
Triple and double twin interfaces in magnesium—the
role of disconnections and facets
Martina Ruffino1,*, John Nutter2, Xun Zeng3, Dikai Guan3, W. Mark Rainforth2, and
Anthony T. Paxton1,4

1Department of Physics, King’s College London, London, WC2R 2LS, United Kingdom
2Department of Materials Science and Engineering, University of Sheffield, Sheffield, S1 3JD, United Kingdom
3Department of Mechanical Engineering, University of Southampton, Southampton, SO17 1BJ, United Kingdom
4Department of Materials, Imperial College London, London, SW7 2AZ, United Kingdom
*martina.ruffino@kcl.ac.uk

ABSTRACT

Twin boundaries have been shown to deviate from the twinning planes in hcp metals, and facets have often been observed in twin
interfaces. This study presents a twinning disconnection-based model for faceting in single, double and triple twin boundaries
in magnesium. Primary twinning disconnections predicted via symmetry arguments are shown to produce commensurate
facets in single twin boundaries, which are then transformed into commensurate facets in double twin boundaries via the action
of secondary twinning disconnections. In contrast, it is shown that for triple twin boundaries with tension-compression-tension
twinning sequence, no commensurate facets can be produced by the action of tertiary twinning disconnections. The effect of
facets on the macroscopic orientation of twin boundaries is discussed. Theoretical findings are validated by a transmission
electron microscopy (TEM) study of a hot rolled Mg-1.18Al-1.77Nd alloy. Single and double twins are observed, as well as
rare triple twins, and the interface between the matrix and a triple twin is captured for the first time. Facets consistent with
theoretical predictions are imaged via high-resolution TEM and macroscopic deviations of the boundaries from the primary
twinning planes are measured.

Introduction
In hexagonal close packed (hcp) metals, twinning is the main route for the accommodation of plastic deformation together with
slip at all temperatures1, 2. In magnesium, whose axial ratio q is 1.624, twinning occurs on the {101̄2}, {101̄1} and {101̄3̄}
planes (the last being the reciprocal mode of the {101̄1} mode)3. However, twinning on planes other than these was reported
as early as 19564 and 19575, and it was later proposed that these modes could be attributed to successive twinning events, or
double twinning6. Since then, double twins have been observed repeatedly in hcp metals with the aid of electron microscopy,
with {101̄1}−{101̄2} double twins being the most common7–11, though {101̄2}−{101̄1}12 and {101̄2}−{101̄2}13 double
twins have also been reported. Theoretical predictions of the habit planes of double twins have not found full confirmation in
experiment; however, consistency has eluded single twin boundaries as well. Deviations of the boundaries from the twinning
planes of hcp metals have been reported in {101̄2}14 and {101̄1}15 twins. It was suggested that these changes in orientation
could be attributed to the presence of facets in the boundaries16, and indeed facets have been observed in several instances in
hcp metals14, 17, 18. One can then ask what becomes of these facets in the double twin boundaries, and in what measure their
presence might determine the macroscopical orientation of the interfaces. Therefore, in the present work we approach the
problem of facets first from a theoretical point of view, analysing the kinds of facets that can arise in single and double twin
boundaries as pileups of admissible twinning defects predicted by Pond’s topological model of interfacial defects19. Theoretical
predictions are then validated by experimental observations obtained via high-resolution transmission electron microscopy
(HRTEM): several twin-like objects and their boundaries are investigated in a Mg-1.18Al-1.77Nd alloy, revealing the presence
of single and double twins, as well as rarely observed triple twins. Notably, previously unrevealed boundaries between triple
twins and the matrix are observed.

