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Micropillar compression technique was employed to study the microscale deformation mechanisms of basal slip,
twinning and non-basal slips at selected grains in a Mg-2 wt.% Y alloy. The results suggest a critical resolved
shear stress (tCRSS) for basal slip 12.5 + 1.7 MPa, and for twin nucleation and twin growth 38.5 + 1.2 MPa and
33.8 + 0.7 MPa, respectively. The higher values compared to those in pure Mg suggests a more balanced
deformation in Mg alloy with Y addition. The activation of <c+a> dislocations in the twinned orientation is
highlighted, which leads to strong work hardening in twinned favorable orientation [1010]. In addition, at
prismatic-slip favorable orientation [1120], a twinning-to-prismatic slip transition was observed when elevating
temperature from 25 °C to 100 °C and 250 °C. Specially at 250 °C, twinning was completely prohibited, and pure
prismatic slip was triggered. The measured tcgss for prismatic slip at 250 °C was 39.7 + 0.3 MPa, much higher
than that for pure Mg at the same temperature. Finally, at pyramidal-slip favorable orientation [0001], an
abnormal strengthening was observed at 100 °C and 250 °C due to activation of pyramidal slips. Decompositions
of <c+a> dislocations and Y segregation at stacking faults are the main mechanisms leading to the high-
temperature strengthening in Mg-Y alloy.

1. Introduction

Magnesium (Mg) and its alloys have been widely applied in vehicles,
electronics, medical equipment, et al., due to their high specific
strength, low density and biodegradable properties. As atomic lattice of
Mg is hexagonal close-packed (hcp) structured, the mechanical perfor-
mance of Mg alloys is still limited by the strong plastic asymmetry, poor
deformability and high temperature sensitivity [1-5]. At microscale, the
deformation of Mg is coupled contributions of 4 independent activities,
including basal slip, twinning and non-basal slips (pyramidal and pris-
matic slips). The difference in the critical resolved shear stress (zcrss)
and their temperature sensitivity mainly dominate the mechanical per-
formance of Mg alloys at room temperature (RT) and high temperatures
(HT). E.g., t¢crss of basal slip in pure Mg is only ~0.5 MPa at RT [6-8],
which is much lower than that of non-basal slips (~40 MPa) [9-11]. Asa
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result, sharp basal textures preferentially form during deformation of
Mg. They are detrimental to the formability and ductility of Mg alloy. As
basal slip only provides 2 independent slip systems, synergistic defor-
mation of Mg still necessitates another deformation along <c> axis, and
this is generally accommodated by twinning in Mg. Twinning emerges
under uniaxial compression (leading to strong tension-compression
asymmetry), and the 7cgss for twinning is ~ 12 MPa at RT. The large
differences in the 7¢cggs of basal slip, twinning and non-basal slips thus
lead to strong mechanical anisotropy of Mg alloys at RT. At HT, the
mechanical anisotropy of Mg is markedly reduced, especially at 0.4Ty,
(melting point). It is found that non-basal slips become more operative
at HT due to the reduced tcrss. However, the reduction in the 7cgss of
non-basal slips may degrade strongly the strength of Mg at HT. For
instance, in AZ31 Mg alloys, the yield strength at 200 °C was only ~89
MPa, which was much lower than that at RT ~ 155 MPa [12].
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Fig. 1. (a, b, ¢) Derived inverse pole figure (IPF) maps of the grain 1 to grain 4 in Mg-2Y alloy, based on the EBSD measurement.

The large 7¢gss difference in Mg can be reduced by alloying with rare
earth (RE) elements, which gives rise to toughness enhancement and
temperature resistance of Mg alloys [13,14]. Recent studies show that
the fracture elongation of a Mg-3 wt.% Y alloy was ~0.25 at RT, 5 times
higher than that of pure Mg (x0.05) [15]. The toughening mechanisms
lie in the balanced 7¢grss between basal and non-basal slips and the ac-
tivations of <c+a> dislocations that provide more than 5 independent
slip systems. At HT, due to segregation of Y elements along grain
boundaries and solute drag effects, the degradation of strength in Mg-Y
alloys was effectively retarded at HT [16]. Despite this, the current study
on deformation mechanism of Mg-Y alloy is still limited at macroscale
where the polycrystalline grains and grain boundaries play a dominant
role. The individual slip mechanisms and the z¢gss of basal slip, twining
and non-basal slips are still unknown at both RT and HT, which infor-
mation is important to understand the orientation and temperature
dependent deformations in Mg-Y alloys.

