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Abstract
With automobile numbers continuing to increase, competition among manufacturers of brake pads is also increasing along with
the search for additives to serve as alternatives to the materials presently being used. In addition to the cost of the additives used,
another important consideration in choosing materials is that they should be safe for the environment and human health. This
study investigated the effect on braking performance of brake pads produced using walnut shell powder as a natural additive
material. Two different types of brake pad samples were produced using 3.5 (2A) and 7% (2B)walnut shell dust in the contents. A
commercial Clio brake tip was used as the reference (CO). The produced brake pads were subjected to thermal conductivity,
friction wear, density, hardness and water and oil absorption tests and microstructure analysis. A Chase type device was used for
wear friction tests, and the results were obtained according to SAE-J661(Brake Lining Quality Test Procedure) standards. The
experimental data were compared with those of the commercial brake pads, and the performances of the natural additive brake
pads were evaluated. The addition of walnut shell was shown to be compatible within the composition and exhibited a positive
effect on the friction coefficient.
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Introduction

Modern brake pad materials have much in common with
primitive ropes. Along with evolving automotive technology,
many studies have been aimed at producing high perfor-
mance, cheap, environmentally friendly brake pads that do
not cause harmful effects on health [1, 2]. The performance
of the braking system depends on the friction behaviour be-
tween the rotating disk and the brake pad. Brake friction ma-
terials are heterogeneous, and improved formulations vary in

physical, mechanical and chemical properties. In order to
achieve an optimal braking performance, composites are
formed by using many materials in combination [3].
Thousands of different materials have been used commercial-
ly as brake components [4, 5]. They are classified as binders,
reinforcing materials, fillers and friction modifiers. The fric-
tion and wear properties of a developed formulation cannot be
predicted based on the physical and mechanical properties of
the materials [6, 7]. Due to the harmful effects of materials
such as asbestos, in recent years, there have been significant
changes in pad materials. A great effort is being made to
develop high performance, environmentally friendly brake
pads [8, 9]. Organic materials such as wollastonite, vermicu-
lite, mica, basalt fibre, chopped glass fibre, ceramic fibre,
polyacrylonitrile, rock wool, polyester and aramid fibres used
in place of asbestos have similar performance characteristics
[10]. In addition, natural and agricultural residues and wastes
have begun to be used as new and inexpensive materials in the
development of brake pads [11]. In determining the composi-
tion, factors that need to be taken into consideration include
the type of vehicle to be used, the type of primer needed, the
nature and cost of the materials to be used, the manufacturing
cost and the health and environmental impact [12]. Wastes are
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produced abundantly in the world and are a hazard to human
as well as environmental health. Violet sea snail shell is an
agricultural waste. Aku et al. used periwinkle shell as an al-
ternative to asbestos-free brake pads. The results confirmed
that periwinkle shell could be used as a material for brake pad
production [13]. Ibhadode et al. used palm kernel shell to
produce asbestos-free brake tips. The results suggested that
palm kernel shell might replace asbestos as friction material
[8, 14, 15]. Walnut shells have various industrial uses, such as
for firewood, in chipboard manufacture, as a cleaning material
in the chemical and metal industries, for charcoal and more. In
some studies, it has also been used as an additive in brake
pads. Qui et al. [16] found that the effect of the walnut shell
powder they use in their work has proven to be very advanta-
geous in balancing the friction coefficient of the friction ma-
terials studied and increasing the wear resistance.
Approximately 120,000 tons of walnut shell is produced an-
nually in Turkey alone. Due to its chemical composition, wal-
nut shell can be used as a friction modifier in brake pads. The
shell rate in walnuts ranges from 40 to 60% on average, de-
pending on the type of walnut. The use of walnut shell as a
friction modifier in brake pads would increase its use and
industrial value.

In this study, walnut shell dust, which is harmless to the
environment and health, was used as additive material in
brake pads. A Renault Clio brake pad produced with natural
additives along with the pads produced with walnut shell were
subjected to density and hardness tests, microstructure analy-
sis and thermal conductivity and friction wear testing. The
obtained experimental data were evaluated for the perfor-
mance of the walnut shell additive pads and the commercial
reference brake pad with natural additives.

