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Abstract. The formation of deformation-induced shear barndgspan important role for the room
temperature deformation of both, Mg and Mg-Y allogat the formation and structure of shear
bands is distinctively different in the two matésiaDue to limited deformation modes in pure Mg,
the strain is localized in few shear bands leadm@n early failure of the material during cold
deformation. Contrarily, Mg-RE (RE: rare earth)og#i exhibit a high density of homogeneously
distributed local shear bands during deformatioroatn temperature. A study of the microstructure
of the shear bands by electron backscatter diftla¢EBSD) and transmission electron microscopy
(TEM) at different strains was performed. Theseestigations give insight into the formation of
shear bands and their effects on the mechanicavimir of pure Mg and Mg-3Y. Since in pure Mg
mainly extension twinning and basal <a> dislocasbp are active, high stress fields at grain resp.
twin boundaries in shear bands effect fast groviitthe shear bands. In Mg-RE alloys additionally
contraction and secondary twinning and pyramidalascdislocation slip are active leading to the
formation of microscopic shear bands which aretohito the boundary between two grains. The
effects of shear bands on the mechanical behawbpure Mg and Mg-RE alloys are discussed
with respect to their formation and growth.

Introduction

Magnesium is the lightest structural metal and leithia high density-to-strength ratio, but due its
poor cold formability, commercial applications diraited. Already in the 1950s it was shown by
Couling et al. [1] that the cold formability of magsium can be significantly increased by adding
rare earth elements (Misch-metal) in the dilutesletde reported the formation of shear bands at
30-35° to the rolling direction and explained tieparted “unlimited rollability” in terms of these
defects, which were suggested to act as softeegigms and by this providing a lower strength and
a higher room temperature ductility. Since thisetinumerous research studies on understanding the
mechanisms of shear band formation and the inaledisetility of Mg-RE alloys were performed,
but until now the reason for this effect remainlaac[2-11].In a recent study, the present authors
showed that the ductility improvement in Mg-Y akois related to higher activities of dislocation
slip, {10-11} <10-12> contraction and secondaryrtming, also referred to as {10-11} {10-12}
double twin [12]. It is assumed that these secont¥ens trigger shear band formation [12].

Materials and experimental procedures

Cold rolling of pure Mg and Mg 3 wt-% Y was carriedt on a laboratory mill with a roll diameter
of 100 mm and a rolling speed of 20 rpm. The thedewreduction per pass was controlled not to
exceed 4% ¢ < 0.05). Samples for electron backscatter diffoacEBSD) were prepared by
sectioning and polishing the longitudinal ND-RD n@aof the cold rolled material (ND: normal
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direction, RD: rolling direction). Mechanical grimgy was followed by 1 um diamond polishing.
Samples were then electro-polished, by using thanoercial electrolyte AC2 cooled to 5°C,
applying a voltage of 50 V for 90 seconds. For graission electron microscopy discs with a
diameter of 3 mm parallel to the ND plane were preg by spark erosion. The discs were
mechanically grinded to 120 um thickness and afede thinned by electro-polishing using an
electrolyte of 3 vol.-% perchloric acid in absolatthanol. EBSD measurements were performed on
a FIB crossbeam 1540XB (Zeiss) field emission tywmanning electron microscope with an
acceleration voltage of 15 kV. The TEM used for phesented observations was a Philips CM 20
with a LaB6 cathode operated at an acceleratioiagelof 200 kV.

Experimental results

While pure magnesium starts fracturing at the eddies 10 % thickness reduction, the Mg 3 wt-%
Y alloy can be cold rolled up to a thickness reaturcof 40 — 50 % before fracturing starts.
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of pure Mg (a) and Mg 3 wt.-% Y (b) are
illustrated in form of KAM maps. The KAM
values indicate local misorientations which we
interpret in terms of density of geometrically
necessary dislocations which itself indicates the
local strain value. In pure Mg high strain appears
in narrow band-like structures. All other zones
exhibit only low internal misorientations.
Fracturing along these shear bands start at 10 %
thickness reduction in pure Mg. In contrast, the
Mg 3 wt-% Y alloy forms homogeneously
distributed shear bands, each of them carrying less
strain than those in pure Mg.

