
used for the characterization of active deformation mechanisms. Previously, combination of those
parameters was effectively used for study on activity of the dislocation slip and twinning during
compression of Mg single crystals.!’l

Information about the microstructure and texture development was obtained by a scanning
electron microscopy (SEM) Zeiss Auriga, using particularly backscattered diffraction techniques:

BSE imaging and EBSD mapping. For SEM observations, the specimens were polished in the



longitudinal plane by diamond pastes with the particle size decreasing down to 0.25 um and
subsequently electropolished using the Struers AC-2-II electrolyte. The EBSD mapping was carried
out with a step size of 0.4 pm.

Growth and shrinkage of twins during re-compression and reverse loading, respectively, were

especially investigated with respect to a possible pinning effect of twin boundaries after aging.

3. Results

The result of the deformation experiment along route I is plotted in Figure 2a together with
the in-situ measured AE signal. The same is shown in Figure 2b but concurrent with the AE count
rate. The AE signal gives a direct impression of the signal amplitudes whereas the count rate refers
directly to the frequency of AE signal crossing the threshold level during the respective time intervals
regardless of their amplitudes. By a combination of both parameters/characteristics the type of AE
signal - continuous or burst, can be determined. Therefore, the proposed way of representing the data
allows direct comparison of the applied stress to the AE signal and the count rate, referring to the
global appearance of sources, such as dislocation glide avalanches or twins during loading, in the
entire volume of the sample.

Route I in Figure 2 was divided into three sections: first - pre-compression up to 100 MPa (C-
I), second - intermediate isothermal aging for 8 h at 200°C, and third - reverse tensile loading up to
75 MPa (T-I). As twinning and detwinning are assumed to take a major role in the presented
deformation experiment, reverse loading was applied only up to 75 MPa, i.e. a lower stress level than
during pre-compression (100 MPa), in order to avoid complete detwinning and retaining the
possibility to analyze remaining twin boundaries.

The deformation curve during pre-compression is characterized by a sigmoidal (S-) shape and
a pronounced yield plateau, which has been often associated with the preferential activation of
extension twins. The compressive yield stress (CYS) of the as-extruded condition of the material is

57+1 MPa. During the macroelastic part the AE signal (Figure 2a) is characterized by medium AE



amplitudes, which grow gradually until the yield stress (YS) is achieved. At the same time, the AE
count rate increases up to a local maximum. These features can be assigned with the continuous type
of AE, which is characteristic for a collective dislocation motion.

At the yield point, the AE signal shows high amplitudes, while the AE count rate drops after
the local maximum. This can be assigned to a prevalence of burst type of AE signals having a low
count rate. With increasing the applied load after the yield point, the amplitude of the AE signal and
the AE count rate gradually decrease. Exceeding certain strain, the amplitude level of the AE signals
saturates whereas the count rate continues to decrease despite some points of high count rate at higher
strain. The decrease of the AE signal is associated with a decrease of collective dislocation glide (e.g.
as a result of work hardening) and/or a reduction of twin nucleation activity as an excellent AE source
producing burst type signals. The decrease of the count rate refers to the lower activity of detectable
AE sources and can also be associated with the work hardening of the sample.

After intermediate aging of the sample, reverse tensile loading (T-I) reveals a pronounced
yield point at 711 MPa which is higher compared to the pre-compression segment (C-I) but lower
compared to the maximum applied compressive stress of 100 MPa. After the yield point, the
deformation curve exhibits a similar S-shape as in the previous pre-compression segment (C-I). The
AE signal (Figure 2a) and the AE count rate (Figure 2b) are also similar to that for C-I, however, the
AE amplitudes are lower. We can therefore assume that a continuous increase of collective dislocation
motion in the macroelastic part is followed by twin nucleation. It is worthwhile to repeat that twin
boundary movement during twin growth or twin shrinkage does not produce detectable AE.[>*4
Therefore, the nucleation of new twins can be hypothesized as a source of the high amplitude signals
in the reverse tension segment T-I at the yield point.

