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Abstract

Particle-reinforced metal matrix composites are among the latest engineering
materials, and their rapid development in recent years can be attributed to their
exceptional properties, including high specific strength, wear resistance, corrosion
resistance, high elastic modulus, and wide-ranging applications. These materials are
used in various industries such as aerospace, telecommunications, electronics,
automotive, defense, and many other commercial and consumer products. In this study,
the effect of the percentage of diamond particles with a size of 100 micrometers on the
mechanical and wear properties of bronze-diamond composites is investigated.
Composite powders with varying diamond percentages in a bronze matrix are prepared
using a ball mill to mix the bronze and diamond powders, and the resulting composite
powders are consolidated through hot pressing. Using scanning electron microscopy,
the effect of diamond content on their uniform distribution, the microstructure of the
bronze matrix, and the mechanical and wear properties are examined. This study
investigates the effect of different weight percentages of diamond particles (8%, 10%,
12%) on the properties of bronze-diamond composites. The results indicate that adding
diamond to the metal matrix reduces flexural strength. Furthermore, as the weight
percentage of diamond increases, flexural strength decreases, while wear resistance
improves with higher diamond content.
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1- Introduction

Metal matrix composites (MMCs) are generally
produced using either melting methods or powder
metallurgy. Melting methods can include various
techniques such as vortex casting, centrifugal
casting, composite casting, squeeze casting, melt
infiltration, in-situ processes, and spray co-
deposition. However, for tools incorporating

diamond in their structure, melting methods are not
viable because diamond, a form of carbon,
transforms into graphite at 700°C in air. To prevent
oxidation and graphitization, high sintering
temperatures must be avoided. Particle-reinforced
metal matrix composites are widely used as drilling
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bits, saw blades, grinding discs, and honing stones
[1-3].

Tools produced by hot pressing typically contain
diamonds embedded in a metal powder matrix,
sintered in graphite molds. The resulting
diamond/matrix composite is attached to a steel core
via brazing or laser welding [4]. In brazed tools,
diamonds form a single layer using a filler phase,
typically composed of copper, nickel, or silver
alloys, which is brazed to the steel core [5].
Generally, metal matrix composites are
manufactured through various methods, with hot
pressing being the method of choice in this study,
involving parameters such as pressure, temperature,
and atmosphere. Key factors influencing the
production of diamond-containing metal matrix
composites include the matrix material, added
metals, powder size, alloying status, and the
mechanical, physical, and chemical properties of the
matrix. Additionally, the matrix's ability to bond
with diamond is highly significant. Similarly,
diamonds with varying sizes and metallic or non-
metallic coatings play a crucial role in improving
the matrix-diamond interface. To evaluate the
performance and effective properties of these
composites, various mechanical property tests,
including wear, hardness, and flexural strength
tests, must be conducted.

2- Research Materials

2-1- Bronze Powder

Bronze powder with a composition of Cu-
20wt.%Sn, manufactured in China with 98% purity,
atomized using inert gas, and having an average
particle size of 45 microns, was used. The bronze
powder particles used are elliptical in shape. The
morphology of the bronze powder particles used in
this study is shown in Figure 1.

2-2- .Cobalt Powder

Pure cobalt powder, manufactured in Germany with
99.99% purity, atomized using inert gas, and having
an average particle size of 1 micron, was used. The
cobalt powder particles used are fine and
amorphous in shape.

2-3- Diamond Powder
Diamond powder, manufactured in China with 99%
purity and an average particle size of 100 microns,

was used. The diamond powder particles used are
angular in shape.

2-4- Diamond Powder with 15 Micron Size
Diamond powder, manufactured in China with 99%
purity and an average particle size of 15 microns,
was used.

Figure 1:(a) and (b) Morphology of bronze particles with the
composition Cu-20wt.%Sn, along with (c) EDS elemental analysis

3- Equipment

3-1- High-Energy Mill

For the mechanical alloying process of Bronze-Co-
Diamond, a high-energy ball mill equipped with a
water-cooling system and a controlled atmosphere
was used.

