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Abstract
The Al–Mg-Sc-Zr alloy was welded using three kinds of weld filler wires containing different additions of zirconium, 
scandium, titanium, and boron. With a uniform  Al3(Sc,Zr) and  TiB2 dispersed on the α-Al matrix in the fusion zone, the 
Al–Mg-Sc-Zr-TiB2 weld displayed the best tensile property, its yield strength and tensile strength of welded joint with rein-
forcement reached 232.2 MPa and 386.3 MPa, and the yield strength and tensile strength of weld without reinforcement was 
about 208.0 MPa and 358.4 MPa, respectively. The fractions of the  Al3(Sc,Zr) phase in the fusion zone was relative to the 
Sc and Zr content. A remarkable grain refining effect was observed for addition of Zr, Sc, and  TiB2, because the formation 
of  Al3(Sc,Zr) and  TiB2 can act as nucleant particles during solidification. With the increase of Sc/Zr and  TiB2 addition in 
the melting fusion, the tensile strength, yield strength, and corresponding elongation of the 2195 Al-Li alloy increase, while 
the impact toughness slightly decreases.

Highlights

• The Al–Mg-Sc-Zr welded joint manly consists of the α-Al matrix,  TiB2 particles, and  Al3(Sc, Zr) precipitates.
• The finer  Al3(Sc, Zr) particles dispersed on the α-Al matrix in the heat-affected zone.
• The  Al3(Sc, Zr) and  TiB2 particles have the main effects of refining the grain size in the fusion zone.
• The tensile strength and yield strength of the Al–Mg-Sc-Zr welded joint increase with the increase of grain refiner 

content in the fusion.
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1 Introduction

1.1  Background

Non-heat-treatable Al–Mg alloys (5xxx serious) are widely 
used in the field of chemical industries because of their 
attractive properties such as high ductility and good corro-
sion resistance [1–5]. The main strengthening mechanism 

in Al–Mg alloys is cold work in addition to a small amount 
of solid solution strengthening. The disadvantage of the 
Al–Mg alloys is their relatively low strength compared to 
the precipitation-hardened aluminum alloys such as Al-Cu 
alloys (2xxx serious). An effective approach to enhance the 
strength of Al alloys is the addition of alloying elements. 
Aluminum alloys are usually grain refined by Al-Ti, Al-Ti-
B, Al-Zr, and Al-Sc alloys, which provide heterogeneous 
nucleation sites such as  TiAl3,  TiB2,  Al3Zr, and  Al3Sc parti-
cles. Schempp and Cross [6–15] have proved that the grain 
refinement is an effective approach to improve the mechani-
cal properties of fusion welds and the weldability of the Al 
alloy. Al–Mg-Sc alloys are based on Al–Mg alloys with the 
addition of scandium [16–19]. Scandium can be combined 
with aluminum to form a stable  Al3Sc precipitate with the 
 Ll2 structure. These uniform  Al3Sc particles dispersed on the 
aluminum matrix reduce the grain size [20, 21]. In addition, 
the nanoscaled coherent  Al3Sc has the same crystal structure 
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and similar lattice parameters as the α-Al matrix, resulting in 
a coherent strengthening effect. Therefore, Al–Mg-Sc alloy 
has a higher ultimate strength and excellence weldability 
with low hot crack susceptibility [22–26].

1.2  Literature review

Previous studies indicated that the yield strength and weld-
ing coefficient (the ratio of tensile strength of welded joint 
to tensile strength of the base metal) of the Al–Mg-Sc weld-
ments were still low. For example, the Al–Mg-Sc-Zr plates 
with 6-mm thickness in H32 were welded by variable polar-
ity plasma arc welding (VPPAW) using a Sc- and Zr-con-
taining filler wire [23]. The yield strength, tensile strength, 
and elongation of the welded joint with reinforcement were 
188 MPa, 330 MPa, and 9.5%, respectively. The welding 
coefficient was only 74% in this test. The microstructure 
and mechanical properties of the arc welded joints of the 
Al–Mg-Sc plate were studied by Fu [26]. The rolled plates 
of Al-6 Mg-0.25Sc-0.4Mn-0.12Zr (wt.%) alloy with 2-mm 
thickness was fusion welded using the gas tungsten arc 
weld technique. The results showed that the yield strength 
and ultimate tensile strength were 238 MPa and 338 MPa, 
respectively. The decrease in the tensile strength between 
TIG joint and the base material was almost 30%.

