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Abstract

As many as 70 countries have banned the use of ashestos-based
materials because its fine, lightweight fibers are easily inhaled by
humans, causing lung cancer, particularly mesothelioma, which
can be fatal. This study aims to determine the effect of a silica sand
and boiler ash reinforcement alloy on the application of non-
asbestos aluminum matrix composite brake pads. This research
uses a powder metallurgy method with varying reinforcement
weight ratios, namely 8%, 10%, 12%, and 14% by weight. The
mixing process is carried out through mechanical alloying using a
horizontal ball mill at 90 rpm with a BPR ratio of 10:1. Hot
compaction at 300°C was varied at a pressure of 5000-5300 PSI,
followed by sintering at 580°C. Density, hardness, and wear were
tested using ASTM standards, which were then compared with the
brake lining standard SNI-09-0143-1987. Microstructural
characterization was performed using SEM to determine the extent
of interlocking bonds in the composite. The results showed that the
12wt% composition at 5200 PSI produced the best properties, with
a density of 2.121 g/cm3, a hardness of 93.628 HB, and a wear of
0.0193 mm3/Nm. SEM images showed more uniform interlocking
bonds compared to other variations. Increasing the compaction
pressure was proven to increase density, hardness, and wear
resistance.  Ovwerall, this study successfully produced
environmentally friendly composite brake linings based on Silica
Sand Powder and Boiler Ash without using asbestos materials.
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1 Introduction

A total of 72 countries have officially banned the use of various
ashestos-based materials in various industrial applications [1]. This
policy was implemented due to the very serious health impacts and
has been scientifically proven to endanger human safety. In
Indonesia alone, approximately 1,600 deaths are recorded each year
associated with diseases caused by asbestos exposure, while globally
the number of victims reaches approximately 200,000 people per
year. These figures indicate that asbestos exposure remains a
significant public health problem and requires serious attention at the
national and international levels [2]. Asbestos material is known to
produce microscopic fibers that are very fine and light so that they
are easily released into the air and float for a long time. The diameter
of these fibers is around 0,2 um, or less than 1/700 the diameter of a

human hair, so these particles are very easy to inhale without
realizing it [3]. When accumulated in the respiratory tract, asbestos
fibers can trigger serious health problems, one of which is
mesothelioma. This aggressive lung cancer is estimated to cause
around 230,000 deaths annually worldwide [4][5]. These risks
include esophageal cancer, mesothelioma, gastric cancer, colorectal
cancer, and several autoimmune diseases [6]. In response to these
issues, practitioners and researchers in the fields of materials
engineering and the automotive industry continue to strive to
develop alternative materials that can replace asbestos in brake lining
friction materials, known as Non-Asbestos (NOB) Brake Pad [7].
One emerging innovation is a composite designed as a substitute for
asbestos-based brake linings, namely Aluminum Matrix Composite
(AMC) [8].

Aluminum is the second most widely used metal in the world
after iron and steel. Its high utilization is due to its numerous superior
physical and mechanical properties compared to other metals. One
of its main advantages is its significantly lighter weight, with a
density of approximately 2.7 g/cm?, which is only one-third the
density of alloy steel or copper. Despite its light weight, aluminum
does not necessarily mean low strength [9]. Through composition
engineering and specific treatments, aluminum alloys can achieve
tensile strengths equivalent to steel. With these characteristics,
aluminum alloys can produce structures that remain strong and rigid
while having a relatively low mass [10]. This combination of
adequate mechanical strength and light weight makes aluminum
ideal for applications that demand weight efficiency without
sacrificing structural performance. Therefore, this material is widely
used in the mobile vehicle industry, including marine fleets, land
vehicles, and aircraft [11]. Even recycled aluminum from scrap can
be reused as a composite matrix without significantly reducing its
performance potential. This further strengthens aluminum's position
as a strategic material in the development of modern, efficient,
economical, and sustainable composites [12]. In addition to
aluminum matrix composites, phenolic resin matrix composites have
also been widely developed recently, with a temperature maximum
of approximately 350 °C [13], which can be increased to 480 °C
when the phenolic matrix is combined with Boron [14]. Although
this temperature is lower than that of aluminum matrix composites,
it is sufficient for motorcycle brake pads and complies with SNI 09-
0143-1987 [15] or SNI 09-4404-2008 [16].