Theory: twinning disconnections and facets
Twinning is described as a simple shear occurring on an invariant plane K1 along the shear direction ηηη1. A second plane K2 is
left undistorted and the plane of shear S is that containing the normals to K1 and K2, as well as ηηη1; the conjugate shear direction
ηηη2 is the intersection between K2 and S2. Classically, the original sites are restored in the twin in a different orientation, i.e. the
parent crystal and the twin are related by a rotation. However, when the primitive unit cell contains more than one atom, not



all sites are shifted to the correct positions by the shear transformation, and they must shuffle.The literature has extensively
shown that twin growth is accomplished by the motion of twinning dislocations along the twin boundary2. Recently, Pond et
al.20 proposed that a dislocation-based description of the growth mechanism for (101̄2) twinning in hcp metals can account for
both the shear and shuffle parts of the total transformation. In this model, the motion of twinning disconnections (so termed
as they possess both dislocation and step character21) accomplishes the twinning transformation: the Burgers vector of the
disconnection is responsible for the shear part of the transformation, and the step for the atomic shuffles.

Admissible twinning disconnections for a given twin can be obtained via the topological model of interfacial defects19, 22, 23.
This model is based on the analysis of the symmetry group of a bicrystal, i.e. a composite of two crystals, conventionally
labelled µ and λ , related by a transformation P. The operation characterising a given defect in a bicrystal interface is obtained
by combining symmetry operations that are present in the symmetry groups of the µ and λ crystals, but are broken in the
bicrystal. In this framework, a twinning disconnection arises when translations of the µ and λ crystals are not coincident, and
the resulting Burgers vector, given by the difference in the translation vectors t(µ) and t(λ ) expressed in the same coordinate
system, b = t(λ )−Pt(µ), is parallel to the shear direction ηηη1. For a given K1 plane normal n̂, each of the translations t(λ ) and
t(µ) is associated with a step of height hλ = n̂ · t(λ ) and hµ = n̂ · t(µ) respectively, and the step height of the disconnection is
taken to be the smaller of the two21; in the case of a twinning disconnection, the step heights corresponding to t(λ ) and t(µ) are
equal, and either can be used as the step height for the disconnection. A useful graphical representation of the Burgers vectors
of twinning disconnections can be obtained by constructing a dichromatic pattern, i.e. a schematic of the interpenetrating λ

and µ crystal lattices. Then, the Burgers vectors of admissible defects connect λ and µ sites, and the step heights are easily
visualised as well. Examples are given for the (101̄2) and (101̄1) twins in magnesium in figure 1.

Faceting in (101̄2) and (101̄1) twin boundaries
For each of the twinning modes occurring in magnesium, the transformation relating the µ and λ crystals can be described as a
rotation of 180◦ about the shear direction ηηη1, such that P = R. Constructing the dichromatic pattern for the (101̄2) twin (figure
1a), one finds that the Burgers vector of the twinning disconnection associated with this mode is given by b = 2−L2

2+L2 [1̄011],

where L = q
√

2=3 and q is the c=a ratio, and the disconnection has step height h = 2d(101̄2), where d(101̄2) is the interplanar
spacing of (101̄2) planes24. It is evident from the dichromatic pattern that an infinite number of pairs of translation vectors
from the λ and µ crystals produce the required Burgers vector, but if t(µ) = [0001̄] and t(λ ) = [101̄0] are chosen, then it can
be seen that these vectors lie in the prismatic (P) plane of the µ crystal and the basal (B) plane of the λ crystal respectively25.
Therefore, the presence of such a disconnection in the twin boundary results in the coalescence of the prismatic plane of the
matrix (µ) and the basal plane of the twin (λ ), and a small PB facet is created26, with the disconnection accommodating the
mismatch between the basal and prismatic planes27. Similarly, a BP facet can be created by taking λ as the matrix and µ as the
twin. It should be noted that the notation adopted to label the facets in the text of this section is the following: the plane of
the matrix is given first, and then that of the twin, such that e.g. BP stands for BmatrixPtwin. Simulations have suggested that
the accumulation of such disconnections in the (101̄2) twin boundary may be responsible for the formation of longer BP and
PB facets that are often observed experimentally27–29, with the formation energy of such facets being comparable to that of
the twin boundary, thus pointing towards the stability of the facets27. A schematic illustrating such a pileup of disconnections
in a (101̄2) twin boundary is diplayed in figure 2. This description of BP and PB facets also provides a mechanism for facet
migration, via the emission of single twinning disconnections that glide on the (101̄2) plane, as opposed to the movement of
long facets as wholes, such that it would be misleading to identify the facet as a “superdisconnection"27. Alternatively, BP and
PB facets have been described as disclination dipoles located at the junctions between the facet and the twin boundary29–32.

