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Abstract 

Magnesium single crystals with various crystallographic orientations were uniaxially 

and channel-die compressed at room temperature (RT) and at a constant strain rate of 

10-3 s-1 in order to obtain a comprehensive set of acoustic emission (AE) data, which 

can be applied in studies of twinning and dislocation processes in polycrystalline Mg 

alloys. Loading along the <11.2> axis led to a preferable activation of basal slip and it 

was accompanied by a low amplitude AE signal. Twinning was exclusively observed 

during compression along the <10.0> and <11.0> axes. Twin nucleation was 

characterized by burst AE signals with high amplitudes. 
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1. Introduction 

Plastic deformation behavior of magnesium alloys is being intensively studied due to 

increasing demand for the application of light materials in the automotive and aerospace 

industry. Magnesium, with the hexagonal close packed (hcp) lattice and the c/a ratio 

close to the ideal value (1.624), exhibits specific deformation behavior in comparison to 

materials with cubic lattice due to a limited number of available slip systems at room 

temperature (RT). 

Recently, numerous studies were performed on wrought Mg alloys, which show better 

mechanical properties in comparison to cast Mg alloys. The deformation behavior of 

wrought Mg alloys is strongly affected by a crystallographic texture, which is developed 

during forming or manufacturing processes (extrusion, rolling, forging, etc.) [1, 2]. 

It is known that plastic deformation in Mg proceeds mainly via activation of four slip 

systems (basal (00.1) <a>, prismatic (10.0) <a>, pyramidal π1 (10.1) <a>, and 

pyramidal π2 (11.2) <a+c>) according to their specific critical resolved shear stress 

(CRSS) [3, 4]. According to the von Mises criterion for a homogeneous deformation of 

polycrystalline materials at least five independent slip systems are required [5]. In this 

regard, an additional mechanism, mechanical twinning, is supposed to play an important 

role to maintain a ductile mechanical behavior of Mg alloys. Twinning modifies the 

original crystal lattice and the most common twinning mode, {10.2} extension 

twinning, is characterized by 86 degree misorientation from the original lattice. 

Twinning itself can accommodate strain to a certain degree. In addition, twins make 

orientations of the original lattice more favorable for the activation of the dislocation 

slip, providing additional slip. 
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Earlier studies [6, 7] have also shown that plastic deformation of Mg and its alloys at 

RT, besides {10.2} extension twins, could proceed by {10.1} banding, which is a 

combination of {10.1} twinning followed by {10.2} twinning in the former twin. Basal 

slip may be subsequently activated in the twinned material and, therefore, can enhance 

the ability of the material to accommodate strain. 

In spite of grain orientation and grain-size effects in polycrystalline wrought materials, 

plastic deformation is controlled by the same mechanisms as in single crystals. For 

example, the anisotropy should be similar in strongly textured polycrystals and in single 

crystals, and the degree of anisotropy should depend on the strength of the texture [6, 

8]. This analogy between deformation curves for single crystalline and polycrystalline 

Mg with a strong texture, giving orientations similar to those of the single crystal, has 

been observed by Kelley and Hosford [6]. Their study was followed by Graff et al. [9], 

where mechanical tests and numerical modeling were collated for understanding the 

mechanisms of dislocation gliding and deformation twinning in single- and 

polycrystalline Mg. They attempted to describe links between micro- and mesoscale 

processes. The influence of plane orientation, grain size and temperature on the 

deformation processes in Mg single crystals was discussed in [6, 10-12]. 

From all the studies it becomes obvious that the deformation behavior of textured Mg 

and its alloys can be interpreted in terms of deformation modes observed in single 

crystals. 