In summary, the pre-compression part of the experiment by the Route I is likely to activate
twining as a distinct deformation mechanism, which is followed by a typical S-shaped work hardening

associated with the growth or thickening of twins. Intermediate aging leads to softening of the



material to some extent. During reverse tensile loading the nucleation of new twins becomes again a
distinct deformation mechanism.

The deformation curves along Route II are correlated to the AE signal in Figure 3a and to the
AE count rate in Figure 3b. In this experiment, the intermediate aging is shifted to an earlier point
and conducted after the pre-compression phase to 75 MPa (C-1I). In order to study its effect on the
ongoing compression behavior, subsequent re-compression up to 100 MPa (CC-II) was applied. This
is then again followed by reverse tensile loading (T-II) without additional aging. The pre-compression
segment (C-1I) shows the same behavior as presented above along with Route I but is stopped at lower
stress. During re-compression (CC-II) after aging, a pronounced elastic limit is observed at
65+1 MPa, which is lower compared to the previously applied maximum stress level. Both the AE
signal and the AE count rate show strong similarities to the previous pre-compression segment (C-
I1), only with lower amplitudes of the AE signals. It is noteworthy that this behavior is different
compared to the respective stress range measured in the pre-compression segment of Route I (C-I).
The indication of further twin nucleation as revealed from the AE during the CC-II segment is a result
of the intermediate aging and was not seen in the same stress range in the previous experiment along
Route I.

In the following reverse tensile loading segment (T-II), there is no pronounced elastic limit
but a continuous decrease of the slope leading into a region of plastic deformation. A gradual increase
in both the AE amplitudes (Figure 3a) and the AE count rate (Figure 3b) was observed. However, a
change in the AE response is observed simultaneously with a change in the hardening behavior. AE
events with a low AE count rate start to appear, and the AE signals with high amplitude become rather
rare. Nonetheless, few AE events with high amplitudes can be observed during the entire loading.

For the two routes, different levels of pre-compression, namely C-I (100 MPa) and C-II
(75 MPa), were applied to obtain microstructures with different twin volume fractions (TVF), which
were found to be 38% and 16% of the analyzed area, respectively (Figure 4a,c¢). During further re-

compression CC-II (up to 100 MPa) of the sample subjected to pre-compression up to 75 MPa and



HT, a TVF of 31% was found, Figure 4d. This value is lower than that for the sample without
intermediate aging — C-1, Figure 4a.

TVF during reverse tensile loading decreases due to detwinning. As a result of a reduction or
full disappearance of twin lamellae after reverse loading up to 75 MPa, TVF of the samples in the
route I and II were of 20% and 25% of the analyzed area, respectively (Figure 4b, e). The above-
described change in TVF is also reflected in the texture development, Figure S. The twinned fraction
of the microstructure appears with increasing intensity at the (0001)-pole which starts to develop in
Figure 5c and is fully developed after the full compression phase in Figures 5a or 5d. The C-1 segment
of route I, without intermediate aging, results in a stronger development of the pole. The pole intensity
decreases again with subsequent reverse tension, Figures 5b and Se.

In order to reveal more details of the twinning-detwinning process with respect to the possible
occurrence of a pinning effect, a BSE imaging was performed in addition to the EBSD mapping. In
Figures 6-7, segregation of solute atoms and precipitates along twin and grain boundaries as a result
of isothermal aging in both routes, I and I1, is presented. During re-compression (CC-II) in the route
I, one can observe (i) nucleation of a new twin in the grain, while already existing twin is prevented
from growing by pinning of twin boundaries (Figure 7a) and (ii) thickening of twins with pinned twin
boundaries (Figure 7b). In the framework of detwinning process, migration of pinned twin boundaries
takes place in route I and II, cf. Figure 7c. Moreover, nucleation of the new twin inside primary twin
with pinned twin boundaries appears during reverse loading as a special case of detwinning along the

route | (Figure 6).

