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The effect of heat input on the microstructure and mechanical properties of an electron-beam-welded AZ31 magnesium alloy
were investigated. Using tensile tests, it was found that the strength of the welded joints was better than that of the base metal.
However, the ductility became much worse after the electron-beam welding. The heat input plays a key role in electron-beam
welding for the AZ31 magnesium alloy. The results showed that both the strength and the ductility exhibited the trend of in-
creasing first and then decreasing with increasing heat inputs, and reached their maximum values at 180 J·mm–1 and 216 J·mm–1,
respectively. It is closely related to the macro morphologies and microstructures of the welds under different heat inputs. With
increasing heat inputs, the appearances of the welds changed from nail-shape to straight-shape, which is more conducive to re-
ducing the stress concentration during tensile deformation, the grains in the fusion zone became coarser. Many Mg17Al12 precip-
itates were observed in the grains of the weld. A large heat input led to an increase in the quantity and size of the precipitates in
the weld. These precipitates effectively restricted the dislocation movement and improve the strength. Significantly, the fracture
morphological difference between the fusion zone and base metal can be found. The fracture morphology in the base metal side
was polyhedral, which was generally intergranular fracture. However, the brittle fracture was not obvious in the fusion region of
the weld. Instead, a large number of fine dimples were observed at high magnification.
Keywords: AZ31 magnesium alloy, heat input, microstructure, mechanical properties

Avtorji v pri~ujo~em ~lanku opisujejo raziskavo vpliva vnosa toplote med varjenjem magnezijeve zlitine AZ31 na mikro-
strukturo in mehanske lastnosti zvarov. Z nateznimi preizkusi so ugotovili, da so natezne trdnosti varjenih spojev bolj{e kot
trdnost osnovne zlitine. Vendar pa se je duktilnost zvarov mo~no poslab{ala. Vnos toplote, med varjenjem Mg zlitine AZ31 z
elektronskim snopom, igra pri tem klju~no vlogo. Rezultati raziskave ka`ejo, da tako trdnost kot tudi duktilnost zvarov z
nara{~anjem vnosa toplote, najprej nara{~ata nato pa za~neta padati in dose`eta maksimalne vrednosti pri vnosu toplote 180
J·mm–1 oz. 216 J·mm–1. To je tesno povezano s spremembo makro-morfologije prelomov zvarov in njihove mikrostrukture glede
na spremembo vnosa toplote. Z nara{~anjem vnosa toplote se metalografski izgled zvarov spreminja od koni~aste oblike nohtov
do ravnih, ki bolj bla`ijo oz. zmanj{ajo koncentracijo napetosti med natezno deformacijo in kristalna zrna v coni taljenja
postanejo bolj groba. V kristalnih zrnih zvarov se nahaja mnogo izlo~kov Mg17Al12. Ve~ji vnos toplote vodi do pove~anja
koli~ine in velikosti teh izlo~kov. Ti izlo~ki u~inkovito omejujejo gibanje dislokacij, kar pove~uje mehansko trdnost zvarov.
Morfologije prelomov v kovinski osnovi in coni taljenja zvarov se mo~no razlikujejo med seboj. Morfologija prelomov v
osnovni kovini ima poliedri~na kristalna zrna z intergranularnim prelomom. Vendar pa v nasprotju s pri~akovanjem, prelomi
zvarov v podro~ju taljenja niso imeli zna~ilne krhke morfologije. Namesto tega so opazili prisotnost velikega {tevila finih
duktilnih jamic pri velikih pove~avah.
Klju~ne besede: magnezijeva zlitina AZ31, vnos toplote, mikrostruktura, mehanske lastnosti

1 INTRODUCTION

Magnesium alloys have become some of the most im-
portant lightweight metal materials due to their excellent
performance such as high specific strength, high specific
stiffness, vibration absorption and noise reduction,
strong electromagnetic shielding ability, energy saving
and environmental protection.1–3 They are widely used in
the aerospace industry, automobile manufacturing indus-
try, 3C industry and other fields.4,5 However, due to their

active chemical property and high heat conductivity,
magnesium alloys must be welded at high power under a
flux or vacuum environment. They are prone to welding
defects, such as inclusions, coarse grains, wide heat-af-
fected zone, cracks and pores in the magnesium alloy
joint by using traditional welding methods.6,7 These de-
fects can cause large mechanical properties differences
between the joint and the base metal (BM).

