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Abstract
The effects of surface roughness were studied on microstructural and mechanical properties of solid-state diffusion bonding
between two dissimilar alloys of magnesium AZ91-D and aluminum 6061 by means of hot pressing. Although applied pressure,
temperature, and duration of diffusion bonding are known as the most effective parameters, surface roughness can alter the
mechanical and microstructural properties remarkably, which is usually neglected. To investigate the effect of surface roughness
between 0.06 and 0.15 μm, the width of the diffusion bond in the interfacial transition zone (ITZ) and the presence of interme-
tallic phases were analyzed. Moreover, microhardness, shear strength, and fracture surfaces were evaluated. The results exhibit
that in the applied roughness range, the bond width and the microhardness of the joints improved by increasing the surface
roughness of the both metals; however, the shear strength decreased. It may be attributed to more disruption of the oxide films on
the metal surfaces in the rougher samples and also increase in the effective interface boundary during the process. Consequently,
there would be more chance for aluminum-magnesium contacts, resulting in more diffusion, further formation of brittle inter-
metallic phases (such as Al12Mg17 and Al3Mg2), and therefore more hardness and less shear strength.
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1 Introduction

Aluminum (Al) and magnesium (Mg) alloys have been con-
sidered a lot among both academic and industrial researches
due to their desirable characteristics such as low density, high
damping capacity, dimensional stability, good machinability,
and low casting costs. While Mg alloys, as the lightest com-
mercial metal, suffer from low corrosion resistance, Al alloys
have an excellent corrosion behavior. Hence, Mg–Al bimetal-
lic substance can combine the advantages of both alloy
groups, which is offered in bimetallic materials [1, 2]. Not
only does utilizing Mg and Al alloys cause weight reductions,
but also it would decrease overall costs in transportation and

aerospace industries [3–5]. In fact, these alloys are used wide-
ly in production of motors, gearboxes, and airplane fuselages
[6]. Achieving an appropriate joint between these two groups
of alloys has been being difficult due to unwanted formation
of intermetallic compositions during welding processes,
influencing the performance of the joints considerably [7–9].
Fusion welding between dissimilar metals and their alloys
would be either impossible or absolutely challenging due to
difference between their physical properties such as melting
temperature, heat conduction coefficient, and uncontrollable
formation of brittle intermetallic compositions. Nonetheless,
solid-state joining processes such as friction stir welding and
diffusion bonding can be applicable to provide the required
joints between two dissimilar alloys [10, 11]. In diffusion
bonding process, two surfaces are welded together at 0.5 to
0.8 of their melting point, under applied pressure and without
macroscopic scale deformations or relative motions.
Furthermore, by means of creating minimum intermetallic
compositions in the welding region, the joint can take place
[12–17]. Another advantage of diffusion bonding in compar-
ison to fusion welding is the lower required temperatures
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resulting in less existing residual stresses in the joint due to
less heat concentrations and lack of both expansions and con-
tractions during the melting and solidification steps [13, 14].
Nowadays, lots of attentions have been attracted toward dif-
fusion bonding method without using an interlayer, which
offers lower costs, less plastic deformations, and more
strength in the joint [13]. Whereas the important factors in
diffusion bonding process are the joining temperature, amount
of external pressure exerted to the interface during the diffu-
sion bonding, holding time at elevated temperatures, and
roughness of the joint surfaces, while less attention has been
paid to the latest one [14–20]. These factors have interaction
effects on the quality of diffusion bonding. Existence of hard
oxide films on the surfaces prevents a perfect contact and
results in poor strength in the joints [21, 22]. Hence, in order
to conduct a desirable diffusion bonding between two dissim-
ilar metals such as Mg and Al alloys, precise treatments and
preparing should be done on the surfaces of the metals and
they should be protected from further oxidations as much as
possible. Therefore, the diffusion bonding process is mostly
performed in vacuum furnaces having hot press [23, 24].

