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Abstract
The aim of this research was to develop a lightweight, asbestos-free brake friction material using sisal, jute, and sisal/jute 
hybrid composites along with fillers and frictional additives. Sisal, jute, and sisal/jute hybrid fiber–reinforced epoxy polymer-
filler-based composites were prepared using a compression molding process, and their mechanical and tribological properties 
were evaluated as per ASTM standards. The results were compared with commercial brake friction material. The study found 
that the compressive strength of sisal, jute, and hybrid composites increased by 21%, 11.6%, and 16.65%, respectively, while 
the hybrid composite (S3 + J3) exhibited nearly equivalent compressive strength. The impact strength, hardness, and water 
and oil absorption behavior of the hybrid composite exhibited the same performance as that of commercial brake pads. A 
pin-on-disc experiment was conducted and the results showed that wear loss and coefficient of friction decreased with an 
increased weight percentage of fiber. Scanning electron microscopy images depicted uniform dispersion, distribution, and 
defect-free laminates with a uniform wear track. Overall results suggest the potential use of these composites in brake pad 
applications. Therefore, this study presents the development of sisal-jute fiber epoxy filler–based hybrid composites for 
lightweight applications, which can be used as a substitute for asbestos in brake pads.
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1  Introduction

A vehicle’s brakes are crucial because they allow for a 
controlled stopping distance in the event of an emergency 
[1]. The effectiveness of braking is dependent on the brake 
pad materials, which must possess minimum wear loss and 
maximum coefficient of friction (COF) along with higher 
compressive, impact, and hardness strength to withstand the 

applied braking load [2]. The woven cotton, molded asbes-
tos, and sintered metal pads were used as automotive brake 
liners. They are thermally stable, regenerate the friction 
surface, are flexible, and remain intact up to 1400 °C [3]. 
As per the medical reports, continuous use of asbestos in 
brake pad material causes carcinogenic diseases and adverse 
respiratory conditions. Due to this, the EPA announced a 
proposal to ban asbestos, which resulted in the develop-
ment of copper-based brake pads along with fillers, bind-
ers, and lubricants [4]. In light of the devastating effects of 
copper brake pad use on marine life, a bill (SS 6557) has 
been introduced to gradually phase out the use of copper 
in brake friction materials [5]. As a result, the research and 
development of composite friction materials free of asbestos 
and copper is of paramount importance. Chan et al. car-
ried out investigations on the requirements of brake pads, 
constituent resins, reinforcing fibers, fillers, and frictional 
additives and their contributions towards the enhancement 
of both mechanical and tribological properties along with 
environmental concerns. It is suggested to use synthetic 
fibers, eco-friendly organic filler, and frictional additives 
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such as graphite, Al2O3, ZrO2, SiC, and antimony sulfide 
as fillers and phenolic/epoxy resin as matrix materials to 
manufacture brake pads [6]. Ganguly et al. made AFBFM 
using fibers, matrix, fillers, and friction additives to do wear, 
thermogravimetric, and SEM analysis. It was clear that the 
properties of friction, thermal stability, and wear resistance 
were all better on the composites that were made [7]. Rao 
et al. made brake friction materials that are better for the 
environment by using different types of agricultural waste 
instead of asbestos. By changing the types of filler, fiber, 
and binder, physical and tribological properties were looked 
at. It was found that the amount of phenolic resin in banana 
peels made the friction properties got better, and adding too 
many banana peels makes the product last less [8, 9]. Aran-
ganathan et al. made an eco-friendly brake friction material 
out of treated rock wool fibers to study mechanical, physical, 
and tribological characteristics to substitute copper. It was 
found that brake friction materials that were better for the 
environment worked better. For example, they had a higher 
thermal conductivity, were less dense, and caused tempera-
tures to rise less [10]. Zhang et al. made short/long carbon 
fiber-epoxy composites to test how well they wear when slid 
across a dry surface using POD experiments. From the SEM 
micrographs, it was seen that the SCFs do not come off the 
matrix as easily as the LCFs do. Also, the contact pressure 
and temperature increased with a slight drop in COF, and 
the SCFs wore better than the LCFs [11]. Bijwe et al. made 
NAO-based FRP composites to test the effect of different 
amounts of brass and barite on the mechanical, physical, and 
chemical properties as well as the fade and recovery tests. It 
was seen that as the brass content went up, the mechanical 
properties went down and the density, voids, water absorp-
tion, specific heat, conductivity, and thermal diffusivity went 
up [12]. Elakhame et al. fabricated PKS-based AFBPM to 
investigate tribological and mechanical properties with vary-
ing sieve sizes. As the sieve size got smaller, it was seen 
that the mechanical and wear properties got better. Hence, 
PKS-filled composites could be used to develop AFBP com-
posite materials [13]. Ilanko et al. made AFBFM with flax, 
basalt, and a mix of flax and basalt natural fibers to study 
how load and speed affect the wear on POD. It was noticed 
that basalt FRP composites exhibited better frictional char-
acteristics compared to other composites [14]. Olabisi et al. 
made brake pads out of the shells of cocoa beans, maize 
husks, and palm kernel shells to study their tribological and 
mechanical characteristics. Based on the results, it was clear 
that as the wt% of resin went up, abrasion resistance, COF, 
and water absorption went down, while tensile strength 
and compressive strength went up [15]. Mohit et al. made 
eight-layer laminates containing biofillers, nanoparticles, 
synthetic textiles, and bio/synthetic epoxy. The 3F8LTSE 
composite had higher mechanical properties and lower water 
absorption, making it appropriate for lightweight buildings. 