Powder Metallurgy (PM) technology is widely used in
manufacturing processes these days because this method offers
several advantages over other manufacturing techniques [17]. One
of its main advantages is its very high raw material efficiency, with
approximately more than 95% of the material being recovered into
the final product, thus minimizing production waste. Furthermore,
this technology is highly suitable for producing small components,
even with complex geometries and high precision. The production
process can also be carried out at relatively lower temperatures than
casting methods, thus saving energy and reducing the potential for
material degradation. In general, Powder Metallurgy technology
consists of three main stages: composite powder mixing,
compaction, and sintering [18]. The mixing stage is carried out using
the Mechanical Alloying method, a process in which powder
particles undergo repeated cold welding, fracturing, and re-welding
in a high-energy ball mill. This mechanism allows for plastic
deformation and a more homogeneous particle distribution [19]. The
Mechanical Alloying method has been widely applied due to its
ability to produce a more uniform powder mixture while
simultaneously grinding or crushing the particles. This process also
promotes mechanical alloying through repeated cold-welded cycles,
resulting in more intensive inter particle interactions and a more
uniform distribution of reinforcement within the matrix [20]. Next,
the Aluminum Matrix Composite (AMC) is compacted using a hot
pressing method to enhance the wetting ability of the matrix to the
reinforcement particles [17]. The final stage is the AMC sintering
process, which is generally carried out at a temperature range of
approximately 70% to 90% of the matrix's melting temperature.
Under these conditions, inter particle diffusion occurs, strengthening
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bonds and increasing densification without causing complete
melting of the matrix [20].

This AMC reinforcement can be achieved using various metal
powders, such as iron, steel, copper, bronze, and combined with
ceramic or non-metallic carbon powder [21]. In addition, this
composite reinforcement can also be done by combining it with
agricultural waste materials, such as Rice Husk Ash (RHA) powder
[22]. Baggase Ash (BA) powder [23] and wastes of coal combustion
products (fly ash, boiler ash, flue gas desulfurization gypsum and
bottomash) [24] which are abundant in Indonesia and therefore more
economical. In general, Fly Ash waste contains ceramic compounds
such as alumina (Al,Os) and silica (SiO-), which originate from the
coal and palm oil processing industries, gypsum flue-gas
desulfurization, and Fly Ash [25]. Fly Ash is widely used as a
reinforcement because it can improve mechanical properties such as
strength/toughness, stiffness, hardness, abrasion resistance, and low
density. It exhibits Coefficient of Thermal Expansion, CTE values
that decrease with the addition of Fly Ash [26]. Apart from Fly Ash,
metal oxide powder in the form of Silica Sand tailings, a mineral
with a very high SiO: content of at least 90% [27] is also very good
for use as a reinforcement in Aluminum Matrix Composites. In
general, SiO: is in the form of a compound that often combines as
ZrSi0. [28]. Furthermore, silica sand reserves in Indonesia are
abundant [29] and offer several advantages, including low density,
high temperature resistance, hardness, and high wear resistance [30].
So, Silica Sand Powder is suitable for use as a reinforcement in
aluminum matrix composites which require good hardness and
friction resistance [31].

Several previous studies have been conducted, using AMC and
BA as reinforcements which showed good mechanical properties,
especially density, hardness, and wear rate, as a comparison in this
study as described below. Choudhury [26] applied 12.5% BA as
reinforcement, while Subarmono [32] applied 10%, where the results
of Subarmono's research showed higher density, hardness and wear
rate values than Choudhury's research. Furthermore, AMC research
using Silica Sand Powder as reinforcement has been conducted by
Daniel-Mkpume [33] and Shaikh [34] with a composition of 10%
reinforcement, respectively, producing densities of 2.6 and 2.48
g/cm3, hardness of 150 and 63 HB and wear rate No-Available and
0.000685 mm3/mm. Referring to the description abowe, it turns out
that there has been no specific research that examines the use of
reinforcement in the form of a mixture consisting of Boiler Ash (BA)
and Silica Sand Powder (SiO2), which uses a Recycled Aluminum
Matrix for brake lining applications. Therefore, this paper discusses
the development of a Recycled Aluminum Matrix Composite
reinforced with a mixture of Boiler Ash and Silica Sand Powders,
with the main focus on the evaluation of mechanical properties, is
very promising as a superior new discovery in the field of Non-
Asbestos Brake linings that are more economical and
environmentally friendly.

