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Abstract

This article presents a microstructural study of three different pairs of dissimilar materials (copper with
an aluminum alloy, X70 steel with duplex stainless steel and an aluminum alloy with alumina) welded by
a diffusion bonding process. The bonded area was examined by light microscopy. Despite the difference in
the physicochemical properties of the base materials, microstructural observation revealed that the three
pairs of dissimilar materials were successfully joined by a solid state diffusion bonding process.
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Introduction

It is known that bimetallic products, composed of two or more dissimilar materials, have
been widely used in various industries due to their excellent properties [1]. Diffusion bonding
is a solid state assembly process, used to join similar and dissimilar materials without
coarse microscopic deformation and with minimum dimensional tolerances [2,3]. Diffusion
bonding or diffusion welding is a solid state welding technique used in metalworking, capable
of joining similar and dissimilar metals together. It works on the principle of solid state
diffusion, in which the atoms of two solid metal surfaces become intercalated over time. This
is usually accomplished at an elevated temperature, around 50-75% of the absolute melting
temperature of the materials [4,5]. The temperature, pressure and bonding time are the three
important parameters of the diffusion bonding process. A review of the literature suggests that
most of the work on diffusion bonding has been done primarily to optimize the parameters
of diffusion bonding process, namely pressure, time, temperature, and intermediate layers
for diffusion bonding. of similar and dissimilar metals. Diffusion bonding has been widely
applied to metals, such as aluminum and titanium alloys and stainless steel, and to silicon and
other solid state electronic materials, where it is generally referred to as direct bonding of
wafers, for joining special purpose materials where relatively large areas of contact effect are
involved, and where other familiar deposition or assembly processes such as chemical vapor
deposition or welding are generally not applicable [6-9].

For economic reasons, bonding may be preferred at low temperature due to ever increasing
energy costs. Lower temperature bonding can also have the additional benefit of preserving
the microstructure of the base metal near the bonded regions. Successful attempts have been
made to develop diffusion bonds of similar metal types such as austenitic stainless steel [9], or
dissimilar metals such as Fe-Al alloy and pure iron [10]. This article presents a microstructural
study of three different pairs of dissimilar materials (copper with an aluminum alloy, X70
steel with duplex stainless steel and an aluminum alloy with alumina) welded by a diffusion
bonding process.
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Experimental Procedure
Table 1: Parameters of the solid state diffusion bonding
process.
Dissimilar Materials
Copper with aluminium alloy

X70 steel with duplex stainless steel
Aluminium alloy with alumina

Temperature

Time

550 ⁰C

60min

600 ⁰C

5min

1100 ⁰C

diffusion bonding setup. For microstructural analysis, the samples
were cross-sectioned, polished and then etched with a solution of a
standard metallographic procedure.

240h

Pure copper, aluminum alloy, X70 steel, duplex stainless steel
and alumina were chosen as the basic materials for this study.
Before solid state diffusion bonding process, surfaces samples
were polished and cleaned. Diffusion welding was performed in
a vacuum chamber with heating the specimen at the appropriate
temperatures (Table 1). The two dissimilar materials were fixed by
a loading device. Figure 1 presents the schematic diagram of the

Figure 1: Solid-state welding configuration applied for
joining the dissimilar materials.

Results and Discussion

Figure 2: Microstructures of the dissimilar joints (a): Duplex stainless steel with X70 steel, (b): aluminium alloy with
pure copper, (c): Alumina with aluminium alloy. welded by solid state diffusion bonding process.
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Figure 2 shows the microstructures of the three pairs of
dissimilar joints (copper with aluminum alloy, X70 steel with duplex
stainless steel and aluminum with alumina) welded by a solid state
diffusion bonding process. During this process, the interdiffusion of
atoms through the interface represents the main mechanism of the
process. The heat treatment during the bonding process leads to
the formation of an interface between the two dissimilar materials
as observed in X70 steel/duplex stainless steel joint (Figure 2a) and
aluminium/alumina joint (Figure 2b). However, some intermetallic
layers were formed in copper/aluminium joint. The literature data
for diffusion of copper and aluminum confirm a higher diffusion
rate of copper in aluminum [11]. In addition, this study showed the
possibility of joining metallic materials to non-metallic materials,
because an aluminum alloy was welded to a ceramic material
(Alumina) by the solid state diffusion bonding process. It is known
the great difference of physicochemical properties between metallic
materials and ceramics. Successful ceramic-metal bonding is of
considerable practical interest for the development of electronic
devices (Figure 2c).

Conclusion

In summary, our investigation represents a contribution to the
study of the welding of dissimilar materials. The microstructures
of three different couples of dissimilar materials bonded by solid
state welding process were investigated. The three couples consist
of copper with aluminium alloy, low carbon steel with duplex
stainless steel, and aluminium with alumina which were welded
by diffusion bonding process at 550, 1100, and 600 ⁰C respectively.
The main conclusions are as follows:
a.
Solid state diffusion welding technique can be successfully
applied to joining dissimilar materials.

b.
Interface in welded joint has been formed between the
dissimilar materials.

c.

Thin intermetallic layers were formed between copper.
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