Similarly, the emergence of facets can be predicted in the (101̄1) twin boundary. As is observed from the dichromatic
pattern for this twin (figure 1b), the twinning disconnection associated with shear on the (101̄1) plane has Burgers vector b =
2L2−3
2L2+1 [101̄2̄] and step height h = 4d(101̄1), with d(101̄1) the interplanar spacing of (101̄1) planes33, 34. In pair-potential simulations
this disconnection has been found to have low mobility on the (101̄1) plane, and it has been pointed out that a disconnection
with step height h = 2d(101̄1) and Burgers vector b = 1

3(2L2+1)
ηηη1, ηηη1 = [(5− 2L2);−(2L2 + 1);4(L2 − 1);3(2L2 − 3)], has

lower core energy as well as higher mobility34. However, this disconnection has an additional screw component and does not
shear the crystal along the experimentally observed direction, i.e. [1̄012]. Wang et al.35 proposed that the 4-layer disconnection
could be regarded as a superposition of two 2-layer disconnections with screw components of alternating sign, which would
then restore the required shear direction; but if one of the two 2-layer disconnections were favoured by the shear stress, its
prevalence would once again lead to an irrational shear direction. In light of these considerations, we discuss faceting in the
(101̄1) twin boundary in relation to the 4-layer dislocation with rational ηηη1.

From the dichromatic pattern for the (101̄1) twin, one can surmise that there are two kinds of facets that can form in this
boundary. Taking t1(µ) = [1̄012̄] and t1(λ ) = [202̄0], it is easily seen that t1(µ) lies in the first pyramidal plane (Py, (1̄011))
of the matrix, and t1(λ ) lies in the basal plane of the twin; hence, the resulting disconnection brings the Py and B planes into
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Figure 1. Dichromatic patterns for the(101̄2) (a) and(101̄1) (b) twins in magnesium,q = 1:624. msites, in black, belong to
the matrix, andl sites, in red, belong to the twinned lattice. Overlapping black and red sites are given in grey, and they
constitute the coincident site lattice (CSL).

coincidence, forming a small PyB facet26,32, while a BPy facet will be obtained by swapping the matrix and the twin. An
accumulation of such twinning disconnections behind an obstacle can thus lead to the formation of longer facets. The second
kind of facet for this twin boundary is obtained by takingt2(m) = [ 303̄2̄] andt2(l ) = [ 0004], such thatt2(m) andt2(l ) lie
respectively in the third pyramidal plane of the matrix ((101̄3), 3Py), and the prismatic plane of the twin. The resulting Burgers
vector is the same as that yielded byt1(m) andt1(l ), but a different facet is formed, i.e. a 3PyP facet, or P3Py if matrix and
twin are swapped32.

The facets described above have been observed in many experimental works. In particular, BP and PB facets in(101̄2)
twin boundaries have been widely reported in TEM studies of magnesium alloys and cobalt14,18,36; BPy, PyB, P3Py and 3PyP
facets were found in(101̄1) twin boundaries in titanium16, magnesium15,17and cobalt37. In many cases, the macroscopic twin
boundaries were reported to deviate from theK1 planes by signi�cant amounts14–16; this can be attributed to the presence of
facets. It is then natural to ask how these facets may affect the appearance of double twin boundaries, which often arise in
magnesium alloys. We examine this question in the next section.

