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ABSTRACT

Using a newly developed embedded-atom-method potential for Mg-Nb, the
semi-coherent Mg/Nb interface with the Kurdjumov—-Sachs orientation rela-
tionship is studied. Atomistic simulations have been carried out to understand
the shear strength of the interface, as well as the interaction between lattice glide
dislocations and the interface. The interface shear mechanisms are dependent on
the shear loading directions, through either interface sliding between Mg and
Nb atomic layers or nucleation and gliding of Shockley partial dislocations in
between the first two atomic planes in Mg at the interface. The shear strength for
the Mg/Nb interface is found to be generally high, in the range of 0.9-1.3 GPa
depending on the shear direction. As a consequence, the extents of dislocation
core spread into the interface are considerably small, especially when compared
to the case of other “weak” interfaces such as the Cu/Nb interface.
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interfaces are attractive candidates to achieve high
strength and high deformability. A few studies on

Introduction

Magnesium (Mg) has a huge potential as structural
materials in the aerospace and automotive industries
because of its light-weight properties [1]. In its nat-
ural crystal form of hexagonal-close-packed (hcp)
structure, Mg has low strength, low deformability
and a high plastic anisotropy between the basal and
the non-basal slip systems at room temperature.
Therefore, it is strongly desirable to improve the
deformability of Mg and its flow strength. Nanoscale
multilayered structures with a high density of
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Zr/Nb multilayered structures indicated that there is
suppression of twinning boundaries in these materi-
als [2-4]. Mg/Nb multilayered nanolaminate has
been recently extensively studied. It was found that
in Mg/Nb multilayers, Mg is in body-centered-cubic
(bcc) phase as the thickness of Mg layers is below
5nm [5, 6]. For thicker layer thickness, Mg in the
Mg /Nb multilayers is in its hcp phase [7]. In a recent
work by Pathak et al. [8], it is experimentally deter-
mined that the interfaces in the 50 nm/50 nm Mg/
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Nb composite are {0001}Mg! | {110}Nb, consistent
with our internal work [9]. These experimental
observations suggest that at larger thickness, semi-
coherent bcc Mg region near the interface is not
preferred; rather, a semi-coherent hcp Mg/bcc Nb
interface is preferred. This is consistent with DFT
calculations [7] that bcc Mg forms only when Mg is
coherent with the Nb layer. If the layer of Mg is semi-
coherent, hcp phase is preferred. The measured
hardness of the Mg/Nb multilayers approaches pla-
teau starting from 25 nm layer thickness, reaching a
peak plateau of ~ 2.7 GPa, which is greater than
hardness of most other Mg and Mg alloys reported
[6]. From the modeling point of view, there is gen-
erally a lack of understanding of the deformation
behavior of Mg/Nb at the atomistic scale.

In this work, using a newly developed semiem-
pirical potential for Mg/Nb alloys in the embedded-
atom-method (EAM) form, we studied the semi-co-
herent (hcp) Mg/(bcc) Nb interface in the Kurdju-
mov-Sachs (KS) orientation relationship (OR)
between hcp Mg and bcc Nb using atomistic simu-
lations. The atomistic simulations are focused on the
mechanical properties of such semi-coherent inter-
face: the shear strength and associated shear mecha-
nism of interface, and the interaction of the interface
with lattice glide dislocations from bce Nb. Since the
dilute heats of mixing are positive for both Mg in bcc
Nb and Nb in hcp Mg, the two elements are consid-
ered immiscible to each other. It was found in “weak”
interfaces such as Cu/Nb interfaces, where both
elements are immiscible, a striking feature of the
interface is that when the lattice dislocations
approach such interfaces, an appreciable core spread
of the lattice dislocations occurs, thereby strength-
ening the barrier to slip transmission [10]. It is also
scientifically interesting to examine the core spread of
lattice dislocations in the case of Mg/Nb interfaces, to
understand if “weak” interface translates to large area
of core spread of dislocation at interfaces.

