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Abstract

The joining of Ti-5Al-2.5Sn to AA2219 dissimilar alloys was studied through vacuum diffusion bonding (VDB). Samples
were bonded at various temperatures under 15 MPa pressure for 45 minutes. The mechanical properties of the bonded lap joints
were evaluated with shear and Vickers micro hardness tests, while scanning electron microscopy (SEM) was utilized to examine
their microstructure. Energy-dispersive spectroscopy (EDS) and microstructural analysis revealed that the interfacial oxide
layer diminished as the bonding temperature increased. The X-ray diffraction (XRD) analysis showed that TiAlswas the only
intermetallic compound formed at the interface. Results indicated that as bonding temperature increased, the interface micro
hardness first increased and then decreased at higher temperatures. Furthermore, the shear strength of the bonded joint improved
with rising temperature from 525 °C to 540 °C but decreased at 555 °C because of the development of a thick intermetallic

layer.
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1. Introduction

Joining dissimilar alloys is important, challenging, and
valuable in engineering, manufacturing, and other
applications as it results in remarkable tailored material
properties such as weight reduction, cost optimization,
performance improvement, design flexibility, and
compatibility under diverse conditions [1].

Titanium/Aluminium (Ti/Al) dissimilar alloy-bonded
joints are used in structural parts such as seat tracks, heat
exchangers, and skin stringer joints in corrosive
atmospheres, as well as in piping for propellant tanks,
replacing traditional riveted structures in aircraft
production. They are also utilized to link Al skins to Ti ribs,
wings with Al alloy honeycomb, and cooling fins in airline
cabins. Additionally, these joints are employed in
experimental projects like NASA's YF-12 fighter wings and
for joining Ti-6Al-4V (Ti64) tanks to AA2219 (AA2)
transition tubing in the Geosynchronous Satellite Launch
Vehicle (GSLV).Specifically, AA2 and Ti-5Al-2.5Sn (Ti5)
alloys are employed in the production of turbo pump

impellers for liquid oxygen (LOX) and liquid hydrogen
(LH2), respectively, in the 20-tonne cryogenic engine (CE-
20) because of their high strength-to-weight ratio, good
corrosion resistance, weld ability, and fatigue resistance [2-
6]. Given their properties, AA2/Ti5 bonded joints have the
potential to replace Ti64 in tank joining, AA2 transition
tubing, and turbo pump impellers for LH2. However,
broader research and design considerations are required. So,
joining of AA2 to Ti5 alloy is required in the aerospace
industry to fabricate light-weight and low-cost products.
However, these alloys exhibit significant differences in
physical attributes such as crystal structure, melting point,
and thermal conductivity [7-10].

Various solid-state methods for joining Ti/Al dissimilar
alloys include roll bonding, friction stir welding, resistance
spot welding, electron beam welding, laser welding, and
DB. Among these, DB is considered the most appropriate
method due to its lower formation of brittle intermetallic
compounds (IMCs), limited chemical segregation, lesser
microstructural degradation, and residual stresses, thereby
offering better mechanical properties. In contrast, the high
temperatures used in other welding processes often lead to
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the development of undesirable thick intermetallic
compounds at the joint, which adversely affect bond
strength [5, 11-15].

The DB process is an advanced method for joining
dissimilar materials, involving the careful application of
three key parameters: temperature, pressure, and holding
time. The two surfaces are joined at a temperature between
0.5 and 0.8 of the absolute melting point of the parent metal,
using slightly lower pressure to prevent extensive local
interfacial deformation, with a holding time ranging from
minutes to hours. However, the stable oxide films that form
on Al and its alloys must be removed before the DB process
to ensure high-quality bonded joints [11, 19-21]. These
oxides can be avoided by using a vacuum or inert
atmosphere inside the DB chamber and by cleaning the Al
surface with alkaline and acidic solutions beforehand [9, 10,
16].

Numerous studies in the literature have explored joining
Al and Ti alloys [6,8,10,18,21-26,32]. The DB of pure Ti
and Al was successfully achieved, with the only
intermetallic phase formed being TiAlz at the Ti/Al
interface, which significantly influenced the mechanical
characteristics of the bonded joint [18]. Ren Jiangwei et al.
have described the development of brittle inter metallics
such as TiAl, TizAl, and TiAls when studying Ti/Al rolled
sheets joined through vacuum-assisted DB by aluminizing
the Ti surface [6].1t was observed that by controlling the
bonding atmosphere, adjusting the alloy composition,
introducing an interlayer at the joint, optimizing bonding
parameters, and applying post-heat treatment, the
development of these brittle intermetallic phases could be
significantly reduced [6,25,26]. The strength of bonded
joints between Cp-Ti and AA7075 is more influenced by
DB temperature than by holding time and bonding pressure.
At low temperatures, incomplete bonding occurs between
surfaces due to their high yield strength and reduced flow
ability, which prevents full coalescence at the interface [22].