To this end, in this work micropillar compression technique was
employed to study the deformation mechanisms of basal slip, twinning
and non-basal slips of a typical Mg-2 wt.% Y (Mg-2Y) alloy at micro-
scale. As the test was uniaxial compression, 4 grains oriented at [1123],
[1010], [1120] and [0001] were positioned on a finely polished cross-
section by electron backscatter diffraction (EBSD) technique. Among
them, the [1123] and [1010] were basal slip and twinning favorable

Table 1
The maximized SFs (m) of the selected grains.

orientations. The inside micropillars were thus tested at RT, as both
activities were thermally independent [17]. The [1120] and [0001] were
prismatic and pyramidal favorable orientations, specifically at HT, thus
the micropillars inside were compressed at RT, 100°C and 250°C, in
order to trigger the non-basal slips and to study the temperature sensi-
tivity. After micropillar compressions, scanning and transmission elec-
tron microscopies (SEM & TEM) and transmission Kikuchi diffraction
(TKD) were used to provide insight on slip and dislocation activities.
Based on the shear stress-strain curves of each orientation, 7¢cgrss of basal
slip, twinning and non-basal slips in the Mg-2Y were finally derived to
forward fundamental understanding of the orientation and temperature
dependent mechanical behavior.

2. Materials and experimental techniques

The Mg-2Y alloy was manufactured by casting technique using high-
purity Mg and Y particles inside an induction furnace (VSG 002 DS, PVA
TePla) in Ar atmosphere. The cast ingots were homogenized at 400 °C
for 7 days to achieve a homogeneous composition and also to induce
grain growth. The surfaces of the Mg-2Y alloys were mirror-polished
using standard metallographic techniques [18]. The microstructure of
the as-casted Mg-2Y was characterized by SEM (Helios Nanolab 600i
FEL, supplemented as Fig. S5) and EBSD (Oxford Instruments

Grain Orientation Loading direction Basal slip Prismatic slip Pyramidal slip Tension twinning
Gl (76.0°, 42.5°, 48.1°) [1123] 0.48 0.22 0.29 0.26

G2 (61.8°,94.8°, 24.2°) [1010] 0.07 0.47 0.39 0.49

G3 (91.8°, 94.0°,157.7°) [1120] 0.07 0.45 0.4 0.39

G4 (24.1°,172.1°, 49.1°) [0001] 0.13 0.37 0.49 -
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Fig. 2. FIB milling protocol of a typical micropillar in Mg-2Y alloy: (a) rough
removal; (d) final shaped micropillar.

NordlysNano electron). The EBSD measurements were carried out at 30
kV accelerating voltage and 2.7 nA beam current, using a step size of
S5pum. The acquired data was analyzed by the Aztec and Channel 5.0
software package. Four typical grains oriented at [1123], [1010], [1120]
and [0001] were positioned for micropillar compression tests, as shown
in Fig. 1. They are labeled as G1, G2, G3 and G4 in this work. Note the
selected grains were large enough for the micropillar fabrications. Based
on the grain orientation, the Schmid factors (m) for basal slip, twinning,
pyramidal slip and prismatic slip of the 4 grains were calculated ac-
cording to Ref. [19]:

m=cos(¢) x cos(4) (€]

where ¢ is the angle between the applied stress and the normal to the
slip plane, and 1 is the angle between the applied stress and slip direc-
tion. The calculated m of the 4 orientations are listed in Table 1.
Micropillar compression was performed in the selected grains
(G1~G4) of the Mg-2Y alloy. Prior to that, square cross-sectioned
micropillars were milled by focused ion beam (FIB) technique inside a
Helios Nanolab 600i SEM/FIB dual beam system. The ion source was
Ga', and the accelerating ion voltage was 30 kV. Fig. 2 shows a typical
milling protocol of the square micropillar in Mg-2Y alloy at a tilted
angle of 52° (ion gun vertical to the milling surface). At the sites of the
selected grains, the following successive milling steps were carried out:
(i) rough milling to fast remove the surrounding material by using a very
high ion current (24 nA) (ii) milling with smaller ion currents (i.e., 9.3
and 2.5 nA); to smoothly approach the target dimension (size length 5
pm and 7 pm, aspect ratio in the range 2:1 to 3:1); (iii) taper removal and
surface polishing with an 80 pA ion current by overtilting the sample
stage to 53.5°and 50.5°, respectively; (iv) 90° stage rotation and repe-
tition of step (iii). 2 types of micropillars with cross-sections of 5 x 5 pm?
and 7 x 7 pm? were milled inside each grain, in order to ascertain the
micropillar size effect. Note the size effect arises in Mg alloy at micron
scales due to dislocation starvation [20,21]. Generally, a ‘the smaller,
the stronger’ rule was observed in Mg alloy [21,22]. Therefore, it is
important to study the micropillar size effect in priority and to deter-
mine the micropillar dimension that is representative. Extensive studies
suggest that when the edge size is > 7 pm, the size effect is negligible
[20-22]. This is also the case for the micropillar in Mg-2Y alloys (see

