
ARTICLE IN PRESS 

JID: JMAA [m5+; August 2, 2024;9:38 ] 

Available online at www.keaipublishing.com/en/journals/journal-of-magnesium-and-alloys/ 

Journal of Magnesium and Alloys xxx (xxxx) xxx 
www.elsevier.com/locate/jma 

Full Length Article 

High strength and malleable lamellar-structured Mg/Mg2 

Sn alloy 

Xu-Jian Lin 

1 , Si-Mian Liu 

1 , Wei-Zhong Han 

∗

Center for Advancing Materials Performance from the Nanoscale, State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, 
Xi’an 710049, China 

Received 11 March 2024; received in revised form 3 July 2024; accepted 16 July 2024 
Available online xxx 

Abstract 

Lightweight Mg alloys are appealing as structural materials for improving energy efficiency in various applications. However, the tradeoff 
between strength and deformability of Mg at room temperature is a major obstacle to widespread use of Mg alloys. The plasticity of Mg 
is particularly related to 〈 c + a 〉 dislocations, which dominates c-axis strain, while it is rarely activated under ambient conditions because 
of a high critical resolved shear stress. Here, we prepare a lamellar-structured Mg/Mg2 Sn alloy consisting of two phases, Mg and Mg2 Sn, 
arranged alternately with high-density phase interfaces, which shows a synergy of high strength and deformability. High-density Mg/Mg2 Sn 
interfaces act as strong barriers for dislocations motion, obstructions for crack propagation, and efficient 〈 c + a 〉 dislocation sources, which 
contribute to the strengthening and plasticity of the laminated Mg/Mg2 Sn alloy. This unique interface-mediated plasticity provides a new 

pathway to improve the mechanical properties of hexagonal close-packed Mg alloys. 
© 2024 Chongqing University. Publishing services provided by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. 
This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
Peer review under responsibility of Chongqing University 
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. Introduction 

Mg alloys are considered as promising lightweight struc-
ural materials because of their low density [ 1 ]. However, their
ndustrial applications are limited due to their low strength,
ow ductility, and tendency to corrode [ 2–9 ]. As a hexagonal
lose-packed (HCP) metal, the plastic deformation of Mg is
rimarily provided by dislocation slip and twinning [ 10 , 11 ].
g exhibits a dominant slip mode of {0001} < 1 ̄2 10 > slip,

ommonly referred to as basal 〈 a 〉 slip, due to its low critical
esolved shear stress (CRSS) of approximately 0.5 MPa at
oom temperature [ 12 ]. However, the basal 〈 a 〉 slip can only
ccommodate plasticity along the < a > -axis and it consists
f only two independent slip systems. Therefore, Mg crys-
al cannot deform by basal 〈 a 〉 slip alone according to the
aylor-von Mises criterion for uniform plastic deformation,
hich requires at least five independent slip systems [ 13 ]. 
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In HCP crystals, twinning acts as a < c > -axis deforma-
ion mechanism in addition to slip. However, unlike slip, all
win modes are unidirectional, and any given mode can ei-
her accommodate < c > -contraction or extension but not both
 14,15 ]. Compared to twinning, the activation of 〈 c + a 〉 dis-
ocation is the most favorable < c > -axis deformation mecha-
ism [ 16–18 ]. The CRSS for pyramidal 〈 c + a 〉 dislocations
n Mg alloys ranges from 30 to 80 MPa [ 19–23 ], which are
ignificantly higher than that of the CRSS of basal 〈 a 〉 disloca-
ion (0.5 MPa) [ 24 ]. As a result, 〈 c + a 〉 dislocations are dif-
cult to initiate in Mg at ambient conditions. Even if they are
ctivated, the 〈 c + a 〉 dislocation is still prone to decompose
nto sessile structures under thermally activated conditions and
ails to contribute to plastic strain along the c-axis [ 25–27 ]. 