Conventional anti-tank weapons such as LRAC (Lance-
Roquettes Antichar), Instalaza C90-CR, and Armbrust have proven
effective in combat operations. However, their high operational
costs, single-use ammunition, and complex logistics limit their
applicability for routine training activities [2], [3]. These constraints
have encouraged the development of cost-effective training
platforms that can replicate operational conditions while reducing
expenditure and logistical burden.

Pneumatic propulsion systems have been introduced as
sustainable alternatives to CTW training by using compressed gas
rather than solid propellants. These systems enable repeated use,
improved operational safety, and reduced environmental impact.
Nevertheless, preliminary field tests of pneumatic CTW trainers
indicate that significant recoil forces remain, reaching approximately
80 N at a working pressure of 30 bar, which negatively affects
weapon stability, shooter posture, and firing accuracy.

Existing recoil-mitigation techniques, including mechanical
dampers, recoil springs, and buffer systems, were originally
designed for solid-propellant weapons characterized by short-
duration and high-peak impulse loads. In contrast, pneumatic
systems produce longer-duration, lower-peak, but higher-total-

impulse profiles. This mismatch causes conventional mitigation
devices to provide insufficient damping or to require additional mass
and structural reinforcement, thereby reducing portability and
operational practicality.

Several previous studies have attempted to improve launcher
stability and recoil control through structural reinforcement and mass
optimization [6], pressure-loss management [7], airflow regulation
using vortex tubes [8], rigid pneumatic launcher designs [9], and
lightweight composite structures combined with telemetry systems
[10]. However, most of these approaches rely on increased structural
stiffness, additional components, or complex flow-control
mechanisms, thereby increasing system complexity and maintenance
requirements while failing to address dynamic recoil-impulse
mitigation in pneumatic CTW trainers directly.

Furthermore, existing studies have primarily focused on
propulsion efficiency, structural durability, or material optimization,
with limited attention to integrated recoil control mechanisms
specifically optimized for training launchers. Quantitative
evaluations of recoil reduction via internal momentum transfer
mechanisms in pneumatic CTW systems are scarce, indicating a
clear research gap in this field.

To address this gap, the present study investigates the design and
implementation of a collision-based counter-recoil mechanism
integrated into the valve lever assembly. The proposed system
employs a counter pad that generates controlled impact with the
valve housing during gas release, producing forward momentum to
counteract rearward recoil forces. This study systematically
evaluates the influence of pressure levels and counter pad mass on
recoil behavior using experimental testing and statistical analysis.
The novelty of this research lies in the application of an internal
collision-based momentum transfer mechanism that provides
effective recoil mitigation without requiring additional external
components or major structural modifications, while simultaneously
maintaining or improving projectile range performance.

The findings of this research advance indigenous defense training
technology by providing validated design parameters for safer, more
ergonomic CTW trainers. Moreover, this study supports the
development of reliable and cost-effective training systems that
enhance skill transfer, operational readiness, and long-term
sustainability for military personnel.

2 Research methodology
2.1 Material

This research was conducted using an experimental method,
using recycled aluminum metal powder as the matrix, with an
average particle size of 282.53 um according to the Particle Size
Analyzer (PSA) test. Based on chemical composition analysis, the
powder was predominantly composed of aluminum at 83.4%,
accompanied by other elements such as silicon 10.09%, copper
2.6%, nickel 1.042%, zinc 0.849%, iron 0.640%, and approximately
1.379% of other elements in small amounts. This composition
indicates that the base material used was a recycled aluminum alloy
with significant silicon content. The added reinforcing powder
consisted of a mixture of silica sand derived from tin tailings and
Boiler Ash (BA), a waste product from the palm oil industry. The
main compounds of Silica Sand Powder include 81% SiO:, 12%
FeO2, 5% TiO2, and 2% ZrO.. Meanwhile, Boiler Ash has a
maximum SiO: content of 63.4%, with the remaining components
being oxides such as Al2Os and Fe:Os in certain proportions. The
three types of powders, recycled aluminum, silica sand, and boiler
Ash were tested for Particle Size Distribution using PSA at the
Laboratory of the Faculty of Mathematics and Natural Sciences,
Brawijaya University, Malang. The test results showed D50 values
for aluminum, silica sand, and Boiler Ash of 283 um, 168 pm, and
156 pm, respectively, indicating that the reinforcement particles are
finer than the aluminum matrix.