Experimental procedure

The elemental analysis

Walnut shell (Fig. 1) was used as the friction modifier in the
composition of the brake pads. The chemical composition of
the walnut shell has about 49% lignin, 47% holocellulose,

26% cellulose and other ingredients. In addition to walnut
shell, brass chips and graphite were used as friction modifiers;
steel wool, rock wool and kevlar as reinforcing fibres; pheno-
lic resin and rubber dust as binders and vermiculite, calcium
hydroxide and baryte as filling material.

The physical properties of the walnut shell dust used in the
brake pads are given in Table 1.

The composition of the brake pads is given in Table 2.
Brake pad samples weremanufactured by following certain

procedures using the prepared components. The process for
pressing the brake pads is given in Fig. 2.

Brake pads were produced by hot pressing. Plates were
cleaned by blasting (Step 1). The moulds were cleaned (Step
2). The brake pad composition was then placed in the moulds
(Step 3). The plates were then placed in the moulds (Steps 4–
6). The top cover was closed onto the mould and made ready
for moulding (Step 7). The load and temperature applied dur-
ing the pressing of the brake pads is important for properly
obtaining the pad. The production of the pads was carried out
at a pressure of 100 kg/cm2 at 180 °C for 6 min (Fig. 2, Step
8). During pressing, the air was withdrawn by retracting the
press mould three times for 10 s. Otherwise, porosity may
form at the beginning, or the materials forming the liner com-
position may not be able to hold together.

Physical behaviour analysis

After the brake pads were manufactured, microstructure and
energy dispersive X-ray (EDX) analyses (Quanta FEG 250,
Hillsboro, Oregon), density, water absorption, oil absorption,
thermal conductivity tests (C-Therm TCI model device, New
Brunswick, Canada) and hardness were performed to evaluate
their performance. Friction wear tests were carried out on a
Chase type device (BL-600-CT), and the wear rate results
were analysed.

In this study, the hardness measurements of the brake pads
were made using a Shore D (Durometer) measuring device
[17, 18], and the average of the values from five different
points on the surface of the pad was calculated. The hardness
measurements of the brake pads were made in accordance
with SAE J2654 standard (Hardness of Brake Lining).

Fig. 1 a Walnut shell; b SEM
image of walnut shell dust
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The density values of pads depend on the composition
used, the powder dimensions, the moulding method and the
heat treatment performed [19]. The density test was carried
out on the brake pad samples using the Archimedes’ principle
(Redmag PS360.R2 model) according to ASTM D792
(Standard Test Methods for Density and Specific Gravity
(Relative Density) of Plastics by Displacement) [11, 20–23].
For measuring the density of the pads, a density kit with a
precision scale was used. The samples were cut to size to fit
the heel. The density of the sample was measured according to
the Archimedes’ principle by placing the sample in a beaker
containing pure water. The density was calculated using the
formula in Eq. (1).

Density g=cm3
� � ¼ Dry weight gð Þ

Dry weight gð Þ−Wet weight gð Þ ð1Þ

The water and oil absorption tests, shown in Fig. 3, were
applied to observe the changes produced in the new brake
compositions in water and oil environments. The dimensional
changes of the samples which were kept in water and oil for
24 h were measured using a micrometre. The weight changes

were measured by precision scales, and the hardness changes
were measured with the Shore D hardness tester (Fig. 3).
These tests were performed according to ASTM D 570–98
standard (Standard Test Method for Water Absorption of
Plastics) [24]. The brake pads were measured in terms of
hardness, weight, width, length and thickness after immersion
in water and oil for 24 h.

The C-therm TCI analyser was used for the measurement
of the thermal conductivity coefficient of the brake pads pro-
duced in different composites. The thermal conductivity mea-
surements of the brake pads were made in accordance with
ASTM 1114–98 (“Standard Test Method” for “Thin Heater
Apparatus”).