The activation energy barrier for the pyramidal-to-basal
ransition of the edge pyramidal II 〈 c + a 〉 dislocation is only
bout 0.5 eV for pure Mg [ 25 ]. Cross-slip of 〈 c + a 〉 screw
islocations could form dislocation loops and generate plas-
icity only if the activation energy for cross-slip is much lower
han the activation energy barrier for the pyramidal-to-basal
ransition. However, the total activation energy required for
r B.V. on behalf of KeAi Communications Co. Ltd. This is an open access 
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ross-slip is far beyond 0.5 eV, rendering cross-slip ineffective
or preventing the negative consequences of the pyramidal-to-
asal transition [ 25 ]. Promoting 〈 c + a 〉 dislocation cross-slip
s an alternative method to improve the ductility of Mg alloys
 28 ]. The addition of Ca, Mn, and Y as alloying elements can
ncrease the cross-slip ability of 〈 c + a 〉 dislocations, leading
o a substantial increase in plasticity in Mg alloys [ 29 ]. Fur-
hermore, increasing the capacity for dislocation nucleation is
nother method to trigger the 〈 c + a 〉 dislocation. The addi-
ion of rare earth elements such as Y can effectively reduce
he CRSS of pyramidal 〈 c + a 〉 dislocation, providing more
ucleation sites of 〈 c + a 〉 dislocations [ 29 ]. 

Notably, the 〈 c + a 〉 screw dislocations move much faster
han the 〈 c + a 〉 edge dislocations. The uncoordinated move-
ent of screw vs. edge dislocation usually causes a poor dis-

ocation self-multiplication efficiency [ 30,31 ]. To overcome
he inefficient self-multiplication of 〈 c + a 〉 dislocations, one
olution is to introduce more 〈 c + a 〉 dislocation sources.
hase interfaces have proved to be effective sources for
 c + a 〉 dislocations in zirconium [ 32–34 ]. In addition, atom-
stic simulations show that interface can mediate non-basal
islocation nucleation and hcp-to-bcc phase transformation
nder external loading when the basal slip systems are effec-
ively suppressed [ 35 ]. The non-basal dislocation nucleation
s closely related to the dynamic evolution of misfit dislo-
ation patterns at the semi-coherent interface [ 32 , 35 ]. Inter-
aces can also increase dislocation storage and impede dis-
ocation movement, thereby enhancing strength and deforma-
ility of materials [ 32 , 36 ]. To exploit the concept of inter-
ace engineering, directional solidification has been developed
o fabricate interface-dominant Mg-based composites such as

g/Mg2 Yb and Mg/Mg2 Ca eutectic alloys [ 37 ]. However,
hese high-strength layered Mg alloys exhibit near-zero plas-
icity at room temperature. Even when compressed at 400 °C,
he layered composites remain quite brittle. Therefore, effec-
ively initiating 〈 c + a 〉 dislocations to improve the deforma-
ility of Mg alloy via interface engineering still remains a
hallenge. 

In this study, we prepare a two-phase Mg/Mg2 Sn com-
osite with a high density of lamellar structures. The com-
ressive behaviors of Mg-Sn alloys with different Sn con-
ents and layer thicknesses are investigated. The Mg-Sn al-
oy with 36 wt.% Sn exhibits high compressive strength and
ood deformability. The underlying deformation mechanisms
f Mg/Mg2 Sn alloys are analyzed in detail. In contrast to pure
g and other nanolayered Mg alloys, the lamellar-structured
g/Mg2 Sn alloys display higher strength and malleability via
odulation of the nucleation of interfacial 〈 c + a 〉 dislo-

ations, making lamellar Mg-Sn alloy as a promising light-
eight structural material. 

