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ABSTRACT

This study presents evaluation and optimization of locally available organic materials for the development of
asbestos free brake pads. Some eco-friendly materials for automobile brake pads selected locally are rice husk
fibres, gum Arabic, graphite, quartz and steel dust were processed and evaluated for possible asbestos replacement
in comparison with the commercial brake pad materials. The material was processed and characterised for
elemental composition, microstructural analysis phase presents and observe chemical properties. Using scanning
electron microscope (SEM) equipped energy dispersive x-ray spectroscopy (EDX), x-ray diffractometer (XRD)
spectrometer and Fourier transform Infrared Spectrophotometer (FTIR) respectively. Commercial brake pad XRD
spectrum consist of three compounds exhibit a sharp, tight peak and wagging movement to attest that, the
compounds are crystallite and amorphous. While, all the selected materials are also crystallite, excluding gum
Arabic and rice husk that are amorphous. Characterization of SEM-EDX shows that, the commercial brake pad
has similar element composition with the selected reinforcement materials, except barium oxide find out to be the
based materials in the commercial brake pad that was alternatively replaced by rice husk in the new laboratory
formulation. Also, it was determined that FTIR analysis of the commercial brake pad has common functional
group of 1, 3 — disubstitution (meta) (C-H), alkyl-substituted ether (C — O) stretch, skeletal (C-C) vibrations
aromatic tertiary amine (CN) stretch and vinyl (C-H) in-plane bend molecules with the selected materials for new
laboratory formulation. Hence, this is accentuating that, the materials can be alternative use for production. It can
be finally concluded that the locally available raw materials selected has been evaluated with higher quality than
the existing properties of the commercial brake pad which can definitively leads to its low cost of its production.
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1. INTRODUCTION

Brake pads is an essential component of the braking systems in automobiles to control the speed by converting
kinetic energy of the vehicles to heat which is dissipated to the atmosphere. Brake pads are composed of steel
backing plates with friction material bound to the surface that faces the disc brake rotor. (Bekir et al., 2022). Brake
pad materials generally are classified into four principal categories, as Non-metallic materials, semi-metallic
materials, fully metallic materials and ceramic materials. The requirements for friction material design includes
stable friction force, reliable strength and good wear resistance over a wide range of braking condition. Moreover,
the friction material must be compatible with a composite disc brake by forming reliable friction film (stable third-
body layer) at the friction surface (Sathyamoorthy ef al., 2022)

Composition of brake pads has rapidly changed, as a result of the ban on asbestos fibres and the heat being
generated during braking causes reduction in braking efficiency (Durowaye et al., 2020). (Najmuddin ez al., 2021).
However, some less thermally stable resins in brake pads were identified as producing oily residues that
contributed to brake fade (Abutu et al., 2018). All epoxy and certain phenolic resins were identified as evolving
volatile gases during degradation causing a back pressure on the brake pad also resulting in brake fade (Heerok et
al., 2021).

Recently, concerted effort to address environmental issues and the need to protect the environment has drawn
research focus to the use of natural fibers in several applications, including brake pads (Najmuddin ef al., 2021).
Dalibor et al. (2022) evaluated palm kernel fibers (PKFS) for production of asbestos-free automotive brake pads
and the findings concluded that PKF can be effectively used as replacement to asbestor. Nwogu et al., (2021)
studied physic-mechanical properties of basalt-based brake as alternative to ceramics brake pad following the
standard procedures employed by commercial manufacturer and the result obtained showed that the properties of
palm kernel shell-based brake pad wholly satisfied the recommendation of the Standard Organization of Nigeria
(SON). Lawal et al. (2020) produced brake pad of agro based composits of cashew nut shells and Nigerian gum
Arabic binder. The studied concluded that cashew nut shell can be used in placement of materials in commercial
brake pad. Furthermore, the morphology and wear properties of palm ash and Polychlorinated Biphenyls (PCB)