The activation of basal and non-basal slip, and twinning in Mg single crystals with 

different orientations was studied recently [13, 14]. An analysis of the plasticity in Mg 

single crystals under localized contact using spherical nanoindentation was presented in 

[15-17]. The finite element simulation [15] indicates for different indentation modes 
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different spatial locations of the {10.2} extension twins. Crystal plasticity analysis [17] 

suggests that indentation morphology results from both basal and <a+c> pyramidal slip 

systems in case of (00.1) indentation and basal and twin systems in case of (1-1.0) and 

(11.0) indentation. Multiple twinning and dynamic recrystallization during the channel-

die compression along the <11.0> direction in c-axis extension at ambient temperature 

were studied by Molodov et al. [18] with a help of X-ray diffraction, electron 

backscattered diffraction (EBSD) measurements and theoretical calculations. 

Dislocation motion and twinning in metallic materials can be studied using the acoustic 

emission (AE) phenomenon. The AE technique is based on the detection of transient 

elastic waves, which are generated by a rapid release of energy due to sudden localized 

structure changes within the material [19]. During plastic deformation of conventional 

polycrystalline materials the AE response is characteristic by a distinct peak closed to 

the yield point, which is followed by a rapid decay of the AE activity [20-21]. The onset 

AE peak is explained in terms of rapid dislocation multiplication and movement at the 

beginning of plastic deformation. The subsequent decay of the AE activity is linked 

with shortening of moving dislocation lines and their flight distance due to increasing 

density of immobile dislocations. 

Thus, it is obvious that each active deformation mechanism will show a specific AE 

signature. E.g. the activation of multiple slip leading to fast formation of strong barriers 

to dislocation motion is characteristic as a very rapid decrease of the AE activity [22-

24]. 

The AE signatures belonging to various slip systems and twinning can effectively be 

studied through plastic deformation of single crystals, where specific conditions can be 



 5 

controlled by proper orientation of compressive or tensile axis with respect to the single 

crystal orientation. 

Results of AE measurements during mechanical testing on single crystals of various 

metals (Al, Zn, Fe, Cd, Ti, etc.) can be found e.g. in [19, 25-28]. However, besides [28], 

we are not aware of any AE studies on Mg single crystals. 

The performance of contemporary AE facilities and improved possibilities for analyzing 

large amounts of data open window for a detailed study on the dynamics of deformation 

mechanisms in Mg single crystals and the results can be applicable for the interpretation 

of complex deformation behavior in wrought Mg alloys. 

The main aim of the present paper is to obtain a comprehensive set of AE data on 

uniaxial and plane strain compression tests of Mg single crystals. These data, so far 

unavailable, will be used as a reference to the results of previous studies of twinning 

and dislocation processes in polycrystalline Mg alloys with respect to their chemical 

composition, technological processes and deformation conditions [19-24, 29-32], and 

for future experiments in this field. 

 

2. Experimental 

Mg single crystals of commercial purity (99.95%) were grown by a modified vertical 

Bridgman technique using specially oriented monocrystalline seeds (c-axis parallel and 

45 degree tilted to the growth direction). 

The cutting of the specimens (5 x 6 x 10 mm3) for deformation tests was performed by 

spark erosion and the quality of specimens was characterized using X-ray diffraction 

(Panalytical X-ray diffractometer with the CuKα radiation). 
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Uniaxial and channel-die (Fig. 1) compression tests were performed at RT in universal 

testing machines Instron 5882 and Zwick Z50 at a constant strain rate of 10-3 s-1. The 

texture after channel-die compression tests of single crystals was determined by X-ray 

diffraction in order to determine the twinning activity. 

Mg single crystalline specimens were uniaxially compressed in four different directions 

(Fig. 2). Compression along the <11.2> axis gets a set of AE data for crystallographic 

orientation which specifically favors the basal slip. For other orientations, compression 

were applied along c-, <10.0> and <11.0> axes. 

The channel-die compression tests were performed on Mg single crystals in three 

different crystallographic directions with a suppression of the material flow in the 

specific direction (Fig. 2b-d). This test was not performed for first orientation 

(compression along the <11.2> axis), because the constraining to the one flow direction 

does not exhibit any change in the deformation mechanism (basal slip) and therefore the 

AE data from the uniaxial compression test are sufficient for the AE analysis. 