Artificial neural networks were tested to optimize laminate 
characteristics [16]. Gapsari et al. examined pine fiber–rein-
forced polyester composites with calcium carbonate fillers. 
Fillers increased flexural, impact, elastic modulus, and heat 
resistance. SEM indicated significant interfacial adhesion 
in filler-based composites [17]. Puttegowda et al. examined 
engineering-grade Phoenix pusilla fibers, E-glass woven, 
and carbon woven fabric-reinforced epoxy composite 
laminates. Five hybrid laminates made by hand layup were 
examined for density, void fraction, and mechanical strength. 
Physical and mechanical qualities improved significantly, 
making composite laminates appropriate for medium-load 
structural applications [18]. In the present study, an attempt 
has been made to develop natural fiber–reinforced matrix-
filler-based composites that could potentially be used in 
brake pad applications.

2 � Materials for brake pad selection

Fibers, binders, fillers, and friction additives are the four dif-
ferent categories of materials that make up all of the newly 
developed brake friction materials. These four categories of 
materials are used to meet the following specifications of 
the brake pad [13–19]:

1.	 Keep the friction coefficient of the brake disc high 
enough.

2.	 At high temperatures, the materials must not break down 
or break down to the point where the friction coefficient 
of the brake disc is affected.

3.	 Showcase a steady and predictable coefficient of friction 
with the brake disc.

2.1 � Fibers

The nature of the reinforcing fiber is the main factor in a 
composite’s strength. There have been several attempts to 
make brake friction materials out of synthetic and natural 
fibers instead of asbestos and copper [20–25]. A synthetic 
fiber is non-biodegradable and emits a greenhouse gas, 
which causes environmental pollution [26]. So, this research 
tries to find ways to make brake friction materials that are 
safe for the environment and do not use asbestos.

2.2 � Matrix

The matrix is responsible for holding the fibers and the 
other components together. In addition to this, they protect 
the constituents from potentially damaging chemical and 
moisture conditions. The matrix gives protection to the 
constituents from mechanical degradation. Matrix selection 
influences compressive, inter-lamellar shear, and in-plane 
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shear properties [27–29]. Phenolic, polyester, epoxy, and other 
liquid or powder resins contain monomers that transform 
into polymers upon curing. Epoxy resin is widely utilized in 
the production of FRP composites due to its versatility, low 
shrinkage, and great adhesive characteristics at a reasonable 
cost. In this research, epoxy resin (LY556) and hardener 
HY951 are applied to develop friction materials for brakes 
due to their superior mechanical strength and thermal stability 
[29, 30].