This paper is organized as follows. We describe the
methodology of atomistic simulations in “The
methodology of atomistic simulations” section. In
“Shear strength and associated shear mechanism of
the interface” section, the result of the shear strength
and associated shear mechanism of the interface is
presented. In “Interaction of lattice glide dislocations
with interface” section, the interaction of lattice glide
dislocations with interface is presented. Finally, a
summary is given.
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The methodology of atomistic simulations
Mg/NDb interatomic potential

A semiempirical potential for Mg/Nb alloy in the
EAM form [11] is employed to model bulk Mg, Nb,
and the interaction between Mg and Nb. The EAM
potential for Mg using the force-matching method
approach [12] is used, which has been widely used
for modeling of the mechanical properties of hcp Mg.
For Nb, the Ackland and Thetford’s Finnis-Sinclair
(FS) Nb potential [13] is used. The usage of the
Ackland and Thetford’s FS potential for Nb is due to
its superior mechanical properties compared to other
EAM forms [14-16]. The cross-potential between Mg
and Nb is developed in this work. In the present
work, we adopt the same fitting scheme as proposed
earlier [17] which has been successfully applied to
multiple material systems [16, 18-20]. Due to the
immiscible nature in Mg-Nb systems, there is no
equilibrium compound which can be used for fitting
the cross-potential. The lattice constant and bulk
modulus of a hypothetical B2 (CsCl) phase MgNb
obtained from first-principles density functional the-
ory (DFT) calculations were used in fitting the cross-
potential. In addition, the dilute heats of mixing (Nb
in Mg, and Mg in Nb) calculated from DFT were
fitted. Table 1 lists the fitted properties of the newly
constructed cross-potentials for the Mg-Nb systems.
It can be seen that the fitting to the alloy properties is
very good.

Atomistic simulations

Mg/Nb interface with KS OR has been observed
experimentally before [6, 21]. For the atomistic sim-
ulations involved in the interaction of lattice dislo-
cations with interfaces, an interface dislocation
interaction model is introduced. This model is cre-
ated by assembling two un-relaxed perfect crystals of
hcp Mg and bcc Nb with the KS OR, as shown in
Fig. 1. In KS OR, the (0001) surface of Mg is parallel to
the (110) surface of Nb. At the interface, the x-axis is
along [1100)yg | 1[112]np, and the z-axis is along
[1120]mg | | [111]np. The interface plane is perpen-
dicular to the y-axis. The periodic boundary condi-
tions are applied in both the x and z directions. The
dimensions in the x and z directions are chosen such
that the strains imposed on the Mg and Nb crystals

are negligibly small, enf = — N> = —0.000145 and
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Table 1 Fitted properties of
the newly constructed EAM

cross-potentials for the Mg—
Nb systems

AH (Nb in Mg) (eV) AH (Mg in Nb) (eV) acscr (A) Bcscl (GPa)
VASP 1.24 1.16 3.35 94.6
Mg-Nb potential 1.23 1.19 3.47 94.6

AH is the heat of mixing. acec; is lattice constant, and Bcgc is bulk modulus of MgNb in CsCl
structure

z[1120]

<[1000]

lortl=

z[111]

Figure 1 Simulation setup for the study of the interaction of
lattice dislocations with interfaces. A periodic boundary is adopted
in the z direction.

et — — N — 000051, while ensuring periodic
boundary conditions. The bilayer model is then
relaxed to reach the equilibrium, which satisfies the
following conditions: (i) normal stresses g, in the
two crystals are 0, (ii) the summation of stresses in

the two crystals in x direction oY + o> = 0, and (i)

the summation of stresses in the two crystals in z
direction o3¢ 4 o’ =0. The simulation supercell
contains 16 periodic units for Mg and 11 periodic
units for Nb in the x direction, and 33 periodic units
for Mg and 37 periodic units for Nb in the z direction.
The final dimensions of the bicrystal model are 35.56
and 10.58 nm in the x and z directions, corresponding
to a supercell at equilibrium. There are 29 layer of Mg
and 37 layer of Nb, with total dimension in the y di-
rection is 1997 nm. The quenching molecular
dynamics (MD) method [22] is used to relax the
bilayer model. The bilayer model has three parts in
the y direction: the movable region 1 inside the sim-
ulation cell, and a semirigid region surrounding
region 1 (each in Mg and Nb crystals) that is twice the
potential cutoff distance in the y direction such that
the two crystals can translate as rigid bodies. During

the relaxation, the atoms are relaxed until the forces
are <5 pN.