Morphological analysis

Microstructural investigations were carried out to determine
the homogeneous distribution of the elements in the new com-
positions and their compatibility with each other. The samples
prepared for the scanning electronmicroscopy (SEM) (Quanta
FEG 250, Hillsboro, Oregon) images were covered with gold,
and SEM images of the samples were taken in backscatter
mode. The prepared samples are shown in Fig. 4.

The purpose of the acetone extractions test was to detect the
organic materials in the pads and to see whether or not the
resin was cured. Acetone tests are usually made on two dif-
ferent sites on the sample. If there is a great difference between
them, the material does not homogeneously mix or
homogenously cure. The acetone test was carried out accord-
ing to ASTM 494–04 standard (Standard Specification for
Chemical Admixtures for Concrete) [25].

Mechanical behaviour analysis

The friction-wear performance of the prepared samples was
tested based on SAEJ661 [26] by using the Chase friction test
machine (BL-600-CT) (Balatacılar Balatacılık Co. Ltd.). In
this machine, the counter face is a cast iron drumwith an inner
diameter of 30 cm. For friction testing, the surface area of the
specimens was square in shape with dimensions of 25.4 ×
25.4 × 40 mm. The speed of the drum was 411 rpm and the
maximum applied load was 68 kg.

Results and discussion

Morphological analysis

Microstructure images were examined to determine the homo-
geneous dispersion of the prepared samples, i.e. if the natural
additions to 2A and 2B were homogeneously dispersed. In
addition, the distribution of the walnut shell in the composi-
tion was also examined. Figure 5 shows the EDX analysis of

Table 2 Weight ratios of additives used in the pads

No Powder material 2A 2B CO

Joint additives 1 Steel wool 15–20 15–20 15–20

2 Rock wool 3–6 3–6 3–6

3 Kevlar 0.5–2 0.5–2 0.5–2

4 Graphite 5–7 5–7 5–7

5 Phenolic resin 6–8 6–8 6–8

6 Vermiculite 6–8 6–8 6–8

7 Brass chip 4–6 4–6 4–6

8 Calcium hydroxide 7–9 7–9 7–9

9 Zirconium silicate 3–5 3–5 3–5

10 Sulphur 0.5–1 0.5–1 0.5–1

11 Black iron oxide 1–3 1–3 1–3

12 Rubber powder 4–6 4–6 4–6

13 Baryte 6–8 6–8 6–8

14 Rubber 2–4 2–4 2–4

15 Chalcopyrite 6 6 6

16 Quartz + mica 4.5 4.5 4.5

Variable additives 17 Petrocoke 3.5 – 7

18 Walnut shell dust 3.5 7 –

Table 1 Physical properties of walnut shell dust

Property Walnut shell

1 Density (g/cm3) 0.368

2 Thermal conductivity (W/mK) 1.112

3 Particle size (μm) 289.08
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the 2B sample with walnut shell addition. The additives
forming the composition and the distribution of these sub-
stances in the composition are seen in the EDX analysis.
The EDX analysis from the SEM view shows the various sizes
and shapes of chalcopyrite, vermiculite, rock wool, wollaston-
ite, walnut shell, steel wool, calcium hydroxide, silica and
barium sulphate fragments in the microstructure. The structure
of the added walnut shell dust in the composite was found to
be fibrous.

Figure 6 gives the microstructural images of the naturally
reinforced 2A and 2B and commercial brake pads. The walnut
shell dust was homogeneously dispersed and appears in fibre

form in the microstructure. Figure 6a shows a SEM image of
the 2A sample (3.5%walnut shell addition). It can be seen that
the 2A sample has a tighter structure than the 2B sample. It
was understood that the porosity increases seen in the SEM
image of 2B (7% walnut shell) were directly proportional to
the water and oil absorption rates (Fig. 6b). As the porosity
increased in the 2B sample, the water and oil absorption rates
increased. It was also seen that the walnut shell dust fibres in
the 2B sample were more compact than in the 2A sample. The
microstructural images of the 2A and 2B brake pads with
natural additives and the CO showed the homogeneous distri-
bution. Moreover, in the image in Fig. 6c, the commercial pad
microstructure is seen to be more tightly structured than the
others, which can also be explained by the fact that the density
was high.