2.3 � Fillers

Fillers are introduced to polymers in order to manage the 
viscosity, decrease the cost, enhance the modulus, and 
reduce the amount of mold contraction. As per the literature, 
commonly used fillers in the fabrication of brake friction 
items are barium sulfate and calcium carbonate which take 
away the heat generated during braking. Coconut trees are 
cultivated in tropical Asia, with Indonesia, Philippines, and 
India producing more than 70% of the world’s total. Coconut 
shells have either been discarded or used as fuel and when 
these coconut shells are fired, they pollute the environment. 
Hence, in this research work, attempts are made to use these 
shells as filler in the development of asbestos free brake 
friction material (AFBFM). Since it is organic and biode-
gradable by nature, it acts as eco-friendly content with high 
strength, modulus, and thermal resistance.

2.4 � Frictional additives and lubricants

Frictional additives and lubricants are used to make brake 
friction materials so that the friction coefficient and rate of 
wear can be changed. In this work, Al2O3 is used as a fric-
tional additive; graphite and antimony sulfide are used as 
lubricants in the development of AFBFM by compression 
molding technique. Figure 1 depicts all of the brake friction 
materials that were employed in this project.

It is noticed that the use of less than 40 wt% of matrix 
and more than 30 wt% of reinforcement exhibited inadequate 
bonding between fiber and matrix interfaces [5]. Acknowledg-
ing the prior statement, in this study, different wt% of sisal, 
jute, and sisal/jute hybrid composites along with fillers and 
frictional additives were used to fabricate AFBFM (Table 1).

3 � Fabrication of AFBFM

The process flow chart shown in Fig. 2 illustrates the steps in 
the fabrication of AFBFM. To make Dough Molding Com-
pound (DMC), the mass of fiber, matrix, fillers, and fric-
tional additives is first calculated for the different samples 
shown in Table 2 and weighed using a digital scale.

The heating platens of the hydraulic type of compres-
sion molding machine are used to heat the steel metal mold 
shown in Fig. 3 to 150 °C, and then prepared DMC is poured 
into it. The heated mold and two platens of a compression 
molding machine are closed with a maximum clamping 
pressure of 120 bars, and the composite is left to cure for 
45 min. After the composite material had cured, it was taken 
out of the mold and put in a hot air oven at 80 °C for about 
24 h to make sure it was completely cured [3, 31]. Figure 4 
depicts the cured composite laminates.

Finally, the cured laminates shown in Fig. 4 were cut 
using a water jet machine as per ASTM standards to evalu-
ate compression, hardness, and impact strength. Water and 
oil absorption behavior and wear characteristics are used 
check the suitability of materials for brake pad applications. 
Further, a comparative analysis was carried out using com-
mercial brake pads.

4 � Evaluation of mechanical properties 
of AFBFM

In this research project, ASTM methods were used to 
test the mechanical and wear properties of AFBFM. The 
compressive response of a brake lining or pad is an important 
part of a vehicle’s braking system, according to the literature. 
Material for brake pads should be strong and stable, and have 
consistent friction and wear under different loads, speeds, 
temperatures, and other conditions. ASTM D-695, ASTM 
D-256, ASTM D-2240, ASTM D-792–86, ASTM D570, 
and ASTM G 99–95 (Fig. 5) standards are employed to 
investigate compressive, impact, hardness strength, density, 
water and oil absorption, and wear properties, respectively 
[32–35].

4.1 � Compressive strength

Compressive strength is a measure of how well a material 
or structure can hold up under loads that tend to make it 
smaller. To figure out the compressive strength under uni-
axial loading, tests were done with the Universal Testing 
Machine (UTM) at a test speed of 2 mm/min until the mate-
rial broke. For each wt%, three tests were conducted for 
sisal, jute, and hybrid composites and an average of these 
test findings was used to estimate the effect of reinforcement.