The relaxed bilayer model is used to further study
the interaction of lattice glide dislocations in Nb with
the interface, with a region of movable atoms in the
model surrounded by a semirigid region of approx-
imately 10 A, as schematically shown in Fig. 1. The
anisotropic elastic solution of Barnett-Lothe for an
infinite bimetallic interface consisting of elastically
dissimilar materials [23] is used for introduction of a
lattice glide dislocation in the bilayer model. The line
direction of the introduced dislocation is in the z di-
rection in which the periodic boundary condition is
applied. In x and y directions, the fixed boundaries
are adopted. The fixed boundary conditions are not
allowed to rigidly move or to adjust dimensions.
During the tension or compression, the atoms in the
fixed boundary conditions are strained accordingly.
After the dislocation is introduced, the relaxation of
the model containing dislocations is carried out again
using the quenching MD method mentioned earlier.

For shear loading simulations of the interface, the
simulation supercell has 8.89 nm along [1100]y | |
[112]xp in the x direction, and 5.14 nm along
[1120] g | 1 [111]np in the z direction at the interface.
The height of the supercell in the y direction (which is
perpendicular to the interfaces) is 15.7 nm. The
bilayer model is rectangular in shape and periodic in
the x and z directions that are parallel to the interface.
A gradually increasing shear strain is applied homo-
geneously to the bilayer model of Mg/NDb crystal. In
each loading step, the stress increment is controlled to
be < 20 MPa [18, 24]. After each loading step, the
bilayer model is relaxed through quenching MD.

For disregistry analysis, disregistry vectors A7 are
computed as,

a7 =7 -7y m
where 1"? is the relative position between the ith

atom and the jth atom that form a pair in the refer-

ence configuration and ?i]m is the relative position
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between the same pair of atoms [10, 18, 25]. For in-
plane disregistry analysis, the disregistry vectors are
projected into the plane of choice.

Shear strength and associated shear
mechanism of the interface

A summary of the interface misfit
dislocations at KS interface

We have analyzed interface dislocation networks at
Mg/ND interfaces by using Frank-Bilby analysis with
atomistic simulations as input [21, 26]. Here, we
briefly summarize such interface dislocation network
at the KS interface and detailed information is refer-
red to Ref. [21]. At KS interface between Mg and Nb
layers at the interface, three sets of partial disloca-
tions nucleate around nodes during interface relax-
ation and among them, two close partial dislocations
react to form one set of full dislocations and therefore
we obtain 4 sets of dislocations (b;—b,) as shown in
Fig. 2. The disregistry analysis in Fig. 2a is performed
with respect to un-relaxed structure, where the
Burgers vector content within a periodic length of the
two-dimensional boundary unit cell (BUC) is zero,
and thus the disregistry analysis could be employed
to illustrate the overall feature of dislocation network,
such as the line sense, spacing and location of dislo-
cations. As shown in Fig. 2, interface dislocations b;—
b; are partial dislocations and have dislocation lines
along the z-axis, with an average spacing of 8.89 nm;
interface dislocation by has the dislocation line 56.8°
inclined with respect to the x-axis, Burgers vector
—bll, and an average spacing of 1.40 nm. It is worth
mentioning that the coherent structures in between
dislocations can be stacked into either normal fcc
structures (FCC in Fig. 2a) or low-energy stacking
faulted structures (SF in Fig. 2a). The detailed ener-
getics is referred to [21]. In summary, KS interface is
composed of four sets of interface dislocations—three
sets of partial dislocations and one set of full dislo-
cations that forms from the reaction of two close
partial dislocations.