Deformation occurs on brake pad surfaces during friction
and due to the heterogeneous nature of brake pads, some abra-
sions may cause excessive wear. The pores on the lining of the
materials are broken by the adhesion mechanism and non-
adherent regions form plateaus 1–2 μm high. Figure 7 shows
the worn surfaces of the friction materials after friction testing
(same maximum scale of friction coefficient and force). The
friction materials reinforced with walnut shell showed a

Fig. 2 Padmanufacturing process

Fig. 3 Brake pad water and oil absorption process Fig. 4 Samples for SEM images
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smooth friction film. The most abrasion was found in the
commercial pad (CO), where abrasive particles such as zirco-
nium and iron dust were clearly seen to form the abrasive
grinding mechanism [27]. Wear traces and surface abrasions
were observed in 2A, although the surface of the 2A sample
had less evidence of wear than the other pads. Layers adhering
to the 2B specimen caused plateaus to form. By increasing the
amount of walnut shell, the friction modifier ratio in the com-
position was also increased. Thus, the trace of wear was re-
duced due to the formation of the abrasion film on the surface.
In addition, iron oxide and steel wool transferred from the disk
to the brake pin on the specimens were also detected. Steel
wool formed a friction layer containing iron on the friction
surface. These layers came in contact with air during friction

to form iron oxide. These particles occurring during friction
played a part in the wear of the brake pad [28].

Physical behaviour analysis

The density of brake pads is directly related to the density of
the materials forming the contents and the proportions of the
different materials. By increasing the amount of high-density
material in the composition, the density of the brake pad is
also increased. The density value of the commercial pad was
measured as 2.470 g/cm3 (Table 4). The density decreased
when the walnut shell contribution ratio was increased to
7% in the 2B sample. The increase in the percentage of walnut
shell in the composition reduced the density of the brake pad.

Fig. 6 Microstructure images: a
2A; b 2B; c CO

Fig. 5 EDX analysis of sample
2B
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Walnut powder appears to be one of the lowest density mate-
rials among the density values of the powder materials
contained in the composition. Increasing the density of the
brake pad reduces the porosity. When the microstructure of
the 2D sample with the lowest density was examined
(Fig. 6b), the micropores were clearly visible. The CO sample,
having the lowest water and oil absorption rates, had the
highest density [29, 30]. It can be said that the density values
of all samples were close to that of the commercial pad. The
resulting density measure values were consistent with those of
the literature [31]. Yawas et al. also found that as the size of the
periwinkle shell increased, the density of the brake pads pro-
duced with the agricultural waste periwinkle shell decreased
[32].

The thermal conductivity of the composites plays an im-
portant role in the performance of brake pads. Low thermal
conductivity due to overheating weakens the tribo surface,
causes deterioration of the organic components and adversely
affects braking ability. On the other hand, extremely high
thermal conductivity causes adverse effects on the brake fluid.
For these reasons, it is desirable to obtain an optimum thermal
conductivity by adjusting the content of the composite metal-
lic fillers [33]. According to ASTM-E1461–01, the thermal
conductivity test value should be at most 2.33 W/m2∙K
(2 kcal/h∙m2∙°C). According to the thermal conductivity re-
sults, the highest thermal conductivity value (1.56 W/m2∙K)
was found in the 2A sample (Table 4). These results are within
the limits of the standard for thermal conductivity. Increasing
the ratio of walnut shell reduced the thermal conductivity. This
indicated that the thermal conductivity value of the walnut
shell was low.

Car brakes under actual use conditions are obliged to work
in environments such as rain, dust and oil. Water and oil affect
the friction performance by forming a film between the disk
and the pad during braking [34]. It is important that the brake
pads do not change much under all these conditions and that
their performance is sustainable. Hardness and dimensional
integrity should not change much in an oil and water environ-
ment. In water and oil environments, friction composites must
remain stable. For this reason, it is important to determine the
amount of water absorbed when the pads are allowed to stand
in water and in oil. Table 3 gives water and oil absorption rates
of the natural additive pads 2A and 2B and the CO commer-
cial brake pad. The brake pads with added walnut shell addi-
tive material had an increased tendency to absorb water and
oil. Ademoh and Olabisi found that water and oil absorption
increased due to the increase of filler material [20]. This result
was influenced by the increase in the ratio of walnut shell
since the production conditions of the pads were equal. The
brake pads changed in weight and size according to their ten-
dency to absorb water and oil. This indicated that the walnut
shell powder was prone to absorb water and oil due to its low
dust density [29]. According to the hardness change, sample
2B exhibited the lowest density, and the sample lost the most
hardness.