Figure 6 demonstrates the compressive strength of dif-
ferent wt% of sisal, jute, and hybrid FRP composites. It is 
noticed that with an increase in wt% of reinforcing fibers, 
the compressive strength of sisal, jute, and hybrid compos-
ites exhibits 21%, 11.6%, and 16.65% higher compressive 
strength, respectively, compared to 10 wt% of reinforcing 
fibers. It is obvious that those fibers operate as load carriers, 
and that a sufficient number of fibers, along with uniform 
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Fig. 1   Brake friction materials

Sisal Jute

Fibers Epoxy Resin with 

Hardener

Barium Sulphate Calcium Carbonate Coconut Shell Powder

Fillers

Aluminum oxide Graphite Antimony sulphide

Frictional additive Lubricants

Table 1   The wt% of materials 
chosen to fabricate AFBFM

Materials Weight percentage

Sisal Jute Sisal + jute (hybrid 
composite)

S1 S2 S3 J1 J2 J3 S1 + J1 S2 + J2 S3 + J3

Fibers Sisal 10 20 30 0 0 0 5 10 15
Jute 0 0 0 10 20 30 5 10 15

Matrix Epoxy 60 50 40 60 50 40 60 50 40
Fillers Barium sulfate 6 6 6 6 6 6 6 6 6

Calcium carbonate 2 2 2 2 2 2 2 2 2
Coconut shell powder 10 10 10 10 10 10 10 10 10

Frictional additives Aluminum oxide 9 9 9 9 9 9 9 9 9
Lubricants Graphite 2 2 2 2 2 2 2 2 2

Antimony sulfide 1 1 1 1 1 1 1 1 1
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dispersion of frictional additives and binder, produce effec-
tive communication between fiber and matrix, which in 
turn results in better compressive strength [36–39]. Further, 
AFBFM S3 and S3 + J3 exhibit nearly equivalent compressive 
strength of commercially available asbestos-based brake pad 
material. As a result, both sisal fiber and the hybrid AFBFM 
that was produced over the course of this research can be 
utilized as friction materials in automotive brake pads.

4.2 � Impact strength

Using the ASTM D256 standard, Charpy impact tests 
were done on notched samples of sisal, jute, and hybrid 

composites to find out how strong they were and how much 
energy they lost when they were hit. Figure 7 shows how 
each sample’s impact strength is shown and compared to that 
of a commercial brake pad. It is clear that impact strength 
increases with fiber weight percentage. Furthermore, the 
impact strength of sisal and jute fibers is nearly identical, 
and the performance of jute and sisal is slightly lower than 
that of hybrid composites due to better bonding between 
inter and interply laminates [15, 40, 41]. In addition, the 
impact resistance of commercial brake pad liners is greater 
than that of hybrid composites, which can be reduced by 
automating the production process.

Fig. 2   Process flow chart

Table 2   Mass of each constituent for different samples

Materials Density
(g/cm3)

Mass fraction

Sisal Jute Sisal + jute (hybrid com-
posite)

S1 S2 S3 J1 J2 J3 S1 + J1 S2 + J2 S3 + J3

Fibers Sisal 1.45 208.8 278.4 348 0 0 0 208.8 278.4 348
Jute 1.5 0 0 0 216 288 360 216 288 360

Matrix Epoxy 1.56 149.76 224.64 229.52 149.76 224.64 229.52 149.76 224.64 229.52
Fillers Barium sulfate 4.5 129.6 129.6 129.6 129.6 129.6 129.6 129.6 129.6 129.6

Calcium carbonate 2.71 26.02 26.02 26.02 26.02 26.02 26.02 26.02 26.02 26.02
Coconut shell powder 1.6 76.8 76.8 76.8 76.8 76.8 76.8 76.8 76.8 76.8

Frictional additives Aluminum oxide 3.95 170.64 170.64 170.64 170.64 170.64 170.64 170.64 170.64 170.64
Lubricants Graphite 2.26 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7

Antimony sulfide 4.64 22.27 22.27 22.27 22.27 22.27 22.27 22.27 22.27 22.27
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4.3 � Hardness strength

In this research, a Shore-Durometer (Shore-D) is used to 
measure the resistance of composites to plastic indentation, 
which is in line with the ASTM D-2240 standard. Experi-
ments were done in different places on the surfaces of differ-
ent weight percentages of sisal, jute, and hybrid composite 
materials. Table 3 shows the average hardness numbers for 
each combination. It has been discovered that the incorpo-
ration of fibers, adequate mixing of ingredients, and bind-
ing between particles increase the hardness of composites 
created. In addition, the hardness of jute/sisal hybrid com-
posites was compared to that of asbestos-based commercial 
brake pad materials, and it was discovered that the indenta-
tion strength of the composite is comparable.