milling with 21 nA ion current; (b) fine milling with 9.3 nA ion current; (c) tapper

Supplementary Fig. S1). Therefore, only the representative curves of
each orientation were plotted in the following sections.

The as-milled micropillars were compressed using standalone Hysi-
tron TI950 Triboindenter (RT test) and PI87 Picoindenter equipped in-
side a SEM system (ZEISS EVO18, HT test). Details of both micro-
mechanical facilities are provided as supplementary information
(Figs. S2 and S3). Note the SEM system provides a high vacuum envi-
ronment (vacuum < 1 x 107 Pa), which is important for HT micropillar
compressions as potential oxidations were eliminated. A diamond flat
punch (diameter = 10 pm) was used for all experiments. The misalign-
ment between the flat punch and the top surface of the micropillars was
carefully corrected in these tests. All the tests were implemented under
displacement-control mode at an average strain rate of 10° s up to a
maximum strain of 10%. The acquired load-displacement curves were
corrected to account for the compliance due to elastic deflection of
Mg-2Y beneath the micropillars, based on Sneddon’s correction model
[23,24]. The corrected force and displacement were converted to engi-
neering stress (o)-strain (&) based on:

P

= (2)
D

=L 3

Here, P and D are the corrected load and displacement after Sned-
don’s correction. Ag and Ly are the initial cross-section and height of the
micropillars. Based on the c-¢ curves, the yield stress (cye1a) of each
orientation was determined and tcgss of basal slip, twinning and non-
basal slips were finally calculated based on:

TcRss = M- Oyielq “4)

After the micropillar compression tests, the slip traces emerged on
the free surface of the micropillars were characterized by SEM. They are
key information to determine the activated slip systems, thus to trace the
deformation histories. In order to gain insight in the dislocation activ-
ities, thin lamellas of ~100 nm in thickness were trenched and lifted-out
from deformed micropillars for further TEM characterization (Talos
F200X FEI). In current study, bright field imaging (BF) and selected area
diffraction (SAD) were utilized to characterize the twinning deformation
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Fig. 3. Compressive stress-strain curves of the micropillars at RT in basal
favorable (G1) orientation. The insert is a typical compressed micropillar.

Table 2
Measured 7¢gss for basal slip, twinning, prismatic and pyramidal slips in Mg-2Y
alloy.

Slip Mode TCRSS

25°C 100 °C 250 °C
Basal Slip 125+ 1.7 - -
Twin Nucleation 385+ 1.2 - -
Twin Growth 33.8+0.7 - -
Prismatic Slip - - 39.7 £ 0.3
Pyramidal slip - 43.7 £ 0.3 45.6 + 0.7

upon micropillar compression. Based on the diffraction patterns, the
orientation relationship between twinning and matrix was deternmined.
In order to identify basal and non-basal dislocations, two-beam dark-
field (DF) TEM mode with g = (0002) was used to characterize the non-
basal triggered dislocation. i.e., <c+a> dislocations, based on disloca-
tion visibe rule g-b # 0.

3. Results and discussion
3.1. Deformation mechanism of basal slip

As the micropillars of G1 and G2 were oriented for basal slip and
tensile twinning favorable modes, they were firstly tesed at RT. The HT
micropillar compressions were not performed since basal slip and
twinning were temperature insensitive. Fig. 3 plots the engineering
stress-strain curves of the micropillars compressed in G1. Since m for
basal slip in G1 was 0.48 (Table 1), higher than that of the rest slip
modes, basal slip was preferientially activated at this orientation
([1123]). This deformation mode was further supported by detailed SEM
observation of the micropillar, insert in Fig. 3. Basal slip traces that were
formed by shearing of single set of parallel slip planes were observed on
the lateral surface of the micropillar. The typical stress-strain curve for
this grain began with an elastic deformation, which was followed by a
pronounced plastic yielding. The yield stress was 25.0 + 3.5 MPa, and
this led to a 7¢rss for basal slip 12.5 + 1.7 MPa based on Eq. (4), as listed
in Table 2. The value agrees well with the reported z¢gss for basal slip in
Mg-2.2 wt% Y [25]. Note compared to the Tcrss for pure Mg (~5.0 MPa),
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Fig. 4. (a) Compressive stress-strain curves of the micropillars in twinning
favorable (G2) orientations.