Alhazaa et al. joined Ti64 and Al7075 using a copper
(Cu) foil interlayer, varying the bonding time. The Cu
diffused into the Ti alloy, forming CusTizintermetallics and
resulting in solid-state joining [8]. In a related investigation,
an intermetallic layer was detected at the Ti/Al interface,
along with cracks, voids, and porosity in the Al-Cu
diffusion region [23]. Cu coating on Ti/Alsubstrates
hindered oxidation on the Al alloy surface and improved
wettability on both Al and Ti surfaces. However, joint
strength decreased with increased bonding time for Cu-
22%2Zn, pure Sn, and Sn-Zn-based interlayers compared to
Sn-Ag-based inter layers[10,24-26].

During the DB process, the process variables were
optimized and their effects analyzed to achieve maximum
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strength, hardness, and an optimal range for interface layer
thickness [21,27-32]. It was determined that bonding
temperature was the most significant parameter compared
to bonding pressure and holding time, and it had a
considerable influence on bonding features [30-33].
However, the effect of bonding temperature on DB of
Ti5/AA2 dissimilar joints remains unexplored. The study
investigates the bonding characteristics of Ti5/AA2 alloy
joints bonded at various temperatures while maintaining
constant pressure and holding time. It aids in designing
Ti5/AA2 diffusion bonds and provides better insights into
how temperature influences the DB process.

2. Experimental details:

The base materials used to form a dissimilar joint in this
research were AA2 Al alloy and Ti5 Ti alloy. Table 1
provides the chemical constituents of these alloys. Samples
were wire-cut to dimensions of 25x20x5 mm for bonding
preparation. The bonding surfaces were ground with SiC
papers to a 1200-grit finish and subsequently polished with
diamond paste to achieve a 1 um finish. Both alloys were
chemically treated: The Ti5 sample was soaked in a mixture
of 3% hydrofluoric acid and 30% nitric acid solution, while
the AA2 sample was first immersed in 6% sodium
hydroxide, then in 40% nitric acid, followed by rinsing with
water and air-drying to remove oxides from the bonding
surfaces [8].

The hydro thrust vacuum hot press, with a load capacity
of 100 tons, a maximum heating temperature of 1000°C,
and a maximum vacuum of 1x10® mbar, was used for
bonding. The bonding parameters were as follows: bonding
temperature (T) ranged from 480°C to 570°C, bonding time
(t) was 45 minutes, and applied pressure (P) was 15 MPa.
According to the literature, bonding time can extend from
minutes to hours, depending on heating temperature,
applied pressure, and material properties. However,
extended bonding times may cause excessive intermetallic
formation and higher costs without necessarily improving
bond strength. The 45-minute duration was selected after
conducting trial experiments, considering all the relevant
factors mentioned in previous studies [17,32]. Figure 1
illustrates the experimental parameter curve for the
Ti5/AA2VDB process. The specimen was placed inside the
chamber and heated to the required temperature is as shown
in Figure 2. A soaking period of 10 minutes was allowed to
stabilize the heat and vacuum inside the chamber before
applying pressure. After bonding, the specimen was
allowed to cool inside the heating chamber to room
temperature before being removed.

Table 1. Chemical constituents of base alloys

Base alloy Cu | Sn Fe Mg Mn o C N H Si \4 Zn | Zr Al Ti
AA2219 s8 | - |03 ]002] 02| - - - - 02 1005 [ 01|01 | Bal| 002
Ti-5AI-2.55n 125 ]o0s | - - o2 008|005 00125 | - ; - -] 5 | Ba
Alloy
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The cross-section of the bonded sample was polished
and etched using a reagent composed of 5 ml of nitric acid,
3 ml of hydrochloric acid, 2 ml of hydrofluoric acid, and 90
ml of distilled water [22]. The microstructure of each
Ti5/AA2 dissimilar joint was analyzed with SEM [35-39],
the elemental composition at the interface was assessed by
EDS, and inter metallics near the interface were identified
using XRD. Shear strength of the samples was evaluated
according to ASTM D1002-99 [9, 10] using a tensile testing
machine (Model: MTS 30/MH), where the bonded joint was
subjected to a tensile load to create shear force at the
interface, determining the joint's strength [32, 34, 35]. Each
condition was tested with a set of three samples. Micro
hardness was measured with the HWMMT-X7 Micro
Vickers hardness tester, applying a load of 1 kilogram-force
(1 kgf) for 10 seconds.