. Experimental methods 

.1. Preparation of lamellar-structured Mg/Mg2 Sn alloy 

Pure Mg (99.99 %) and pure Sn (99.99 %) are com-
ined with varying mass ratios and placed into a 304 stain-
Please cite this article as: X.-J. Lin, S.-M. Liu and W.-Z. Han, High strength and
Alloys, https:// doi.org/ 10.1016/ j.jma.2024.07.013 
ess steel canister with a height of 70 mm, radius of 8 mm,
nd wall thickness of 1.5 mm. The mixture is heated in a
ube furnace under an Ar protective atmosphere at 800 °C
or one hour. After melting and well-mixed of Sn and Mg,
urnace cooling is used to make the Mg-9Sn, Mg-18Sn and

g-36Sn alloys. According to the phase diagram of the
g-Sn alloy, the eutectic component Mg-36Sn is likely ex-

ected to form a lamellar structure under equilibrium so-
idification conditions. In order to regulate the thickness of
he lamellae of Mg/Mg2 Sn alloys, the Mg-36Sn alloys are
ooled from 800 °C at three different rates, i.e., water-
ooling, air-cooling, and furnace-cooling. Lamellar-structured
g/Mg2 Sn alloy is formed only under specific compositional

Mg-36Sn) conditions, and adjusting the Sn content can ef-
ectively control the prevention of lamellar-structure forma-
ion. The lamellar-structured Mg/Mg2 Sn alloy has a density
f approximately 2.4 g/cm3 , which is lighter than that of Al
lloy. 

.2. Mechanical test 

To compare with the Mg-Sn alloys, pure Mg is also se-
ected for compressive test. Pure Mg, Mg-9Sn, Mg-18Sn
nd Mg-36Sn alloy for compressive test are fabricated into
quare columns with dimensions of 3 mm (length) × 3 mm
width) × 10 mm (height) by electrical discharge machining.
he surface of the columns is carefully ground and polished
y mechanical polishing. Compressive tests are performed on
n MTS tensile machine at room temperature with a strain
ate of 5 × 10−4 s−1 . Each Mg/Mg2 Sn alloy is tested for
ore than 3 times. The Micro-Vickers hardness is assessed

sing a 50 gf load, held for 15 s, and at least 15 spots are
ested on both the normal and side surfaces. 

.3. Microstructure characterization 

The initial and deformed microstructures of Mg/Mg2 Sn al-
oy are characterized using X-ray diffraction (XRD), scanning
lectron microscope (SEM), and transmission electron micro-
cope (TEM). XRD is employed to identify the phase struc-
ure of Mg and Mg2 Sn. The XRD instrument utilized was the
8 ADVANCE model manufactured by Bruker in Germany.

n this work, a copper target was chosen as the focal point,
ith a scanning range spanning from 10 ° to 90 °, a scan-
ing increment of 0.02 °, and a scanning frequency of every
 s. SEM is used to study the lamellar structures and frac-
ured surface of the alloys. The SEM utilized in this work
s the Hitachi SU6600. The operating voltage is 15 KV. All
ample surfaces are mechanically polished before tests. TEM
nalysis is carried out to examine interface and dislocation
tructures in compressed samples. TEM samples are cut from
eformed square columns and mechanically ground to a thick-
ess of about 60 μm. Thin foils are further dimpled by ion-
illing on a Gatan Precision Ion Polishing System, which

s operated at 3 kV and with a final polishing beam angle
f 4 °
 malleable lamellar-structured Mg/Mg2 Sn alloy, Journal of Magnesium and 
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. Results 

Fig. 1 demonstrates the initial microstructures of Mg-
Sn, Mg-18Sn and Mg-36Sn alloys. The black matrix is Mg
hase and the white precipitated phase is Mg2 Sn. As indi-
ated by the arrows in Fig. 1 (a), only a small quantity of
g2 Sn phase precipitates locally in Mg when the Sn content

s 9 wt.%. The Mg-9Sn alloy has an average micro-Vickers
ardness of 54.8 ± 6.11 HV. With an increase in Sn con-
ent to 18 wt.%, more Mg2 Sn phase precipitates, forming
n uneven Mg2 Sn/Mg composition ( Fig. 1 (b)). The average
icro-Vickers hardness of the Mg-18Sn alloy increases to