For next orientation (Fig. 2b), the stress was applied perpendicular to the basal planes 

with the flow ability in <11.0> direction, i.e. the material flow was constrained in 

<10.0> direction. 

During compression perpendicular to the prismatic (10.0) and (11.0) planes (Fig. 2 c,d) 

constraint directions were chosen in order to allow material flow in the 

<00.1> direction. 

A computer controlled PCI-2 (Physical Acoustic Corporation) device was used to 

monitor the AE activity, based on a continuous storage of AE signals with 2 MHz 

sampling frequency. A miniaturized MST8S (Dakel-ZD Rpety, Czech Republic) 

piezoelectric transducer with a diameter of 3 mm and flat response in a frequency band 



 7 

from 100 to 600 kHz was used. The sensor was glued to the holder as close as possible 

to the specimen. A preamplifier with a gain of 40 dB was used. The full scale of the 

A/D converter was ±10 V giving the total gain of 100 dB. The background noise during 

the tests did not exceed 1 mV ( ̴ 20 dB). With respect to this value, the threshold level of 

detection was set to 26 dB and a comprehensive set of AE parameters was evaluated. 

The following AE parameters were determined: 

• AE count rate (∆NC/∆t) - is the count number per time unit [25] at a given 

threshold voltage level. 

• AE event – AE event starts by crossing a defined threshold voltage level and the 

end of the event is detected when the signal remains below the threshold voltage 

for a period exceeding a Hit Definition Time (HDT). Afterwards, during a Hit 

Lockout Time (HLT), the AE signal is not parametrized in order to filter out 

sound reflections. To separate individual AE events, HDT and HLT were set to 

800 and 1000 μs, respectively. 

• Peak amplitude of the AE event – the maximum of the AE signal within an 

individual AE event. 

The AE events and their peak amplitudes were determined in order to discriminate low 

and high amplitude sources of the AE signal.  

 

3. Results 

3.1. Uniaxial compression 

The stress and the AE signal voltage vs. time dependences for uniaxially compressed 

Mg single crystals are depicted in Fig. 3. The proportionality between time and strain is 

given by the constant strain rate of 10-3s-1. For the specimen with a favorable orientation 
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for basal slip (compression along the <11.2> axis, Fig. 3a) the stress is accumulated 

very slowly and the stress-time curve exhibits a very long stage I (easy glide). During 

uniaxial compression along the c-axis, Fig. 3b, a strong hardening behavior (stage II) 

occurs already at the very beginning of the test. 

The deformation curves for compression along the <10.0> and <11.0> axes (Fig. 3c,d) 

exhibit a relative long stage I, where a more distinct stress increase was observed for 

compression along the <11.0> axis.  

The AE count rate and the peak amplitudes of the AE events, as basic AE parameters, 

are correlated with the deformation curves and presented in Fig. 4. Compression of Mg 

single crystal along the <11.2> axis is accompanied by a relatively weak AE signal at 

the beginning of plastic deformation. Fig. 4a shows that the AE count rate is relatively 

constant during the test. During compressing along the c-axis, a low AE activity is 

observed during the whole test (Figs. 3b, 4b). 

For compressed Mg single crystals along the <10.0> and <11.0> axes, both AE 

parameters exhibit their maxima at the beginning of plastic deformation. The AE signal 

voltage (Fig. 3c,d), as well as the AE count rate, is higher (by factor of approx. 6, 

Fig. 4c,d) during compression along the <11.0> axis than during that along the <10.0> 

axis. Moreover, larger amount of AE events with higher peak amplitudes can be seen in 

Fig. 4d by comparison to Fig. 4c. 