Electron-beam welding (EBW) can effectively avoid
the aforementioned defects.8 The energy density of EBW
can reach 106	109 W/cm2.9 The joints with a large
depth-to-width ratio and narrow heat-affected zone can
be achieved.10 And because of its vacuum environment, it
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can effectively prevent the nitrogen and oxygen elements
from entering the weld pools and affecting the joints’
quality.11 EBW are more suitable for magnesium alloy
plates.

The main parameters of EBW include accelerating
voltage, electron beam current, focusing current and
welding speed. As a comprehensive consideration of
these welding parameters, the heat input can be used to
evaluate the energy applied to the fusion zone of the
joints. Many studies show that the heat input of EBW
has a large influence on the microstructure and proper-
ties of the joints.12–15 In the study of Zhang et al,12 the in-
fluence of heat input in EBW process on the micro-
structure, mechanical properties of duplex stainless-steel
welded joints was investigated. In their result, it pointed
that an increase in heat input promotes the growth of
grain boundary austenite and the formation of fine
intragranular austenite. The EBW joints had significantly
higher microhardness than the BM and the EBW weld
had relatively lower toughness than the BM. Gao et al.13

investigated the mechanical behaviors and microstructure
evolution of titanium alloy EBW joints. The results show
that for small heat input (SHI) weld metal, martensite �’
phase was wide and intertwined and the residual � was
relatively high. For a large heat input (LHI), martensite
�’ was relatively small. While hardness of the LHI weld
metal is consistent. The fracture locations of LHI EBW
joint specimens are in the base metal, and the UTS of the

joints reaches 935MPa. The fracture locations of the SHI
EBW joint specimens are in weld metal, and the UTS of
the joints reach about 905 MPa. Feng et al.15 studied the
microstructure evolution of an electron-beam-welded
Ti3Al–Nb joint. As the heat input is decreased, the cellu-
lar structure zone is significantly reduced, and then the
crystallizing morphology of the fusion zone presented a
dendritically columnar structure. There existed grain
growth coarsening in the heat-affected zone (HAZ) for
insufficient polygonization. Both the fusion zone (FZ)
and the HAZ had a higher microhardness than the BM.

However, few studies focus on the effect of heat input
on the microstructure and mechanical properties of mag-
nesium alloy welded joints. Chi16 analyzed the relation-
ship between the parameters and defects for the EBW of
AZ-series magnesium alloy using the Taguchi method. It
reported that the parameters for EBW of AZ-series mag-
nesium alloys may be ranked in order of decreasing in-
fluence as follows: beam oscillation, focal position,
stress relief, material difference, beam current, welding
speed, and accelerating voltage. But, the microstructure
evolution with different heat input were rarely discussed.

The main purpose of this study is to investigate the
microstructure and mechanical properties of AZ31 mag-
nesium alloy welded joints with a different heat input.
The tensile fracture mechanisms were discussed by SEM
observation. The relation between the microstructure and
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Figure 1: Schematic diagram of sampling method for various inspection purposes: a) tensile specimen, b) fracture sample, c) metallographic
sample, d) XRD sample, e) TEM sample



the mechanical behavior of the AZ31 EBW joints was in-
vestigated by OM and TEM observations.