The changes in the mass and thickness of the tested com-
posites are shown in Table 3. These changes were used for
evaluating the thermal stability of the composites against
wear. As can be seen, the wear rate of sample 2B showed loss
compared to the other samples. This increase in weight loss
can be explained by the porosity of the 2B sample, which had
the highest water and oil absorption rate. As the porosity

Fig. 7 SEM images of brake pad
worn surfaces: a 2A; b 2B; c CO
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increased, the friction and the weight loss of the brake pad
increased due to the increase in roughness. Ghazi et al. found
that as the porosity increased, the wear increased [35].

Mechanical behaviour analysis

The hardness test is an important test applied to the brake
pads. Hardness is a factor that affects the friction coefficient,
and in some studies, a true proportion was observed between
them. However, in other studies, no correlation was found
between hardness and the friction coefficient. Table 4 shows
the test results of the natural additive (walnut shell dust) brake
pads and the commercial pad (2A, 2B and CO).

The value of hardness was reduced because the amount of
walnut dust in sample 2Awas half the amount of that in the 2B
sample. As the amount of walnut in the lining composition
increased, the hardness also increased. Qi et al. found that the
walnut shell dust content added to the brake pad increased the
hardness of the brake pad [16]. The hardness value of the
commercial brake pad was measured as 86 Shore D. This high
hardness can be attributed to the increase in bonds. If the
material is softer, the actual contact area increases and the
friction coefficient becomes higher [36]. The increase in the
hardness of the pad causes the wear resistance to increase [20].

The friction test was carried out under constant sliding
conditions. The purpose of the test was to determine the ef-
fects of walnut shell dust on the change in the friction coeffi-
cient. The changes of the friction coefficient values of all
samples were recorded during each test included in the

SAE-J661. During the first fade period of the Chase test (test-
ing up to 290 °C), the friction composites showed a stable
friction performance (Fig. 8). The friction coefficient was ap-
proximately 0.37, 0.37 and 0.48 for samples 2A, 2B and CO at
the first recovery of the test, respectively. The friction coeffi-
cient of the CO sample was higher than the other samples (2A
and 2B) for the first period of the test. However, the coeffi-
cients of friction in the graphs appear to be stable.

As can be observed from Fig. 8, all test results fell in the
Fade 2 process. During the Fade 2 testing process, the friction
coefficient of the 2A and CO samples were increased by in-
creasing the temperature from 100 to 260 °C, and then de-
creased by increasing the temperature further to 350 °C. In
the 2nd stage of recovery, the friction coefficient started to
increase with decreasing temperature. According to the 2nd
stage test results of the 2B sample, when the amount of walnut
shell was 7%, the coefficient of friction did not show a signif-
icant increase or decrease despite the increase in temperature
and progressed more steadily than with the 2A sample. It can
be said that increasing the amount of walnut shell had a pos-
itive effect on the stability of the friction coefficient. At the
end of the tests in Fade 3, the coefficient of friction of all
samples showed a significant decrease after 300 °C. The fric-
tion coefficients in the Fade 3 phase were observed in the
samples 2A and 2B as 0.138 and 0.16, respectively.
Furthermore, the decreased friction coefficient was attributed
to the heat fade effect [37]. The heat fade is the decrease in
friction force at elevated temperatures, and it is closely corre-
lated with thermal disintegration of the binder resin. However,