 

3.2. Channel-die compression 

During channel-die compression along the c-axis, plastic deformation proceeds in a 

similar way as during uniaxial compression. The rapid increase in stress is evident from 

the very beginning of the test. A small amount of AE events was observed at the 
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beginning of the test. Shortly before fracture, the AE signal was emitted by crack 

propagation. Therefore, deformation curve with a concurrent AE measurement is not 

plotted here. 

The experimental data from mechanical testing with concurrent AE measurement for 

channel-die compressed Mg single crystals along the <10.0> and <11.0> axes are 

presented in Fig. 5 and Fig. 6. The deformation curves exhibit a relative long stage I 

with a low work hardening. This work hardening is slightly higher for loading along the 

<11.0> axis than along the <10.0> axis. 

For both orientations, the AE signal shows a burst character with high amplitudes, 

whereas for the compression along the <11.0> axis, the AE signal is weaker (Fig. 5). 

The AE count rates in both cases exhibit a maximum at the beginning of plastic 

deformation, which is followed by its slow decrease (Fig. 6). Higher values of AE count 

rate are observed during whole test for the compression along the <11.0> axis by 

comparison to compression along the <10.0> axis. 

To reveal possible twinning activity during channel-die compression, the texture 

measurements of the single crystals before and after loading were performed and the 

results can be found in Fig. 7. The texture of the single crystal prior to 

deformation (Fig. 7a,c) was characterized by very high intensity peaks corresponding to 

the orientation (φ1, Φ, φ2) = (90°, 45°, 30°) and (90°, 90°, 30°) in Euler space (Bunge 

notation) for compression of Mg single crystals in orientations presented in Fig. 2c,d, 

respectively. 

The texture of the specimen, compressed along the <10.0> axis, is composed of an 

initial component (90, 45, 30), two symmetrical components (225, 45, 30) and (300, 45, 

30), and further two weak components (marked in the Fig. 7b as zone 1 and 2, 
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respectively). Two symmetrical components duplicate intensity peaks in the (10.0) pole 

figure of the initial texture. It is worth noting that the weak intensity peaks which 

correspond to the initial orientation (90, 45, 30) were slightly rotated, and therefore did 

not match the exact orientation (90, 45, 30) as for the initial state (Fig. 7a). 

The texture of the specimen after compression along the <11.0> axis consists of an 

initial component and two new symmetrical texture components (0, 30, 30) and (180, 

30, 30) with an angle of 30° between the direction of their respective c-axes and the 

compression axis (Fig. 7d). The weak intensity peaks, which correspond to the initial 

orientation, were slightly rotated around compression axis and as in previous case they 

did not match the exact orientation. Moreover, the textures after compression became 

asymmetrical in terms of their relative intensity in the (00.2) and (10.0) pole figures. 

 

4. Discussion 

The main difference between the uniaxial and the channel-die compression tests is the 

direction of plastic flow of the material. Basically, in the case of uniaxial compression 

along a loading axis, the material flow is perpendicular to the loading direction without 

constraint. In case of the channel-die tests, see Fig. 1 again for visualization, the plastic 

deformation is realized in one direction only and in one direction the material flow is 

restricted (in our case applies for the (11.0) and (10.0) planes). Through this experiment 

specific deformation mechanisms can be restricted. 

 

4.1. Uniaxial compression of single crystal along the <11.2> axis: basal slip 

A Schmid factor (SF) analysis [8] reveals that compression of single crystal along the 

<11.2> axis (45 degree tilted c-axis from loading direction) is the ideal condition for the 
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activation of basal slip. Other types of dislocation slip are less engaged in the stage I of 

the deformation due to higher CRSS [3, 4, 6, 7, 33]. Therefore, the AE activity can be 

related to the basal slip. From these results, it can be clearly seen that collective 

movement of dislocations in single slip mode produce low amplitude AE signal. 