the enhanced 7¢gss for basal slip in Mg-2Y alloy can be explained by the
solute misfit volume and stacking fault energies [26]. Note multiple
stress drops were also observed as deformation proceeded, and this
phenomena is mainly a consequence of activation of dislocation slips.

3.2. Deformation mechanism of tensional twinning

The slip activities were quite different in the micropillar of G2. At
this orientation ([IOTOD, m for twinning was 0.49 (Table 1), therefore
tensional twinning was preferientially activated. Fig. 4 plots the engi-
neering stress-strain curves of the micropillar at RT. Sudden drop in the
stress level occurred at ~1.5% applied strain, and this was a conse-
quence of twin nucleation [27,28]. Following that, the twin was prop-
agated through the entire micropillar, as indicated by a strain plateau in
the curve (insert in Fig. 4). Based on the yield stress level for twinning,
7crss for twinning nucleation and twinning growth were calculated 38.5
+ 1.2 MPa and 33.8 £ 0.7 MPa, respectively, based on Eq. (4) (Table 2).
Note the values were enhanced significantly, compared to those in pure
Mg (~20.0 MPa and ~16.5 MPa) [29]. This result highlights that the
addition of Y can strengthen remarkably the tensional twinning defor-
mation. Accordingly, the ratio of z¢rss for twinning nucleation to z¢rss
for basal slip was &3 in Mg-2Y alloy, much lower than that in pure Mg
(~4). This suggests a more balanced deformation in Mg-Y alloy.

The twin formation was successfully observed by TKD in a thin
lamellae of the compressed micropillar. Fig. 5 (a) shows the BF-TEM of
the lamellae and (b) presents the corresponding TKD contour. The ma-
trix domain was only observed at upperpart of the micropillar, beneath
it was a large area of twin domain. Detailed SADPs of both domains are
shown in Fig. 5(c-d). At zone axis of (1010), the c-axis ([0001]) in the
matrix (green line, Fig. 5¢) was almost vertical to that in the twin (blue
line, Fig. 5d). This evidences that the lattice in the matrix was rotated for
~90° to form the twin, thus the orientation was changed from [1010] to
[0001] (c-axis). TKD results show an Euler angle of the twin orientation
(15°, 85.3°, 26.9°), which gives m for basal, prismatic and pyramidal
slips 0.24, 0.01 and 0.49, respectively. Though the twin orientation was
not optimized for basal slip (due to low m, compared to that in G1), basal
slip was still activated. This was evidenced from the traces formed on the
surfaces of the deformed micropillar. As shown in Fig. 5 (e), the traces
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Fig. 5. Microstructure of a typical deformed micropillar in G2: (a) BF-TEM image; (b) TKD image; (c, d) SADPs of matrix and twin domain; (e¢) SEM image.

g=(0002)r.
...Jogged Area

Fig. 6. DF-TEM in the deformed micropillar in G2 under two-beam mode with
g = (0002);.

were vertical to the loading direction ([0001] for the twin). The for-
mation of them could be only a consequence of basal slip, since non-
basal slips were inclined to the c-axis.

Prismatic slip was also triggered in the twin, considering the high m
for the twin orientation. Though the traces of prismatic slip were hardly
observed from the slip traces, the deformation can be still evidenced by
the formation of <c+a> dislocations. <c+a> dislocation has a burgers
vector (b )of [1 153}. It can be tracked by two-beam mode in TEM, based
on gb+#0 E.g., giving g = (0002);, the <c+a> dislocations were
visible and <a> dislocations due to basal slip (b = [1210], [1120],

[2110]) were not visible. Thus, the observed dislocations in Fig. 6
belonged to <c-+a> dislocations. They were entangled and interacted
with <a> dislocations (in the basal plane), thus forming large density
dislocation jogs in the twin. This dislocation activity well explains the
strong strain hardening behavior of the micropillar after twin formation
(Fig. 4).