0.3 ± 6.25HV. While in Mg-36Sn ( Fig. 1 (c)), the alloy un-
ergoes a eutectic reaction resulting in the alternate arrange-
ent of Mg2 Sn and Mg phases, forming a uniformly lamellar

tructure. The average micro-Vickers hardness is 83.6 ± 3.15
V. Fig. 1 (d) shows the compressive stress-strain curves of
ure Mg and Mg-Sn alloys with varying Sn contents. Pure
g exhibits an ultimate compressive strength of 165 MPa

nd the highest fracture strain of 24.1 %. Mg-9Sn alloy ex-
ibits a similar fracture strain but a higher ultimate strength
f 182 MPa. The ultimate strength of Mg-18Sn increases to
96 MPa while the compressive strain decreases from 23.6 %
o 17.5 % compared with Mg-9Sn. The compressive strength
f Mg-36Sn alloy significantly increases to 322 MPa with a
ig. 1. Mechanical properties and microstructures of Mg-Sn alloys with different S
d) Compressive stress-strain curves for pure Mg and Mg-Sn alloys. The green sta
00 °C [ 37 ]. The red star marks the strength and compression strain of lamellar 
train with Sn contents. 

Please cite this article as: X.-J. Lin, S.-M. Liu and W.-Z. Han, High strength and
Alloys, https:// doi.org/ 10.1016/ j.jma.2024.07.013 
ecrease of compressive fracture strain to 15.4 %. Fig. 1 (e)
lots the yield strength, ultimate compressive strength and
racture strain of pure Mg and Mg-Sn alloys. As the content
f Sn increases from 0 to 36 %, the yield strength sharply
ncreases from 16.9 MPa to 157.6 MPa, and the ultimate com-
ressive strength rises from 152.3 MPa to 293 MPa. However,
he fracture strain falls from 25.8 % to 15.4 %. The mechani-
al properties of Mg-Sn alloys vary significantly due to large
ifferences in layer thickness. Compared with the lamellar
g/Mg2 Yb alloy and Mg/Mg2 Ca alloys [ 37 ], the layered Mg-

6Sn alloys show a significant improvement in deformability,
s shown in Fig. 1 (d). 

Fig. 2 reveals the fracture surface of pure Mg and Mg-
n alloys. The fracture surface of pure Mg shows obvious
lip traces from two different directions, as indicated by the
nlarged SEM images in Fig. 2 (b) and (c). Similarly, many
lip traces are observed in the Mg phase of Mg-9Sn alloy
 Fig. 2 (d)). A crack is observed at the interface between Mg
nd Mg2 Sn ( Fig. 2 (e)). Fig. 2 (f) shows several slip bands
assing through the Mg/Mg2 Sn layered structure, forming
longated micro-cracks in Mg2 Sn phases. The deformation
ehavior of Mg-18Sn is comparable to that of Mg-9Sn. A
arge crack separates the Mg matrix from the Mg/Mg2 Sn re-
ion ( Fig. 2 (h)). Sharp microcracks are also found to traverse
he Mg2 Sn phase, as shown in Fig. 2 (i). In the case of layered
n contents. Initial microstructures of (a) Mg-9Sn, (b) Mg-18Sn, (c) Mg-36Sn. 
r shows the strength and compression strain of lamellar Mg/Mg2 Yb alloy at 
Mg/Mg2 Ca alloy at 400 °C [ 37 ]. (e) Variation of strength and compressive 
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Fig. 2. Typical SEM images of surface deformation morphologies of pure Mg (a-c), Mg-9Sn (d-f), Mg-18Sn (g-i), Mg-36Sn (j-l). 