Shear loading simulations

In Fig. 3, the critical stresses for the shear sliding at
the Mg/Nb interface in KS OR are shown as a func-
tion of different shear loading directions. The applied
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Figure 2 Interface dislocations of the KS interface a disregistry
plot; b schematic of interface dislocation network. FCC represents
coherent interface with fcc stacking (...A(Mg)B(Mg)/C(Nb)...)
and SF represents coherent interface with low-energy stacking

(...A(Mg)B(Mg)/A(ND)...).

shear strain is a combination of ¢,, and ¢,., parallel to
the interface and along the x- or z-axis. The critical

(o)

at the onset of unstable shear transition point in the
stress—strain curve obtained during shear loading
simulations. In the process of determining the effec-
tive shear stress, the temporal plastic transition is
ignored if this transition is followed by another shear
transition of higher effective shear stress. In such
cases, the latter value is taken as the critical stress.
The applied shear loading is along six different

stress is the effective shear stress, o, =

directions. In the Mg lattice notation, these are: [1 120]
(set 1, z-axis), [1010] (set 2, 60° from x-axis), [2110] (set
3, 30° from x-axis), [1100] (set 4, x-axis), [1210] (set 5,
— 30° from x-axis), and [0110] (set 6, — 60° from x-
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Figure 3 Critical stresses for the shear sliding at the Mg/Nb
interface in KS OR, as a function of different shear loading
directions. The stresses are in MPa unit.

axis) (see also labels in Fig. 3). The critical shear stress
values are listed in Table 2. There is a strong aniso-
tropy of the critical shear stress values for loading in
different directions. The maximum critical shear
stress at the KS interface is along the x-axis,
1315 MPa, and the minimum critical shear stress is
along the z-axis, 895 MPa. The interface shear
strength for Mg/Nb interface in the range of
0.9-1.3 GPa is generally higher than in the Cu/Nb
interfaces [24]. Considering that the shear modulus of
Cu (81.8 GPa) is 4.4 times of Mg (18.4 GPa), such
interface shear strength values imply a high resis-
tance at the interface. In the following, we analyze the
interface shearing mechanisms.

In Fig. 4, the stress—strain relationship during shear
loading in the z-axis, [1120]Mg| [[111]np is shown:
stress g, as a function of loading steps in the Mg and
Nb parts in the bilayer model of Mg/Nb crystal. The
loading direction is a close-packed direction in the
hcp Mg. Immediately after reaching the critical shear
stress, there is a large drop of stress level followed by
smaller stepwise changes in the stress—stain curve. In
Fig. 5a, the interface atomic configuration between
Mg and Nb layers at the interface colored by the
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Figure 4 Stress g, as a function of loading steps in the Mg and
Nb parts in the bilayer model of Mg/Nb crystal during shear
loading in the z-axis [112 O]MgH[l_ll]Nb.

relaxations right after the critical stress point is
shown. A marked transition of colored regions sug-
gests slip behavior at the interface. In Fig. 5b, the
corresponding in-plane disregistry vectors are plot-
ted. The reference state for the disregistry analysis is
the un-relaxed interface structure. The disregistry
analysis clearly shows the slip along one of the misfit
dislocation lines along the z direction which is
marked as a dashed line, with Burgers vector
[1120]apg/3. A serrated feature also appears in
Fig. 5a-b, which is presumably influenced by the
additional misfit dislocation sets at the interface.
The stress—strain relationship exhibits a substantial
difference if the shear loading is applied in the
orthogonal direction. In the case of shear loading
along the x-axis, or [1100]pg! I[112]\p, the stress—
strain curve, as shown in Fig. 6a, has an initial onset
of unstable shear transition followed by almost linear
elastic behavior up to 1315 MPa, at which the second
shear transition occurs. Disregistry analysis shows
that at the initial onset of shear transition, the shear
displacements are close to the Shockley partials
between the 1st Mg layer and the 2nd Mg layer at the
interface, thus changing the ABABAB stacking
sequence into CBABAB, a local fcc ordering of Mg at

