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Understanding metal failure at high rates of deformation is a prevalent problem for many industrial
applications, such as shock absorption, structural engineering, and formability processes. The failure of
materials can be observed under dynamic loading, due to plastic instability caused by severe and
dynamic microstructural transformation. This severe plastic deformation manifests through the
formation of adiabatic shear bands (ASB) [1-4]. In alloys, the ASB is accompanied by dynamic
recrystallization, which results in material softening that leads to crack formation [3, 5-8].

A sample of hot rolled pure magnesium (purity > 99.5%) was rapidly deformed under dynamic two-
directional bending conditions, in two cycles, two bands each. The deformation was carried out
perpendicular to the rolling direction. Due to intrinsic characteristics of magnesium (easily damage
during mechanical polishing), the sample was prepared using a broad argon ion beam (BIB) mill [Model
1062 TrionMill, Fischione Instruments]. An electron backscatter diffraction (EBSD) system [e-Flash™,
Bruker Nano Analytics] was used on a focused ion beam (FIB) system [Scios, Thermo Fisher
Scientific], which was operated at 15 kV for mapping the sample with a step size of 300 nm before and
after each cycle of deformation.

Figure 1 shows grain reference orientation deviation (GROD) EBSD maps of a sample as-received (Fig.
1a) and after each cycle of dynamic deformation (Fig. 1b and 1c). The GROD EBSD map illustrates
local strain accumulation within a grain. The GROD map shows a deviation angle between any pixel in
the grain and the average misorientation of the grain.

The as-received microstructure of the Mg sample is characterized by large grains (average size 150 pm)
with numerus deformation twins (86.3° <11-20>). Some statistical recrystallized grains (average grain
size of 10 um) are also observed in 15% of the sample.

After the first cycle of dynamic deformation (Fig. 1b), a severe microstructure change is observed in the
creation of ASB, which is characterized by a presence of dynamic recrystallized grains, which are
observed in 35% (average grain size of 1.8 pm) of the sample. After the 2" cycle of dynamic
deformation, the crack formation is observed, with very fine grain structure around fissure (Fig.1c). No
strain accumulation around the crack and in ASB is observed from GROD maps. The grains are fully
dynamic recrystallized.

It is well known that the EBSD lateral resolution for magnesium is about 600 nm (measured at an
accelerating voltage of 15 keV [9]). To measure the grain size of magnesium in ASB around the crack, a
thin lamella (electron-transparent sample) was prepared for transmission Kikuchi diffraction (TKD)
analyses. The thin sample was prepared by standard in situ lift-out in a FIB system, and cleaned and
thinned to a desired thickness using a concentrated (as small as 1 pm) argon ion beam [NanoMill® TEM
specimen preparation system, Fischione Instruments]. TKD measurements were performed with an on-
axis detector [Optimus, Bruker Nano Analytics] fitted on a FIB system, operated at 30 kV. Figure 2
represent GROD TKD maps acquired with a 20 nm step size, collected from an area close to the tip of
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the crack. The average grain size measured from TKD analyses is 800 nm. No magnesium deformation
twins or accumulation of dislocations (resulting in local misorientation accumulation) is observed.

A mechanism of cracking is proposed for pure magnesium, taking into account ASB formation and
dynamic recrystallization. Under dynamic high strain loading conditions, the geometrically necessary
dislocation (GND) density increases within the grains. To accommodate the strain, the grains tend to
rotate and GND increase in the proximity of grain boundaries. With continuous deformation, the
incoming dislocation density exceeds a grain boundary’s absorption capacity and a new dynamic
recrystallized grain nucleates. The presents of new dynamic recrystallized grains in ASB, results in
material softening. The new grains deform consequently, with the strain leading to crack formation.

In our presentation, we will further investigate that hypothesis and present results from numerous
microscopy and microanalysis investigations.
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Figure 1. GROD EBSD maps of sample: (a) structure of sample as-received; (b) after first dynamic
deformation cycle; and (c) after second dynamic deformation. Data collected at 15 kV acceleration
voltage and 300 nm step size.
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Figure 2. GROD TKD maps collected from an electron transparent sample, in an area close to the tip of
the crack, following the second deformation cycle. Data collected at 30 kV acceleration voltage and

20 nm step size.
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