4.4 � Density

A substance’s density also known as volumetric mass den-
sity is its mass per unit volume and is used to determine a 
substance’s compactness. Mettler Toledo’s density tester was 
used to test the weight percentages of sisal, jute, and hybrid 
composites. The results are shown in Table 3 and are in line 
with ASTM D-792.

All combinations of fiber and matrix make the composites 
denser. This is because the fibers are packed more tightly 
into the matrix, which makes the specimen more uniform. 
It was found that AFBFM were lighter in weight than con-
ventional brake pads of the same density (1.890 g/cm3). As 
a result of the lightweight and homogeneous distribution 
of CSP particles throughout a broader volume, the density 
of the samples drops. CSP can therefore be exploited in the 
creation of brake friction materials to minimize the price of 
brake pads.

4.5 � Water and oil absorption

The composite laminates were cut into 12.7 × 12.7 × 3.2 mm 
rectangular specimens, which were initially dried at 80 °C in a 
hot air oven for 24 h before being lowered to ambient tempera-
ture. Before testing, each sample was weighed to a precision 
of 0.0001 g using a Sartorius balance (W1). The samples were 
submerged in distilled water for 24 h, after which they were 
withdrawn from the water and the surface of the sample was 
dried with blotting paper and weighed (W2). A similar proce-
dure was adopted to test the oil absorption behavior of the com-
posite using SAE-30 grade oil. Using Eq. 1, the percentage of 
water and oil absorption was computed.

(1)����������������� =

(

�������������
�����������������∕������������(�2) − 
��������������	��
�������(�1)


��������������	����������(�1)

)

× 100

Table 3 shows the amount of water and oil that sisal, jute, 
and sisal/jute hybrid composites can absorb. The results 
demonstrate that the water and oil absorption of sisal and 
jute FRP composites increases as the weight percent of fibers 
increases. Also, it is noticed that the sisal fiber absorbs more 
water and oil than the jute and hybrid FRP composites. Sisal 
fibers absorb significantly more water and oil than jute and 
hybrid FRP composites due to the presence of hemicellulose 
and a large number of porous tubular structures [42–44].

If brake friction materials are developed using single fib-
ers, they result in more oil and water absorption than hybrid 
composites, which leads to debonding at the fiber–matrix 
interface and results in bulging of the brake pad materials 
which reduces contact area and braking effect. A comparison 
of the developed brake friction material and commercial brake 
pad was also performed. It was found that the oil and water 

Fig. 3   Pre heated metal mold

Fig. 4   Cured composite laminates
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absorption behavior of hybrid composites exhibits comparable 
results that of commercial brake pads.

5 � Evaluation of wear properties of AFBFM

The wear behavior of different weight fractions of sisal, 
jute, and sisal/jute hybrid brake pad materials was studied 
as per the ASTM G 99–95 standard using a pin-on-disc 

(POD) machine. For this study, a 180-mm-diameter EN31-
hardened steel disc with a hardness of 62 HRC was used 
to perform POD tests.

Figure 8 depicts the test specimens for the POD wear 
test. The tests were conducted by varying the normal load 
by 10, 20, and 30 N; the sliding velocity by 2, 3, and 4 m/s; 
and the sliding distance by 1, 2, and 3 km for various 
weight fractions of sisal, jute, and hybrid composites in 
accordance with the design of experiments (DOE). All 

Fig. 5   ASTM test specimens

ASTM D-695 Compressive test specimen

ASTM D-256 Impact test specimen

ASTM D-2240/ASTM D-792-86/ASTM D570 (Hardness, Density, oil and water 

absorption test specimens)

Fig. 6   Compressive strength of 
AFBFM
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trials utilized a track diameter of 120 mm. The weight 
reduction was calculated using an electronic scale that is 
accurate to 0.0001 g. To study the effect of braking, the 
frictional force and friction coefficient were recorded by a 
computer interfaced with the POD machine.

