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a b s t r a c t

The twinning activity in random textured cast magnesium during room temperature tension and
compression tests was monitored by neutron diffraction (ND). Variation of integrated intensities of
selected diffraction peaks, characterizing the twinned volume in particularly oriented grains was
compared with calculated Schmid factors for extension twinning of these grains. It is shown that in
tension there is a direct proportion between the twinned volume and the maximum value of the Schmid
factor for a given grain orientation. In contrast, in compression this relation is not valid. The twinned
volume in this case is influenced by both deviation of the grain from the ideal orientation and its rotation
around the c-axis. The experimental results are in good agreement with those obtained from elasto-
plastic self-consistent (EPSC) modeling.

© 2017 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.

1. Introduction

f1012g〈1011〉 extension twinning is an important deformation
mechanism in magnesium alloys [1e3]. It exhibits polar behavior
and differently oriented grains undergo twinning during tensile
and compressive deformation. Thus, the plastic behavior and
texture evolution depends strongly on the loading direction. There
is discussion in the literature [4e8] as to the extent that activation
of a given twin variant depends on its Schmid factor (SF). The SF-
volume correlation is not necessarily straightforward, since the
stresses that drive twinning vary locally and the accommodation of
the twinning strain also has to be taken into account [9,10]. The
common approach for answering this question usually includes
statistical analysis of EBSD data. However, this technique is limited
in terms of the volume of material that can be examined.

In-situ neutron diffraction has been proved to be useful for
investigation of deformation twinning [11e13]. The large penetra-
tion depth of the thermal neutrons facilitates the investigation of
relatively large sample volumes and provides good statistics also in

the case of coarse-grained (>50 mm) materials. The information
about twinning can be obtained by following the intensity changes
of particular diffraction peaks [11,14,15].

In this work we employ the neutron diffraction method to study
the Schmid factor dependence of twinning. Correspondence be-
tween the experimentally established twinned volume fraction and
the calculated Schmid factors for extension twinning in particular
orientation families is analyzed.1 The experimental data, measured
on randomly textured Mg-Al alloy are compared with predictions
of an EPSC model.

2. Material and experimental methods

Binary Mg- 2 wt. % Al (Mg2%Al) alloy having a grain size of
approximately 100 mm was used for the experiment [16]. The
testing was carried out using cylindrical specimens with a diameter
of 9 mm and gauge length of 20 mm. Inverse pole figures show that
the initial samples have a random grain orientation distribution
(Fig. 1). Monotonic compression and tensile tests were performed
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1 Contraction f1011g twins were not considered due to the low strain levels
achieved.
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at room temperature at a strain rate of 10�3s�1. The test was
stopped for approx. 70 min at particular true strain values (0.1%,
0.5%, 1%, 2%, 3%, 4%, 5%, and 6%) in order to collect the neutron
diffraction data. The SMARTS engineering instrument at LANSCE
was used for collecting the diffraction pattern [17]. The diffraction
patterns were measured using two detector banks at ±90� to the
incident beam. The angle between the incident beam and the
loading direction was 45�. This setup provides diffraction mea-
surement of crystallographic planes both perpendicular (axial de-
tector) and parallel (transversal detector) to the loading direction.
We evaluated data from the axial detector which shows the grain
orientation with respect to the loading direction. The measured
data were fitted by EPSC model in order to better understand the
changes in peak intensity.

Direct observations of the microstructure of the specimen
deformed to 1% strain were performed by scanning electron mi-
croscope FEI Quanta 200F. The electron back-scatter diffraction
(EBSD) was used to study of the activated twin variants. The
specimens for EBSD investigations were polished by standard
methods down to OPS colloidal silica suspension. The final elec-
tropolishing was done by means of Struers AC-2-II electrolyte.

3. Results

Examples of the microstructure after 1% deformation in a) ten-
sion; b) compression are shown in Fig. 2. The loading direction in
both cases is perpendicular to the figure plane. It is obvious that the
number of twin variants and size of twins depends significantly on
the loading mode. Grains, designated as T1 and C1, are almost
ideally oriented for extension twinning in tension and compres-
sion, respectively. Several twin variants, having moderate thickness
can be observed in grain T1. In contrast, grain C1 includes only one
twin variant, which has reoriented almost half of the parent grain.
In the grains less favorably oriented for twinning (T2, C2), the
number of twin variants is larger for the compression case than for
tension.

3.1. Neutron diffraction experiments

The overall twin volume fraction (TVF) during the deformation
has been determined from the diffraction data by performing a 2-
bank Rietveld refinement assuming an axisymmetric texture, as
presented in Ref. [18]. Axisymmetric textures can be represented
using the axial distribution function (ADF), which is a cut through
the pole figure at a line from the center to the perimeter. From the
ADF, one can calculate the twin volume fraction (see Fig. 3) by
integrating the area under the ADF [18]. Fig. 3 demonstrates that
above 1% of applied strain the TVF is larger in compression by ~25%.

The intensity changes for selected parent peaks, which are
directly proportional to the TVF [11], are shown in Fig. 4. The
selected grain orientation families and the corresponding maximal
value of the Schmid factor for extension twinning are listed in
Table 1.

It is obvious that for tension (Fig. 4a) the twinned volume
fraction decreases proportionally with the decreasing value of
maximal SF. In compression (Fig. 4b), this dependence is less clear.
Many grain orientations behave similarly to the favorably oriented
f1010g reflection, i.e. these grains have almost the same twinned
volumes. However, grains with orientations f1011g and f1122g
exhibit significantly lower twinned volume.

Fig. 5 shows a comparison between tension and compression for
grain families with similar maximum SF. It can be seen that in some
cases the curves overlap but in others they do not. The difference
between tension and compression is clearly orientation dependent.
Elucidation of the physical background of this behavior is presented
in what follows.

4. Discussion

The present results raise three interesting questions:

� Why is the overall twinned volume fraction larger in compres-
sion than in tension?

Fig. 1. Inverse pole figure of Mg2%Al tension sample in axial (loading) direction measured using neutron diffraction.
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