3.3. Deformation mechanism of prismatic slips

Compared to the orientations in G1 and G2, m for prismatic slip in G3
and pyramidal slip in G4 were both high (0.45 and 0.49), the non-basal
slips probably occurred at both orientations at HT. Therefore, micro-
pillar compressions were performed at RT, 100 °C and 250 °C in G3 and
G4, to study the deformation mechanism of the non-basal slips. Fig. 7
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Fig. 7. Engineering stress-strain curves of micropillars at RT, 100 °C and
250 °C in G3.

shows the typical stress-strain curves of G3 orientation at RT, 100 °C and
250 °C. Though m for prismatic slip was higher than that for twinning in
G3 orientation (0.45 vs. 0.39), twinning was still prone to occur at RT,
due to the comparably low z¢gss (=38.7 MPa for twin nucleation section
3.1). In the stress-strain curve (black curve, Fig. 7a), sudden drops in the
stress level and the following work hardening were much similar to the
scenario observed in G2 (Fig. 4) and was mainly a consequence of twin
nucleation/growth and dislocation jog formations (Fig. 6). Similar basal
slip traces in the twined regime were also observed on the lateral sur-
faces of the deformed micropillar, as shown in Fig. 8 (a), in accordance
with that in G2 (Fig. 5e). The calculated z¢crss for twin nucleation and
growth based on the RT curve in G3 was ~35.1 MPa and ~31.6 MPa,
respectively, similar to those obtained in G2. This verifies the validity of
the derived 7¢gss for twinning in the Mg-2Y alloy.

The stress-strain curve was rather smooth at 100 °C and 250 °C,
signifying the prohibition of twinning activity at HT. Despite this,
twinning was still activated at 100 °C, as evidenced by the emergence of
basal slip traces on the deformed micropillar (Fig. 8b). Except for the
basal slip traces, wavy traces inclined to the loading direction were also
observed. As G3 was oriented for prismatic slip, they were formed
mainly by prismatic slip. Therefore, at 100 °C twinning and prismatic
slip coexisted. Twinning was completely prohibited at 250 °C. Based on
the stress-strain curve, the yield stress at 250 °C was ~85 MPa, lower
than that at RT (=90 MPa) for twinning activation. The stress level was
not high enough to trigger twinning, especially at the initial yielding
stage. The sole prismatic deformation at this temperature was further

Basal Slip Traces
Due to Twinning
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supported by the vanishing of basal slip traces and emergence of pris-
matic slip traces on the lateral surfaces of the micropillar. Based on the
measured yield stress values at 250 °C, the 7¢gss for prismatic slip was
39.7 £+ 0.3 MPa, as listed in Table 2. This is the first successful mea-
surement of the 7¢gss for prismatic slip in Mg-Y system. Note the 7¢gss
for prismatic slip in pure Mg was ~32 MPa at RT, and was reduced to
only ~8 MPa at 300 °C. The much higher 7cgss value in Mg-Y alloy
suggests that the Y addition aided further strengthening in Mg alloy,
especially at HT [30,31].

3.4. Deformation mechanism of pyramidal slips

G4 was oriented close to [0001] c-axis, and the micropillars showed a
rather different temperature dependent response. Fig. 9 plots the
compressive stress-strain curves of G4 micropillars at RT, 100 °C and
250 °C. At this orientation, basal slip was still activated at RT, leading to
a low level of yield strength (=25 MPa) and weak work hardening
behavior. The compressive response was similar to that in G1 (see
Fig. 3). The parallel traces emerged on the surfaces of the deformed
micropillar further suggest the activation of basal slip at RT, as shown in
Fig. 10 (a). Since basal slip was temperature independent, it was also
activated at 100 °C, as evidenced by the comparable yield stress and
analogous basal slip traces, Fig. 10 (b). Unlike the stress-strain curve at
RT, the strain hardening rate at 100 °C was higher, and an abrupt stress
burst was still observed at ~ 6% applied strain (indicated by the red
arrow). This manifests the activation of other slip activities, i.e.,

500 - T . y ’ .
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' / [0001]
-

g

w
o
o

e

Engineering Stress (MPa)
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Fig. 9. Engineering stress-strain curves of micropillars at RT, 100 °C and
250 °C in G4.