magnitude of atomic displacements during the interface (Fig. 6b). As the shear loading continues,
Table 2 Critical stresses for — — — — — —
the shear sliding at the Mg/Nb  Loading direction (20 [ofo]  [2ffo]  [1foo]  [1210]  [0T10]
interface in KS OR .
Degrees from x-axis (°) 60 30 0 - 30 — 60
Critical stress (MPa) 895 1161 900 1315 912 1237
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Figure 5 a For shear loading along [1120], the z-axis, the
interface atomic configuration between Mg and Nb layers at the
KS Mg/Nb interface colored by the magnitude of atomic

1400 T T T T
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20

displacement during relaxations right after the critical shear stress
is reached. The Mg atoms are on top. This figure is generated using
Atomeye [27]. b The corresponding in-plane disregistry vectors.

1200 +

1000 *

800 -

600 -

Stress (in MPa)

400 +

200 -

0 n n n 1 n n n 1 n n n 1 n n n 1

0 4 8 12 16

Strain (%)
(@

Figure 6 a Stress g, as a function of applied shear strain during
shear loading along the x-axis, [ll_OO]Mg||[112]Nb. b The interface
atomic configuration at the initial onset of shear transition in (a).
The stacking sequence of Mg atoms near the interface is shown. In

the shear displacement progresses toward the same
direction, going through an unstable stacking fault
barrier (Fig. 6b, inset). Along this direction, in order
for a continued Shockley partial displacement to
occur, a much higher effective shear stress is required
than the initial one.

For shear loading along the [2110]y;g, or 30° from
the x-axis, the interface shearing mechanism is simi-
lar to that in the case of shear loading along the x-
axis. The shear displacement of Shockley partials

@ Springer

the inset, viewing at the interface from the Mg side. The shearing
direction is shown as an arrow. The blue atoms are Mg, and gray
atoms are Nb.

between the 1st Mg layer and the 2nd Mg layer at the
interface plays a major role in the plastic yielding
during the loading process. Since the loading direc-
tion is 30° away from the x-axis, the shear displace-
ments are able to follow the directions of the regular
Shockley partials in the Mg (0001) plane at the
interface, without moving toward the unstable stack-
ing fault barrier direction. Therefore, the critical shear
stress in this case is substantially reduced compared
to the case of shear loading along the x-axis. The



angular effect has been reported in earlier work of
fcc/bee interface shear strength studies [18]. The
effect of Schmid factor has to be taken into account as
well in this case. The same scenario also happens for
shear loading along the [1210] (— 30° from the x-axis)
direction. At last, for both shear loadings along the
[1010] (60° from x-axis) and [0110] (— 60° from the x-
axis), the shearing mechanisms at the interface are
similar to those in the case of shear loading along the
z-axis, [1120lyg! | [111]xp. Here, again, a Schmid
factor has to be applied, so a higher critical shear
stress is expected in both cases than in the shear
loading along the z-axis.

From the analysis above, it is suggested that the
deformation mechanisms are anisotropic, involving
either slip along the interface dislocations between
the Mg and Nb layers at the interface, or the shear
displacements of Shockley partials between the 1st
and 2nd Mg layers at the interface. As a result, the
critical stress values are also strongly anisotropic.

Interaction of lattice glide dislocations
with interface

Slip systems in (hcp) Mg/(bcc) Nb

The active slip systems for a layered (hcp) Mg/ (bcc)
Nb geometry subjected to either compressive stress
normal to the interface plane or tensile stress parallel
to the interface plane are considered. In these two
situations, there is no resolved shear stress on the
glide planes that make up the interface plane. So,
only slip planes that are non-parallel to interface are
considered. Common slip systems in Mg include
basal, prismatic {1100}, pyramidal I {1101}, pyrami-
dal II {1122}, tensile twinning planes {1102} and
{1121}, and compressive twinning planes {1101}
and {1122} [28]. In Nb, there are six {110} slip planes.
The slip planes in Mg and Nb that are non-parallel to
the interface plane have traces of intersections at the
interface plane. This is shown in Fig. 7a for the KS
interface. These slip planes have finite resolved shear
stress for uniaxial loading normal or parallel to the
interface. For all the active slip planes in Mg and Nb,
there is only one common trace of intersection at the
interface, i.e., [1120] for Mg and [111] for Nb. Among
those slip planes that have common trace of inter-
section, the pyramidal I slip plane (1101) in Mg is