573



Conference Proceedings, I'' Faculty of Engineering and Technology Conference (FETICON 2023), Jun. 5 - 7, 2023,
University of llorin, Nigeria

waste brake pad further justify the potential of biomass (Ammar ef al., 2023). Also, was reported by Giiney et al.,
(2019). Performance evaluation of brake pads development using two different manufacturing methods employed
for the design and production of asbestos free brake pad using cashew nutshell by Adekunle et al, (2023). The
results of the studies indicated that palm slag can be used effectively as an alternative to brake pad composites.
Nwogu et al. (2021) embarked on microstructure and wear mechanisms investigation on the brake pad. The brake
pad when compared with asbestos-based commercial brake pad they was found to perform effectively.

Hence, this work aimed at producing eco-friendly friction composite brake pads produced from local available
raw materials and compare it with the commercial brake pad by using powder metallurgy method to develop
samples for characterization.

2. MATERIALS AND METHODS

2.1. Materials

The raw composite materials used in this study were rice husk, quartz, steel slags, graphite and gun arabic were s
ourced from Ofada, Ogun State; Okpila, Esako, Edo State; Africa Foundry, Ogijo, Shagamu, Ogun State; Sama-
Borkono, Warji, Bauchi State; a local vendor within the industrial raw materials supplier trade group registered b
ut were harvested in Kano State Nigeria respectively as shown in Figure 2.

() © " 0
Fig 2: Photographs of raw materials (a) Rice Husk, (b) Gum Arabic, (c) Steel Slags, (d) Graphite ore, (¢) Quartz
ore and (f) Commercial brake pad

2.2. Materials Milling

A 5kg of the Rice Husk (HR) particles was sun dried for one week and charged into a ball milling machine (Model
87002 Limoges - France, A50 — 43, at 250 rpm) shown Figure 2b for 48 hours, with 25kg pebbles of different size
(Dia 46.5mm, 39mm and 30mm of Big, medium and small) respectively; to form fine powder. The produced
powder was later sieved with 75 pm (X), 100 um (Y) and 150 um (Z) sieve size aperture, using a vibro sieve
machine (Vibro sieve machine Bs 410 standard sieves Endecotts Limited, London). While that of Steel slags,
Quartz and graphite were pulverized using hammer mill, Model 000T, Puissance: 1.5KV, No 13634 (figure 2b)
and then charged into milling machine to form fine powder and sieved to 100 um particles size. The procedures
were in line with the practice of Elakhame et al. (2020). The samples of the milled sieved materials are presented
in Figure 3.

) (©) o (@
Fig 3: The various machines used and processed raw materials (a) Hammer Mill (b) Ball Milling Machine (c)
Rice Husk (d) Processed Gum Arabic (e) Steel Slags (f) Graphite (g) Quartz.
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2.3. Evaluation Properties of the raw Materials.
The elemental composition and phases present in the materials were determined with the accordance of ASTM
standard.

L X-ray Diffractometer (XRD)
XRD experiments were performed by (MiniFlex 600, Rigaku, Japan) diffractometer with Cu Ké based on ASTM
E2860 — 20(2021)The experimental conditions were as follows: 45 kV, 40 mA, 21-23°C, divergent beam slits 2
and 3 mm, receiving slits 1 and 0.2 mm, 20 = 5-70°C, and continuous scan with a scan rate of 2°C/min.

IL. Scanning Electron Microscope and Energy Dispersive X-Ray Spectroscopy (SEM-EDS)
The Scanning Electron Microscope with energy dispersive X-ray spectroscopy (SEM-EDS) (Phenom Prox model,
phenomWorld, Eindhoven) based on test procedure in ASTM C1255 — 18(2018) and ASTM E2809 — 13(2019)
Sample was placed on the Aluminium holder stub using sticky carbon tape. The sample was insulated using gold
and then grounded electrically. The samples (each) where then labeled on their stub, then dried in the oven at
60°C. Nitrogen line was opened at 50 psi and the vent button is pressed to fill the area with nitrogen for proper
purging of the chamber.
M1 Fourier Transform Infrared Spectrophotometer (FTIR).