2 EXPERIMENTAL PART – MATERIAL AND
METHOD

AZ31 magnesium alloy extrusion plates with thick-
ness of 11 mm were used in this study. The nominal
chemical compositions of the AZ31 plates are listed in
Table 1. Before welding, the oxide layer of the plate was
machined and any surface was cleaned with acetone. A
GENOVA EBW machine was employed in the test. All
butt-welding tests were conducted in a vacuum (8×10–4

mbar) environment without filler metal. Four different
sets of welding parameters were carried out, as is shown
in Table 2. The heat inputs are in the range
150–252 J·mm–1.

Table 1: Chemical compositions of AZ31 magnesium alloy

Al Zn Mn Fe Si Cu Ni Mg
3.16 1.04 0.30 0.0082 0.033 0.0022 0.00043 Bal.

Three tensile specimens for each welding parameter
were sectioned from the EBW joints perpendicular to the
welding direction. The tensile specimens of the BM were
also machined for the purpose of comparison. All the
tensile specimens were milled on the surface and bottom
in order to prevent the stress-concentration from affect-
ing the results. Tensile tests were performed on a SUNS
electronic universal testing machine with a constant
strain rate of 0.001s–1 at room temperature. Metallo-
graphic observations of the EBW joint samples were
conducted on an Axio Imager A1m optical microscope
(OM). Fracture morphologies of the tensile samples were
observed on an Hitachi S-4800 scanning electron micro-
scope (SEM). Thin foils for TEM testing were first me-
chanically polished down to about 50 μm, then ion
milled by Leica EM RES102 ion beam thinner. TEM ob-

servations were conducted on a JEM-F200. The phase
constitutes in the specimens were analyzed by X-ray dif-
fraction (XRD). Sampling methods for all inspection
purposes are shown in Figure 1.

Table 2: Parameters of electron beam welding of AZ31 magnesium
alloy

No.
Acceler-
ated volt-
age /kV

Beam
current

/mA

Focused
current

/A

Welding
speed

/mm·min–1

Heat input
/J·mm–1

1 50 50 2.14 1000 150
2 60 50 2.14 1000 180
3 60 60 2.14 1000 216
4 60 70 2.14 1000 252

3 RESULTS

3.1 Tensile properties

The tensile engineering stress-strain curves of the
AZ31 magnesium alloy BM and EBW joints are shown
in Figure 2. It indicated that the initial 0.2 % yield
strength (YS) of the AZ31 magnesium alloy BM is about
95.1 MPa, and the ultimate tensile strength (UTS) is
233.2 MPa. It can be seen that the elongation of the BM
specimen is the best compared with EBW joints. But the
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Figure 3: Strength and ductility of AZ31 magnesium alloy joints with
different heat inputs: a) the initial 0.2 % yield strength and ultimate
tensile strength, b) the elongation and reduction of cross sectional area

Figure 2: Tensile engineering stress-strain curves of AZ31 magne-
sium alloy BM and EBW joints



initial 0.2 % yield strength and ultimate tensile strength
of the BM are worse than that of the EBW specimens. A
similar result was found in the study of Su et al.17 In their
study, the EBW behavior in the Mg-Al based alloys was
investigated. They attributed the high strength of the
joints to the forming of fine grains in the fusion zone.
Figure 3 shows the strength and ductility of AZ31 mag-
nesium alloy joints under different heat inputs. In Figure
3a, the YS and UTS first increase and then decrease with
the increasing of the heat input. With a heat input of 150
J·mm–1, the strength of the joint is the worst of all. The
YS and UTS are 178.7 MPa and 257.8 MPa, respec-
tively. The specimen with a heat input of 180 J·mm–1 has
the highest strength. The YS and UTS are 216.6 MPa
and 290.4 MPa, which increase by 121.5 MPa and
57.2 MPa compared with the BM. As shown in Figure
3b, the variations of ductility are similar to that of
strength, which are increased first and then decrease. The
ductility of the specimen with 150 J·mm–1 is the worst.
The elongation and reduction of cross-sectional area are
respectively 9.1% and 8.5%. With the heat input of 216
J·mm–1, the value of elongation and reduction of cross

sectional area are relatively high, i.e., only 2.9 % and
2.5 % smaller than the BM.