Adjusting the constituent of weld filler wires is the most 
effective approach to improve the mechanical properties of 
the Al–Mg-Sc alloys. The microstructure and mechanical 
properties of the Al–Mg-Sc welded joint with 2-mm thick-
ness prepared by the metal inert gas (MIG) welding method 
using an A1-6.5 Mg-0.4(Sc,Zr) weld filler wire as fusion 
materials were investigated [27]. The fine equal-axed grains 
in the fusion zone improved the strength of the welded joint, 
while the coefficients of weld strength with reinforcement 
were greater than 0.90. The tensile strength of Al–Mg-
(Sc,Zr) alloy plates was about 380 MPa, and the elongation 
was higher than 7%. However, the dependence of mechanical 
properties of the welded joint without reinforcement on the 
element content in weld filler wires has not been systemati-
cally investigated.

In this work, Al–Mg-Sc-Zr alloy was welded by tung-
sten inert gas arc welding using three types of weld filler 
wires. These filler metals containing different additions of 
Sc, Zr, and  TiB2 were developed to improve the mechani-
cal properties of the welded joint. With a determination of 
the dilution ratio and base material, the compositions of the 
welded joint could be quantitatively controlled by adjust-
ing the original compositions of the weld filler wires. After 
welding, the microstructure and mechanical properties of 
the welded joint were investigated. The effect of Sc, Zr, and 
 TiB2 on the microstructure and mechanical performance of 
Al–Mg-Sc-Zr weldment with reinforcement and without 
reinforcement was discussed.

2  Material and experimental procedures

2.1  Materials

The 6-mm-thick cold-rolled Al–Mg-Sc alloy plate with 
the nominal chemical compositions (wt. %) of 6.2 Mg, 0.3 
Sc, 0.1 Zr, and balance Al was used as base material. The 
cold work deformation of the plate is 8%. Three types of 
weld filler wires were developed in order to enhance the 
mechanical properties of the Al–Mg-Sc-Zr welded joint. In 
this work, the button ingots Al–Mg-Sc-Zr-(Ti-B) alloy were 
prepared using a tungsten arc–melting furnace. Pure Al, Mg, 
Al-2Sc, Al-5Zr,  KBF4, and  K2TiF6 were placed into the fur-
nace, and the in situ  TiB2 particles were formed during the 
melting process. Then, the button ingots were extruded to 
the weld filler wires. These weld filler wires with 3.0-mm 
diameter were Al-based alloy containing different alloying 
elements such as Zr, Sc, Ti, and B, identifying as S5000, 
S5001, and S5002. The nominal chemical compositions (wt. 
%) of the weld filler wires are listed in Table 1.

2.2  Welding procedure

The welding specimens were machined to the dimension of 
300 mm × 100 mm × 6 mm with no groove joint geometry. 
The dilution was almost 0.8. The specimens were strictly 
cleaned by water rinsing, acid pickling, and polishing. 
Before welding, the welding specimens were cleaned by 
acetone and then abrased with steel brush to remove the 
grease and oxide on the surface of specimens. The plates 
were welded by tungsten inert gas arc welding (Fronius MW 
4000, Austria) with two welding passes. The voltage and 
current of arc welding were 14 V and 280 A, respectively. 
The welding speed was 1.67 mm/s, and the arc gas was 
argon was 11 L/min flow rate. The parameters of the weld-
ing are listed in Table 2.

2.3  Characterization

X-ray diffraction analysis was performed to identify the 
phases in the fusion zone using Cu-Kα radiation at 40 kV 
and 40 mA with a speed of 6°/min (Model AXS-D8, Ger-
many). The microstructures and morphologies of the fusion 

Table 1  Nominal chemical composition (wt. %) of Al–Mg weld filler 
wires

Filler wire Mg Sc Zr Ti + B Al

S5000 6.4–6.8 / / / Bal
S5001 6.4–6.8 0.4 0.2 / Bal
S5002 6.4–6.8 0.4 0.2 1.0–1.5 Bal
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zone and the heat-affected zone were characterized using 
optical microscopy (OM, Model DM4000M, Germany). The 
characterization of the second phase and Al matrix in the 
fusion zone was performed on an FEI Quanta 200F scan-
ning electron microscope with energy-dispersive spectros-
copy (EDS, Oxford Instruments Inc.). Transmission electron 
microscopy (TEM) samples of the Al–Mg-Sc-Zr welded 
joint were used to further identify the structure of the pre-
cipitated phase in the fusion zone and the heat-affected zone 
using a JEOL JEM-2100F microscope.