 

4.2. Uniaxial compression of single crystal along the c-axis: pyramidal slip 

In case of compression along the c-axis (Fig. 2b), SF for the basal, prismatic and 

pyramidal π1 {10.1} slip systems are zero [8]. Furthermore, it was shown that the 

{10.2} twinning system is also not activated [8, 29, 34]. The 6 equivalent pyramidal π2 

slip systems are active and considering cross-slip of <c+a> dislocation onto {2-1.2} and 

{10.1} planes, 12 slip systems are available to accommodate plastic deformation. A 

very strong hardening is observed due to the intersection of the slip planes [8]. This type 

of dislocation slip was identified by the TEM measurements in earlier works [35, 36]. 

Studies of the evolution of the relative activities of various slip systems with increasing 

strain [9], also show prevailing pyramidal <c+a> slip. 

The very low AE activity (Fig. 4b) during the whole test is consistent with a rapid 

immobilization of dislocations due to a formation of strong obstacles. 

 

4.3. Uniaxial compression of single crystals along the <10.0> and <11.0> axes: 

twinning and dislocation glide 

Plastic deformation in the crystal during compression along the <10.0> and <11.0> axes 

is accommodated mainly by prismatic slip and twinning. For compression along the 

<10.0> axis, SF for prismatic (0.43) and basal (0) slips, and extension twinning system 

(0.5) was calculated in [8]. Analogous calculation of SF for compression along <11.0> 



 12 

axis for prismatic (0.43) and basal (0) slips, and extension twinning system (0.37) are 

presented in [8] as well. The activation of individual deformation mechanism depends 

on both SF and CRSS (the best combination is high SF and low CRSS). The CRSS for 

the prismatic slip is higher than the activation stress for twinning. Consequently, the 

plastic deformation during compression along the <10.0> and <11.0> axes proceeds 

first of all by twinning giving a stronger hardening by comparison with the basal slip 

activated during compression along the <11.2> axis [6-9].  

In Mg, {10.2}<10.-1> twins can accommodate the extension up to 6.4% along the c-

axis [37]. Furthermore, reorientation of basal planes due to the extension twinning 

(rotation of basal planes by 86.3 degrees with respect to their original orientation [10]) 

promotes additional plastic deformation produced by easier basal slip in the reoriented 

grains. It was shown by electron backscatter diffraction (EBSD) mapping [12, 17, 18] 

and TEM investigation [15, 16] that twins are mainly nucleated at the beginning of the 

compression along the <10.0> and <11.0> axes. 

The calculation of the SF for extension twinning [29] with respect to loading direction 

shows that 6 variants of twinning are possible during compression along the <10.0> 

axis. Two of them with SF = 0.5 and four variants with SF = 0.15. In the case of 

compression along the <11.0> axis, only four variants of twinning having SF = 0.35 can 

be active with the same probability. Thus, higher twinning activity at the beginning of 

plastic deformation gives a higher flow stress (more pronounced hardening) and 

extended stage I during compression along the <11.0> axis than along the <10.0> axis. 

Hence, it can be concluded that during compression along the <10.0> and <11.0> axes, 

the AE originates from extension twins. In earlier works [27, 38] it was reported that the 
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twin nucleation produces a detectable AE in contrary to the twin growth. Thus, the high 

amplitude AE signal can be associated with a twin nucleation.  

The difference during loading along the <10.0> and <11.0> axes, i.e. the rotation of 

crystal along the c-axis by 30 degrees, is clearly reflected in the AE response. Higher 

twinning activity during compression along the <11.0> axis is consistent with a higher 

AE response (Fig. 4) for this orientation. It confirms that in this orientation four variants 

of extension twins with SF of 0.35 are more likely to be activated than two variants with 

the higher SF in case of compression along the <10.0> axis. It should be noted that 

minor part of the AE response could be produced by additional basal slip in reoriented 

crystal planes similar to compression along the <11.2> axis, see section 4.1. 