M  

a  

a  

t  

n  

p  

p
 

t  

M  

u  

a  

e  

u  

a  

a  

m  

c  

a  

s  

M  

e  

3  

h  

v  

A  

p  

c  

s  

a  

t  

i  

p  

s  

p  

p

g-36Sn, the crack spreads across phase interface rather than
long it ( Fig. 2 (k)). The crack extension pass is more curved
nd crosses the Mg/Mg2 Sn interface. The localized deforma-
ion mode is a typical deformation mechanism in heteroge-
eous metal-structured materials, in which the malleable Mg
hase restricts the growth of microcracks in the brittle Mg2 Sn
hase. 

In order to investigate the effect of layer spacing on
he mechanical properties of Mg-36Sn alloys, the lamellar

g/Mg2 Sn alloys with different layer spacing were prepared
sing three different cooling rates: water-cooling, air-cooling
nd furnace-cooling. After water-cooling ( Fig. 3 (a)), the av-
rage layer spacing of the Mg phase is 0.26 ±0.03 μm with
ltra-fine Mg2 Sn phases. The layer thickness of the Mg phase
fter air-cooling and furnace-cooling is about 0.45 ±0.04 μm
nd 2.5 ± 0.08 μm, respectively ( Fig. 3 (b-c)). The average
icro-Vickers hardness is 124.5 ± 10.53 HV for the water-

ooled sample, 84.3 ± 2.49 HV for the air-cooled sample
Please cite this article as: X.-J. Lin, S.-M. Liu and W.-Z. Han, High strength and
Alloys, https:// doi.org/ 10.1016/ j.jma.2024.07.013 
nd 83.6 ± 3.15 HV for the furnace-cooled sample. Fig. 3 (d)
hows the compressive stress-strain curves for the lamellar
g-36Sn alloys. Water-cooled Mg-36Sn alloy shows the high-

st strength but the lowest fracture stain. Furnace-cooled Mg-
6Sn alloy has improved plasticity and a noticeable work-
ardening stage. The compressive strength and fracture strain
ersus layer thickness of the Mg phase are shown in Fig. 3 (e).
s the spacing of the lamellar structure becomes thicker, the
lasticity of Mg-36Sn significantly increases with a slight de-
rease in strength. Briefly, the lamellar Mg/Mg2 Sn with layer
pacing of 2.5 μm displays the best combination of strength
nd malleability within the three samples. The phase struc-
ures were characterized using XRD, as shown in Fig. 3 (f). An
ncreasing cooling rate results in a greater number of Mg2 Sn
hase with various orientations. Because of the very fine layer
tructures in water-cooled and air-cooled samples, only XRD
eaks of Mg2 Sn phase appear, while the XRD peaks for Mg
hase are very weak, as shown in Fig. 3 (f). 
 malleable lamellar-structured Mg/Mg2 Sn alloy, Journal of Magnesium and 
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Fig. 3. Mechanical properties and microstructures of Mg-36Sn alloy with different layer thickness. Microstructures of Mg-36Sn with a layer thickness of (a) 
0.26 μm, (b) 0.45 μm, (c) 2.5 μm, (d) Compressive stress-strain curves of Mg-36Sn alloys with different cooling rates. (e) Compressive strength and fracture 
strain versus layer thickness of Mg phase. (f) XRD results of Mg-36Sn alloys with different cooling rates. Because of the ultrafine layer structures, the XRD 

peak for Mg is weak for water-cooled and air-cooled samples. 
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Fig. 4 shows the fracture surface of Mg-36Sn alloys with
ifferent cooling rates. No slip traces or microcracks are ob-
erved in the water-cooled Mg-36Sn alloy ( Fig. 4 (b)). The
rack is sharp and propagates across the Mg/Mg2 Sn phase
nterface ( Fig. 4 (c)). The fracture of the air-cooled Mg-36Sn
lloy is similar to that of the water-cooled Mg-36Sn alloy,
ith no slip traces are detected, while some microcracks are
bserved in the Mg2 Sn phase, as shown in Fig. 4 (f). In con-
rast, numerous slip traces are detected in the furnace-cooled