The tensile properties of welded joints with reinforce-
ment and without reinforcement were tested at room tem-
perature on a CMT-5105 electronic universal material 
testing machine with a tensile velocity of 2 mm/min. The 
impact tests were conducted by using a digital impact testing 
machine (HIT 50.PC, Germany) with the specimen dimen-
sions of 55 mm × 10 mm × 6 mm. All tensile and impact test 
data were found by at least five parallel specimens to obtain 
the average value.

3  Results and discussions

3.1  Microstructure of the welded joint

Figure 1 shows the X-ray diffraction patterns of the S5000, 
S5001, and S5002 welded joints. These three welded joints 

exhibit similar X-ray diffraction profiles. The characteristic 
diffraction peaks of α-Al (PDF#04–0787) were detected in 
the Al–Mg-Sc-Zr welded joint, while the diffraction peaks 
of strengthening precipitates cannot be found because of the 
low content.

To investigate the effect of Zr/Sc and  TiB2 on the micro-
structure of Al–Mg-Sc-Zr welded joints, the optical micro-
graph and EBSD images of the fusion zone are presented in 
Figs. 2 and 3. The micrograph indicated that the Al–Mg-Sc-
Zr welded joint can be divided into the fusion zone (FZ), the 
fusion line (FL), and the heat-affected zone (HAZ). Some 
dispersed precipitates with the angular morphology can be 
found in the fusion zone and heat-affected zone. These pri-
mary particles are suggested to be  Al3(Sc,Zr) as reported by 
Xu [23]. It can be seen that the microstructure of the S5000 
weld with no refiner addition represents coarse equiaxed 
grains in the center of the welded joint and a columnar den-
drite zone adjacent to the fusion line (FL), as presented in 
Figs. 2(a) and 3(a). With the addition of Zr and Sc increased 
to 0.6 wt. % in weld filler wires, the average grain size of 
S5001 welds decreased to 30 μm, as seen in Figs. 2(b) and 
3(b). With the addition of  TiB2 in the fusion, the equiaxed 
grains with the lowest grain size of 10–20 μm were present 
in the fusion zone of the S5002 welded joint, as shown in 
Figs. 2(c) and 3(c).

The backscattered electron image in Fig. 4 was per-
formed to observe the microstructures of the fusion zone 
in the Al–Mg-Sc-Zr welds. As seen in Fig. 4(a) and (b), the 
S5000 and S5001 welded joints had a uniform microstruc-
ture containing two clearly contrasting phases. The chemi-
cal composition of the phase was determined by EDS, con-
firming that the bright  Al3(Sc,Zr) particles with the size of 
0.5 ~ 5 μm were uniformly dispersed on the gray α-Al matrix 
in the fusion zone. The fractions of the  Al3(Sc,Zr) particle 
were relative to the Sc and Zr content in the weld filler wire. 
For the S5002 welded joint presented in Fig. 4(c), a three-
phase α-Al/Al3Sc/TiB2 microstructure can be observed in 
the fusion zone. The bright  Al3(Sc, Zr) and  TiB2 phases were 
evenly scattered on the gray α-Al matrix. Statistical analysis 
showed that most of the  Al3(Sc, Zr) and  TiB2 particles had 
the sizes of 1 ~ 10 μm.

Bright-field TEM micrographs in the center of the 
S5002 welded joint are shown in Fig. 5. In the center of 
the fusion zone, the phases with the size in the range of 
100–120 nm can be found in the matrix grains, as seen in 
Fig. 5(a). The chemical analysis presented in Fig. 5(c) con-
firmed that Al, Sc, and Zr mainly exist in this triangular 
phase. The SAED patterns taken along the < 1 1 1 > direc-
tion exhibit that these precipitates are  Al3(Sc,Zr), as shown 
in Fig. 5(b). The irregular phases with the size of almost 
500 nm can also be observed in the S5002 welded joint, 
as seen in Fig. 5(d). The lattice spots in the SAED pattern 
along the < 0 0 1 > direction and the chemical analysis, 

Table 2  Parameters of the welding

Filler wire Welding current Welding speed Gas flow

S5000 280 A 1.67 mm/s 11 L/min
S5001 280 A 1.67 mm/s 11 L/min
S5002 280 A 1.67 mm/s 11 L/min