Table 3 Average values of water and oil absorption rates

No. Brake pads Weight
(%) ± 0.074

Width
(%) ± 0.022

Length
(%) ± 0.008

Thickness
(%) ± 0.026

Hardness
(%) ± 0.870

Water absorption

1 2A 0.27 0.05 0.02 0.11 4.49

2 2B 0.37 0.06 0.03 0.12 5.62

3 CO 0.19 0.01 0.01 0.06 3.49

Oil absorption

±0.054 ±0.047 ±0.004 ±0.044 ±0.532

1 2A 0.43 0.16 0.02 0.11 1.14

2 2B 0.47 0.18 0.02 0.17 2.27

3 CO 0.34 0.07 0.01 0.06 1.14

Table 4 Average values of test results of brake pad samples

No. Brake
pads

Normal friction
coefficient (μ) ± 0.023

Hot friction
coefficient (μ) ± 0.034

Type Wear rate
(g) ±0.302

Hardness
(Shore D) ±0.816

Conductivity
(W/mK) ± 0.164

Density
(g/cm3) ±0.106

1 2A 0.348 0.316 EE 0.64 85 1.56 2.260

2 2B 0.399 0.400 FF 1.36 87 1.19 2.232

3 CO 0.398 0.362 FF 0.85 86 1.24 2.470
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the temperatures in this interval were higher than the decom-
position temperature of lignin, as the main constituent of wal-
nut shell dust, which is 160 °C [16]. In the third round of
recovery (Fig. 9), the most stable friction coefficient was ob-
tained in 2B. This fact could be attributed to the presence of
lignin, whose slight decreasing rate and lubrication properties
were responsible for stabilising the coefficient of friction
(COF) values of 2A and 2B. The walnut shell lignin content
was increased and thus could have been used as an effective
lubricant which suppressed the fade phenomenon of the final
composite during friction test at elevated temperatures.

The hot and cold friction coefficients of the 2A, 2B and CO
samples are given in Table 5. According to the results of the
tests, the average normal (cold) friction coefficients were
found as 0.348, 0.399 and 0.398 in 2A, 2B and CO samples,
respectively. The friction coefficient values of the 2B sample
and the commercial CO pads were very close to each other.
The hot friction coefficients were 0.316, 0.400 and 0.362 μ in
2A, 2B and CO, respectively. The highest value for the hot

friction coefficients was obtained from the 2B sample. It can
be said that the walnut additive helped to increase the friction
coefficient.

The friction coefficient must be kept at a balanced level at a
wide range of temperatures, loads and speeds [38]. The 3D
surface graph of the friction coefficients observed at 100
brakes is given in Fig. 10. The friction coefficient values of
samples 2A, 2B and CO measured after 100 brakings were
obtained as 0.334, 0.425 and 0.332, respectively. According to
the graphs, 2A (Fig. 10a) and the commercial CO pad had
similar values. As the number of applications in the 2A and
CO samples increased, the coefficient of friction decreased.
On the other hand, for the 2B specimen (Fig. 10b), the friction
coefficient increased as the application increased at low fric-
tion forces. However, the coefficient of friction became more
stable with increasing friction force. As the number of appli-
cations increased, the coefficient of friction increased in the
2B sample in which the walnut additive ratio was increased to
7%. In addition, the increase in friction force made the

Fig. 8 Fade graphs of the friction
coefficient test for the test
specimen brake pads: a 2A; b 2B;
c CO
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coefficient of friction more stable. This can be explained by
the increase in the percentage of walnut shell. The walnut shell
structure is oily and in fact, in order to achieve friction stability
for a wide range of temperatures, commercial friction mate-
rials often contain two or more solid lubricants and friction
modifiers [39]. The walnut shell was used as a friction mod-
ifier and lubricant in the 2B sample instead of petrocoke.

Therefore, the walnut shell fulfilled the task of petrocoke
and showed better braking performance.

The wear rates of the 2A, 2B and CO samples are shown in
Table 6. With the abrasion value of 1.36 g, the 2B sample was
the most abrasive pad sample. The reason for this was that the
coefficient of friction was high and the walnut shell content
was higher than in sample 2A. A more stable friction coeffi-
cient graph was obtained by increasing the amount of walnut
shell, and the wear amount of the pad increased.