4. Discussion

The continuous type of the AE signal recorded before YS during pre-compression for both
experimental routes (Figures 2 and 3) can be assigned to collective dislocation motion through the
easily activated basal slip, which is typical for Mg alloys.?%3¢! A relatively low critical resolved shear

stress (CRSS) for the basal slip by comparison to the other slip modes gives rise to its preferential



g.3837 Dye to higher CRSS for prismatic and pyramidal slip, tensile twinning

activation during loadin
becomes an important additional deformation mechanism in Mg and its alloys and thus it is activated
once basal slip occurred. The high amplitude AE signal and the S-shaped deformation curve are usually
associated with the twinning activity.[>>3%36 It is important to note that twin nucleation produces high
amplitude AE signals, while twin propagation does not, as was shown in earlier works.[>>3%34 This fact
was explained by a difference in the speed of twin nucleation and propagation in Mg and its alloys.
Recently, the evidence of this phenomenon was shown by Vinogradov et al.[*8 using synchronized AE
measurements and rapid video imaging. Hence, the observed decrease of the AE parameters during
further loading can be related to twin growth and, at the same time, to a decrease in the free path of
moving dislocations. AE events with high AE amplitudes, appearing during the entire test, can be
associated with the nucleation of new twins.

The twinning activity is reflected in the arising new texture component around the (0001) pole
in Figure 5a,c and in highlighted twins in the orientation maps in Figure 4a,c. A different level of pre-
compression leads to different TVF, which is 16% and 38% of the analyzed area for pre-compressions
up to 75 MPa and 100 MPa, respectively. Moreover, in the case of higher pre-compression, twins
succeed to reach grain boundaries and then propagate mostly perpendicularly to the twin plane (twin
thickening). Resulting interaction area of the twin and grain boundaries is larger comparing to the area
in the route II, where twins are mostly embedded inside the grains. Similarly, Cui et al.”’! reported two
morphology groups of twins in the grain: narrow twins totally embedded inside the grain and large
twins with their front tip merged with the grain boundary.

However, unloading up to the 0 MPa for performing isothermal aging in the route II (i.e.
resulting relaxation processes) and HT itself (i.e. reduction of twins and dislocation recovery) also

affect formation of final TVF. Therefore, a difference in TVF in the present study should be discussed

with respect to those processes. A detailed analysis of this issue is beyond the scope of the present

paper.
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The sigmoidal shape of the deformation curve for the reverse tensile loading can be explained
by the polar nature of twinning. Detwinning as a key mechanism was widely observed in Mg and its
alloys, which were subjected to reverse loading.!®!%?"l In case of no heat treatment after the
compression segment the detwinning is more favorable than twinning.”?®) For example, results of
Cui et al. indicated that detwinning proceeds in a much easier way than twin growth due to the presence
of back stress after twinning.[9] In case of reverse loading in route I, besides twin shrinkage,
detwinning is also realized by a nucleation of new twins in primary twins, which contain segregated
atoms or precipitates at the twin boundaries, see Figure 6. The nucleation of new twins corresponds to
high amplitude AE signals observed around Y'S, see Figure 2a. Detwinning via nucleation of secondary
twins in a primary twin during reverse loading has been recently explained by a low mobility of twin
boundaries.”) Moreover, it was more significant for Mg alloys by comparison to pure Mg. Using
misorientation analysis it was revealed that the orientation of the secondary twins is identical to the
initial orientation of the lattice. This mode of detwinning was observed previously.!'31?! As a result of
twin boundary migration, low angle boundaries were observed at the positions of the original twin
boundaries after detwinning.[*!' It can be concluded that detwinning is realized by the same twinning
mode as twinning during the pre-straining.!!%3"]

In the case of re-compression in route I, reactivation of twinning (i.e. propagation of already
existing twins as well as nucleation of new ones) leads to the S-shaped curve. The decrease in YS value
for re-compression from the stress level of the pre-strain can be explained by solute softening occurring
in large grains (above 50 pm), where the minimum stress is required to cross slip.**! Moreover, it was
reported that the presence of solute reduces stress required for dislocation to cross slip into the prismatic
plane and thus solute softening (of prismatic slip) can be observed.