Fig. 1  X-ray diffraction pattern of the Al–Mg-Sc-Zr welded joint
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as seen in Fig. 5(e) and (f), demonstrated that the  TiB2 
particles also exist in the fusion zone. Finally, the micro-
structure of the fusion zone in the S5002 weld was con-
firmed to be triangular  Al3(Sc,Zr) and  TiB2 particles uni-
formly dispersed on the α-Al matrix. Figure 6 shows the 
TEM micrograph and corresponding SAED pattern of the 
sphere particles in the heat-affected zone of the Al–Mg-
Sc-Zr welded joint. This sphere particle with the size 
of 10 ~ 50 nm is shown in Fig. 6(a). The SAED patterns 
taken along the < 0 1 1 > Al direction, as seen in Fig. 6(b), 
exhibit a number of  Al3(Sc,Zr) with the size of 10 ~ 50 nm 
dispersed on the α-Al matrix in the heat-affected zone. 

The size of  Al3(Sc,Zr) in the heat-affected zone slightly 
increased under the welding heat condition.

In this work, Sc and Zr are added into the base material 
and the weld filler wires. According to the phase diagram of 
the Al-Sc binary [23], the primary  Al3Sc particle cannot be 
formed during solidification unless the content Sc exceeds 
0.55 wt. %, which is the eutectic composition. However, due 
to the existence of Zr, the eutectic composition is changed 
and the primary  Al3(Sc,Zr) particles will be formed during 
solidification [28, 29].

As observed above, significant grain refinement due to 
the addition of Zr/Sc and  TiB2 has been shown to arise from 

50µm

20µm

50µm 50µm

20µm20µm

FZ

FL

HAZ HAZ

FL
FZFZFL

HAZ

(a) (b) (c)

(a') (b') (c')

Fig. 2  Optical micrograph of fusion zone and heat-affected zone in weldment: S5000 (a) and (a′), S5001 (b) and (b′), and S5002 (c) and (c′)

(a) (b) (c)

Fig. 3  EBSD images of fusion zone in S5000 (a), S5001 (b), and S5002 (c)
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the primary  Al3(Sc,Zr) and  TiB2 particles with the size of 
0.1 ~ 5 μm which are presented within the α-Al grains. 
The similar crystal structure between the α-Al matrix and 
 Al3(Sc,Zr) indicate that the aluminum has nucleated and 
grown epitaxially on these primary particles during the 
solidification, leading to the refinement of grain in the fusion 

zone [28]. For the refiner of the  TiB2 particle, previous stud-
ies [30] show that the nucleation of aluminum on the  TiB2 
particles in the refiner appears at low undercooling, possi-
bly by an adsorption mechanism. According to the nuclea-
tion model of  Al3(Sc,Zr) and  TiB2, the inoculant particles 
located at the grains inside have the effects of hindering 

10µm 10µm 10µm

20µm 20µm 20µm

TiB2

Al3(Sc, Zr)

(a) (b) (c)

(a') (b') (c')

Al3(Sc, Zr)

Al3(Sc, Zr)

Fig. 4  Backscattered electron images of fusion zone in S5000 (a) and (a′), S5001 (b) and (b′), S5002 (c) and (c′)

500nm 10  1/nm

10  1/nm200nm

TiB2

[1 1 1]

[0 1 0]

(a) (b)
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(c)

(f)

Al3(Sc, Zr)

Fig. 5  TEM images of fusion zone in S5002 weld: (a) image of  Al3(Sc,Zr) along < 1 1 1 > , (b) corresponding SAED pattern, (c) chemical analy-
sis, (d) image of  TiB2 taken along < 0 1 0 > direction, (e) corresponding SAED pattern, and (f) chemical analysis
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crystal growth and behaving as heterogeneous nucleation 
cites for aluminum grains, which refine the grain size in the 
fusion zone. In other words, there are no poisoning phenom-
ena appearing in the combination of  Al3(Sc,Zr) and  TiB2 as 
the refiner.

3.2  Mechanical properties

The tensile tests were carried out for the base material and 
three welded joints with reinforcement and without rein-
forcement at room temperature. The yield strength and ten-
sile strength of Al–Mg-Sc-Zr were 260 MPa and 410 MPa, 
repetitively. The yield strength, ultimate tensile strength, and 
elongation of the Al–Mg-Sc-Zr weld joints are shown in 
Table 3. It can be found that the yield strength and tensile 
strength of the Al–Mg-Sc-Zr welds with reinforcement were 
higher than those of the welded joints without reinforce-
ment. The results of the tensile properties suggested that the 
yield strength and ultimate tensile strength of the Al–Mg-
Sc-Zr welds increased with the addition of Zr/Sc and  TiB2. 
Consequently, the S5002 welded joint with 1 wt. %  TiB2 
and 0.5 wt. % Zr/Sc displayed the best tensile properties. 
The yield strength and tensile strength of the S5002 welded 
joint with reinforcement reached 232.2 MPa and 386.3 MPa, 
and 208.0 MPa and 358.4 MPa for the S5002 welded joint 
without reinforcement, respectively. By comparing the elon-
gation results of welded joints S5001 with S5000 and S5002, 
it can be concluded that the addition of  TiB2 did not have 
significant influence on plasticity.