It can also be said that the thermal conductivity of the 2B
specimen was lower than that of the other pads, resulting in an
increase in the amount of wear depending on the temperature.
When looking at the results, an accurate ratio can be seen
between the wear and hardness, but this relationship may not
always be directly proportional. Jaafar et al. in their work
could not obtain a true ratio between wear and hardness
[40]. The wear rate of 2A, which contained less walnut shell,

Fig. 9 Recovery graphs of the
friction coefficient test for the test
specimen brake pads: a 2A; b 2B;
c CO

Table 5 Average values of hot and cold friction coefficients of 2A, 2B
and CO samples

No. Sample Cold COF (μ) ±0,023 Hot COF (μ) ±0,034 Class

1 2A 0.348 0.316 EE

2 2B 0.399 0.400 FF

3 CO 0.398 0.362 FF
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was lower than that of CO and 2B. It can be said that the
amount of walnut added to the pad composite made an ob-
servable change on the amount of wear. The wear rate was
calculated using the formula in Eq. (2).

W ¼ 1

2πR
x

1

fmn x
m1−m2

ρ
ð2Þ

where n is the revolution of the rotating disk, m1 and m2 are
the average weights of samples before and after the test (g), W
is the specific wear rate (cm3/Nm), R is the radius of the
sample (m) and ρ (density of the sample) and fm is the average
friction force (N).

Conclusions

The friction composites combined with walnut shell were de-
signed, fabricated and characterised for physical, mechanical,
thermo-mechanical and tribo-performance. The assessment of
braking performance was carried out on a Chase-type friction
testing machine using the standard test protocol conforming to
the SAE J661 regulation. The physical and mechanical char-
acteristics of the composites were evaluated as being fit within
industrial norms. The influence of the walnut shell dust com-
ponent on the mechanical, frictional, thermal and wear behav-
iours of the brake friction materials was investigated and the
conclusions are summarised as follows:

& New formulations for automotive brake pads with addi-
tions of walnut shell dust (2A and 2B) were successfully
manufactured.

& Brake pads with 3.5 (2A) and 7% (2B) walnut shell dust
produced with walnut shell dust exhibited performances
comparable to commercial linings and in conformance
with standards.

& As the amount of walnut shell (3.5 (2A) and 7% (2B)) in
the pad composition increased, the hardness value also
increased. The results were close to the hardness value
of the commercial brake pad (CO) sample (86 Shore D).
The hardness increased very little when the walnut shell
was used as an alternative to petroleum coke.

& As the amount of walnut shell increased, the density value
decreased. The decrease in density with the increased
amount of walnut shell dust was explained by the lower
density of the pad related to high porosity.

& Thermal conductivity results were within the standard
limits according to ASTM-E1461–01. Increasing the ratio
of walnut shell reduced the thermal conductivity within
acceptable limits.

& The brake pads with walnut shell as a natural additive
material had an increased tendency to absorb water and
oil. Water and oil absorption in all samples was between
approximately 0.2 and 0.4%. This value indicated that the
water and oil absorption rates of the brake pads were
acceptable.

& The walnut shell dust was homogeneously dispersed with-
in themicrostructure. The walnut shell dust structure in the
composite was fibrous.

& The fade performance increased with the increase in the
walnut shell content, whereas the recovery performance
always remained higher than 100% and was observed to
stabilise with the increase in walnut shell content.

& The highest value for the hot friction coefficient was ob-
tained with the 2B sample. The walnut shell additive
caused increase in the friction coefficient.

& According to the SAE J661 standard, the friction coeffi-
cient results of the brake pads were obtained as EE for the
2A and as FF for the 2B and CO samples. All letter sym-
bols found were in accordance with the standards and fell
within an acceptable range.

& Depending on the weight loss, the maximum amount of
wear was seen on the 2B sample. This increase in weight
loss can be explained by the porosity of the 2B sample,
which had the highest water and oil absorption rate.

& The performance of the brake pads (2A and 2B)
conformed to the standards.
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a) b) c)Fig. 10 Friction coefficients at
100 brakings: a 2A; b 2B; c CO

Table 6 Average values of wear rate of samples

Sample 2A 2B CO

Wear rate (g) 0.64 1.36 0.85

Wear rate change (%) 0.10 0.20 0.20
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