480 °C to 570 °C

15 MPa

Sy‘,
’Cyy

Heating Temperature
Applied Pressure

45 mins

\ 4

Holding Time =———

Figure 1. Experimental parameter curve forTi5/AA2using VDB
process.

Figure2. (a) Experimental setup for Ti5/AA2bonding, and (b) a
non-bonded sample made at 480 °C.

3. Results and discussion:
3.1. Microstructure at the Ti5/AA2 joint surface

The bonding temperature is the key parameter in the DB
technique, as highlighted by the Arrhenius formula.
Therefore, the  mechanical characteristics  and
microstructures of the Ti5/AA2 alloy bonded at various
temperatures were studied [33].

At 480 °C (see Figure 2b), the Ti5/AA2 diffusion joint
failed to form because the bonding temperature and pressure
were insufficient for atomic interaction at the interface.
However, as the temperature increased from 525 °C
thereafter to 570 °C and with an applied pressure of 15 MPa,
effective bonding occurred between the mating surfaces of
Ti5 and AA2 alloys when held for about 45 minutes. This
contact between surface asperities and bonding time allows
for sufficient atomic diffusion across the interface.
Additionally, high pressure helps to control void formation
and expel trapped gases and impurities from the bonding
interface, leading to improved bond quality. Longer
bonding times and prolonged exposure to the bonding
temperature further promote atomic migration and inter
diffusion between Al and Ti atoms, resulting in thicker
diffusion layers and affecting the mechanical characteristics
of the Ti5/AA2 joint.

The entire diffusion process between AA2 and Ti5alloy
includes: (1) a macroscopic transfer of atoms between the
substrates at high bonding temperatures; and (2) the
formation of a new phase when Ti and Al atoms diffuse to
a certain extent near the interface. The simple inter-
diffusion reaction between Al and Ti atoms leads to the
creation of a compound phase at the interface during high-
temperature bonding.

Using SEM, the microstructure at the Ti5/AA2
diffusion-bonded joint was investigated. Figure 3 depicts
the SEM micrograph of the Ti5/AA2 joint bonded at 525°C.
The observation orientation was perpendicular to the axis of
the diffusion-bonded joint. The dark gray region represents
the Ti5 alloy, while the bright gray region represents the
AA2 alloy. A narrow diffusion zone with a very thin
diffusion boundary is observed at the Ti5/AA2 interface
(see Figure 3a). It was also noted that the joint has some
interfacial voids (see Figure 3b).

These interfacial voids in the Ti5/AA2 bonded joint
could be formed due to the Kirkendall effect, as the
diffusion rates of Al and Ti atoms differ. Additionally, a
small quantity of oxides is trapped in the voids because of
the oxides on both the Ti5 and AA2 substrates. The EDS
spectrum for the interface region (Area A) of the Ti5/AA2
joint made at 525°C reveals the presence of these oxides
(see Figure 4).

The DB of Ti5/AA2 joints at 540°C and 555°C is
illustrated in Figure 5(a) and (b), where a thin diffusion line
is observed at the boundary. As the temperature increases to
570°C, atomic diffusion effectively fills these voids,
limiting oxidation under vacuum conditions (see Figure 6(a)
and (b)). This is supported by the EDS analysis presented in
Figure 7.
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Figure 3. SEM micrograph of the Ti5/AA2 joint at (a) 525 °C, and (b) a detailed view of Area A.
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Figure 6. SEM micrograph of the Ti5/AA2 joint bonded at (a) 570 °C, showing Areas C and D, and (b) a detailed view of Area C from (a).
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Figure 7. EDS spectrum for the interface region (Area C) of the Ti5/AA2 joint made at 570 °C.
Table 2. EDS analysis of different areas in Figures 3(a) and 6(a)
Weight (wt) %

Area Al Ti Mg Si Mn Fe 0 7n Cu Zr Sn
A 55.9 33.1 0.3 0.1 0.1 0.8 3.2 0.1 3.8 0.3 2.3
B 57.2 33.8 0.2 0.2 0.1 0.6 2.1 0.2 3.5 0.1 2.0
C 57.8 34.2 0.3 0.1 0.1 0.8 0 0.1 4.1 0.2 2.3
D 58.1 34.4 0.2 0.1 0.1 0.6 0 0.2 4.2 0.1 2.0

From the EDS analysis (Table 2), it is observed that Area
Adisrich in Al (55.9 wt%) and Ti (33.1 wt%) with 3.2 wt%
oxygen. This results from the voids that developed at the
interface during bonding at 525°C. Area B has a similar
composition. However, as the temperature increases, the
voids are filled with atoms, and further oxidation is not
observed under vacuum conditions, as seen in Areas C and
D. Homogeneity in the joint region confirms the formation
of a single intermetallic phase.