g-36Sn alloy ( Fig. 4 (h)), indicating better deformability, as
hown in Fig. 3 (a). Moreover, the broader morphology of the
icrocracks suggests a greater ability to impede cracking ex-

ansion as the lamella thickness increases. 
To understand the plastic deformation mechanism of

amellar-structured Mg/Mg2 Sn alloy, the furnace-cooled Mg-
6Sn is compressed to different strains and characterized us-
ng SEM and TEM. Fig. 5 shows the surface morphology of

g-36Sn after compressive strains of 2.8 %, 5.5 %, and 9.5
. At 2.8 % strain, the soft Mg phase deforms first and forms

lip traces ( Fig. 5 (b)), which across the Mg/Mg2 Sn interface
 Fig. 5 (c)). At 5.5 % strain, the Mg2 Sn phase starts to sprout
icrocracks ( Fig. 5 (f)). At 9.5 % strain, numerous tiny mi-

rocracks interlink to form large cracks across the layers, as
hown in Fig. 5 (h) and (i). 

The dislocation structures accumulated at different stages
n the compressed Mg-36Sn alloy are shown in Fig. 6 . Dislo-
ation analysis was performed using the two-beam condition
ith 

⇀ 

g = 0002 diffraction vector. Under this imaging condition,
Please cite this article as: X.-J. Lin, S.-M. Liu and W.-Z. Han, High strength and
Alloys, https:// doi.org/ 10.1016/ j.jma.2024.07.013 
 a 〉 dislocations are out of contrast while 〈 c + a 〉 dislocations
re visible. The yellow dotted line refers to the Mg/Mg2 Sn
hase interface. At compressive strain of 2.8 %, several short
 c + a 〉 dislocations are observed in the Mg phase near the
nterface. The density of 〈 c + a 〉 dislocation increases after
 compressive strain of 5.5 %. At 9.5 % strain, the 〈 c + a 〉
islocation becomes longer ( Fig. 6 (c)). A small-angle grain
oundary (SAGB) forms because of the accumulation of 〈 a 〉
islocations near the interphase, as shown by the bright-field
nd dark-field TEM images in Fig. 6 (d). After a compressive
train of 15.2 %, the sample fractures completely. The den-
ity of 〈 c + a 〉 dislocations near the interface is very high
 Fig. 6 (e)). More straight and long dislocations with zig-zag
egments are remained ( Fig. 6 (f)). The straight segments are
arallel to the (0001) basal plane trace, and the zig-zag dis-
ocation segments are parallel to different pyramidal planes.
 SAGB is also observed near the interphase in Mg layer, as

hown in Fig. 6 (f). 
Fig. 7 further characterizes the 〈 c + a 〉 dislocations near

he Mg/Mg2 Sn interface in Mg-36Sn alloy when the strain
eaches 9.5 % and 15.2 %. At compressive strain of 9.5 %,
any curved 〈 c + a 〉 dislocation lines are observed near the

nterface, as indicated by the yellow lines in Fig. 7 (a). They
re mixed dislocations and accumulate at the phase interface.
any dislocations pile up at the interface ( Fig. 7 (b)). Af-

er the fracture of Mg/Mg2 Sn alloy, the dislocations near the
nterphase become long and straight. These dislocations are
he edge parts of the 〈 c + a 〉 dislocation ( Fig. 7 (c)). Curved
 malleable lamellar-structured Mg/Mg2 Sn alloy, Journal of Magnesium and 
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Fig. 4. Fracture surface of Mg-36Sn alloys with different cooling conditions. (a-c) Water-cooled sample, (d-f) Air-cooled sample, and (g-i) Furnace-cooled 
sample. 

Fig. 5. Surface deformation features of furnace-cooled Mg-36Sn alloy with different compressive strains. (a-c) εc = 2.8 %. (d-f) εc = 5.8 %. (g-i) εc = 9.5 %. 