Wear loss and coefficient of friction for different combi-
nations of friction materials developed for brake pad appli-
cations were tabulated in Table 4 and Table 5.

A wear rate of newly developed asbestos free brake fric-
tion material is presented in Table 4 and Fig. 9 for 30 wt% 
of fibers. It is noticed that jute fiber–reinforced composites 
exhibit the highest wear rate compared to sisal and hybrid, 
since adhesion between the matrix and jute fibers is weaker 
because of the texture of fibers. The wear rate of jute fiber 
is 46.82% and 37.8% higher in comparison with hybrid 
(S3 + J3) composites. The literature indicates that the wear 
rate of commercially available brake pads is nearly identical 
to that of asbestos-free hybrid brake pads. This is due to the 
better cohesive strength established between jute, sisal, and 
other constituents. Table 5 depicts a comparison of the coef-
ficient of friction (COF) for newly developed brake friction 
materials devoid of asbestos. The average value of COF is 
0.323, 0.387, and 0.231 for sisal, jute, and hybrid composites 
respectively. This reduction in COF of hybrid composites is 

due to better adherence; better bonding prevents the fibers 
pull out and fragmentation of fiber from the matrix, during 
the sliding the fibers will only bend in the direction of the 
force and get embedded in the transfer film forming the pla-
teaus and offering resistance to the sliding force, resulting 
in a higher COF [45, 46].

5.1 � Microstructure analysis

The scanning electron microscope (SEM) uses a focused 
beam of high-energy electrons to make a variety of signals 
on the surface of a solid object. This shows information 
about the texture, crystalline structure, and orientation of 
materials. In the majority of applications, data are collected 
across a specific region of the sample, and two-dimensional 
pictures are produced to identify their attributes and analyze 
their crystalline structure. The specimens J3, S3, and S3 + J3 
shown in Fig. 10 were used for microstructure analyses in 
this research.

Figure 11 displays SEM images of 30 wt% sisal, jute, and 
hybrid composites; a flawless interface between the matrix, 
fibers, fillers, and frictional additives can be observed. Addi-
tionally, a homogeneous distribution of fillers was detected 
in the composite. This tendency may be attributable to the 

Fig. 7   Impact strength of 
AFBFM
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Table 3   Physical and mechanical properties of ABFBFM and ABCBP material

Samples as per the wt% of fibers S1 S2 S3 J1 J2 J3 S1 + J1 S2 + J2 S3 + J3 Asbestos-based 
commercial brake 
pads[30]

Compressive strength, MPa 85.63 92.13 101.83 79.24 83.32 87.33 87.66 90.33 105.26 110
Impact strength, J/mm2 0.066 0.068 0.071 0.063 0.067 0.07 0.079 0.083 0.0852 0.11
Shore-D hardness number 61 63 64 65 67 73 69 73 76 82
Density
g/cm3

1.59 1.66 1.65 1.73 1.74 1.75 1.74 1.75 1.77 1.89

% of water absorption 1.16 1.35 1.64 0.82 0.86 0.88 0.83 0.91 0.96 0.9
% of oil absorption 0.84 0.88 0.95 0.63 0.68 0.76 0.45 0.51 0.58 0.3



Biomass Conversion and Biorefinery	

1 3

plugging of tiny fractures with coconut shell powders and 
improved adhesion between the layer’s fiber and matrix, as 
seen in these photographs. SEM pictures revealed the sliding 

wear behavior along the sliding direction of the worn sur-
faces. It has been shown that plastic deformation leads to the 
creation of parallel deep grooves and wear debris. The depth 