nearly parallel to the (011) slip plane in Nb, as shown
in Fig. 7b. It is also noted that the lengths of Burgers
vectors of dislocations in Mg (3.206 A) and Nb
(2.859 A) are different. Such discontinuity in the Mg/
Nb layered composites makes dislocation transmis-
sion particularly difficult. In this work, we choose the
lattice glide dislocations on the Nb side to be in slip
plane (011), with dislocation line directions along
[111], or the z-axis of the bilayer model.

Results

We study eight cases as listed in Table 3,
1/2[111](011) and 1/2[111](011) mixed dislocations,
and 1/2[111](011) and 1/2[111](011) screw disloca-
tions, intersecting with the interface at the primary
dislocation lines (PDL) of the misfit dislocations and
at the middle position in between two PDLs (Mid). A
schematic describing the PDL and Mid positions
where lattice glide dislocations intersect to the inter-
face is shown in Fig. 8. Table 3 also summarizes the
direction of forces exerted on the lattice glide dislo-
cations introduced in Nb. Except for the screw dis-
location that intersects at the PDL position, all other
lattice glide dislocations experience attractive forces
and spontaneously enter the interface upon atomistic
relaxation. The force on the lattice glide dislocation is
due to the Koehler force and possible tendency for
interface shear when the dislocations approach
toward the interface. The Koehler force is always
attractive for lattice glide dislocations in Nb because
of the higher effective shear modulus in Nb than in
Mg. The repulsive force could be from the interaction
of interface misfit dislocations with the lattice glide
dislocations. If the lattice glide dislocation does not
enter the interface, an external strain is applied on the
bilayer model so that the lattice glide dislocation can
move to the interface along the glide plane.

Mixed character lattice glide dislocations

Mixed character dislocations 1/2[111](011) and
1/2[111](011) are introduced in the Nb crystal of the
bilayer model at a distance of 1.5 nm from the
interface. They intersect at two distinct locations at
the interface, PDL and Mid. As the supercell is
relaxed, the dislocations spontaneously move toward
interface, by gliding on (011) plane.

@ Springer
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Figure 7 a Traces of intersections of slip and twinning planes in
Mg and {110} Nb slip planes with the KS interface. Two black
dashed lines, parallel to Mg [1100] and [1120] lines, represent
intersections of the interface plane with the Mg slip and twinning

Table 3 Direction of forces exerted by the KS Mg/Nb interface
on lattice dislocations approaching the interface from Nb

Lattice dislocation types PDL Mid

Mixed [111](011) Attracted Attracted
Mixed [111](011) Attracted Attracted
Screw [111](011) Attracted after loading  Attracted
Screw [111](011) Repelled Attracted

Lattice dislocations intercept at the PDL and Mid positions at the
interface

Y X

i

8.89 nm

PDL

Mid
PDL
PN . || B

Figure 8 Schematic of supercell showing locations of primary
misfit dislocations (green dashed lines) in the KS Mg/Nb interface.
Lattice glide dislocations can intersect with the interface at one of
the primary dislocation lines (PDL) of the misfit dislocations or at
positions in between two PDLs (Mid). Trace of lattice glide
dislocation intersecting at the interface is shown by red dashed
line.