Figure 1: KAM maps of Mg (a) and Mg-3Y (b) afterldo
rolling up to 10 % thickness reduction
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With increasing deformation the amount of localadefation bands and the strain inside them
increases until most of the grains exhibit locdbd®mation bands in Mg 3 wt-% Y (Figure 2). At the
same time the interior of the grains exhibit a gigantly higher homogeneously distributed strain
as compared to the interior of the grains in purg & the same strain level (10 % thickness
reduction for pure Mg and 40 % for Mg 3 wt-% Y dxihithe same strain level [12]).

Couling et al [1] and others assumed that sheadanMg-RE alloys form by double twinning,
but until recently no experimental evidence wasntbfi13]. In the present study high resolution
orientation microscopy by TEM on 10.6 % cold rollbth-3Y was performed, Figure 3. The
observed shear bands consist of a large amourdrafw lamellar bands with matrix and {10-11}
{10-12} secondary twin orientations. These band&te successively around the [11-20] axis
reaching a final misorientation with respect to sugrounding matrix of about 15°, Figure 3. All
shear bands observed originated from secondargitwin

! KAM: Kernel average misorientation, calculatedtfas average over all misorientation angles detezchivetween the
centre and all edge pixels in a kernel of pixelanrorientation map.
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Discussion

It has been shown by TEM and by EBSD observatisas [12] for details) that in both alloys, pure
Mg and Mg-Y, shear bands occur in conjunction vatimtraction and secondary twins. Further, it
has been shown that room temperature deformatiguia Mg is limited to mainly basal <a> slip
and tensile twinning, while Mg-Y shows a signifitignncreased activity of additional deformation
modes, i.e. compression twinning, secondary twigrand pyramidal slip of <c+a> dislocations
[12]. These facts lead to different
shear band formation behavior in
the two alloys: In pure Mg the
almost exclusive slip leads to
high local stress concentrations
which are released by the creation
of a few contraction-twin related
shear bands. In MgY stress
concentrations are lower due to
additional non-basal slip. At the
same time, easier contraction
twin formation triggers the
creation of more homogeneously
distributed shear bands.

Figure 3: TEM bright-field images of a shear bamdiéformed Mg 3 wt-% Y;
corresponding texture in form of pole figures.

In contrast to previous studies, where it was psepothat shear bands might be the reason for
ductility enhancement in Mg-RE alloys (see e.qg),[@lir present study suggests that shear bands in
Mg and Mg alloys act as failure mechanisms: In pdgethe highly localized strain in shear bands
causes an early exceeding of the critical straiaredis the more homogeneous distribution of strain
and shear bands leads to later failure for MgY.

From our observations on shear bands in pure Mg MgeBY we propose the following
interpretation of shear band formation and growtMg and Mg-3Y (Figure 4).

Due to sharp basal textures in pure MagnesiumStienid factor for basal <a> slip is low under
plane strain compression (fig 4(a)). We assume ttiatresulting high stress fields locally exceed
the activation energy for compression and subsdgeeoondary twinning, providing a <c>
deformation component. These twins are favourabénted for basal <a> slip leading to a pile-up
of dislocations at the twin boundaries (fig 4(l)his pile-up causes high stress fields which thigge
the formation of further twins (fig 4(c)).
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In Mg-3Y the activation of <c+a> dislocation slggmpression and secondary twinning is much
easier. Therefore frequent formation of homogengalistributed local shear bands occurs, where
each shear band carries less strain than the lsaeds in pure MdAb initio calculations aiming at
a quantitative analysis of the underlying atomistechanisms and processes are ongoing [14].
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Figure 4: Proposed model for shear band formatiqgrure Mg and Mg-Y alloys

Conclusions

Y-alloyed Mg shows a significantly increased ro@mperature ductility compared to pure Mg. In
the case of pure Mg strain localization in few shbands causes early material failure. The
observed strain localization is caused by limiteébdnation mechanisms during room temperature
deformation to almost exclusively basal slip andemsgion twinning. In the Mg-Y alloy the
formation of homogeneously distributed local shbands was observed, which is caused by
enhanced activities of further deformation mechasisncluding <c+a> slip and contraction and
secondary twinning. By this the sensitivity of thaterial to failure is considerably reduced.
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