Faceting in double twin boundaries
Double twinning is described as the internal (secondary) retwinning on a secondaryK1 plane of an initial (primary) twin. A
theory of double twinning in hexagonal metals was �rst proposed by Crocker6, who postulated that the combination of two
simple shears leading to double twinning must produce a total transformation which is itself a simple shear. His analysis
was then absorbed into a more general theory of non-classical twinning38, where double twinning was cited as a special case.
Despite Crocker's and his successive coworkers' mathematical descriptions of double twinning as an equivalent single twinning
mode, experimental evidence shows that double twins are produced by successive twinning events, and more recent theories of
double twin formation have focused on lattice dislocations impinging on primary twin boundaries as sources of secondary
twinning disconnections39. These would then go on to nucleate the secondary twin within the primary twin. In the present study
we focus onf 101̄1g � f 101̄2g (compression-tension) andf 101̄2g � f 101̄1g (tension-compression) double twins, henceforth
referred to as C-T and T-C double twins respectively.

Due to hexagonal symmetry, each single twinning event can occur on one of six equivalentK1 planes; this means that there
are 36 double twin variants for each double twinning sequence. However, only four of these variants are geometrically distinct,
and they are classi�ed as types 1-4:1 for types 1 and 2, the primary and secondary twin share the plane of shear, resulting in
rational misorientation relationships, while in types 3 and 4 the two twinning modes have different planes of shear, leading to

1We will adhere to the usage of "type"8 for the four double twins although it clashes with the four types of classical twin.2
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Figure 2. Pileup of twinning disconnections leading to the formation of a PB facet in a(101̄2) twin boundary. The parent
crystal (m) is represented in black, and the twinned crystal (l ) is represented in red.

irrational misorientation relations. The misorientation relations describe the relationship between the coordinate systems of
the matrix and the twinned (or doubly twinned) crystal, i.e.M tot = OfO� 1

i , whereOi andOf are the operations representing
the initial and �nal orientations respectively, i.e. the matrix and the twin or double twin8,10. For a double twin, we take the
orientation of the matrix to be represented by the identity matrix,Oi = I , and the �nal orientation to be the result of successive
rotations ascribed to each twinning event; these are rotations of180� about the respective shear directions, expressed in their
own coordinate systems, and are termedRA andRB. Therefore, the total transformation, expressed in the coordinate system
of the matrix, is given byMAB = RARBR� 1

A RA = RARB. Misorientation relations are often given as minimum axis/angle
pairs, i.e. as rotations about an axis: these can be extracted fromMAB , which is itself a rotation. Con�ning ourselves to double
twin variants whose component twinning events have a common plane of shear, we see that misorientation relations for these
cases can be represented as rotations about the normal to the plane of shear, i.e.h12̄10i . Moreover, one can show that the
axis/angle pairs yielded by C-T and T-C double twins are the same, even thoughRARB 6= RBRA in general: the rotation angle
q is given bycosq = 1

2(Tr(MAB) � 1), and the trace of a matrix product is invariant under cyclic permutations, in this case
Tr(RARB) = Tr(RBRA). The axis/angle pairs of interest calculated so are listed for magnesium in table 1.

K1 plane(s) Label Axis/angle

(101̄2) Tension (T) 86� [12̄10]

(101̄1) Compression (C) 56� [12̄10]

(101̄1) � (101̄2) C-T type 1 38� [12̄10]

(101̄1) � (1̄012) C-T type 2 30� [12̄10]

(101̄2) � (101̄1) T-C type 1 38� [12̄10]

(101̄2) � (1̄011) T-C type 2 30� [12̄10]

(101̄2) � (101̄1) � (101̄2) T-C-T type 1a 48� [12̄10]

(101̄2) � (101̄1) � (1̄012) T-C-T type 1b 56� [12̄10]

(101̄2) � (1̄011) � (101̄2) T-C-T type 2a 56� [12̄10]

(101̄2) � (1̄011) � (1̄012) T-C-T type 2b 64� [12̄10]

Table 1. Labels and axis/angle pairs of some magnesium twinning modes,q = 1:624.