3.2 Metallographic observations

Figure 4 shows the weld appearances of the EBW
AZ31 joints under different heat inputs in this study. It
can be seen that all the welds are full penetration. With
the increase of heat input, the top side of the weld is
slightly broadened and the bottom of the weld is signifi-
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Figure 5: OM photographs of AZ31 joints under different EBW heat inputs: a) BM; microstructure at fusion line with the heat input of:
b) 150 J·mm–1, c) 180 J·mm–1, d) 216 J·mm–1, e) 252 J·mm–1; microstructure of weld centre with the heat input of: f) 150 J·mm–1, g) 180 J·mm–1,
h) 216 J·mm–1, i) 252 J·mm–1

Figure 4: The weld appearances under different heat input:
a) 150 J·mm–1, b) 180 J·mm–1, c) 216 J·mm–1, d) 252 J·mm–1



cantly broadened. The appearances of the weld changed
from nail-shape to straight-shape. It is mainly because
more energy will conduct to the bottom from the top
with the increasing of heat input. More volume in the
bottom of the BM will be melted.

The microstructure of the AZ31 joints under different
EBW heat inputs are analyzed using metallographic ob-
servations. The microstructure of the as-extruded BM is
shown in Figure 5a. The grains are mainly composed of
equiaxed grains and directionally elongated columnar
grains. The average grain size is about 50	100 μm.
Some fine recrystallized grains can be observed around
the large grains. A few precipitation phases are observed
in the BM. Due to the close packed hexagonal lattice and
fewer slip systems, twinning is easily activated during
plastic deformation at room temperature.18–21 Many de-
formation twins can be seen in the BM. The microstruc-
ture near the fusion line of the joints with different heat
inputs are shown in Figure 5b to 5e. The microstructure
in the fusion zone adjacent to the BM is similar to that of
casting, which has the characteristics of rapid and direc-
tional solidification. In Figure 5b, the fine grains with a
size of 10–20 μm are formed in the fusion zone. With the
increasing of heat input, some columnar grains can be
observed clearly (Figure 5c). The cause of their forma-
tion can be attributed to the larger temperature gradient.
In Figure 5d, the grains become significantly larger due
to the further increasing of the heat input. In Figure 5e,
the grain size is about 1.5 times of that in Figure 5b. The
microstructures in weld centre are uniform equiaxed
crystal, as shown in Figure 5f to 5i. The influence of
heat inputs on the grain size in the weld centre is quite
similar to that near the fusion line. In weld joint with
heat input of 150 J·mm–1, the average size of grains in
weld centre is about 15 μm (Figure 5f). In Figure 5g,
the growth of the grain is obvious. The average grain size
is about 20 μm. In Figure 5h and 5i, with the increase of
heat input, grain sizes further increase. In Figure 5i, the
grain size is about 30 μm, which is two times that in Fig-

ure 5f. The increase of heat input provides enough heat
driving for the grain growth.

In addition, a large number of dispersed, black,
dot-like precipitates can be seen in whole areas of the
welds. Many studies have shown that Mg17Al12 is the
most common precipitation in the microstructure of
Mg-Al alloys welded joint.22–26 According to the Mg-Al
binary phase diagram, aluminum can be dissolved in a
magnesium matrix to form �-Mg during equilibrium so-
lidification. The solid solubility of Al will decrease from
12.6 to 2 w/% during the cooling. The remnant Al will
precipitate the Mg17Al12 phase.27,28 In the AZ31 magne-
sium alloy, the aluminum content is only about 3 w/%. A
few Mg17Al12 phases will be produced during equilib-
rium solidification. However, Mg17Al12 phases are easily
precipitated in the fusion zone of the EBW joint due to
the non-equilibrium solidification. As is shown in Figure
5b to 5i, the size and quantity of the precipitated phases
increase with the increasing of the heat inputs. Because
of the increasing heat input, the temperature in the mol-
ten pool becomes higher and the cooling rate deceases,
which is beneficial for the formation and growth of pre-
cipitates.