In order to investigate the relationship between mechani-
cal properties and fracture mechanism of the welded joint, 
the SEM fracture graphs of the tensile samples of the 
Al–Mg-Sc-Zr welded joints with reinforcement are pre-
sented in Fig. 7. The morphology of the fracture surface of 
S5000/S5001 and S5002 were observed to be different. The 
fracture occurred on the fusion zone adjacent to the fusion 
line (FL) for the S5000 and S5001 welded joints. It can be 
seen that the fine and uniform dimples of several microns 
distributed on the fracture surface, which exhibit a typical 
characteristic of the ductile fracture in the fusion zone of the 
S5001 weld, as seen in Fig. 7(b). For the S5002 weld with 
addition of the  TiB2 particle, the fracture occurred on the 
heat-affected zone, revealing a good mechanical property 
of the welded joint. It was noted that the mode of fracture 
surface morphology is ductile and consists of voids and 
well-developed dimples, as shown in Fig. 7(c). In contrast, 
all the three welds without reinforcement ruptured in the 
fusion zone during the stretching process, representing a 
similar fracture graph, as seen in Fig. 8. The fine and uni-
form microvoids were observed on the fracture surface of 
the Al–Mg-Sc-Zr welded joint, which shows a tendency of 
ductile fracture, as seen in Fig. 8(a)-(c). It can be concluded 
that the fracture behavior of the welded joints changed with 
the content of weld filler wires, and the S5002 welded joint 
with 1 wt. %  TiB2 and 0.5 wt. % Zr/Sc has a better tensile 
property.

Table 4 shows the impact toughness (αk) of the Al–Mg-
Sc-Zr weldments. It was shown that the S5001 weldment 
exhibits the best properties of impact toughness, i.e., its 

Fig. 6  TEM images of HAZ: (a) 
image of  Al3(Sc,Zr) along < 0 1 
1 > , (b) corresponding SAED 
pattern

200 nm 10  1/nm

[0 1 1](a) (b)

Al3(Sc, Zr)

α-Al

Al3(Sc, Zr)

Table 3  Tensile properties of 
the Al–Mg-Sc welded joint

Filler wire # Statement Yield strength 
(MPa)

Ultimate tensile 
strength (MPa)

Elongation (Pct)

S5000 With reinforcement 224.5 365.4 10.1
S5001 With reinforcement 230.6 383.2 14.5
S5002 With reinforcement 232.2 386.3 15.1
S5000 Without reinforcement 193.0 329.9 8.7
S5001 Without reinforcement 200.7 350.5 12.7
S5002 Without reinforcement 208.0 358.4 12.2
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impact toughness was higher than 37 J/cm2. This result sug-
gests that Zr/Sc addition in the weld filler wire can slightly 
improve the impact toughness of the Al–Mg-Sc-Zr welded 
joint. The effect of  TiB2 content on impact toughness was 
contrary to the tensile strength. With the same content of 

Zr and Sc in the filler wire, the impact toughness slightly 
decreased with the addition of the  TiB2 particle into the 
fusion melt.

The welded joints without reinforcement ruptured in 
the fusion zone nearby the fusion boundary, suggesting 

10µm 10µm 10µm

20µm

(b) (c)(a)

(a') (b') (c')
20µm 20µm

Fig. 7  SEM micrographs of the tensile fracture surfaces of Al–Mg-Sc-Zr welded joints with reinforcement: S5000 (a) and (a′), S5001 (b) and 
(b′), S5002 (c) and (c′)

10µm 10µm 10µm

(b) (c)(a)