Fig. 8   ASTM G 99–95 wear 
test specimens

Sisal Jute Sisal/Jute Hybrid 

Table 4   Wear loss Test
no

Sliding 
velocity, 
m/s

Load, N Sliding 
distance, 
m

Wear loss of samples as per the wt% of fibers, mg

S1 S2 S3 J1 J 2 J 3 S1 + J1 S2 + J2 S3 + J3

1 2 10 1000 0.3 0.2 0.3 0.33 0.23 0.369 0.24 0.15 0.24
2 2 20 2000 0.4 0.3 0.3 0.44 0.345 0.369 0.32 0.225 0.24
3 2 30 3000 0.6 0.4 0.5 0.66 0.46 0.615 0.48 0.3 0.4
4 3 10 2000 0.5 0.6 0.4 0.55 0.69 0.492 0.4 0.45 0.32
5 3 20 3000 0.8 0.7 0.5 0.88 0.805 0.615 0.64 0.525 0.4
6 3 30 1000 1.4 1.2 0.7 1.54 1.38 0.861 1.12 0.9 0.56
7 4 10 3000 1.3 1.9 0.7 1.43 2.185 0.861 1.04 1.425 0.56
8 4 20 1000 0.9 0.8 0.6 0.99 0.92 0.738 0.72 0.6 0.48
9 4 30 2000 1.2 1.2 0.7 1.32 1.38 0.861 0.96 0.9 0.56
10 2 10 1000 0.8 0.7 0.8 0.88 0.805 0.984 0.64 0.525 0.64
11 2 20 2000 1.3 1.1 0.9 1.43 1.265 1.107 1.04 0.825 0.72
12 2 30 3000 1.7 1.3 1.1 1.87 1.495 1.353 1.36 0.975 0.88
13 3 10 2000 2.1 1.6 1 2.31 1.84 1.23 1.68 1.2 0.8
14 3 20 3000 2 1.8 1.5 2.2 2.07 1.845 1.6 1.35 1.2
15 3 30 1000 1.3 1.3 1.2 1.43 1.495 1.476 1.04 0.975 0.96
16 4 10 3000 2.1 1.7 1.6 2.31 1.955 1.968 1.68 1.275 1.28
17 4 20 1000 1.7 1.5 1.5 1.87 1.725 1.845 1.36 1.125 1.2
18 4 30 2000 1.9 1.7 1.6 2.09 1.955 1.968 1.52 1.275 1.28
19 2 10 1000 1.6 1.2 1.1 1.76 1.38 1.353 1.28 0.9 0.88
20 2 20 2000 1.5 1.3 1 1.65 1.495 1.23 1.2 0.975 0.8
21 2 30 3000 1.9 1.8 1.6 2.09 2.07 1.968 1.52 1.35 1.28
22 3 10 2000 2.1 1.3 0.9 2.31 1.495 1.107 1.68 0.975 0.72
23 3 20 3000 1.9 1.4 1.1 2.09 1.61 1.353 1.52 1.05 0.88
24 3 30 1000 1.7 1.1 0.8 1.87 1.265 0.984 1.36 0.825 0.64
25 4 10 3000 2.1 1.9 1.5 2.31 2.185 1.845 1.68 1.425 1.2
26 4 20 1000 2.1 1.2 1.1 2.31 1.38 1.353 1.68 0.9 0.88
27 4 30 2000 2 1.3 1.2 2.2 1.495 1.476 1.6 0.975 0.96
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of the parallel groove is dependent on the wear load; as seen 
in the photographs, the depth of the groove grows as the load 
increases. Further, hybrid composites exhibit minimum wear 
loss with uniform wear along the direction of sliding.

6 � Conclusions

The goal of this study is to evaluate the mechanical and 
tribological properties of hybrid natural composites made 
of sisal and jute. A non-asbestos brake friction material 
is formulated by the compression molding technique by 
varying the wt% of sisal, jute, natural fibers and 10 wt% of 
coconut shell powder (CSP) along with fillers and frictional 

Table 5   Coefficient of friction 
(COF)