3.3 XRD analysis

In order to determine the preferred orientation and
precipitated phases of the BM and joints, XRD analyses
were employed, as shown in Figure 6. The results show
that BM is mainly �-Mg with XRD diffraction peaks at
(10-10), (0002) and (10-11), while no diffraction peaks
of other precipitated phases can be detected. This is in
agreement with the results of the metallographic obser-
vation. According to the diffraction peaks of the weld
joint, it further verifies that the black dot-like precipitates
in Figure 5b to 5e are Mg17Al12 phase. And likewise, the
weld structure changes from as-extruded to as-cast after
EBW, the preferred orientation is changed from (0002)
to (10-11).

3.4 TEM analysis

TEM micrographs of AZ31 magnesium alloy EBW
samples with a heat input of 180 J·mm–1 at different de-
formations are shown in Figure 7. Figures 7a and 7b
present the precipitates and dislocation of the original
joint samples before the tensile deformation. In the cen-
tre of the fusion zone, several precipitates gather and
stack at A in Figure 7a. According to the results of the
EDS in Table 3, the precipitate mainly contains Mg, Al
and Mn. These precipitates were not detected by XRD,
which may be due to its less total content in the joint.
Besides that, several dispersed Mg17Al12 precipitates with
smaller size can also be observed at B. In Figure 7b, a
deformation twin with straight grain boundaries is ob-
served in the fusion line region of the weld. The width of
the twin is about 0.7 μm. During the rapid solidification,
huge internal stress will occurr in the fusion line region.

C. JINQIU et al.: EFFECT OF HEAT INPUT ON THE MICROSTRUCTURE AND MECHANICAL PROPERTIES ...

Materiali in tehnologije / Materials and technology 54 (2020) 6, 819–828 823

Figure 6: XRD analysis for the AZ31 magnesium alloys: a) BM and
b) weld joint with the heat input of 180 J·mm–1



Therefore, twins will be more easily formed in this re-
gion.

The dislocation morphologies of samples with 3 %
tensile deformation are shown in Figures 7c and 7d. A
dislocation cell can be seen in the grain (Figure 7c). The
size of the cell was about 2 μm. In Figure 7d, a large
number of dislocations pile up and tangle near the pre-
cipitates. Only a few micro-twins with a size of 20 nm
are found. It shows that the deformation mechanism is
still dominated by basal slip at this stage.

In the EBW sample with 8 % tensile deformation,
some nano precipitates with smaller size are found, as is
shown in Figure 7e. Because the sizes of these nano pre-
cipitates are too small, the type of precipitates is not
clear yet. These nano precipitates inhibit the dislocation
movement by the pinning effect. The bowing of disloca-
tions can be observed between the nano precipitates. In
Figure 7f, the deformation twins become larger in size
compared with the twins in Figure 7d.

Table 3: Compositional analysis to the precipitated phases

Mg (w/%) Al (w/%) Mn (w/%)
Phase 1 18.62 43.71 37.67
Phase 2 55.77 44.23 –

3.5 Fractography

All the tensile specimens are fractured in the welds,
and the fracture modes are the same. Figure 8 shows one
of fractured specimens of AZ31 magnesium alloy EBW
joint with heat input of 180 J·mm–1. The crack initiates at
the fusion line, then runs across the middle of the weld,
as is shown in Figure 8b.
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Figure 7: The TEM micrographs of AZ31 magnesium alloy EBW samples with heat input of 180 J·mm–1 at different deformation: a) and b) sam-
ples before tensile deformation, c) and d) samples with 3 % tensile deformation, e) and f) samples with 8 % tensile deformation

Figure 8: Fractured specimens of AZ31 magnesium alloy EBW joint
with heat input of 180 J·mm–1 a) top view of the fracture specimen, b)
front view of the fracture specimen, c) 3D schematic of the fracture
specimen