The disregistry analysis of lattice glide dislocations

in the interface plane as well as in the glide plane is
carried out. The fully relaxed Mg/NDb bilayer model
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planes. Three red dashed lines represent intersections of the
interface plane with {110} Nb slip planes. b (011) and (1101)
planes are almost parallel to each other.

before the introduction of lattice dislocations is taken
as the reference structure. Nb atom layer near the
interface is plotted in the disregistry plot in the
interface plane. Figure 9 shows the disregistry plots
of lattice glide dislocations (a) in the interface plane
and (b) in the glide plane when the mixed dislocation
1/2[111](011) intercepts at the PDL position. Mixed
dislocation 1/2[111](011), which has negative line
sense direction compared to 1/2[111](011), has simi-
lar behavior. The cores of lattice glide dislocations
spread into intricate patterns within the interface.
This feature is ascribed to spatial non-uniformity of
interfacial shear resistance. The disregistry plot in the
glide plane suggests that the glide dislocation did not
move into Mg. Figure 10 shows the disregistry plots
of lattice glide dislocations (a) in the interface planes
and (b) in the glide plane when mixed dislocation
1/2[111](011) intercepts at the Mid position. The cores
of lattice glide dislocations spread much less into
interface compared to the case where the mixed dis-
locations intersecting at PDL position. Although the
dislocation cores do not have much spread in the
interface plane, there is possibility that the disloca-
tion core could spread out of the interface plane.
Figure 10b indicates that the glide dislocation core
has spread into Mg pyramidal I slip plane (1101).

To quantify the extent of core spread of disloca-
tions within the interfaces, the sheared area S is
computed in the form [22]:
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of vector plots for (a) and (b) is 3 and 1, respectively.
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Figure 10 Vector field plot of disregistry a in the interface plane
and b in the slip plane, for the case when the mixed lattice
dislocation intercepts at Mid. Red dotted line indicates the

L/2 o
S:% / / ‘d(m)‘dxdz (2)
-L/2 -

The length of the dislocation line is denoted by
L along the periodic direction z in the model and the
local shear displacement at position (x, z) is d¢, » in
the interface plane, as determined from the disreg-
istry analysis. Table 4 lists the sheared area S values
for each case.

To understand the core spread out of the interface
plane, the disregistry vectors in the glide plane are

x=[211] ©

[$2]
o
—
o
o

intercept line of the lattice glide dislocation. Magnification factor
of vector plots for (a) and (b) is 3 and 1, respectively.

analyzed further. For mixed dislocations considered
in this study, the mixed component consists of mostly
edge component (2.7 A), and the screw component is
relatively small (0.95 A). In order to compare the
extent of core spread into Mg when the mixed dis-
location intersects at PDL and Mid positions, we
calculate the disregistry vectors in the glide plane.
These disregistry vectors are then projected along the
edge dislocation direction (the edge component). The
values are color mapped to the atoms in the bilayer
model, as shown in Fig. 11. In the case when the
mixed dislocation intersects at Mid position, the

@ Springer
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Table 4 Sheared area to

quantify the core spread of Lattice dislocation types Seor (A% Swiia (A%) Scunp (A% [22]
dislocations within the . _
02 2 Mixed [111)(011) 27.4 18.0 (25.8) 125
’ Mixed [T11](011) 29.3 19.5 (26.3) -
Screw [111](011) 20.3 46.7 -
Screw [111](011) 454 -

Lattice dislocations intercept at the PDL and Mid positions at the interface. The values in bracket are

the core spreading of dislocations within the pyramidal I slip plane (1101) in Mg

e
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+
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£
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¥
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+
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(a) ' (b)
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Figure 11 Absolute value of the edge component of disregistry
vectors calculated along the glide plane of mixed dislocations in
Nb. Mixed dislocations intersect at a PDL position and b Mid
position.

dislocation core spreads into Mg for more than two
atomic layers, in contrast to the case when the mixed
dislocation intersects at PDL position where there is
little core spread into Mg. The spread of dislocation
core into Mg occurs on the pyramidal I slip plane
(1101) in Mg. This core spread provides possibility to
nucleate pyramidal I type dislocation in Mg and thus
facilitate dislocation slip transmission across inter-
face. This can be investigated further in future study.