The activation of additional (non-basal) slip systems with higher CRSS is clearly 

manifested as a strong increase in the engineering stress (stage II on deformation curve) 

for both orientations (Figs. 3,4 c,d). The dislocation density increases with a progress of 

plastic deformation, what leads to a decrease in the free path of moving dislocations and 

therefore a reduction of the AE activity is observed (similar situation as in the stage II 

during compression along the c-axis). 

 

4.4. Channel-die compression in the orientation 2: pyramidal slip 

The deformation behavior during both uniaxial (Fig. 2b) and channel-die compression 

(not presented here) along the c-axis is similar. A very strong hardening is the result of 

the activation of the pyramidal π2 slip systems and a possible cross-slip of <c+a> 

dislocations. The very low AE activity during the whole test can be ascribed to a fast 

formation of immobile dislocations. Therefore, we can summarize that constraining of 
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the (10.0) planes has practically no influence on plastic deformation during compression 

along the c-axis. 

 

4.5. Channel-die compression during compression along the <10.0> and <11.0> axes: 

“restricted” twinning and dislocation glide 

During channel-die compression along the <10.0> and <11.0> axes, active twin variants 

are influenced by constraining of (11.0) and (10.0) planes, respectively, leading to a 

change in the deformation behavior by comparison to uniaxial compression test. The 

deformation curves for channel-die compression tests are similar to those presented by 

Kelley and Hosford [7]. As for the uniaxial compression, the hardening in stage I is 

higher during compression along the <11.0> axis than along the <10.0> axis. It was 

shown in [17, 18] that the early stage of deformation during channel-die compression 

along the <10.0> and <11.0> axes was characterized by large scale {10.2} extension 

twinning, converting the whole specimen into softer orientation for slip. 

The texture intensity peak, which corresponds to the initial orientation, was slightly 

rotated around compression axis during loading along the <10.0> axis (Fig. 7a,b). This 

behavior could be explained by dislocation slip in areas of single crystals, which were 

not twinned till the end of the test [18].  

The texture components formed during loading in both orientations can be ascribed to 

the result of extension twinning. The asymmetrical character of texture components 

originated from twins could be related to dislocation gliding in reoriented material [18]. 

An illustration of active twinning systems, which is based on the results of texture 

measurements after channel-die compression of Mg single crystal, is presented in Fig. 8. 

For specimen compressed along the <10.0> axis twin variants with SF of 0.15 are 
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depicted as twin A, B and twin variant with SF of 0.5 is shown as twin C. Small 

component in the texture, marked as zone 1 in Fig. 7b, results from activation of twin C, 

however this deformation mode is not preferred due to the configuration of the test. 

Thus, it can be assumed that twins have a tendency to retwin into orientation for easy 

material flow. Consequently, a small texture component, marked as zone 2 in Fig. 7b, 

could be associated with double twin from twin C (detail in the Fig. 8a). For specimen 

compressed along the <11.0> axis extension twin variants with SF of 0.35 are depicted 

as twins A and B, respectively. 

The higher AE response during compression along the <11.0> axis than along the 

<10.0> axis is ascribed to higher twinning activity (Fig. 6), similarly to uniaxial 

compression test. Thus, during channel-die test four variants of extension twins with SF 

of 0.35 have higher influence on plastic deformation than two variants with higher SF 

(0.5). The numerical simulations and experimental results show analogous mechanical 

behavior [8, 9]. 

During compression along the <10.0> axis the peak amplitudes of AE events at the 

stage I of the deformation curve are higher for channel-die compression than for 

uniaxial test (Fig. 4a, 6a). According to [38], this behavior could be attributed to a high 

twin nucleation. Therefore, we can conclude that constraining of (11.0) plains restricts 

grown of extension twins and extension along the c-axis is accommodated mainly by 

increase of number of nucleated twins rather than by their grown. 