Das et al. [25] experimentally investigated the anisotropic
diffusion behavior of pure aluminum in pure magnesium.
They used a diffusion couple technique with single crystal
magnesium at the temperatures between 365 and 420 °C.
The results showed that the diffusion coefficient of the alumi-
numwithin the basal planes of the magnesium is approximate-
ly 1.3 times greater than that along the normal direction of the
basal planes. Fernandus et al. [3] developed temperature time
and pressure time diagrams for diffusion bonding ofMgAZ80
and Al 6061 alloys. They evaluated the bonding quality of the
joints by microstructure analysis and also lap shear tensile
tests. They reported that a diffusion bonding at 425 °C, under
a pressure of 10MPa and a holding time of 15 min, resulted in
the highest shear strength. Lin et al. [6] analyzed the diffusion
bonding of Mg AZ91 and Al 7075 alloys. The results demon-
strated the great effect of temperature and welding time on the
properties of the outcome joints. The maximum shear strength

was obtained at 470 °C, a pressure of 10 MPa, and a holding
time of 60 min. Shang et al. [7] investigated the effects of
temperature on welding of Mg AZ31 and Al 6061 alloys.
According to the resulted data, the width of the diffusion layer
would increase by elevating the welding temperature.
Additionally, Dietrich et al. [12] studied the composition of
the intermetallic phases in diffusion bonding process of Mg
AZ31 and Al EN AW-6082 and then they determined the
effective parameters on the final mechanical properties of
the joint.

Few researches have been done to evaluate the effect of the
surface roughness on diffusion bonding quality. Zuruzi et al.
[23] studied the effects of surface roughness on the diffusion
bonding of similar Al 6061 alloy plates in the air. According to
the results, using rougher surfaces resulted in better diffusion
conditions and the ultimate tensile strength of the specimens
with rougher surfaces was improved. Wu et al. [26] used a
theoretical model to study the effects of various finished sur-
faces on the diffusion bonding process. They reported that the
bonding time increased by enhancing the surface roughness.
In addition, by decreasing the surface roughness, the main
mechanism of void closure changed from creep to surface
source diffusion mechanism.

Zhang et al. [27] investigated the effect of surface finishing
on the migration of interface grain boundary in diffusion
bonding of stainless steel under vacuum. According to the
results, grain boundary migration mainly occurred at the triple
junctions for the smoother surface interface. On the other
hand, a larger number of strain induced interface grain bound-
ary produced for the rougher surface. In addition, higher ratio
of interface grain boundary migration caused a higher joint
shear strength.

The impact of the surface asperity on the diffusion bonding
of an oxygen-free high conductivity copper (OFHC) was stud-
ied byWang et al. [28] investigated. The results indicated that
the ridge wavelength of the surface roughness as well as the
ridge height have a considerable effect on the properties of the
diffusion bonded joint. Decrease in the mentioned parameters
resulted in enhancement of bonded area percent. When the
ridge height was constant, an increase in the aspect ratio of
ridge height to ridge wavelength would accelerate atomic dif-
fusion at voids surfaces in the bonding interfaces.

In general, it is commonly believed that smoother surfaces
would yield in the joint with higher quality. Guoge et al. [29]
studied the impacts of the surface roughness on the diffusion

Table 1 Chemical compositions of the used metals (wt%)

Material Al Zn Cu Mn Ni Si Fe Mg

Mg AZ91-D 8.6 0.5 0.02 0.35 0.001 0.029 0.002 Base

Al 6061 Base 0.08 0.23 0.1 0.03 0.64 0.04 0.9

Table 2 Category of the
specimens divided based on the
grit number of applied sandpapers

Alloy types Grit number of the employed sand papers

Group 1 Group 2 Group 3

Mg AZ91-D 600 1000 1500 1000 1000 1000 600 1000 1500

Al 6061 600 1000 1500 600 1000 1500 1000 1000 1000
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bonding of Incoloy MA 956. They reported that to disrupt the
oxide film of the surface and form a desirable bonding inter-
face, a certain amount of roughness is helpful. Nevertheless,
large voids would be left in a very rough surface which

consequently degrades the joint quality. Balasubramanian
et al. [20] investigated the effects of different parameters on
diffusion bonding of Al/Mg samples. The results exhibited
that for a roughness range between 0.1 and 0.5 μm, smoother
surfaces would yield to obtain higher shear strength in the
bonding.