Please cite this article as: X.-J. Lin, S.-M. Liu and W.-Z. Han, High strength and malleable lamellar-structured Mg/Mg2 Sn alloy, Journal of Magnesium and 
Alloys, https:// doi.org/ 10.1016/ j.jma.2024.07.013 
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Fig. 6. Dislocation structures in compressed furnace cooled Mg-36Sn. (a) εc = 2.8 %. (b) εc = 5.5 %. (c-d) εc = 9.5 %. (e-f) εc = 15.2 %. 

d  

t  

l  

D  

l  

w  

t  

t  

T  

e  

A  

s  

t  

p

4

4

 

d  

t  

a  

t  

[  

t  

f  

b  

p  

t  

T  

a  

r  

t  

〈  

i  

a  

m  

〈  

c  

l  

s  

l  

H  

s  

l  

i  

t  

o  

b

islocations in blue color are connected at the front end of
he edge dislocation, as indicated in Fig. 7 (c). The curved dis-
ocations have mixed features, with more screw components.
uring deformation, easy glide screw 〈 c + a 〉 dislocations

ead less mobile long straight edge 〈 c + a 〉 dislocations for-
ard [ 38 ]. The edge part of the 〈 c + a 〉 dislocation drags

he glide of whole dislocation line and hinders the disloca-
ion from evolving into an efficient dislocation source [ 30 ].
he Mg/Mg2 Sn interfaces act as a source of dislocations that
mit the 〈 c + a 〉 dislocations, as shown in Fig. 7 (c) and (d).
lthough the 〈 c + a 〉 dislocations have a low dislocation

ource efficiency, but the numerous interfaces could effec-
ively provide high density of 〈 c + a 〉 dislocations to mediate
lasticity. 

. Discussion 

.1. Effect of interface on 〈 c + a 〉 dislocation nucleation 

Basal 〈 a 〉 dislocations are prevalent in pure Mg while the
uctility of Mg is particularly dependent on 〈 c + a 〉 disloca-
ions, which control the c-axis strain [ 25 ]. 〈 c + a 〉 dislocations
re critical defects that provide plasticity and are generally
riggered under high strain rates or high temperatures loading
 38 ]. To overcome the weakness of poor deformability due to
Please cite this article as: X.-J. Lin, S.-M. Liu and W.-Z. Han, High strength and
Alloys, https:// doi.org/ 10.1016/ j.jma.2024.07.013 
he lack of 〈 c + a 〉 dislocation, numerous Mg/Mg2 Sn inter-
aces are introduced into Mg alloy to improve the deforma-
ility. A high density of 〈 c + a 〉 dislocations is captured in
roximity to the Mg/Mg2 Sn interface, which is higher than
hat observed in the intermediate region, as seen in Fig. 7 (b).
his suggests that the interface has a superior ability to nucle-
te and emit 〈 c + a 〉 dislocations compared to the grain inte-
ior. Mixed dislocations are observed close to the interface at
he earlier stage of loading (see Fig. 6 (a)), indicating that the
 c + a 〉 dislocations are nucleating from the interfaces. With
ncreasing of strain (see Fig. 7 (d)), edge 〈 c + a 〉 dislocations
re still remained near the phase interface. This is because the
obility of 〈 c + a 〉 screw dislocations is higher than that of

 c + a 〉 edge dislocations [ 30 ], and the screw 〈 c + a 〉 dislo-
ations glide forward while the edge 〈 c + a 〉 dislocations are
eft (see Fig. 7 (c)). The different kinematic properties of the
crew 〈 c + a 〉 dislocations and the edge 〈 c + a 〉 dislocations
ead to a poor dislocation self-multiplication efficiency [ 30 ].
owever, the multiple Mg/Mg2 Sn interfaces serve as efficient