This experimental study used a full factorial design method,

consisting of two factors with four levels each. Each sample was
replicated three times, resulting in a total of 48 samples. The
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reinforcement variable factors were less than 20% to avoid clumping
[35] respectively, 14%, 12%, 10%, and 8%, while the compaction
pressure variable factors were 5000, 5100, 5200, and 5300 PSI,
referring to Kumar's research [36]. This research was conducted by
applying Powder Metallurgy technology, including the following
processes: powder mixing process, compaction process and sintering
process, and continued with several testing and analysis processes,
as explained below.

2.2 Mixing with mechanical blending

The Powder Metallurgy (PM) process begins with the powder
mixing stage, which in this study was conducted using the
Mechanical Alloying (MA) system to combine the matrix powder
and the reinforcement powder for greater homogeneity [20]. Before
mixing with the matrix, the reinforcement powder is first prepared,
consisting of two components: Silica Sand and Boiler Ash. The two
reinforcement powders are mixed using a mixer at a 1:1 weight ratio
to achieve an even mixture distribution before entering the
mechanical alloying stage. Next, the MA process between the matrix
powder and the reinforcement powder mixture is carried out with
operational parameters of a machine rotation speed of 90 rpm for 6
hours, and a Ball-to-Powder Ratio (BPR) of 10:1, using Horizontal
Ball Mill equipment made by afy Laboratory, Landungsari Malang.
These parameters are set with reference to the critical speed of the
ball mill and with reference to the MA process parameters to obtain
a more optimal alloy. [10]. The equipment used is a Radial Ball
Mill driven by a 0.5 HP electric motor. The matrix composition
variations applied in this mixing process consist of four weight
fractions: 86%, 88%, 90%, and 92%, which correspond to
reinforcement additions of 14%, 12%, 10%, and 8%, respectively.
The results of the MA process carried out at the Polman Babel
Mechanical Workshop Laboratory were then analyzed for particle
size using a Particle Size Analyzer (PSA) at the Laboratory of the
Faculty of Mathematics and Natural Sciences, Brawijaya University,
Malang. Based on the results of the PSA test after the MA process
for 6 hours, the average particle size (D50) was obtained sequentially
as follows: 88% matrix composition produced a D50 of 117 um;
90% matrix produced a D50 of 118.37 um; 92% matrix produced a
D50 of 122 um; and 94% matrix produced a D50 of 120.41 pm.

2.3 Hot compaction

The second stage in the Powder Metallurgy (PM) process is hot
compaction, which aims to shape and compact the powder mixture
from Mechanical Alloying into a workpiece with initial strength
before sintering [17] [10]. This process is carried out at the Polman
Babel Mechanical Workshop Laboratory using a WIPRO hydraulic
press with a maximum capacity of 50 tons. During the compaction
process, the mold temperature is maintained at 300°C and the
pressure is held for 10 minutes to ensure optimal compaction and
enhance inter particle bonding. The mold used is a ring-shaped mold
with an outer diameter of 50 mm and an inner diameter of 20 mm,
ensuring the resulting specimens have an annular geometry as
required for testing. Sample thickness is controlled by the amount of
MA powder mixture injected into the mold, which is approximately
35 grams for each specimen. This amount results in a minimum ring
thickness of approximately 8 mm, which meets the requirements of
the ASTM E110 standard [37]. In this study, varying compaction
pressures were applied to analyze their effect on densification and
the mechanical properties of the composites. Four pressure levels
were used in stages, namely 5000, 5100, 5200, and 5300 PSI, to
identify the optimum pressure capable of producing the best density
and structural quality in the hot compacted specimens.