Although the surface roughness can have a remarkable
influence on the mechanical and microstructural properties
of diffusion bonding in dissimilar alloys, it has not been con-
sidered and studied widely in Al–Mg joints. In this study, the
effects of surface roughness have been investigated on the
diffusion bonding quality of Mg AZ91-D and Al 6061 alloys
in which no interlayer has been used. It should be noted that to
the best of authors’ knowledge, although these two alloys are

Fig. 1 AFM topographical images of the Mg and Al surfaces after roughening the surfaces

Table 3 Surface roughness of Mg AZ91-D and Al 6061 alloys surfaces

Alloy types No. of sand paper Surface roughness (nm)

Mg AZ91-D 600 152.6

1000 132.7

1500 65.4

Al 6061 600 107

1000 88.9

1500 61.55
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commonly used for different industrial purposes, their diffu-
sion welding with controllable conditions has not been studied
yet. The whole process has been done using a proper hot press
equipment under vacuum condition. In addition to measuring
the width of the diffusion bonds as one of the most important
properties, the microhardness and shear test were conducted
for all the welded samples. Then, the intermetallic composi-
tions have been evaluated in the interfacial transition zones of
the welded samples with the thickest and the thinnest bonds
for brevity. Finally, the fracture surfaces of these samples have
been analyzed after shear test.

2 Materials and methods

Mg AZ91-D and Al 6061 rolled sheets, with 2-mm and 5-
mm thickness, respectively, have been used in this study.

The chemical compositions of the utilized materials are
shown in Table 1. Since the diffusion bonding between
annealed Al 6061 and magnesium alloys can occur in less
time and temperature, the as-received aluminum sheet was
annealed at 413 °C for 3 h. Electrical discharge wire-cut
apparatus was employed to cut the sheets into rectangles
with 17 mm × 22 mm dimensions. Before performing the
diffusion bonding process, the surfaces of the specimens
were roughened using sandpapers. In order to investigate
the effects of surface roughness on the diffusion bonding,
the specimens were divided into three groups according to
Table 2.

The highest and the lowest grit numbers of the sand
papers (no. 1500 and no. 600, respectively) were select-
ed with respect to the usual sand papers employed for
sample preparation in diffusion bonding of Mg/Al
[13–15]. To study the effect of the roughness more
deeply, sand paper no. 1000 was also employed. The
samples were arranged in three groups. In group 1, both
magnesium and aluminum samples were prepared using
equal sand papers. In groups 2 and 3, respectively, the
magnesium and aluminum samples were prepared by the
medium sand paper (no. 1000), while the pair specimen
was grinded using sand papers with different grit num-
bers. In this regard, the effect of smoother or rougher
surface of one metal (in comparison to other one) could
be evaluated.

To remove the existing surface contaminations and simul-
taneously prevent the specimens from oxidation, they were
held for 15 min in an ultrasonic bath filled by acetone before
starting the welding process. Then, after washing with etha-
nol, the specimens were dried immediately.

Figure 1 illustrates the topographical images of atomic
force microscopy (AFM) for the Mg and Al surfaces after
using sandpapers of no. 600, no. 1000, and no. 1500.
Regarding the images, the average roughness on the Mg
and Al samples are measured and presented in Table 3.

Fig. 2 Schematic view of the specimens in the vacuum furnace

Fig. 3 LOM images showing the
widths of the diffusion bonds (1)
“Mg#600 +Al#600”, (2)
“Mg#1500 +Al#1500”
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The diffusion bonding process has been performed in
a vacuum furnace having a hot press. The temperature
and the applied pressure were 440 °C and 29 MPa
[13–15], respectively. Besides, the heating rate was
10 °C/min and the holding time at the maximum tem-
perature was 60 min under 10−3 torr vacuum condition
[13, 14]. The schematic view of the location of the
specimens in the vacuum furnace during the diffusion
bonding process is shown in Fig. 2.