Recovery processes due to HT after pre-compression in route Il reduce the number of
dislocations, which results in a “refreshed” microstructure. Therefore, in contrast to Kaiser effect, ]

when AE renews in material only after reaching the previous level of a load during repetitive loading,

the significant AE response from a collective dislocation movement is observed even before YS, see
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Figure 3. Pinning of twin boundaries reduces their mobility and sometimes can even completely
prevent twins from growing. Therefore, nucleation of new twins takes place in a grain containing a
prexisting twin with pinned boundaries. Robson et al. [*!! showed that large precipitates can completely
hinder twin growth, and twinning usually continues by nucleation of a new twin in the grain on the far
side of the particle, while small particles can either become engulfed by a growing twin without
shearing or they can be shared inside the twins.*?! Newly created twin boundaries free of precipitates
can be seen in Figure 7a. Most of the grains continue to show nucleation of twins by the same variant
of extension twins, which was active during pre-straining. This can be explained by a higher value of
the Schmid factor for this variant of twin.!'! The high amplitude AE signal, observed at YS, Figure 3a,
confirms a relatively high activity of new twin nucleation. However, some twins continue to grow, see
Figure 7b. As twin growth and shrinkage itself in non-heat treated samples does not produce detectable
AE, it is therefore suggested that de-pinning of segregated twin boundaries from their position results
in a huge release of energy, i.e. high amplitude AE signals. In other words, after intermediate heat
treatment high amplitude AE signals around Y'S originated from (i) new twin nucleation and (ii) de-
pinning of segregated twin boundaries in the frame of twin growth or shrinkage. The result of twinning
activity can be also seen in increasing values of TVF in Figure 4c-d and the intensity of twin texture
component at the (0001) pole in Figure Sc-d. An additional strain of 3% results in twice larger TVF.
The difference in TVF of the pre-strained samples up to the same level via route I and II (i.e. with
applied HT in a different sequence), Figure 4b, d, can be explained by the suppression of the twinning
activity due to unloading for performing HT in route II as well as HT itself in both routes. However,
as mentioned above, other mechanisms, such as recovery, should be considered.

During reverse loading in route II, deformation is realized by detwinning and dislocation slip,
which was not preferred during pre-straining due to the texture of the material. A diffuse or continuous
activation of twin boundary migration together with the nucleation of new twins lead to a continuous
decrease of the slope of the curve. Therefore, a pronounced yield point is missing in this case.

Dislocation activity in “fresh” microstructure after detwinning is consistent with the gradual
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intensification of the AE response, see Figure 3. Regarding detwinning, this process is mainly realized
by twin boundary migration, Figure 7c. However, a nucleation of the new twin inside a primary twin
with pinned twin boundaries — similarly to detwinning during T-I — is possible, as well. Most of the
twins in the microstructures after thermomechanical treatment along the route I, i.e. before T-1, are
characterized by a solute segregation along twin boundaries. In contrast, samples before reverse
loading T-II are characterized by a microstructure with pinned twin boundaries as well as by “free twin
boundaries™ as a result of additional re-compression after HT. Therefore, a higher amount of mobile
twin boundaries leads to detwinning, realized by the migration of existing twin boundaries (Figure 7c),
not producing high amplitude AE. Figure 7c represents results of detwinning via migration of twin
boundaries. At the prior twin boundary positions there is no segregation. It is therefore suggested that
this twin was nucleated and grown during re-compression, CC-II. Subsequent reverse loading without
intermediate HT between those two deformation parts is accompanied by easy migration of twin
boundaries (marked by arrows in Figure 7c¢) without producing high amplitude AE. Increasing
amplitudes before yielding during T-II, can be assigned to basal dislocation slip. The release of energy
due to de-pinning of twin boundaries from the segregations (during detwinning) as well as possible
nucleation of the new twin can lead to a high amplitude AE signal, what was rarely observed during
T-II. However, saturation of the AE count rate after yielding and relatively low amplitudes of AE
during entire reverse loading T-II are characteristics of a continuous type of the AE signal. It can be
therefore concluded that recorded AE during reverse tensile loading in route II is rather result of a
dislocation activity. Microstructure and texture development (Figures 4-5) also represent the results of
detwinning: TVF as well as the intensity of the twin texture component around the (0001) pole
decrease. The reasons for a 5% difference in TVF are seen in the variety in active deformation
mechanisms prevailing during detwinning as well as relaxation, reduction of twins by HT, recovery of

dislocations.
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4. Conclusions