Basal Slip Traces
Due to Twinning

Fig. 8. Slip trace analysis of the micropillars in G3 that were compressed (a) RT, (b) 100 °C, (c) 250 °C.
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Fig. 11. TEM characterization of G4 micropillar compressed at 250 °C: (a—c) dislocation activity atg = (0002); (d) stacking faults formed by dislocation dissociation.

pyramidal slip due to high m (0.49) at this orientation. The non-basal
slip was successfully tracked at 250 °C where short debris emerged on
the lateral surface of the deformed micropillar, Fig. 10(c-d). Interest-
ingly, at this temperature an abnormal strengthening effect was
observed, despite of the occurrence of basal slip at initial deformation
stage. This phenomena was firstly reported in pure Mg, and was ratio-
nalized by decomposition of <c+a> dislocation due to pyramidal slip
[32-34]:

% [1123] > o001 +% [10T0] + $F o0 +% [o17T0] (5)

Based on this equation, the <c+a> dislocation was decomposed to
the dislocation and the stacking fault (SF) along basal plane (0001) and
the partial dislocation along 1/3[0110]. Accordingly, abrupt stress burst
occurred at higher stress level (~110 MPa, blue arrow) at ~2% applied
strain.
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The proposed dislocation activity was further verified by TEM
characterization on the 250 °C deformed micropillar, as shown in
Fig. 11. Large density <c+a> dislocations were observed in the
microstructure with g = (0002). The <c+a> dislocations were formed
by activation of pyramidal slips at HT (100 °C and 250 °C), in accor-
dance with the observed short debris feature (Fig. 10d). The <c+a>
dislocations were entangled with the <a> dislocations formed due to
basal slip, leading to the strong work hardening behavior of this orien-
tation at HT (Fig. 9). Note prismatic loops and SFs along basal plane
were also observed, Fig. 11(c—d). Both microstructural features were
formed by decomposition of the <c+a> dislocations at 250 °C. Based on
Ref [35], the SFs are preferential spots to accommodate Y segregation
(Suzuki segregation). Therefore, except for the dislocation decomposi-
tion, Y segregation is another mechanism leading to the abnormal
strengthening of this orientation at 250 °C. The TEM observation sup-
ports strongly the activation of pyramidal slips, except for the basal slips
at HT. Therefore, the observed stress burst at 100 °C and 250 °C must be
correlated to the activation of pyramidal slip. Based on the critical stress
level, the 7¢gss for pyramidal slip was 43.7 + 0.3 MPa at 100 °C and 45.6
+ 0.7 MPa at 250 °C, as listed in Table 2. Note both values are higher
than the raw 7¢ggss in pure Mg at the same temperature (=40 MPa at
100 °C and ~20 MPa at 250 °C) [10]. The comparable values further
suggest an enhanced temperature resistance of pyramidal slip in Mg-Y
alloys.

4. Conclusions

In this work, micropillar compression was utilized to elucidate the
microscale deformation mechanisms of basal slip, twinning and non-
basal slips in a Mg-2 wt.% Y (Mg-2Y) at room temperature (RT) and
high temperatures (100 °C and 250 °C). Based on the acquired stress-
strain curves, the corresponding critical resolved shear stress (tcgrss) of
individual slip mode was finally determined. Based on the studies, the
following main conclusions can be drawn:

1. As measured at [1123] and [1010] orientations, the tcrss for basal slip
in Mg-2Y alloy was measured 12.5 + 1.7 MPa, and that for twinning
nucleation and growth 38.5 + 1.2 MPa and 33.8 + 0.7 MPa,
respectively. The values were much higher than those reported in
pure Mg, and suggests a more balanced deformation in the Mg-2Y
alloy. Note the twinning favorable orientation showed a strong work
hardening behavior upon micropillar compression, and this is a
consequence of activation of <c+a> dislocations in the twinned
orientation.

2. At prismatic-slip favorable orientation [1120], the micropillar was
deformed mainly by twinning at RT. Twinning-to-prismatic slip
transition was observed at HT. Specially, at 250 °C, twinning was
completely prohibited, and pure prismatic slip was triggered. The
measured Tcrss for prismatic slip at 250 °C was 39.7 + 0.3 MPa,
much higher than that for pure Mg at th same temperature. This
suggests a further strengthening effect in Mg-2Y alloy, especially at
HT.

3. At pyramidal-slip favorable orientation [0001], pyramidal slips were
triggered at 100 °C and 250 °C, following the basal slips, which led to
an abnormal strengthening effect at HT. Detailed dislocation analysis
further suggests an HT strengthening mechanism related to disloca-
tion decomposition and Y segregation at stacking faults. The tcggss for
pyramidal slip was measured 43.7 + 0.3 MPa at 100 °C and 45.6 +
0.7 MPa at 250 °C. The comparable values further suggest an
enhanced temperature resistance of pyramidal slip in Mg-Y alloys.
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