ources of 〈 c + a 〉 dislocations and eliminate the 〈 c + a 〉 dis-
ocation starvation. It is worth point out that the Mg/Mg2 Sn
nterfaces can produce a large number of 〈 c + a 〉 dislocations
o coordinate plastic deformation via increasing the number
f 〈 c + a 〉 dislocation sources rather than improving the mo-
ility of 〈 c + a 〉 dislocations. 
 malleable lamellar-structured Mg/Mg2 Sn alloy, Journal of Magnesium and 
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Fig. 7. Emission of 〈 c + a 〉 dislocations from Mg/Mg2 Sn interface during compression of furnace cooled Mg-36Sn alloy. (a-b) 〈 c + a 〉 dislocations accumulated 
at Mg/Mg2 Sn interface at εc = 9.5 %. (c-d) 〈 c + a 〉 dislocations emitted from Mg/Mg2 Sn interface at εc = 15.2 %. 
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.2. Effect of interface on strength and deformability 

The compressive strength of lamellar-structured Mg-36Sn
s significantly higher than that of Mg-9Sn and Mg-18Sn al-
oys due to an increase in the volume fraction of high-strength

g2 Sn phases. Furthermore, the Mg/Mg2 Sn phase interface
ould impedes dislocation movement and promote disloca-
ion pile-up and storage, further enhancing the strength of
amellar-structured Mg-36Sn. In addition, the interfaces could
lso effectively prevent crack in brittle Mg2 Sn phases fur-
her propagation, delaying the eventual failure of the sam-
le. In Mg-9Sn and Mg-18Sn alloys, the cracks propagate
long the grain boundary due to stress concentration at the
nterface [ 32 ] and a relatively lower density of laminar struc-
ures. While in lamellar-structured Mg-36Sn alloy, greater
tress is required for the expansion of cracks to cross multi-
le Mg/Mg2 Sn interfaces. The strong obstruction on cracking
mposed by numerous Mg/Mg2 Sn interfaces also contribute to
he high compressive strength of Mg-36Sn alloy. The presence
f cracks only in the Mg2 Sn layer indicates that the Mg layer
ffectively blunts the extension of the microcracks. Interface-
ediated 〈 c + a 〉 dislocations make micro-scale Mg layers
Please cite this article as: X.-J. Lin, S.-M. Liu and W.-Z. Han, High strength and
Alloys, https:// doi.org/ 10.1016/ j.jma.2024.07.013 
ith excellent deformability. The deformable Mg phase coor-
inates the plastic deformation to a greater extent, preventing
he expansion of these microcracks. The abundant Mg/Mg2 Sn
nterface obstructs crack extension (see Fig. 5 (h)), which con-
ribute to the deformability of whole sample as well. The
igh density of Mg/Mg2 Sn interfaces not only effectively ob-
tructs the glide of dislocations, but also stimulates numerous
f 〈 c + a 〉 dislocations and blunt the cracking, thus enhance
he strength and malleability of the Mg-36Sn alloy simultane-
usly. The lamellar-structured Mg/Mg2 Sn alloy involves both
ard and soft phases, allowing for a combination of good
eformability and high strength. 

. Conclusions 

In this study, we successfully synthesis a lamellar-
tructured Mg/Mg2Sn alloy with high compressive strength
nd good deformability. Lamellar-structured Mg/Mg2 Sn al-
oys contain Mg and Mg2 Sn phases arranged alternately. Dur-
ng compression, the brittle Mg2 Sn phase generates multiple

icrocracks, and the microscale malleable Mg phase coor-
inates the plastic deformation and prevents the expansion
 malleable lamellar-structured Mg/Mg2 Sn alloy, Journal of Magnesium and 
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f microcracks. Such a heterogeneous Mg/Mg2 Sn alloy has
 good combination of deformability and high compressive
trength. The Mg/Mg2 Sn interfaces not only obstruct the glide
f dislocations and crack propagation, and contribute to the
igh strength, but also serve as effective sources of 〈 c + a 〉
islocations, and improve the deformability. This new mech-
nism of interface-mediated deformation provides a unique
pproach to enhancing the mechanical properties of magne-
ium alloys and even other alloy systems. 
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