2.4Sintering

The third stage in the Powder Metallurgy (PM) process is
sintering, a heat treatment that aims to increase material density,
reduce porosity, and eliminate any internal stresses remaining after

the compaction process [38]. Through this process, the compacted
powder particles undergo atomic diffusion at high temperatures,
forming stronger and more stable bonds [39]. Furthermore, sintering
also serves to repair and strengthen the interlocking bonds between
the matrix powder and the reinforcement powder, resulting in a more
homogeneous composite structure with improved mechanical
integrity [40]. The sintering process was carried out using a
Nabertherm N161/13 oven at 580°C with a holding time of 10
minutes. After the heating stage was completed, the specimen was
not immediately removed but rather slowly cooled in the oven for at
least 24 hours. This gradual cooling was carried out to prevent rapid
temperature changes (thermal shock), which could cause
microcracking or even structural failure. In general, aluminum
matrix composite specimens are very sensitive to thermal shock, so
controlling the cooling rate is an important factor in maintaining the
quality and integrity of the sintered material.

2.5 Testing and analysis methods

The analysis in this study was conducted by comparing the
results of physical and mechanical property tests, including density,
hardness, and wear resistance, each based on the relevant ASTM
standards: ASTM E110 for hardness [37], ASTM B962-17 for
density [41] and ASTM G99-17 for wear [42]. These tests aimed to
guantitatively evaluate the composite performance and determine the
effect of process variations on the quality of the resulting material.
Furthermore, the physical test results were corroborated through
microstructural characterization using scanning electron microscopy
(SEM) images conducted at the Polytechnic ATMI Surakarta to
observe the microstructure and particle distribution within the
specimens.

Density testing was conducted based on Archimedes' principle,
by weighing the specimens in air-dry conditions and submerged in
distilled water [43]. The sample density (om) was calculated using
an equation involving the sample's dry weight (ms), wet or
submerged weight (mg), and the density of distilled water (pH20) as
a reference fluid, following equation (1). This method allows for the
determination of actual density while also providing an indication of
the material's porosity level.

Meanwhile, a quantitative description of the material's resistance
to friction and mass loss during the testing process is calculated by
referring to equation (2), the volume of abraded material (W) based
on the geometric parameters of the wear trace, with the thickness of
the rotating disc (B), the width of the wear gap (b), and the radius of
the disc (r), according to the equation used. To obtain the volumetric
wear rate (V) by referring to equation (3), the volume of material
released (W) is then compared with the total sliding distance (x) [43].

ms

m= pH,0 1)
Bb3
W=_— )
_w B b3 _m
4 ; T 12 r.X - p X (3)

3 Result and discussion
3.1 Density

Based on the collection of density test data, in accordance with
ASTM B962-17 [41], samples are weighed in air and then in water,
using density test equipment made by afy Laboratory, Landungsari
Malang. Each sample was weighted three times, with a deviation of
+0,05 grams. The results are then calculated using equation (1) and
presented in Figure 1. NOB Brake Pad Composite Density Chart, a
graph was created as shown in Fig.1, indicating that density increases
with increasing reinforcement percentage up to a maximum at a
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reinforcement composition of 12wt%, then decreases slightly at a
density with a reinforcement composition of 14wt%

Table 1. Density values for NOB brake pad composites

No. Reinforcement Compaction Average
Percentage [%)] [PSI] [grams/cm3]
1 8 5000 1,716
2 8 5,100 1,800
3 8 5,200 1,865
4 8 5300 1,921
5 10 5,000 1,846
6 10 5100 1,913
7 10 5,200 1,908
8 10 5300 1,960
9 12 5,000 1,882
10 12 5100 1,945
11 12 5,200 2,121
12 12 5,300 2,106
13 14 5,000 1,929
14 14 5,100 1,891
15 14 5,200 2,009
16 14 5,300 2,004

Reinforcement Fraction Effect for Composite Density

2.200 2121
2100 1.945 - _ 2.106
— 2.000 1.891
2 1.900
L
B 1.800
£ 1700
S
8 1600
1.500
8
10 12 "

Cul"pﬂsltlﬂ" of ()lllpl]s" ateri '§ w
C (4 \/1 €ria [ t/[
(1)

m Compression 5000 Psi
Compression 5200 Psi

m Compression 5100 Psi
® Compression 5300 Psi

Fig. 1. NOB brake pad composite density chart

3.2 Hardness

Hardness testing was conducted using a Portable Brinell hardness
tester, ZwickRoell Brinell brand, in accordance with ASTM E110
[37] This test was conducted several times, and the three results with
deviation = 3 HB were selected. Based on the test data and the
calculation results, the following graph was created as shown in
Fig.2. Graph of Non-Asbestos Brake Pad Composite Hardness. As
with density, the hardness test results also showed a similar trend:
the higher the reinforcement, the higher the hardness, up to a
reinforcement composite composition of 12wt%. However, when the
percentage of reinforcement was increased, the hardness properties

were reversed, decreasing slightly when the reinforcement was
added up to a composite material composition of 14wt%.