The effect of pre-compression and concurrent activation of slip and twinning as well as
intermediate isothermal aging on the mechanical response during subsequent tensile loading has been
studied by acoustic emission technique.

During pre-compression the basal slip is active, resulting in low-amplitude AE signal before
yielding. High-amplitude AE signals appear around the yield plateau of the deformation curve, which is
attributed to a massive twin nucleation. Interactions of gliding dislocations result in work hardening,
which can be changed by intermediate aging, promoting recovery mechanisms. Furthermore, the heat
treatment can lead to solute pinning effects of existing twin boundaries. A part of the twin boundaries is
arrested by solute atoms and/or precipitates, preventing their propagation, and the nucleation of new
twins becomes more favorable. During reverse loading after aging (route I) detwinning is forced to
proceed by (1) migration of pinned twin boundary and by (2) activation of new twins inside existing twin
lamellae, indicated by a burst type of AE signal. A continuous type of AE signal recorded before yielding
is related to basal dislocation slip. If no aging is carried out before reverse tensile loading (route II), the
observed continuous type of the AE signal with increasing amplitudes is assigned to higher dislocation
activity, presumably basal slip. The reduction of the twinned volume fraction, in this case, proceeds by
the migration of existing twin boundaries. Although recovery leads to a softening of the material during
intermediate aging and to a reduction of the resulting Y'S; twin boundary pinning leads to a reduction of
the twin boundary mobility. As a result, the nucleation of new twins proceeds, representing a prominent

deformation mechanism.
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List of figure captions:
Figure 1. Microstructure and texture of the extruded Z1 alloy in the initial state.
Figure 2 AE response: (a) raw AE signal, (b) count rate and stress vs. time dependences for
deformation experiment along route I (pre-compression up to 100 MPa and after intermediate heat
treatment reverse tension up to 75 MPa). For labels of segments of the experiment (C-I, T-I) the
reader is referred to the text.
Figure 3 AE response: (a) raw AE signal, (b) count rate and stress vs. time dependences for
deformation experiment along route II (pre-compression up to 75 MPa, after intermediate heat
treatment re-compression up to 100 MPa and following reverse tensile loading up to 75 MPa). For
labels of segments of the experiment (C-11, CC-II, T-II) the reader is referred to the text.
Figure 4 Microstructure and twin volume fraction of Z1 magnesium alloy after:
- route [: (a) pre-compression up to 100 MPa and (b) intermediate heat treatment and reverse
tension up to 75 MPa;
- route II: (¢) pre-compression up to 75 MPa, (d) intermediate heat treatment and re-
compression up to 100 MPa followed by (e) reverse tensile loading up to 75 MPa.
Figure 5 Inverse pole figures of Z1 magnesium alloy after:
- route [: (a) pre-compression up to 100 MPa and (b) intermediate heat treatment and reverse
tension up to 75 MPa;
- route II: (c) pre-compression up to 75 MPa, (d) intermediate heat treatment and re-
compression up to 100 MPa followed by (e) reverse tensile loading up to 75 MPa.
Figure 6 BSE images of Z1 Mg alloy after the route I: pre-compression up to 100 MPa, intermediate
heat treatment and reverse tension up to 75 MPa.
Figure 7 BSE images of Z1 Mg alloy after the route II: pre-compression up to 75 MPa, intermediate
isothermal aging at 200°C for 8 h and re-compression up to 100 MPa (a-b) and reverse tensile loading

up to 75 MPa (c).