3.2. XRD analysis near the Ti5/AA2 joint surface

XRD analysis was performed to investigate the
intermetallic compounds formed at the transition zone of the
Ti5/AA2 bonded joints. The XRD was performed using a
Cu target with a current of 150 mA and a voltage of 40 kV.
Figure 8 depicts the XRD pattern at the transition zone of

the Ti5/AA2 dissimilar joint specimen bonded at 540 °C.
Several peaks corresponding to intermetallic formation are
detected, along with peaks for Al and Ti, identified as Al,
Ti, and TiAls.
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Figure 8. XRD pattern at the transition zone of the Ti5/AA2 alloy
specimen bonded at 540°C.
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Similarly, Figure 9 illustrates the XRD pattern at the
transition zone of the Ti5/AA2 dissimilar alloy specimen
bonded at 555 °C. Multiple intermetallic peaks are
observed, as well as peaks for Al and Ti, again identified as
Al, Ti, and TiAls.
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Figure 9. XRD pattern at the transition zone of theTi5/AA2 alloy
specimen bonded at 555 °C.

The direct contact between Ti and Al during the solid-
state DB process results in the formation of the intermetallic
compound TiAls. A similar XRD pattern is observed for the
Ti5/AA2 alloy specimen bonded at 570 °C.Based on the
XRD results (Figs. 8 and 9), it is concluded that TiAls is the
only intermetallic compound formed at the
Ti5/AA2boundary. This single intermetallic phase confirms
the homogeneity near the joint region.

3.3. Mechanical properties of Ti5/AA2 bonded joints

Micro hardness was measured for the Ti5 substrate at the
Ti5/AA2 interface and for the AA2 substrate normal to the
interface surface using the Vickers method. The general
distribution trends of micro hardness for joints bonded at
various temperatures are similar. The micro hardness of the
Ti5/AA2 alloy bonded joint enhances with the elevation in
bonding temperature and is evenly distributed across both
surfaces of the substrates, as depicted in Figure 10. This
observation is consistent with findings reported in [9,40],
which also demonstrated similar trends in micro hardness
with increasing bonding temperatures.

For a diffusion-bonded joint made at 525 °C, the micro
hardness value at the interface region was found to be 85
HV1 due to incomplete bonding at this lower temperature.
This value increases to 150 HV1 at 555 °C due to the growth
of inter metallics. However, at the higher temperature of 570
°C, grain coarsening leads to a reduction in micro hardness
to 100 HV1.

Microhardness Profile
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Figure 10. Micro hardness profile of Ti5/AA2 joint bonded at
different temperatures.

The Ti5/AA2 bonded joints (see Figure 11(a)) were
subjected to a tensile load, generating shear force at the joint
to estimate the joint’s strength. The shear strengths of these
joints at various bonding temperatures, along with their
corresponding hardness values, are presented in Table 3.
Figure 11(b) presents the shear-tested samples after bonding
at different temperatures.

Table 3. A summary of the micro hardness and shear strength of
the Ti5/AA2joints

Properties Bonding temperature

P 525 °C 540 °C 555 °C 570 °C
Hardness
(HV1) 85 90 150 100
Strength
(MPa) 25.6 49.0 44.1 33.6

Figure 11. (a) Bonded samples made at different temperatures, and
(b) shear-tested samples after bonding at different temperatures.

Based on Figure 12, it can be inferred that as the
temperature during bonding rises, the shear strength initially
grows at 540 °C and then drops at 555 °C. The maximum
shear strength of 49 MPa was attained at 540°C. At lower
temperatures, there is insufficient energy for the diffusion
of atoms, resulting in lower strength. However, as the
temperature rises, inter metallics form with sufficient
thickness due to faster atomic diffusion. Consequently, the
thick inter metallics lead to a reduction in shear strength to
33.6 MPa at 570°C.These results are in agreement with
those reported in [22, 33], which observed comparable
trends in shear strength with varying bonding temperatures.
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Shear Strength of the Ti5/AA2 Joints at Different
Bonding Temperatures
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Figure 12. Shear strength distribution of the Ti5/AA2 joint at
different bonding temperatures.

Bonding temperature significantly impacts the kinetics
of atomic diffusion near the interface of the joint. At higher
temperatures, atoms acquire sufficient thermal energy to
overcome initiation energy barriers, allowing them to
migrate further across the boundary to their original lattice
positions, thus forming inter metallics. These results show
that bonding temperature has a significant effect on
intermetallic formation as well as on the micro hardness and
shear strength of the Ti5/AA2 bonded joints.