3-2- Balance
For weighing the powders, a KIA Electronic BL2
balance with an accuracy of 0.01 grams was used.

3-3- Glovebox

To prevent oxidation of the milled powders during
the unloading of the mill chamber, all steps of
opening the mill chamber and unloading were
performed in a glovebox under an inert argon gas
atmosphere.

3-4- Hydraulic Press

For compacting samples for combustion and
mechanical tests, a hydraulic press with a capacity
of 100 tons, equipped with a pressure regulation and
maintenance sensor, was used.

3-5- Furnace and Press under Inert Atmosphere
For hot pressing and sintering of Bronze-Co-
Diamond samples, a chamber with a controlled
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atmosphere and a working temperature of 1000°C
was used.

3-6- Mold
For cold pressing, hot pressing, and sintering of
samples, a hot-work mold with a diameter of 4 cm
and a height of 10 cm, made of H13 hot-work steel,
was used.

4- Project Methodology

The sample preparation process in this study
involves the production of composite powders and
their sintering through hot pressing. The density of
the prepared composite samples is presented in
Table 1. The composite mixture consists of cobalt
with a specific gravity of 8.9 g/cm?, bronze (Cu-
15Sn) with a specific gravity of 8.68 g/cm?, and
diamond (D100 and D15) with a specific gravity of
3.5 g/cm?. The theoretical density was calculated
using the rule of mixtures, and the sample densities
was determined using the Archimedes method.
Analysis of the results in Table 1 shows that the
relative density of the samples ranges between 96%
and 99%.

Table 1: Density of the prepared composite samples

Sample Theoretical Relative
Sample Density Density Density
(g/em?) (g/em?) (%)
1 8.61 8.680 99.1
2 8.59 8.702 98.7
3 7.95 8.184 97.1
4 8.07 8.287 97.3
5 7.93 8.184 96.8
6 7.76 8.080 96.0

4-1- Preparation of Composite Powders

4-2- Determination of Metal Element
Percentages and Diamond Reinforcement
Type
To investigate the effect of diamond content on the
properties of bronze-diamond composites, diamond
particles were added to the bronze matrix at 8%,
10%, and 12% by weight. Additionally, to study the
effect of cobalt addition on composite properties,
10% by weight of cobalt was added to some
samples. Initially, bronze powder with a
composition of 85Cu-15Sn was prepared, and in
subsequent samples, 9% by weight of cobalt was
added to the mixture. It should be noted that copper

and tin powders were used as pre-prepared bronze
powder in separate samples.

4-3- High-Energy Milling

To prepare the composite powders, the bronze
matrix powder, along with diamond (and cobalt
powder in some samples), was placed in the milling
chamber. A 2% by weight stearic acid was added as
a process control agent (PCA) to prevent powder
adhesion to the milling balls. The ball-to-powder
weight ratio was set at 30:1, using 900 grams of 5
mm diameter 304 stainless steel balls. The milling
process was conducted at a speed of 430 rpm for
three durations of 4 hours in a water-cooled
chamber for the respective samples.

4-4- Sintering of Composite Samples

The powders produced through high-energy
milling, weighing 30 grams, were poured into a
mold and cold-pressed at a pressure of 200 bar.
After cold pressing, the mold was transferred to a
hot-pressing chamber. To ensure an inert
atmosphere, argon gas was injected into the hot-
pressing chamber throughout the process. After
heating to 600°C, the mold and powders were held
for one hour to achieve uniform temperature,
followed by the application of a pressure of 200
MPa. After one hour, the pressure was released, and
the furnace was turned off. Once the furnace cooled,
the composite part was removed from the mold.

5- Conclusion

In this study, the hardness, wear resistance, and the
effect of varying weight percentages of diamond
particles on the properties of bronze-diamond
composites were investigated. The results showed
that samples without diamond exhibited higher
density compared to those containing diamond.
Additionally, the addition of diamond to the metal
matrix reduced flexural strength, likely due to the
presence of ceramic diamond particles in the bronze
matrix. As the weight percentage of diamond
increased, the flexural strength decreased.
However, with an increase in diamond content, the
wear resistance of the composites improved.
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