18



Figures:

1070
2170
.
Figure 1
a) Route | Stress AE signal
—— compression ~— compression
====tension — tension
120 1.0
;-m‘ Elo) 08
0.6
E‘u—; 60
8 04
= >
% 30 02 r:ﬂ,
o
2 c
2 0 0.0
5 \ 0z W
£ N 0.4
3 0 8h@200°C .
h T 4-0.6
90 | Lo
120 PR TR T TR S S T . . . 10
¢ 10 20 30 40 50 60 70 8 90 100 110 120
Time (s)
.
Figure 2
a) Route Il Stress AE signal
compression compression
—-=- re-compression re-compression
----tension —— tension
120 T T T T T T T T 10
ce-1 # T-1 ]
Fow ol 08
i <
2 g - 08
2 K] {04
ot ] >
5 X / do2 =
2 & 5
2 0 0.0
5 1-02 4
§ J0a
o 60 8h@200°C
4-0.6
-90 F Jlos
120 PR TR T TR SR S S . . . 10
¢ 10 20 30 40 50 60 7 80 90 100 110 120

Time (s)

Figure 3

b)

Compressive stress (MPa)

b)

Compressive stress (MPa)

6.000 .
4645
3.596 ED
2784
2.155
1.669
1.292
1.000
0.774
Route | Stress ANC/at
compression compression
- ==--tension — tension
120 5x10*
C-1 T-1 5
a0 14x10
J 13x10°
60 il i
i 12x10Q
i gy
g |
0 0
%
30t *: 1-1x10*
\, ] 4
6ol 8h@200°C, -2x10
4 -3x10*
or -ax10*
120 I EUA P g n p R s e R g m
0 10 20 30 40 50 60 70 80 90 100 110 120
Time (s)
Route Il Stress ANC/At
compression compression
re-compression re-compression
----- tension — tension
120 R e e A s 5x10°
c-n cec-1i T-1
90k 14x10°
1310*
60
4 2x10*
=0 4 1x10*
0 = 1 0
T ;
a0k 1-1x10*
{-2x10*
60+ 8h@200°C
1-3x10*
S0r -4x10*
120 PG PR NP PR G P opE G pRy
0 10 20 30 40 50 60 70 80 90 100 110 120
Time (s)

19

1010

AE count rate (s)

AE count rate (s)



After:

‘Joad || ED

100 pm

e

¢) pre-compression up to 75 MPa

Figure 4

After:

6.000

4.645

3.596 "'
2784
2155
1.669
1.292
1.000
0.774

load || ED

€)  pre-compression up to 75 MPa

1010

0001 2110

Imax =3.103

Figure 5

a) pre-compression up to 100 MPa b) +HT+ reverse tension up te 75 MPa

1010 1010
<
i
0001 2110 0001 2110

Imax = 9.421 Imax = 2.756

d) +HT + re-compression up fto 100 MPa ) +reverse tension up to 75 MPa

1010 1010
A k
i ]
0001 2110 0001 2110
Imax = 5.222 Imax = 3.780

20



new twin

Figure 7

21



Table of Contents:

By Daria Drozdenko*, Jan Bohlen, Klaudia Horvadth, Sangbong Yi, Dietmar Letzig,
Frantisek Chmelik, Patrik Dobron

Title:

Effect of Thermomechanical Treatment on Subsequent Deformation Behavior in a Binary Z1
Magnesium Alloy Studied by the Acoustic Emission Technique

Route | Stress AE signal

P! comp
=== =tension tension

1.0
108
106
404
102
0.0
1-0.2

Compressive stress (MPa)
AE signal (V)

2 il et i il
0 10 20 30 40 50 60 70 80
Time (s)

The effect of pre-compression and concurrent activation of slip and twinning as well as
intermediate isothermal aging on the mechanical response during subsequent tensile loading has been
elucidated by acoustic emission technique. Detwinning can proceed by migration of pinned twin

boundary and by activation of new twins inside existing twin lamellae.
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