The applied pressure and holding time also affect
interatomic diffusion between Ti5 and AA2 alloy substrate,
leading to faster bond formation and potentially higher bond
strength due to increased atomic mobility from high
pressure and diffusion layer formation from longer bonding
times. It is observed that, with bonding temperature
variation alone, both applied pressure and time deliberately
influence the kinetics of atomic diffusion, despite being
kept constant during the Ti5/AA2 dissimilar bonding
process.

Longer bonding times for bonding AA2/Ti5 alloys result
in higher production costs and higher energy consumption,
indicating the trade-off between bonding time and
processing efficiency. Therefore, in order to obtain the
desired bond quality for bonded joints, it is imperative to
optimize the bonding parameters, experimental
circumstances, and material compositions.

To sum it up, Ti5/AA2 diffusion-bonded joints show
promise for applications needing an appropriate
combination of high strength, lightweight, and resistance to
mechanical and thermal fatigue. These joints' shear
strengths, which vary from 25 to 49 MPa and meet the
specifications for bonding temperatures between 525 °C
and 570 °C, suggest that they are suitable for challenging
cryogenic and aerospace applications where AA2 and Ti5
alloys both demonstrate remarkable features and stability at
very low temperatures.

4. Conclusion

This study investigates the DB of Ti5/AA2 dissimilar
alloys and highlights the effects of temperature on the
joint’s microstructural and mechanical characteristics. The
key findings are:

o Ti5/AA2 dissimilar alloys were effectively joined

through a DB process at temperatures ranging from 525

°C to 570 °C, using a bonding pressure of 15 MPa and a

holding time of 45 minutes.

From XRD analysis, the only intermetallic identified is
TiAls at the Ti5/AA2 interface.

Due to the Kirkendall effect at lower bonding
temperatures, interfacial voids were observed at the
Ti5/AA2 bonded joint.

At higher temperatures, the SEM micrograph of the
Ti5/AA2 interface showed a narrow diffusion line,
indicating effective DB.

The micro hardness at the Ti5/AA2 joint's interface
increased with temperature during bonding due to
intermetallic formation. The maximum micro hardness
of 150 HV1 was achieved for the Ti5/AA2 joint bonded
at 555 °C.

As the bonding temperature increases to 555 °C, the
shear strength of the Ti5/AA2 bonded joints decreases
because of thick inter metallics forming at the interface.
At 540 °C, the Ti5/AA2 joint achieves a shear strength
of 49 MPa.

References

(1]

[2

(31

(4]

[5]

(6]

[71

(8]

[

Partridge PG, Wisbey A. Joining advanced materials by
diffusion bonding. In: Flower HM, editors. High
performance materials in aerospace, Dordrecht: Springer;
1995, p. 283-317.

M. S. Suresh, “Development of turbopump systems for
cryogenic and semicryogenic propulsion systems of
ISRO”, Transactions of the Indian National Academy of
Engineering, Vol. 6, 2021, pp. 229-
241 https://doi.org/10.1007/s41403-020-00189-5.

P. Srinivasa Rao, K. G. Sivadasan, P. K. Balasubramanian,
“Structure-property correlation on AA 2219 aluminium
alloy weldments”, Bulletin of Materials Science, Vol. 19,
1996, pp.549-557.

https://doi.org/10.1007/BF02744827.

Peters M, Hemptenmacher J, Kumpfert J, Leyens C.
Structure and properties of titanium and titanium alloys. In:
Leyens C, Peters M, editors. Titanium and titanium alloys:
fundamentals and applications, Wiley-vch, 2006, p. 1-35.
V. S. Gadakh, V. J. Badheka, A. S. Mulay, “Solid-state
joining of aluminum to titanium: A review”, Proceedings
of the Institution of Mechanical Engineers, Part L: Journal
of Materials: Design and Applications, Vol. 235, No. 8,
2021, pp.1757-1799.
https://doi.org/10.1177/14644207211010839.

R. Jiangwei, L. Yajiang, F. Tao, “Microstructure
characteristics in the interface zone of Ti/Al diffusion
bonding”, Materials Letters, Vol. 56, No. 5, 2002, pp.647-
652.

https://doi.org/10.1016/S0167-577X(02)00570-0.

P. Kah, M. Shrestha, J. Martikainen, “Trends in joining
dissimilar metals by welding”, Applied Mechanics and
Materials, Vol. 440, 2014, pp.269-276.
https://doi.org/10.4028/www.scientific.net/ AMM.440.269.
A. Alhazaa, T. I. Khan, I. Haq, “Transient liquid phase
(TLP) bonding of Al7075 to Ti-6Al-4V alloy”, Materials
Characterization, Vol. 61, No. 3, 2010, pp.312-317.
https://doi.org/10.1016/j.matchar.2009.12.014.