Having described the orientation of the doubly twinned crystal with respect to the matrix, we now consider how the primary
twin boundary is affected by the secondary twinning event. Crocker's theory6 focused on the identi�cation of an invariant plane
on which the double twinning shear would occur in the event of a double twin nucleus growing within the matrix. However, if
the view is taken that the secondary twin nucleates inside an already formed primary twin, the resulting habit plane is unlikely
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to correspond to the invariant plane predicted by Crocker. Indeed, measured matrix to double twin interface planes have been
found to deviate from the primaryK1 planes by a few degrees7, producing irrational boundary planes that are approximated by
high indices. In order to propose an explanation, we may turn to the problem of facets. We have shown how facets may exist in
single twin boundaries, such that it is reasonable to assume that they will be present in both the primary twin boundary and the
internal boundary between the primary and the secondary twin. As the secondary twin grows, its facets will disintegrate in the
component disconnections, which then glide towards the primary twin boundary. When the secondary twinning disconnections
reach a preexisting facet on the primary twin boundary, formed by primary twinning disconnections, they may transform the
facet into a commensurate double twin facet. This can be illustrated with the aid of �gures 3 and 4.

We start from the C-T type 1 double twin, �gure 3a-b. In order to illustrate the transformations that lead to the double twin
orientation, a trichromatic pattern is constructed, where three sets of lattice points are drawn: sitesmrepresent the matrix, sites
l the primary twin, obtained via a rotationRA , and sitesn the secondary twin, produced by rotatingmsites byRARB. The
primaryK1 plane(101̄1)m and the secondaryK1 plane(101̄2) l are also drawn. One can then depict the Burgers vector of
the primary twinning disconnection as in �gure 1b, choosing the 4-layer disconnection whoset(m) andt(l ) lie respectively
in the �rst pyramidal plane of the matrix and basal plane of the primary twin, thus forming a PyB facet; the Burgers vector
of this disconnection is labelledbA , �gure 3a. Subsequently, thel site sheared into position by the primary shear is moved
by the secondary shear into an site, and by comparing �gure 3a with �gure 1a, one can see that this is accomplished by
two secondary twinning disconnections with Burgers vectorbB = 2� L 2

2+ L 2 [101̄1̄]l . The translation vectorst(l ) andt(n) from
whichbB is obtained lie respectively in the basal plane of the primary twin and in the prismatic plane of the secondary twin.
Thus, a PyB facet in the primary twin boundary combines with a BP facet of the secondary twin to form a PyP facet in the
double twin boundary as a result of the combination of two secondary twinning disconnections for every one primary twinning
disconnection. The total Burgers vector that generates such a PyP facet is then given in the coordinate frame of the primary
twin by

bPyP= bA + 2RAbB: (1)

On the other hand, one can choose the second set of translation vectors from �gure 1b, so thatt(m) lies in the third pyramidal
plane of the matrix andt(l ) lies in the prismatic plane of the primary twin, and the resulting primary twinning disconnection
forms a 3PyP facet, �gure 3b. Then, four secondary twinning disconnections are needed to shear thel site to its position in the
double twin latticen, such thatt(n) lies in the basal plane of the secondary twin. A 3PyP facet from the primary twin and PB
facet of the secondary twin are thus combined to produce a 3PyB facet in the double twin boundary, whose generating Burgers
vector is given by

b3PyB = bA + 4RAbB: (2)

Hence, two kinds of commensurate facets can be form in a type 1 C-T double twin boundary: PyP and 3PyB.
Similarly, facets can be derived for C-T double twin boundaries of type 2, �gure 3c-d. In this case, the secondaryK1 plane

is (1̄012), but the kinds of facets formed are the same as those obtained for the type 1 C-T double twin. If the primary twinning
disconnection is taken to be a PyB facet of the primary twin boundary, then two secondary twinning disconnections forming a
BP facet on the internal secondary twin boundary will transform the initial facet into a PyP facet of the double twin, �gure
3c. If instead a primary twinning disconnection forming a 3PyP facet in the boundary is present, four secondary twinning
disconnections describing secondary PB facets will be needed to create a 3PyB facet in the double twin boundary, �gure 3d.