Screw character lattice glide dislocations

Screw dislocations 1/2[111](011) and 1/2[111](011)
are introduced in the Nb crystal of the bilayer model,
also at a distance of 1.5 nm from the interface. They
intersect the interface at PDL and MID positions as
well. As the supercell is relaxed, the screw disloca-
tions experience attractive or repulsive force,
depending on the location of intersection. If the screw
dislocation intersects at PDL position, it does not
spontaneously move toward the interface. However,
if it intersects at Mid position, it spontaneously
moves toward interface by gliding on (011) plane.
Screw dislocation 1/2[111](011) moves toward the

@ Springer

interface after applied shear stress in excess of 0.9
GPa, while screw dislocation 1/2[111](011) does not
move toward the interface even at applied shear
stress of 4 GPa.

Figure 12 shows the extent of core spread in the
interface plane. The extent of core spread in the
interface plane is much larger when the screw dis-
location intersects at the Mid position compared to
when it intersects at the PDL position. The sheared
area S calculated for screw dislocation intersecting at
Mid position, as listed in Table 4, is more than twice
larger the S value for screw dislocation intersecting at
PDL position. No core spread into Mg was observed
in either case.

So far, we have shown that the screw dislocations
have larger core spread when the dislocations are
away from the primary interface misfit dislocation
lines at the interface. For the mixed dislocations, the
opposite is true. In addition, when the dislocations
are away from the primary interface misfit disloca-
tion lines at the interface, the core of dislocations
spreads into the Mg pyramidal I plane. In general, the
core spreads of the screw dislocations are more
appreciable than the mixed dislocations in the Mg/
Nb interfaces. Such trend is also observed in other
“weak” interfaces such as Cu/Nb interfaces [24].
However, for mixed dislocations, the dislocation core
spreading into the interface plane is considered to be
rather small, only about 23% compared to the case of
Cu/Nb KS interface, as shown in Table 4 [22]. We
expect the screw dislocations, similar trend will also
hold. Therefore, by examining the core spread of
lattice dislocations in the case of Mg/Nb interface, it
is suggested that the trend of large core spread of the
lattice dislocations is not observed. This correlates
well with the result of interface shear strength cal-
culations for the Mg/NDb interface. Generally, an
interface with stronger interface shear strength
should make it less easy for the interface to be
sheared by impinging lattice glide dislocations.
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Figure 12 Vector field plot of disregistry in the interface plane for the case when the screw lattice dislocation intercepts at a PDL, and
b Mid positions. Red dotted line indicates the intercept line of the lattice glide dislocation. Magnification factor of vector plots is 3.

Summary

Atomistic simulations using newly developed EAM
interatomic potential for Mg-Nb have been carried
out to study (hcp) Mg/(bcc) Nb semi-coherent
interface with Kurdjumov—Sachs orientation rela-
tionship. The simulations are focused on the shear
strength and associated shear mechanism of the
interface, and the interaction between the lattice glide
dislocations and the interface. The major findings are
summarized as follows: (1) The interface shear
deformation is strongly anisotropic, involving either
slip along the interface dislocations between the Mg
and Nb layers at the interface, or the shear dis-
placements of Shockley partials between the 1st and
2nd Mg layers at the interface. The shear strength for
the Mg/ND interface is found to be generally high, in
the range of 0.9-1.3 GPa depending on the shear
direction. (2) The extent of the core spread of dislo-
cations into the Mg/Nb interface is considerably
small, especially when compared to the Cu/Nb case.
It is suggested that the trend of large core spread of
lattice dislocations at the interface formed by
immiscible elements such as Cu/Nb interface is not
observed in Mg/Nb. This correlates well with the
result of interface shear strength calculations for the
Mg/Nb interface. (3) When the mixed character lat-
tice dislocation approaches the interface, there is core

spread out of the interface plane into Mg, corre-
sponding to the pyramidal I slip plane in Mg.
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