N. Kurgan, “Investigation of the effect of diffusion bonding
parameters on microstructure and mechanical properties of
7075 aluminium alloy”, The International Journal of
Advanced Manufacturing Technology, Vol.71, No. 9,
2014, pp.2115-2124.
https://doi.org/10.1007/s00170-014-5650-9.

[10] M. S. Kenevisi, S. M. Khoie, “A study on the effect of

bonding time on the properties of Al7075 to Ti-6Al-4V


https://doi.org/10.1007/s41403-020-00189-5
https://doi.org/10.1007/BF02744827
https://doi.org/10.1177/14644207211010839
https://doi.org/10.1016/S0167-577X(02)00570-0
https://doi.org/10.4028/www.scientific.net/AMM.440.269
https://doi.org/10.1016/j.matchar.2009.12.014
https://doi.org/10.1007/s00170-014-5650-9

898

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

© 2024 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved - Volume 18, Number 4 (ISSN 1995-6665)

diffusion bonded joint”, Materials letters, Vol. 76, 2012,
pp.144-146.

https://doi.org/10.1016/j.matlet.2012.02.104.

B. Lathashankar, G. C. Tejaswini, R. Suresh, N. H. S.
Swamy, “Advancements in diffusion bonding of
aluminium and its alloys: a comprehensive review of
similar and dissimilar joints”, Advances in Materials and
Processing Technologies, Vol. 8, No. 4, 2022, pp.4659-
4677.

https://doi.org/10.1080/2374068X.2022.2079274.

A. Aravinthan, A. Pramanik, “Review of experimental and
finite element analyses of spot weld failures in automotive
metal joints”, Jordan Journal of Mechanical and Industrial
Engineering, VVol. 14, No. 3, 2020, pp.315-337.
https://jjmie.hu.edu.jo/vol14-3/JJMIE-2020-14-3.pdf.

S. R. Nejad, S. M. H. Mirbagheri, “Fracture mechanism
during uniaxial compression of a novel metal/metal
composite with 3D single integrated reinforcement”,
Journal of Materials Engineering and Performance, 2024,
pp.1-4.

https://doi.org/10.1007/s11665-024-09297-7.

S. R. Nejad, M. Hosseinpour, S. M. H. Mirbagheri,
“Interface characterization of Mg-7Al-1Ca alloy reinforced
by integrated 3D-Cu open-cell foam”, Materials
Characterization, Vol. 209, 2024, pp.113687.
https://doi.org/10.1016/j.matchar.2024.113687.

K. O. Cooke, A. M. Atieh, “Current trends in dissimilar
diffusion bonding of titanium alloys to stainless steels,
aluminium and magnesium”, Journal of Manufacturing and
Materials Processing, Vol. 4, No. 2, 2020, pp.39.
https://doi.org/10.3390/jmmp4020039.

N. Anagreh, A. Robaidi, “Improvement in adhesion
behavior of aluminum due to surfaces treatment with arc
discharge”, Jordan Journal of Mechanical and Industrial
Engineering, Vol. 4, No. 2, 2010, pp.330-339.
https://jjmie.hu.edu.jo/files/v4n2/JIMIE_-69-
09_modified.pdf.

R. Rusnaldy, “Diffusion bonding: an advanced of material
process”, Rotasi, Vol. 3,2001, pp.23-27.
https://doi.org/10.14710/ROTASI.3.1.23-27.

A. H. Assari, “Investigating the deformation behavior of
hot-pressed Ti/Al/Ti laminated composite”, Journal of
Manufacturing Processes, Vol. 95, 2023, pp.369-381.
https://doi.org/10.1016/j.jmapro.2023.04.026.

Kazakov NF. An Outline of Diffusion Bonding in Vacuum.
In: Kazakov NF editors. Diffusion bonding of materials,
Oxford (UK): Elsevier; 1985, p. 10-16.

K. Bhanumurthy, D. Joyson, S. B. Jawale, A. Laik, G. K.
Dey, “Diffusion bonding of nuclear materials”, BARC
Newsletter, Vol. 331, No. 3-4, 2013, pp.19-25.
https://api.semanticscholar.org/CorpuslD:137851768.

D. Palanisamy, A. S. Britto, J. S. Binoj, N. Manikandan,
“Statistical optimization of parameters for enhanced
properties of diffusion bonded AA6061 and AA 7075
aluminium alloys”, Materials Today: Proceedings, Vol. 39,
2021, pp.388-397.
https://doi.org/10.1016/j.matpr.2020.07.614.