Table 2. NOB brake pad hardness values [HB]

No. Reinforcement Compaction Average
Percentage [%]  [PSI] (HB)
1 8 5000 75,688
2 8 5,100 78,899
3 8 5,200 81,741
4 8 5,300 83,510
5 10 5,000 77,293
6 10 5,100 83,373
7 10 5,200 84,847
8 10 5,300 86,177
9 12 5,000 80,407
10 12 5,100 85,575
11 12 5,200 93,628
12 12 5,300 88,863
13 14 5,000 77,792
14 14 5,100 80,832
15 14 5,200 82,269
16 14 5,300 82,160
Reinforcement Fraction Effect
for Composites Hardness
93.628
95.000 85.575
- 90.696
85.000 80.407
g 75000 II I] I II
% 65.000
g
T 55000
8
10 12 ”

® Compression 5000 Psi ®m Compression 5100 Psi

Compression 5200 Psi m Compression 5300 Psi

Fig. 2. Graph of NOB brake pad composite hardness

3.3Wear

Wear testing was conducted in accordance with ASTM G99-17,
Pin-On-Disc [42]. The friction roll disc had a thickness of 27.5 mm,
arotation speed of 517 rpm, a friction test duration of 3 minutes, and
a load of 2 kg. The friction roll material is made of hardened steel
alloy with a hardness of 25 HRC and a surface roughness (Ra) of
4.57 um. This hardness test was conducted at the afy Laboratory in
Landungsari, Malang, East Java. The test results were then
calculated using equations (2) and (3). To facilitate comparison of
wear rates under different load conditions, the calculated volumetric
wear rate (V) was multiplied by the actual test load of 2 kg of
newtons (2 kg = 19.6 N), with calculation results are shown in Fig.3.
Specific Wear Volume (V) Graph of Non-Asbestos Brake Pad
Composites.
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Fig. 3. Specific wear rate (Vs) graph for NOB brake pad composites

3.4 Microstrukture analysis

Characterization was performed using Scanning Electron
Microscopy (SEM) to analyze the density and hardness of brake pad
composites. Therefore, eight specimens showing higher density and
hardness values were sent to the Indonesian Academy of Mechanical
Engineering in Surakarta for SEM testing. The SEM results are
shown in Fig. 4. Photo SEM of Non-Asbestos Brake Pad Composites
with Reinforcements. A comparison of the four SEM images clearly
indicates that the specimen with 12wt% reinforcement (Fig. 4(c)) has
the fewest pores, cracks/fractures, or holes among the specimens. In
other words, the interlocking bond phenomenon between particles
and between the reinforcement powder and the matrix is more
optimal. Meanwhile, the specimen with 8wt% reinforcement in Fig.
4. (a) and 10wt% in Fig. 4. (b) appear porous or has relatively many
cracks/fractures or holes, and Fig. 4. (d), with a composite
composition of 14wt%, there are clearly much larger
cracks/fractures, so that when the hardness test is performed, it can
affect the hard surface and affect the relatively soft hole groove.

Owe 22 0ct 2024
Time 1027:3¢

(a) 8 wt.%

(c) 12 wt%

(d) 14 wio%.

Fig. 4. Foto SEM of NOB brake pad composites with
reinforcements: (a) 8%, (b) 10%, (c) 12%, and (d) 14%

In Fig. 4 (d) (14wt%), weak point of the matrix, which provides
the bond between the reinforcement and the matrix, and this shows
the occurrence of a weak point in the matrix’s ability to provide its
bonds. In the matrix toward the reinforcement have begun to

decrease, and ultimately, very little interlocking bond can occur
between the reinforcement and the matrix. This unfavorable
condition also occurs even when the compaction pressure is
increased from 5200 PSI to 5300 PSI. Therefore, based on the
density, hardness, and wear-rate tests, this specimen exhibits high
density and hardness and the lowest specific wear rate among the
specimens.