(a') (b') (c')
20µm 20µm 20µm

Fig. 8  SEM micrographs of the tensile fracture surfaces of Al–Mg-Sc-Zr welded joints without reinforcement: S5000 (a) and (a′); S5001 (b) and 
(b′); S5002 (c) and (c′)
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that the fusion zone is weaker than the heat-affected 
zone and base material. It has been researched in pre-
vious works that a high density of  Al3(Sc,Zr) with the 
size of 5 ~ 10 nm is dispersed in the base metal, provid-
ing a greater strengthening effect [23]. It can be said that 
a low density of coarse refiner in the fusion zone leads 
to the decrease in tensile properties, i.e., the coefficients 
of yield strength and ultimate tensile strength of welded 
joints without reinforcement are almost 0.80 and 0.85. The 
results of the tensile test also proved that the addition of 
Zr/Sc and  TiB2 increases the yield strength and the ulti-
mate tensile strength, meaning that the microstructure in 
the fusion zone is very important to the tensile properties 
of Al–Mg-Sc-Zr weldment.

The relationship between the tensile strength (yield 
strength and the ultimate tensile strength) and the grain 
size (D−1/2) of the Al–Mg-Sc-Zr welded joint is consistent 
with the Hall–Petch equation [31]:

where σb is tensile strength, σ0 is the Peierls-Nabarro 
stress, D is the grain size of the welded joint, and kb is 
the slope. The tensile strength of the welded joint plotted 
against grain size (D−1/2) is shown in Fig. 9. The kb values 
of the yield strength and the ultimate tensile strength are 
200 MPa·μm−1/2 and 402 MPa·μm−1/2, respectively. This 
linear relationship between tensile strength and grain size 
(D−1/2) suggests that addition of refiner such as Zr/Sc and 
 TiB2 can improve the tensile strength.

To further investigate the effect of grain refiner on the 
mechanical properties of the Al–Mg-Sc-Zr welded joint, 
the welding specimens were machined to the dimension of 
150 mm × 100 mm × 6 mm with a V-groove joint geometry 
to increase the content of the grain refiner such as  Al3(Sc,Zr) 
and  TiB2. The Al–Mg-Sc-Zr specimen was welded using 
S5002 weld filler wires. The welded joint displayed the best 
tensile property; its yield strength and tensile strength of the 
welded joint without reinforcement reached 222.0 MPa and 
362.3 MPa, as seen in Table 5. This result further proved 
that the tensile strength and yield strength of the Al–Mg-Sc-
Zr welded joint increase with the increase of grain refiner 
content in the fusion.

4  Conclusions

The Al–Mg-Sc-Zr alloy was welded using the weld filler 
wires containing different additions of Zr, Sc, and  TiB2. The 
effect of addition of Zr, Sc, and  TiB2 on the microstructure 
and mechanical behaviour of the welded joint with reinforce-
ment and without reinforcement was investigated.

1) The microstructure of the fusion zone in the Al–Mg-Sc-
Zr welded joint consists of α-Al matrix,  Al3(Sc,Zr), and 
 TiB2 particles (S5002). The fractions of the  Al3(Sc,Zr) 
particle were relative to the Sc and Zr content in weld 
filler wire.

2) The  Al3(Sc,Zr) and  TiB2 particles located at the grains 
inside have the effects of hindering crystal growth and 
behaving as heterogeneous nucleation sites for alu-
minum grains, which refine the grain size in the fusion 
zone.

3) The relationship between the tensile strength and the 
grain size of the welded joint is consistent with the linear 

(1)�
b
= �

0
+ k

b
D

−1∕2Table 4  Impact properties of 
the Al–Mg-Sc welded joint

Filler wire # Fracture 
toughness (αk, 
J/cm2)

S5000 36.7
S5001 38.1
S5002 34.0

Fig. 9  Tensile strength (σ) of the Al–Mg-Sc-Zr welded joint plotted 
against grain size (D−1/2)

Table 5  Tensile properties of 
the Al–Mg-Sc-Zr welded joint 
(V-groove joint geometry)

Filler wire # Statement (V-groove) Yield strength 
(MPa)

Ultimate tensile 
strength (MPa)

Elongation (Pct)

S5002 With reinforcement 235.8 388.6 15.3
S5002 Without reinforcement 223.6 363.4 11.8
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equation. The tensile strength and yield strength of the 
Al–Mg-Sc-Zr welded joint increase with the decrease in 
grain size in the fusion zone.

4) With a uniform  Al3(Sc,Zr) and  TiB2 dispersed on the 
α-Al matrix, the S5002 weld displayed the best tensile 
property. Its yield strength and ultimate tensile strength 
reached 232.2 MPa and 386.3 MPa with reinforcement, 
and the yield strength and tensile strength of welded 
joint without reinforcement were about 208.0 MPa and 
358.4 MPa, respectively.
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