K. Dheenadayalan, S. Rajakumar, V. Balasubramanian,
“Effect of diffusion bonding temperature on mechanical
and microstructure characteristics of Cp titanium and high
strength aluminium dissimilar joints”, Applied Mechanics
and Materials, Vol. 787, 2015, pp.495-499.
https://doi.org/10.4028/www.scientific.net/amm.787.495.
P. K. Kota, R. V. Vignesh, M. Govindaraju, H. D.
P. Palaparthi, “Investigations on the diffusion bonding of
titanium alloy and aluminum alloy using copper at low
bonding pressure”, Proceedings of the Institution of
Mechanical Engineers, Part L: Journal of Materials: Design
and Applications, VVol. 238, No. 5, 2024, pp.793-809.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

https://doi.org/10.1177/14644207231200556.

A. N. Alhazaa, T. 1. Khan, “Diffusion bonding of Al7075
to Ti-6Al-4V using Cu coatings and Sn-3.6 Ag-1Cu
interlayers”, Journal of Alloys and Compounds, Vol. 494,
No. 1-2, 2010, pp.351-358.
https://doi.org/10.1016/j.jallcom.2010.01.037.

M. Samavatian, A. Halvaee, A. A. Amadeh, A.
Khodabandeh, “An investigation on microstructure
evolution and mechanical properties during liquid state
diffusion bonding of Al2024 to Ti-6Al-4V”, Materials
Characterization, Vol. 98, 2014, pp.113-118.
https://doi.org/10.1016/j.matchar.2014.10.018.

M. Samavatian, A. Khodabandeh, A. Halvaee, A. A.
Amadeh, “Transient liquid phase bonding of Al 2024 to Ti—
6AI-4V alloy using Cu—Zn interlayer”, Transactions of
Nonferrous Metals Society of China, Vol. 25, No. 3, 2015,
pp.770-775.
https://doi.org/10.1016/S1003-6326(15)63662-7.

D. R. Alba, A. Roos, G. Wimmer, A. R. Gonzalez, S.
Hanke, J. F. Santos, “Application of response surface
methodology for optimization of hybrid friction diffusion
bonding of tube-to-tube-sheet connections in coil-wound
heat exchangers”, Journal of Materials Research and
Technology, Vol. 8, No. 2, 2019, pp.1701-1711.
https://doi.org/10.1016/j.jmrt.2018.11.012.

S. A. Rizvi, S. P. Tewari, “Optimization of welding
parameters by using taguchi method and study of fracture
mode characterization of SS304H welded by GMA
welding”, Jordan Journal of Mechanical and Industrial
Engineering, Vol. 12, No. 1, 2018, pp.17-22.
https://jjmie.hu.edu.jo/vol12-1/JJMIE-73-17-01.pdf.

S. P. Dwivedi, R. Sahu, “Effects of SiC particles
parameters on the corrosion protection of aluminum-based
metal matrix composites using response surface
methodology”, Jordan Journal of Mechanical and Industrial
Engineering, Vol. 12, No. 4, 2018, pp.313-321.
https://www.jjmie.hu.edu.jo/vol12-4/jjmie_92_18-01.pdf.
K.  Ananthakumar, S. Kumaran, “Experimental
investigation and prediction of optimum process parameter
for plasma assisted diffusion bonding of commercial pure
titanium and austenitic stainless steel”, Arabian Journal for
Science and Engineering, Vol. 44, 2019, pp.1017-1032.
https://doi.org/10.1007/s13369-018-3384-y.

S. Venugopal, M. Seeman, R. Seetharaman, V. Jayaseelan,
“The effect of bonding process parameters on the
microstructure and mechanical properties of AA5083
diffusion-bonded joints”, International Journal of
Lightweight Materials and Manufacture, Vol. 5, No. 4,
2022, pp.555-563.
https://doi.org/10.1016/j.ijlmm.2022.07.003.

S. Rajakumar, V. Balasubramanian, “Diffusion bonding of
titanium and AA 7075 aluminum alloy dissimilar joints—
process modeling and optimization using desirability
approach”, The International Journal of Advanced
Manufacturing Technology, Vol. 86, 2016, pp.1095-1112.
https://doi.org/10.1007/s00170-015-8223-7.

J. Shang, K. Wang, Q. Zhou, D. Zhang, J. Huang, J. Ge,
“Effect of joining temperature on microstructure and
properties of diffusion bonded Mg/Al joints”, Transactions
of Nonferrous Metals Society of China, Vol. 22, No. 8,
2012, pp.1961-1966.
https://doi.org/10.1016/S1003-6326(11)61414-3.