Figure 9a is the SEM fractography of BM specimen.
It shows mixed fracture morphology features of quasi-
cleavage and dimple morphology. The fractography of
the AZ31 EBW joint with heat input of 180 J·mm–1 are
shown in Figures 9b to 9d. Figure 9b shows the fracture
morphology near the weld fusion line. A significant mor-
phological difference was observed. The fracture mor-
phology in the BM side is polyhedral, which is generally
intergranular fracture (Figure 9c). However, the polyhe-
dral fracture is not obvious in the fusion region of the
weld. Instead, a large number of fine dimples were ob-
served by high magnification (Figure 9d).

4 DISCUSSION

As mentioned in Section 3.1, the strength and ductil-
ity increase first and then decrease with increasing of
heat inputs. It is closely related to the microstructure of
the samples.

Because of the rapid cooling of EBW, the diffusion
time of solute in the molten pool is very short. The nu-
cleation of each phase is rapidly, and most of Al atoms
cannot return to the grain boundary in time.29 The precip-

itates Mg17Al12 will nucleate intra-granularly and grow
directly at their present positions. The dislocations are
pinned by the precipitated-phase particles during basal
slip. With the increase of welding heat input, the molten
pool will stay at high temperature for a longer period of
time. More Al atoms in weld metal will be fully precipi-
tated. In addition, the evaporation of magnesium in-
creases with the increase of heat input, which results in
the increase of the relative aluminum content.30 It also fa-
cilitates the formation of the precipitated phase. As
shown in Figure 5, with the increasing of the heat input,
the amount of precipitated phase increases in grains. Nu-
merous studies showed that the strength of welded joints
would be affected by the number and size of precipi-
tates.30–32 When the heat input is 180 J·mm–1, the tensile
strength is the highest. During plastic deformation, the
increase of precipitate phases provides more obstacles
for dislocation movement in the matrix. As a hard phase,
Mg17Al12 is not coherent with matrix. Its elastic modulus
is much higher than that of the matrix. These characteris-
tics determine that free dislocations will bow out when
pinned by precipitates (Figures 7d and 7e). Subse-
quently, more dislocations interact, pile up and tangle.
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Figure 9: SEM fractography of tensile test specimens: a) fractography of BM, b) fractography of the weld joint with the heat input of
180 J·mm–1, c) partial enlarged image of the BM side in Figure 9b, d) partial, enlarged image of the weld side in Figure 9b



The bowing and tangling of high-density dislocations
will increase the lattice distortion energy of the disloca-
tion area, which will further increase the resistance of the
dislocation movement. From the macroscopic view, the
strength of materials will be greatly improved. In Fig-
ures 5c and 5g, the precipitation phases with fine size
and dispersion distribution can be observed. Generally,
the fine and dispersed precipitates are also conducive to
improving the strength of the material. In contrast, a con-
tinuous distribution of precipitates is more likely to in-
duce local cracks. It leads to the early fracture of speci-
mens during tensile deformation. When the heat input is
greater than 216 J·mm–1, the amount of the precipitation
tends to be saturated, which is no longer the primary fac-
tor affecting the strength of the material. According to
the Hall-Petch formula,33, 34 the smaller the grain size, the
higher the material strength. With large heat input,
coarse grains in weld will result in the decease of
strength.

For the ductility, with the increase of heat input, the
increase of grain size and precipitation phase are not
conducive to improving the ductility of the specimens.
However, combined with the macro and micro morphol-
ogy of the welds, it can be seen that the increasing of
heat input results in an increase of the weld width. The
macro morphologies of the welds changed from
nail-shape to straight-shape. Compared with the
nail-shape, the straight weld shape is more conducive to
reducing the stress concentration during tensile deforma-
tion. This explains that why the ductility of the material
increases first and then decreases, and reaches the maxi-
mum value of ductility when the heat input is
216 J·mm–1.