Based on the varying pressure conditions, microstructure
characterization with SEM photos was also carried out, with the
results as shown in Fig. 5. The SEM photo characterization shown in
Fig. 5, respectively, is a variation of compaction of 5000, 5100,
5200, and 5300 PSI., where the density of the specimen increases
along with compaction, but at excessive compaction pressure, the
density can decrease. This is most likely due to slippage in the
particles. Comparison of SEM photos clearly shows that specimen
(a) has a higher porosity than specimen (b), specimen (b) has a lower
porosity than specimen (d), and specimen (c) has a lower porosity
than specimen (d). In specimen sample (d), agglomeration occurs
because there is too much reinforcing powder, so that the bond does
not become stronger, but shows a decrease. In other words, the
density, hardness, and wear rate of specimen (c) are better than the
other three specimens. This indicates that the interlocking bond
between the matrix powder and the reinforcing powder in specimen
(c) is the best.

c. 5200 PSI

d. 5300 PSI

Fig. 5. Photo SEM tests of NOB brake pad composites with
compaction pressure: (a). 5000 PSI, (b). 5100 PSI, (c). 5200 PSI, and
(d). 5300 PSI.

The research comparison results for AMC-based NOB brake
pads are shown in Table 3. Results Comparison of Several NOB
Brake Pads. Based on the table, the density test results in this
research paper fall in the middle among other AMC researchers,
ranking higher than Research Choudhury [26] and lower than
Research Subarmono [32] and Daniel-Mkpume [33]. While the
hardness test results are above those of Choudhury [26] and Shaikh
[34], they are below those of researchers Subarmono [32] and
Daniel-Mkpume [33]. While the Wear Rate test results have higher
wear resistance than those of three other researchers, Choudhury
[26], Daniel-Mkpume [33] and Shaikh [34]. However, this paper is
still superior to other researchers, because it uses reinforcement from
a mixture of silica sand and BA and uses AMC from waste from
Recycled Aluminum, so that by using this waste, the NOB brake pad
composite research results in this paper are relatively cheaper or
more competitive in the local brake pad market.
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Table 3. Results comparison of several NOB brake pads.

Formulated Formulat Formulat Formulat Formulated
Properties AMC+12% ed ed ed AMC +
(Silica S. (AI-Si)+ (AMC)+ AMC+  Silica S.
+BA) 12,5%. 10%.BA  10%. +SIC
BA [32][39] SilicaS. [34][41]
[26][32] [33] [40]
Densiy 2,121 1,85 ~2,55 2,6 2,48
[g/cm?]
Hardness 93,63 69,5 98,8 =~ 150 63
[HB]
Wear 0,0000193 0,005 0,000022 Not— 0,000685
Rate 6 Available
Volumetric
[mmé/mm]

4 Conclusion

Referring to the results and discussion above, the best physical
and mechanical properties for BA and Silica Sand Alloy reinforced
composites were obtained with a reinforcement weight fraction of
12%, and the optimal compaction pressure was 5200 PSI. The details
of this specimen are a hardness value of 93.628 HB, a density of
2.121 grams/cmgd, and a specific wear rate value of 0.0193 mms3/Nm.
After being converted to the SNI-09-0143-1987 standard
requirements for two-wheeled motorcycle brake pads, the results of
this study are within the tolerance limits, especially the hardness
range of 65-105 HB and the density of 1.5-2.5 grams/cm?3. Thus, it
can be concluded that the findings of this study are that by adding
BA and SiO; reinforcements to aluminum matrix composites, it is
able to improve the mechanical capabilities of the composite and
meet the brake pad standards. In addition, the most important finding
of this research is that the composite produced does not use asbestos
powder (NOB), but uses recycled aluminum as a matrix with
reinforcement using a mixture of BA waste powder and silica
powder from tin mining waste, so it is more environmentally
friendly. In addition to the aluminum matrix, phenolic resin also has
sufficient temperature resistance to meet the heat standards for
motorcycle brake pads. However, this type of resin has a lower
density than brake pads, requiring a balanced metal powder to
provide reinforcement, such as brass powder, iron powder, copper
powder, and others.
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