It is now straightforward to extend the analysis of facets performed above to tension-compression (T-C) double twins. The
primary twinning event now occurs on the(101̄2) plane, while the secondaryK1 plane is either(101̄1) (type 1) or(1̄011) (type
2); the primary twinning disconnection,bA , is the 2-layer disconnection of �gure 1a. Considering �rst the type 1 T-C double
twin, two kinds of commensurate facets can be created in the double twin boundary. The �rst, �gure 4a, is a PPy facet, arising
from the combination of two primary twinning disconnections and one secondary twinning disconnection with Burgers vector
bB = 2L 2� 3

2L 2+ 1[1̄012]l , such that

bPPy= 2bA + RAbB: (3)

The primary twinning disconnections correspond to PB facets in the primary twin boundary, while the secondary twinning
disconnection forms a BPy facet in the internal secondary twin boundary. One can then see that this is the same kind of facet
created in a type 1 C-T double twin, only the order is reversed: in this case, the facet brings into coincidence the basal plane
of the matrix and the �rst pyramidal plane of the secondary twin. Similarly, the second kind of T-C type 1 double twin facet
is a B3Py facet, �gure 4b, produced by the combination of four primary twinning disconnections (BP facet in the primary
boundary) and one secondary twinning disconnection (P3Py facet in the internal secondary twin boundary), such that

bB3Py = 4bA + RAbB: (4)
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It then follows that similar facets can be encountered in the boundary of a type 2 T-C double twin: a PPy facet (�gure 4c) and a
B3Py facet (�gure 4d).

Figure 3. Compression-tension (C-T) double twin facets for types 1 ((a) and (b)) and 2 ((c) and (d)),q = 1:624.msites, in
black, belong to the matrix;l sites, in red, belong to the primary twin;n sites, in white, belong to the secondary twin. The
hexagonal unit cells are similarly drawn for each lattice. The translation vectors that de�ne the disconnections are denoted by
the names of the planes they lie in, in order to highlight the kinds of facets they can form.

The above study of faceting in double twin boundaries can help shed some light on the macroscopic appearance of the
boundaries themselves. As was explained in the previous section, faceting of single twin boundaries can conspicuously deviate
the macroscopic orientation of the boundary plane from theK1 plane. It is reasonable to propose that upon nucleation of
a secondary twin within a primary twin, the segments of the primary twin boundary oriented along the primaryK1 plane
are left relatively unchanged, as any secondary twinning disconnections impinging on them are unable to glide any further.
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However, secondary twinning disconnections encountering primary facets may produce facets in the double twin boundary,
whose orientations differ from the original facets by a few degrees. The macroscopic orientation of the double twin boundary is
then altered, by an amount that depends on the density and length of the facets. This might go towards explaining the different
orientations measured for double twin boundaries of the same type: for instance, Cizek and Barnett7, studyingf 101̄1g� f 101̄2g
double twins in a magnesium alloy, found that the orientations of such boundaries could vary between thef 303̄4g, f 101̄1g and
f 202̄3g planes.

Figure 4. Tension-compression (T-C) double twin facets for types 1 ((a) and (b)) and 2 ((c) and (d)),q = 1:624.msites, in
black, belong to the matrix;l sites, in red, belong to the primary twin;n sites, in white, belong to the secondary twin. The
hexagonal unit cells are similarly drawn for each lattice. The translation vectors that de�ne the disconnections are denoted by
the names of the planes they lie in, in order to highlight the kinds of facets they can form.
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Triple twin boundaries

The number of sequential twinning events need not be limited to two. In principle, a twinned grain could retwin multiple times, a
phenomenon that has sometimes been denoted as hierarchical twinning40. In the present section we focus on internal retwinning
of tension-compression (T-C) double twins where the tertiary twin is a tension twin, i.e. T-C-T triple twins. Considering only
triple twins whose component modes all share a common plane of shear, as was done in the previous section, the tertiary twin
can grow on one of two planes, i.e.(101̄2) and(1̄012). This is possible for each of the two T-C double twin modes presented
earlier, type 1(101̄2) � (101̄1) and type 2(101̄2) � (1̄011), such that there are four T-C-T triple twin modes; these are labelled
in table 1 and axis/angle pairs are given for magnesium,q = 1:624.