Similar to uniaxial compression, during channel-die compression the activation of non-

basal slip systems is associated with a strong decrease in the AE activity due to a fast 

immobilization of dislocations. 
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Conclusions 

Mg single crystals with different orientation were subjected to uniaxial and channel-die 

compression tests with a concurrent recording of acoustic emission (AE). The active 

deformation mechanisms were correlated to the AE response. Loading along the <11.2> 

axis led to a dominant activity of basal <a> slip and AE is represented by a low 

amplitude AE signal. During uniaxial and channel-die compression along the c-axis, 

pyramidal π2 slip systems were activated, and due to a rapid immobilization of 

dislocations a formation of strong obstacles, a very weak AE signal was observed for 

both arrangement of deformation tests. The higher twinning activity, represented by a 

more pronounced AE response, was observed during uniaxial compression along the 

<11.0> than the <10.0> axes. A minor part of the AE response could be produced by 

additional basal slip in reoriented crystal planes. Similar deformation behavior is 

observed for channel-die compression, where constraining of specific planes led to 

higher amount of twins and it is reflected in higher AE by comparison to the uniaxial 

compression. 
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List of figure captions: 

 

Fig. 1. Scheme of channel-die compression experiment. 

Fig. 2. Orientations of Mg single crystals for selection of compression axes; flow axis is 

marked for channel-die experiment. 

Fig. 3. Time dependence of engineering stress and the AE signal voltage for Mg single 

crystals with respect to various loading axes (uniaxial compression): (a) <11.2>, (b) c-, 

(c) <10.0>, (d) <11.0>. 

Fig. 4. Time dependences of engineering stress, the AE count rate, and the peak 

amplitudes of the AE events for Mg single crystals with respect to various loading axes 

(uniaxial compression): (a) <11.2>, (b) c-, (c) <10.0>, (d) <11.0>. 

Fig. 5. Time dependences of engineering stress and AE signal for Mg single crystals 

with respect to various loading axes (channel-die compression): (a) <10.0>, (b) <11.0>. 

Fig. 6 Time dependences of the engineering stress, the AE count rate, and the peak 

amplitudes of the AE events for Mg single crystals with respect to various loading axes 

(channel-die compression): (a) <10.0>, (b) <11.0>. 

Fig. 7. Texture development in the single crystals for channel-die compression along the 

<10.0> and <11.0> axes prior to (a, c) and after (b, d, respectively) loading. 

Fig. 8. Illustration of active twinning system in the Mg single crystal during channel-die 

compression along the <10.0> (a) and <11.0> (b) axes. In detail of (a) double twinning 

of original lattice (Matrix=M.) is presented. 
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Fig. 1. Scheme of channel-die compression experiment. 

 

 

Fig. 2. Orientations of Mg single crystals for selection of compression axes; flow axis is 

marked for channel-die experiment. 
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Fig. 3. Time dependence of engineering stress and the AE signal voltage for Mg single 

crystals with respect to various loading axes (uniaxial compression): (a) <11.2>, (b) c-, 

(c) <10.0>, (d) <11.0>. 
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Fig. 4. Time dependences of engineering stress, the AE count rate, and the peak 

amplitudes of the AE events for Mg single crystals with respect to various loading axes 

(uniaxial compression): (a) <11.2>, (b) c-, (c) <10.0>, (d) <11.0>. 
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Fig. 5. Time dependences of engineering stress and AE signal for Mg single crystals 

with respect to various loading axes (channel-die compression): (a) <10.0>, (b) <11.0>. 
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Fig. 6 Time dependences of the engineering stress, the AE count rate, and the peak 

amplitudes of the AE events for Mg single crystals with respect to various loading axes 

(channel-die compression): (a) <10.0>, (b) <11.0>. 
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Fig. 7. Texture development in the single crystals for channel-die compression along the 

<10.0> and <11.0> axes prior to (a, c) and after (b, d, respectively) loading. 
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Fig. 8. Illustration of active twinning system in the Mg single crystal during channel-die 

compression along the <10.0> (a) and <11.0> (b) axes. In detail of (a) double twinning 

of original lattice (Matrix=M.) is presented. 
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