After finishing the process, the specimens were kept
in the vacuumed chamber to reach the room tempera-
ture. First, some welded specimens were prepared for
metallographic studies after grinding and polishing.
The welding regions and bond width were analyzed
using a scanning electron microscope (SEM) and a light
optical microscope (LOM). The microhardness tests
were performed using a Vickers microhardness testing
machine under a load of 0.5 N and a duration of
10 s. The test points were located in the interface of
the sheets and also points with 50-μm and 100-μm dis-
tances from the interface (perpendicular to the joint in-
terface). To conduct shear tests, the specimens were cut
to 5 mm × 5 mm rectangles using an electrical discharge
wire-cut apparatus. Moreover, a fixture was designed
and manufactured according to ASTM D100 standard.
The tests were done using SANTAM-STM50 testing
machine with a jaw speed of 1.27 mm/min (0.05 in/
min).

3 Results and discussions

3.1 Width of diffusion bonds

The width of the diffusion bonds was measured to observe the
growth of the reaction layer. For this purpose, the average
widths of the reaction layers were measured using LOM ac-
cording to Fig. 3.

Figures 4, 5, and 6 illustrate the average width of the dif-
fusion bonds for three groups. The results reveal that the sur-
faces roughened by rougher sandpapers have wider diffusion
layer and vice versa. For example, the diffusion bond width of
the sample with the roughest surfaces (Mg#600 + Al#600) is
improved by 62% compared to the sample with the smoothest
surfaces (Mg#1500 + Al#1500). Furthermore, decreasing sur-
face roughness leads to increasing the standard deviation of
the results. In other words, the diffusion width of the samples
with smoother surfaces alters along the bonding line more
considerably.

In general, the surface roughness plays a significant role
during diffusion bonding process and changes the diffusions
of the atoms. Firstly, increasing microscopic roughness on
each surface would result in larger and more local voids at
the moment which two surfaces meet each other. These large
voids require more time, temperature, and pressure to be
shrunk and eliminated which may postpone the diffusion pro-
cess, whereas employing smoother surfaces result in smaller
voids distributed throughout the diffusing surfaces. On the
other hand, rougher surface can cause more local microscopic
plastic deformations in the surfaces, making the impurities and
oxidation films to be broken more easily. In fact, there are
oxide layers on the surfaces of both aluminum andmagnesium
alloys, which act as a barrier to the diffusion. Enhancing the
disruption of the surface oxide layer causes more metal-metal
contact, helping to form thicker metallurgical bonds [23].
Thus, in order to access a proper joint, breaking or eliminating
these oxides and impurities by shear deformations (during the
diffusion process) would be inevitable. In addition, rougher
surfaces can increase the effective interface boundary between
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Fig. 5 Average width of the diffusion layer for group 2
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Fig. 4 Average width of the diffusion layer for group 1
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Fig. 6 Average width of the diffusion layer for group 3
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two metal layers (after shrinkage of the voids), resulting in
better diffusion bonding process. Next, two rough surfaces
can stick together, preventing the sliding two surfaces during
exerting pressure at elevated temperatures. It subsequently
avoids major plastic deformations in the interface, which is a
desirable event for the diffusion process [13, 23, 30].
Considering these mentioned factors, increasing the surface
roughness can offer a more desirable diffusion bonding con-
ditions, although very rough surfaces would cause some large
voids to be left in the interface and consequently degrade the
quality of the bonding [29].