Following from the analysis in the previous section, the view is taken that the tertiary twin grows within the secondary
twin via the motion of tertiary twinning disconnections, which glide towards the fully formed double twin boundary. The
facets present in the double twin boundary are PPy and B3Py, for both double twin types. The tertiary twinning disconnections
are 2-layer disconnections of the kind in �gure 1a, and they can form BP and PB facets in the internal boundary between the
secondary and the tertiary twin. However, upon encountering the matrix to double twin interface facets, the tertiary twinning
disconnections cannot form commensurate facets in the triple twin boundary, as no rational planes of the matrix and the double
twin can be brought into coincidence by a combination of primary, secondary and tertiary twinning disconnections for this
sequence of twinning modes. Therefore, the triple twin boundaries of T-C-T triple twins are fully incommensurate.

To our knowledge, this hypothesis has not been tested in the experimental literature. Studies of tertiary T-C-T twins in
magnesium reported the observation of grains where the primary twin has grown to consume either a large portion of the
matrix41,42or its near entirety42–46, with subsequent secondary and tertiary twins growing in thin lamellae within the primary
twin. Consequently, boundaries between matrix and triple twin have not been observed.

Experimental Methods

The Mg alloy used in this study was prepared by direct chill casting of pure Mg, Al, Nd feed stock. The �nal composition, as
determined using X-ray �uorescence, was Mg-1.18Al-1.77Nd. The melt was stirred under an Ar and 3%SF6 atmosphere for
30 minutes at720� C before casting into a boron nitride coated steel mold preheated to680� C. The �lled mold was quenched
by being slowly lowered into a water bath. Homogenisation was carried out at420� C before being machined into slabs with
dimensions of 100 x 50 x 10 mm.

Slabs were hot rolled at420� C with a 10-15% reduction per pass and an intermediate annealing step of 10 minutes between
passes. After 11 passes the �nal thickness was 2.3 mm with a total strain of 0.77.

As a strong basal texture was detected in projection along the normal direction, the rolled slabs were sectioned parallel
to the plane containing the rolling and transverse directions, such that the basal planes of the grains were predominantly
oriented along the rolling direction. TEM specimens were prepared by mechanically thinning the sections to approximately 100
mm followed by electropolishing in a Tenupol-5 twin jet electropolisher using a solution of 8.8 g Lithium Chloride, 18.6 h
Manganese Perchlorate, 160 mL 2-butoxyethanol and 840 mL Methanol at� 35� C. TEM analysis was carried out using a JEOL
JEM-F200 TEM operated at 200 kV. The samples were tilted down the[12̄10] zone axis.

Results

Investigation of selected area diffraction (SAD) patterns combined with observations of boundary planes in bright �eld images
allowed us to identify multiple twinning events occurring in the same sample. In order to aid the interpretation of SAD patterns,
it is useful to draw the reader's attention to the relationship between the reciprocal and real space projections of the hexagonal
lattice along the[12̄10] direction, �gure 5. Spots in �gure 5a represent lattice planes in reciprocal space, with the distance
between the spots and the origin corresponding to1=d(hkil) , with d(hkil) the spacing of(hkil) planes; in �gure 5b, circles and

squares denote different layers of lattice sites as seen when looking down the[12̄10] projection. It should be noted thatN
L = N0

L0,
such that the two projections are identical except for scaling. As a consequence, SAD patterns of regions containing crystals in
different orientations can be indexed with the aid of dichromatic patterns of the bicrystals of interest, opportunely scaled.
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