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Abstract

Introduction: Metal Matrix Composites (MMCs) are of great
importance in the industry due to characteristics such as good corrosion
resistance, superior elastic modulus, high strength-to-weight ratio, and
thermal stability. Among MMCs, Hybrid Metal Matrix Composites
(HMMCs), which use two or more reinforcements, offer a combination
of desirable properties.

Methods: In this research, to fabricate composite samples, the surfaces
of aluminum and copper sheets were first prepared by washing with
acetone and brushing. WC and MoS; powders were heated at 120°C to
remove moisture. Four aluminum sheets and one copper sheet were
stacked, with WC and MoS; powders sprinkled on them. Then, these
sheets were arranged in a sandwich structure consisting of four layers of
aluminum, one layer of copper, and four layers of WC-MoS,, and rolled
using a 30-ton rolling mill with a 65% reduction in cross-sectional area
at room temperature without any lubricant. After the initial rolling, the
sandwich was cut into three equal parts, and after cleaning and surface
preparation, they were re-stacked into a new sandwich and rolled with a
60% reduction in cross-sectional area. This process was repeated for
seven cycles, according to previous studies on the fabricated samples.
Findings: In this study, the hybrid composite Al/Cu/WC/MoS, was
fabricated using the Accumulative Roll Bonding (ARB) process over
seven cycles. Structural analysis using X-ray diffraction (XRD) patterns
indicated that no new phases were formed. Scanning Electron
Microscope (SEM) images confirmed the desirable multilayer structure.
The ARB process resulted in the proper distribution of copper metal and
WC-MoS:; particles within the aluminum matrix. In the final stage of
ARB, the copper metal was distributed in an island-like pattern within
the aluminum matrix. Corrosion tests showed that corrosion resistance
improved with an increasing number of ARB cycles. The corrosion
current density in the hybrid composite produced with seven cycles was
lower than in other cycles due to the minimal porosity and homogeneous
distribution of MoS, and WC particles, indicating the highest corrosion
resistance. The corrosion current density in the hybrid composite
produced with seven cycles was lower than in other cycles due to the
least porosity and homogeneous distribution of MoS, and WC particles,
indicating the highest corrosion resistance.
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Extended Abstract

Introduction

Bulk materials with a high strength-to-weight
ratio are crucial for weight-sensitive industrial
applications. Enhancing this ratio can be
achieved by reducing grain size and
incorporating reinforcing materials. Ultra-fine
and nanometric grain sizes are produced
through Severe Plastic Deformation (SPD)
methods, such as Equal Channel Angular
Pressing (ECAP), High-Pressure Torsion
(HPT), and Accumulative Roll Bonding
(ARB). ARB is cost-effective for producing
large sheets with ultra-fine grains and can
create various composites. Metal Matrix
Composites (MMCs) are particularly promising
for aerospace, military, and automotive
industries due to their superior properties, and
hybrid MMCs (HMMCs) offer combined
benefits of multiple reinforcements. Multilayer
metal composites, produced through processes
like ion sputtering and diffusion bonding, have
unique properties and corrosion resistance but
need further investigation, especially regarding
ARB-processed alloys. Studies show varying
corrosion  resistance in  ARB-processed
materials. Understanding MMC corrosion
behavior is vital for their application. While
much research has focused on the
microstructure and mechanical properties of
ARB-produced MMCs, corrosion studies are
limited. Recent findings indicate differing
corrosion resistances based on material
composition and ARB cycles. This study aims
to explore the corrosion behavior of
Al/18Cu/3M0S,/3WC  hybrid  composites
produced by ARB, focusing on the effects of
MoS; and WC particles on corrosion in a 3.5
wt% NacCl solution using linear polarization
measurements.

Findings and Discussion

In this research, the hybrid composite
Al/Cu/WC/MoS; was fabricated using the
Accumulative Roll Bonding (ARB) process

48

over seven cycles. Structural analysis using X-
ray Diffraction (XRD) patterns indicated that
no new phases were formed. Scanning Electron
Microscope (SEM) images confirmed the
desired multilayer structure. The ARB process
resulted in the appropriate distribution of WC-
MoS; particles within the aluminum matrix,
creating a continuous multilayer structure. In
the final ARB stage, copper layers were
distributed as islands within the aluminum
matrix. Corrosion tests revealed that as the
number of ARB cycles increased,
discontinuities  decreased, and particle
distribution improved, leading to enhanced
corrosion resistance of the composite. The
corrosion current density in the hybrid
composite produced with seven cycles was
lower than in other cycles, due to the minimal
porosity and homogeneous distribution of
MoS; and WC particles, indicating the highest
corrosion resistance.

Conclusion

The Accumulative Roll Bonding (ARB)
process helps maintain a desirable multilayer
structure and proper distribution of WC-MoS2
particles between the layers of aluminum and
copper. The corrosion current density decreases
with an increasing number of ARB cycles due
to the uniform distribution of reinforcing
particles and the formation of a passive layer by
aluminum.
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