3.2 Intermetallic phases

According to the results of the bond width analysis, it was
understood that the welded specimen with the rougher sur-
faces, sampleMg#600 + Al#600, has the thickest bond among

all the specimens. On the other hand, the welded specimen
with the smoothest surfaces, sample Mg#1500 + Al#1500,
possesses the thinnest diffusion bond. So, the intermetallic
composition analysis of these two specimens in their interfa-
cial transition zones (ITZs) is of importance for understanding
the effects of the roughness. In this regard, the analysis of the
intermetallic compositions was implemented using a SEM
equipped by energy-dispersive X-ray spectroscopy (EDS)
and electron probe X-ray micro-analysis (EPMA). In order
to be informed about the elemental distribution throughout
the ITZ, elemental map analysis was used.

Figure 7 shows the SEM images of the diffusion layers
having the least and the most surface roughness. Generally,
it can be observed that a uniform diffusion layer exists in the
Mg–Al interface with no discontinuity. The diffusion mostly
commences to take place using vacancies in the Mg and Al
crystal structures due to less required energy compared to

Fig. 7 SEM images of the interfacial transition zone (ITZ) in the samples (1) “Mg#1500 +Al#1500” and (2) “Mg#600 +Al#600”
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other mechanisms. As a matter of fact, this mechanism is the
most usual and the most important diffusion mechanism [30].

Figures 8 and 9 illustrate the line scan analysis of the bond-
ed samples having different surface roughness. In these im-
ages, the distribution of the main elements (Mg and Al) can be
observed. The diffusion layers are created by interactive dif-
fusions of the base metal atoms, and this diffusion occurs
throughout the joint region. Three distinctive regions from
Mg to Al have been named a, b, and c. Avariety of the factors
determine the diffusion speed including atomic radius, densi-
ty, and melting temperature of the elements. Moreover, the
crystal structure of the elements and alloys is an effective
parameter in their diffusion (the atoms prefer to diffuse in
wider structures). Atomic radius for Al and Mg are 1.43 and
1.6 Å, respectively [3, 31]. In general, smaller atoms have
higher diffusion speed since they require less energy to dif-
fuse. Therefore, the diffusion speed for Al is more than Mg
[16]. By increasing the surface roughness, the slope of the
concentration gradient between Al and Mg atoms would

diminish in different areas, the interactive diffusion would
increase, and the interface bond in the joints will become
thicker, and vice versa.

In the solid phase, the formation rate of the reaction phases
in the interface depends on the diffusion rate and the speed of
the reaction. The diffusion rate also depends on other param-
eters such as temperature, grain sizes, grain migrations of the
layers, and dislocation densities [13]. In the beginning of the
diffusion bonding, Mg and Al atoms possess motion forces
with different gradients in order to move toward the reaction
layer. They diffuse with different rates and then a solid super-
saturated solution will be created. Nucleation of new phases
takes place in the defected sites in which the density of the
diffused elements is high. The crystal nucleus will propagate
along the interface as an intermetallic composition. A large
number of the propagated crystal nucleus would be merged
together and would mostly be grown longitudinally [13].

Considering the results, two intermetallic phases may be
created during diffusion bonding of these two alloys (Mg and

Fig. 9 Line analysis of the diffusion bonding for “Mg#600 +Al#600”

Fig. 10 Different intermetallic
regions in the samples: (1)
“Mg#1500 +Al#1500”, and (2)
“Mg#600 +Al#600”

Weld World (2020) 64:949–962 955



Al alloys) [12–15]. Al3Mg2(β) phase has approximately 60–
63 atomic percentage of Al. Also, its crystal structure is face-
centered cubic (FCC) with a lattice distance of 28.23 Å.
Al12Mg17 (γ) has a wider composition range with a body-
centered cubic (BCC) crystal structure and a lattice distance

of 10.54 Å in which the amount of Al atomic percentage is
between 44 and 55. The intermetallic phases near Al and Mg
sides are Al3Mg2 (β)and Al12Mg17 (γ), respectively [32], in
which the volume fraction of these compositions decreases by
reducing the temperature and holding time. In other words, the

Fig. 12 EDS analysis of the diffusion bonding regions in the specimen“Mg#600 +Al#600”
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phase which is full of Mg exists near the Mg side and the
phase which is full of Al exists near the Al side. The formation
of intermetallic phases can extremely influence the joint
strength and microhardness.