Test
No

Sliding 
Velocity, 
m/s

Load, N Sliding 
distance, 
m

Coefficient of friction for a Samples as per the wt.% of fibers

S1 S2 S3 J1 J 2 J 3 S1 + J1 S2 + J2 S3 + J3

1 2 10 1000 0.32 0.33 0.30 0.32 0.38 0.36 0.26 0.28 0.24
2 2 20 2000 0.34 0.34 0.31 0.36 0.39 0.37 0.29 0.28 0.25
3 2 30 3000 0.36 0.36 0.34 0.39 0.41 0.4 0.32 0.30 0.27
4 3 10 2000 0.27 0.25 0.28 0.31 0.29 0.33 0.25 0.21 0.22
5 3 20 3000 0.27 0.27 0.29 0.28 0.31 0.34 0.23 0.23 0.23
6 3 30 1000 0.30 0.28 0.29 0.33 0.32 0.35 0.27 0.23 0.24
7 4 10 3000 0.29 0.28 0.30 0.32 0.32 0.36 0.26 0.23 0.24
8 4 20 1000 0.31 0.29 0.27 0.35 0.33 0.32 0.28 0.24 0.22
9 4 30 2000 0.31 0.32 0.33 0.32 0.37 0.39 0.26 0.27 0.27
10 2 10 1000 0.31 0.37 0.34 0.28 0.42 0.4 0.23 0.31 0.27
11 2 20 2000 0.34 0.37 0.29 0.32 0.43 0.35 0.26 0.31 0.24
12 2 30 3000 0.35 0.40 0.30 0.31 0.46 0.36 0.25 0.34 0.24
13 3 10 2000 0.33 0.35 0.34 0.34 0.4 0.4 0.28 0.29 0.27
14 3 20 3000 0.33 0.34 0.34 0.33 0.39 0.41 0.27 0.28 0.28
15 3 30 1000 0.34 0.35 0.33 0.35 0.4 0.39 0.28 0.29 0.27
16 4 10 3000 0.35 0.37 0.32 0.35 0.42 0.38 0.28 0.31 0.26
17 4 20 1000 0.35 0.36 0.32 0.37 0.41 0.38 0.30 0.30 0.26
18 4 30 2000 0.33 0.33 0.30 0.35 0.38 0.36 0.28 0.28 0.24
19 2 10 1000 0.37 0.37 0.34 0.39 0.43 0.4 0.32 0.31 0.27
20 2 20 2000 0.39 0.38 0.34 0.41 0.44 0.4 0.33 0.32 0.27
21 2 30 3000 0.40 0.41 0.34 0.42 0.47 0.41 0.34 0.34 0.28
22 3 10 2000 0.38 0.37 0.32 0.41 0.42 0.38 0.33 0.31 0.26
23 3 20 3000 0.35 0.36 0.35 0.37 0.41 0.42 0.30 0.30 0.29
24 3 30 1000 0.36 0.37 0.34 0.38 0.42 0.4 0.31 0.31 0.27
25 4 10 3000 0.38 0.36 0.35 0.42 0.41 0.42 0.34 0.30 0.29
26 4 20 1000 0.36 0.35 0.36 0.39 0.4 0.43 0.32 0.29 0.29
27 4 30 2000 0.36 0.34 0.34 0.41 0.39 0.41 0.33 0.28 0.28
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additives. It is found that, with an increase in wt% of rein-
forcing fibers, compressive strength of sisal, jute, and 
hybrid composites enhances by 21%, 11.6%, and 16.65% 
in comparison with 10 wt% of reinforcing fibers. Further, 

sisal and jute hybrid composites (S3 + J3) exhibit nearly 
equivalent compressive strength that of commercially avail-
able asbestos-based brake pad material. Further, the impact 
strength, hardness, water, and oil absorption behavior of 
hybrid composites exhibited equivalent characteristics 
that of commercial brake friction materials. Wear loss and 
coefficient of friction of sisal, jute, and hybrid composites 
were evaluated using pin on disc experiments. It has been 
discovered that as the percentage of fiber weight increases, 
wear and COF decrease. Thirty wt% of hybrid composite 
exhibits better wear characteristics than commercial brake 
friction material. Further, SEM images depict the uniform 
dispersion, and distribution defect-free laminates with uni-
form wear track. Hence, sisal and jute hybrid asbestos-free 
brake friction material developed in this research work can 
be utilized in automobile brake pad applications.
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