In many earlier studies on the deformation mecha-
nism of magnesium alloy, it revealed that basal slip and
{10-12} tensile twinning are the most common deforma-
tion mechanisms of magnesium alloys at room tempera-
ture due to their small critical resolved shear stresses.35–37

In Figure 7, many dislocations and twins are observed.
There are only two independent slip systems for the
basal slip, which can only satisfy the deformation per-
pendicular to the c-axis. While the {10-12} tensile
twinning provides for deformation along the c-axis.36

The basal slip and tensile twinning coordinate and com-
pete with each other during the tensile deformation at
room temperature. For welded joints, the deformation is
dominated by slip mechanism at small tensile deforma-
tion. Lynch et al.38 found that the basal slip is activated
prior to twinning in the study of plastic deformation of a
magnesium alloy. Wang et al.39 found that when the ten-
sile strain is less than 0.02, the deformation is dominated
by basal slip. The twin mechanism is activated at larger
deformation. The deformation twins will nucleate and
grow as shown in Figure 7d and 7f. In the study of
Cepeda et al,40 the effect of grain size on the dominant
deformation mechanism of pure magnesium during de-
formation was investigated. It was found that the domi-

nant deformation mechanism changes from twinning to
slip when the grain size decreases from 19 μm to 5 μm.
During tensile deformation, the deformation mechanism
in the fusion zone is mainly dominated by basal slip due
to the small size of the grains. Therefore, the centre of
weld has better plasticity. In contrast, the grain sizes are
much bigger in the BM. The deformation mechanism is
mainly twinning. In addition, because of the rapid heat-
ing and cooling in the fusion line region where adjacent
to the BM. Huge internal stresses will be generated in
this area, and many twins will form. Although the ap-
pearance of deformation twins played an important role
in deformation coordination. During large plastic defor-
mation, these twins which formed during welding have
poor deformation ability. And the twin boundary will
further hinder the slip of the movable dislocation. Large
local internal stress exists at the deformation twin bound-
aries. With the increasing of the local internal stress, the
crack finally appears. Therefore, cracks are more likely
to occur in the fusion zone adjacent to the BM. This ex-
plains why the fracture mechanism in the center of weld
is a ductile fracture, while the fracture near the BM is a
brittle cleavage fracture.

5 CONCLUSIONS

(1) The strengths of weld joints are higher than those
of the BM. However, the ductility becomes much worse
after EBW. The heat input plays a key role in EBW for
AZ31 magnesium alloy extrusion plates. Both the
strength and ductility exhibited a trend of increasing first
and then decreasing with increasing heat inputs. The
specimen with heat input of 180 J·mm–1 has the best
strength. The YS and UTS are 216.6 MPa and 290.4
MPa, which increase by 121.5 MPa and 57.2 MPa com-
pare with BM. With the heat input of 216 J·mm–1, the
value of the elongation and the reduction of the
cross-sectional area are relatively high, and are only 2.9
% and 2.5 % smaller than the BM.

(2) With the increase of heat input, the top side of the
weld is slightly broadened, and the bottom of the weld is
significantly broadened. The appearances of the weld
changed from nail-shape to straight-shape which is more
conducive to reduce the stress concentration during ten-
sile deformation. It is mainly because more energy will
conduct to the bottom from the top with the increasing of
the heat input. More volume in the bottom of the BM
will be melted.

(3) With the increase of the heat input, the grains in
the fusion zone become coarser. Many Mg17Al12 precipi-
tates are observed in the grains of the weld. A large heat
input leads to an increase of the quantity and size of pre-
cipitates in weld. These precipitates effectively restrict
the dislocation movement and improve the strength.

(4) Significant fracture morphological differences be-
tween the fusion zone and BM can be found. The frac-
ture morphology in the BM side is polyhedral, which is
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generally intergranular fracture. However, the brittle
fracture is not obvious in the fusion zone of the weld. In-
stead, a large number of fine dimples are observed by
high magnification.
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