SEM images of the diffusion bonding of the specimens
“Mg#1500 +Al#1500” and “Mg#600 +Al#600” (with the thin-
nest and the thickest diffusion bonds) are shown in Fig. 10. As it
can be observed, interfacial transition zone is divided into three
distinguishable layers including Al transition zone (region A),
middle diffusion zone (region B), andMg transition zone (region
C). Also, Figs. 11 and 12 demonstrate the results of EDS analysis
of the determined regions in the specimens according to Fig. 10.
Regarding the atomic percent of the atoms in each region, there is
the possibility of the existence of Al3Mg2 (β)phase in regionA, a
mixture of Al12Mg17 (γ) and Al3Mg2 (β)phases in region B, and
Al12Mg17 (γ) phase in region C.

Figures 13 and 14 show the results of EDS evaluation for
the existing precipitates in Al and Mg sides, which were de-
termined in Fig. 10 by D and E.

As mentioned before, a specific increase in the surface
roughness can result in a deeper diffusion and a thicker bond
at the same temperature, time, and pressure. This enhance-
ment in the bond width and the atomic diffusion can lead to
formation of more brittle intermetallic phases in the joint.

Elemental map analyses of the diffusion bonds are dem-
onstrated in Figs. 15 and 16 for “Mg#1500 + Al#1500” and
“Mg#600 + Al#600.” The element distribution in the diffu-
sion bonds and the base alloys can be observed in these
figures.

As shown in Fig. 16, the precipitates exist in the interface
are mostly in agglomerations forms located in the Al alloy
side. Si distribution shows a layer with accumulated precipi-
tates in the interface of Al and Al transition region. The great
increase of Si density in this region is due to Al diffusion in the
reaction layers, leaving Mg2Si and MgSi precipitates behind.
Increasing the roughness results in more diffusion of metal
atoms and consequently augmentation of the remained
precipitates.

Fig. 13 EDS analysis of the existing precipitates near the diffusion bonding layer in specimen “Mg#1500 +Al#1500” (regions D and E shown in
Fig. 10(1))

Fig. 14 EDS analysis of the
existing precipitates near the
diffusion bonding layer in
“Mg#600 +Al#600” (for region
D shown in Fig. 10(2))
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3.3 Shear strength

Figures 17, 18, and 19 present the average results of shear
strength tests for diffusion bonded samples with different sur-
face roughness.

The results reveal that the samples grinded by finer sand-
papers (smoother surface) experience higher shear strength,
while employing the rougher surfaces result in less shear

strength. The maximum shear strength was 32.15 MPa for
sample “Mg#1500 + Al#1500.” It was reported in the litera-
ture that the fracture occurs in the diffusion region due to the
presence of brittle intermetallic phases [15, 33]. This brittle
phases can act as crack initiation points. Then the crack would
propagate into other regions of the sample. Generally, forma-
tion of intermetallic compounds in the diffusion bond and its
near regions can be considered the main reason of shear

Fig. 15 Elemental map analysis
of the diffusion bonding in the
specimen “Mg#1500 +Al#1500”

Fig. 16 Elemental map analysis
of the diffusion bonding in the
specimen “Mg#600 +Al#600”
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strength reduction in the joints due to the brittle behavior of
these phases [13–16, 33]. In fact, rougher surfaces cause more
diffusion and consequently thicker bond. This would increase
the chance of intermetallic phase formation in the joint zone.
Since these phases are brittle, cracks can be easily initiated and
propagated in and around them, which leads to a premature
failure in the sample under shear strength test and therefore
decrease in the strength.

3.4 Microhardness test

Figures 20, 21, and 22 show the microhardness through a path
perpendicular to the joint bonds of Mg AZ91-D and Al 6061
layers with different surface roughness.