S. Dwivedi, S. Sharma, “Optimization of resistance spot
welding process parameters on shear tensile strength of
SAE 1010 steel sheets joint using box-behnken design”,
Jordan Journal of Mechanical and Industrial Engineering,
Vol. 10, No. 2, 2016, pp.115-122.
https://jjmie.hu.edu.jo/vol%2010-2/JJMIE-2016-10-2.pdf.


https://doi.org/10.1016/j.matlet.2012.02.104
https://doi.org/10.1080/2374068X.2022.2079274
https://jjmie.hu.edu.jo/vol14-3/JJMIE-2020-14-3.pdf
https://doi.org/10.1007/s11665-024-09297-7
https://doi.org/10.1016/j.matchar.2024.113687
https://doi.org/10.3390/jmmp4020039
https://jjmie.hu.edu.jo/files/v4n2/JJMIE_-69-09_modified.pdf
https://jjmie.hu.edu.jo/files/v4n2/JJMIE_-69-09_modified.pdf
https://doi.org/10.14710/ROTASI.3.1.23-27
https://doi.org/10.1016/j.jmapro.2023.04.026
https://api.semanticscholar.org/CorpusID:137851768
https://doi.org/10.1016/j.matpr.2020.07.614
https://doi.org/10.4028/www.scientific.net/AMM.787.495
https://doi.org/10.1177/14644207231200556
https://doi.org/10.1016/j.jallcom.2010.01.037
https://doi.org/10.1016/j.matchar.2014.10.018
https://doi.org/10.1016/S1003-6326(15)63662-7
https://doi.org/10.1016/j.jmrt.2018.11.012
https://jjmie.hu.edu.jo/vol12-1/JJMIE-73-17-01.pdf
https://www.jjmie.hu.edu.jo/vol12-4/jjmie_92_18-01.pdf
https://doi.org/10.1007/s13369-018-3384-y
https://doi.org/10.1016/j.ijlmm.2022.07.003
https://doi.org/10.1007/s00170-015-8223-7
https://doi.org/10.1016/S1003-6326(11)61414-3
https://jjmie.hu.edu.jo/vol%2010-2/JJMIE-2016-10-2.pdf

[35]

[36]

371

© 2024 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved - Volume 18, Number 4 (ISSN 1995-6665) 899

M. Ali, “Synthesis and characterization of epoxy matrix
composites reinforced with various ratios of TiC”, Jordan
Journal of Mechanical and Industrial Engineering, Vol. 10,
No. 4, 2016, pp.231-237.
https://jjmie.hu.edu.jo/vol%2010-4/JJMIE-2016-10-4.pdf.
A. H. Alami, “Experiments on aluminum-copper alloys
properties as solar absorbers”, Jordan Journal of
Mechanical and Industrial Engineering, Vol. 4, No. 6,
2010, pp.86-90.
https://jjmie.hu.edu.jo/files/v4n6/Binderl.pdf.

A. H. Ali, Y. L. Nimir, R. J. Mustafa, “Ballistic impact
fracture behaviour of continuous fibre reinforced Al-matrix
composites”, Jordan Journal of Mechanical and Industrial
Engineering, Vol. 4, No. 5, 2010, pp.605-614.
https://jjmie.hu.edu.jo/files/v4n5/Binderl.pdf.

[38]

[39]

[40]

K. Abushgair, “Experimental studies the effect of flap
peening process on aluminum alloys”, Jordan Journal of
Mechanical and Industrial Engineering, Vol. 11, No. 3,
2017, pp.173-180.
https://jjmie.hu.edu.jo/vol-11-3/JIMIE-2017-11-3.pdf.

Y. M. Almaetah, K. N. Abushgair, M. A. Hamdan,
“Aluminium alloys nanostructures produced by
accumulative roll bonding (ARB)”, Jordan Journal of
Mechanical and Industrial Engineering, Vol. 15, No. 4,
2021, pp.329-335.
https://jjmie.hu.edu.jo/vol-15-4/02-jjmie_24_21.pdf.

E. Atasoy, N. Kahraman, “Diffusion bonding of
commercially pure titanium to low carbon steel using a
silver interlayer”, Materials Characterization, Vol. 59, No.
10, 2008, pp.1481-1490.
https://doi.org/10.1016/j.matchar.2008.01.015.


https://jjmie.hu.edu.jo/vol%2010-4/JJMIE-2016-10-4.pdf
https://jjmie.hu.edu.jo/files/v4n6/Binder1.pdf
https://jjmie.hu.edu.jo/files/v4n5/Binder1.pdf
https://jjmie.hu.edu.jo/vol-11-3/JJMIE-2017-11-3.pdf
https://jjmie.hu.edu.jo/vol-15-4/02-jjmie_24_21.pdf
https://doi.org/10.1016/j.matchar.2008.01.015