Regarding the results, overall trends of the microhardness
graphs for the samples with different surface roughness are
similar. In all the samples, the microhardness increases in-
stantly in the diffusion region. However, in the left and right
sides of this region, the amount of microhardness is mostly
uniform. Furthermore, it can be figured out that after welding
process, the microhardness of the samples with rougher initial
surface would be higher compared to that of the samples with
smoother surfaces.

By comparing the amounts of microhardness in the diffu-
sion welded specimens with different surface roughness and
also considering the results of shear strength tests, it can be
deduced that the specimens with higher shear strengths have
less microhardness. In other words, the microhardness in the
diffusion bonds has an inverse relationship with the shear
strengths and a direct relationship with the bond width. By
reducing the surface roughness, the microhardness decreased
and the shear strengths increased. The main reason of the
microhardness improvement can be attributed to the presence
of the intermetallic phases created by the diffusion process in
the welding region [14, 15].

3.5 Fracture surface

SEM images of the fracture surfaces are shown in Figs. 23 and
24 for samples “Mg#1500 + Al#1500” and “Mg#600 +
Al#600,” respectively. The smoother fracture surfaces in
Fig. 23 indicate less diffusion of two alloys, while in
Fig. 24, the fracture surface is rougher which is because of
more diffusion and consequently thicker diffusion bond. Also,
observable micro-cracks in Fig. 24 showmore brittle behavior
in the diffusion bond of the specimenwith the rougher surface,
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Fig. 18 Average results of the shear strength for the samples of group 2
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Fig. 17 Average results of the shear strength for the samples of group 1
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Fig. 19 Average results of the shear strength for the samples of group 3
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showing the existence of more brittle intermetallic phases [15,
33].

4 Conclusion

In this study, the effects of surface roughness was eval-
uated on the diffusion bonding process of the dissimilar

alloys of Al 6061 and Mg AZ91-D. According to the
evaluations, the following results were revealed:

& The width of the diffusion bonds in the specimens
with different surface roughness showed that by in-
creasing the surface roughness up to 0.15 μm, more
diffusion would happen, resulting in the formation of
thicker bonds. In fact, during the diffusion bonding
process, more local plastic deformation would occur
in the samples with rougher initial surfaces, causing
more disruption in the surface oxide layer and conse-
quently more metal-metal contact. In addition, the
rougher surfaces can increase the effective interface
boundary between two metals and lock the surfaces
mechanically, preventing them from sliding during
applying the pressure.

& According to the EDS results of the interfacial transition
zone (ITZ), Al12Mg17(γ) intermetallic phase was ob-
served near theMg alloy side and Al3Mg2(β) intermetallic
phase was mostly located near the Al alloy. Moreover, a
mixture of both Al3Mg2(β) and Al12Mg17(γ) phases
existed dominantly throughout the middle diffusion zone.

& Elemental map analysis in the interface region showed
that the precipitates in the interface (especially in the spec-
imenwith the roughest surfaces) are mostly in the agglom-
erated forms and are usually in the Al side. Si distribution
exhibited a layer of precipitation in the interface region
between the Al alloy and the Al transition area.

& The rougher surfaces would result in more microhardness
in the interface after performing the diffusion bonding
process. This is due to the existence of more intermetallic
phases in the bonding region.

& The specimens with smoother initial surfaces experienced
higher shear strength. The amount of shear strength in the
diffusion layer had an inverse relationship with the micro-
hardness. The reason of less shear strength in the speci-
mens with rougher initial surfaces can be attributed to the
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Fig. 22 Microhardness through the bonding zone for the samples of
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Fig. 23 SEM images of the
fracture surfaces in sample
“Mg#1500 +Al#1500”
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presence of more brittle intermetallic phases, which can
lead to an early failure during the shear strength test.

& Regarding the SEM images of the fracture surfaces after
the shear tests, the fracture surface of the samples with the
roughest initial surfaces had more roughness, showing a
thicker diffusion bond. Furthermore, more micro-cracks
could be observed in this specimen due to the more brittle
behavior.
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