For functional unit determination, the Fourier transform Infrared Spectrophotometer- (8400 S, Shimadzu, Japan)
was used. Samples were weight-in at 0.01 g and homogenized with 0.01 g KBr anhydrous by mortar agate. The
mixtures were pressed by vacuum hydraulic (Graseby Specac) at 1.2 psi to obtain transparency pellet. The
procedure in American Society for Testing and Materials (ASTM) ASTM D6348 - 12(2020) standards were
adopted to evaluate the raw materials.

3. RESULTS AND DISCUSSION

3.1. Elemental Compositions of the Raw Materials Specimens.

Table 1 shows the elemental composition of Commercial Brake Pad (CBP), Graphite (G), Quartz (Q), Steel Dust
(SD), Rice Husk (RH) and Gum Arabic (GA). The results revealed that the materials mainly contain metallics,
semi-metallic and non-metals. It can be seen that G, Q, SS, RH & GA have similar composition of elements
compared to the commercial specimen and equally found in asbestors. This suggested that the materials selected
can be used as fibres in the development of brake pads. The amount of Fe, Ca, S, P, Mg and Na in G, Q, SS, RH
and GA are comparable to the amounts present in the commercial specimen. All the raw materials have higher
amounts of C and Si compared to the commercial specimen. Correspondingly, their properties are similar to
commercial specimen, except the present of Ba only in the commercial specimen. These results are in lie with
earlier confirmed by Durowaye et al. (2020).

Table 1: Comparison of EDX Results Showing Elemental Compositions of Commercial brake pad, graphite,
quartz, steel dust, rice husk and Nig gum Arabic.

S/N  Element Element  CBP Graphite Quartz Steel Rice Gum
Symbol Name Weight Weight Weight Sisg Husk Arabic
Conc. Conc. Conc. Weight  Weight Weight
(G) Q) Conc. Conc. Conc.
(SS) (RH) (G4)
1 | Ba Barium 26.96 - - -
2| C Carbon 19.51 74.06 5.24 49.21 55.52
3 | Fe Iron 17.46 1.47 33.53 -
4| Ca Calcium 7.11 5.08 2.04 2.35 11.82 11.28
5| Ti Titanium 5.83 0.56 0.42 0.74
6|S Sulfur 5.07 1.29 0.78 0.44 3.83 1.56
7 | Si Silicon 3.58 8.01 76.72 52.07 16.83 3.18
8| Ag Silver 3.48 3.12 1.14 -
9| K Potassiu ~ 2.32 2.20 2.49 0.49 2.20 8.66
m
10 | Mn Mangane 2.14 1.61 -
se
11 | P Phosphor 1.66 0.87 0.17 0.46 5.47 1.80
us
12 | Mg Magnesi  1.53 0.61 0.37 0.28 0.70 2.04
um
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13 | Al Alumini  1.27 2.51 3.58 1.25 1.51 -
um
14|V Vanadiu 1.14 0.30 -
m
15 | Na Sodium  0.57 0.31 0.22 0.07 0.22 0.37
16 | N Nitrogen 0.19 0.94 0.79 2.01
17 | O Oxygen  0.18 0.35 1.41 3.67
18 | C1 Chlorine - 0.65
19 | Ag Silver 4.51 2.34 6.07
20 'Y Yttrium 3.34 3.26
21 | Cr Chromiu 1.23 0.51
m
22 | Zn 2.75

3.2. Scanning Electron Microscopy (SEM) of the Raw Materials Specimens.

In the spectrum of commercial specimen (Fig 4). It’s evidenced that barium and iron powders are uniformly
distributed in the resin. Graphite particles are evenly spread in the matrix. Clusters of Magnesium, Aluminum,
Silica, Sulfur and other are seen at random locations Ossia et al. (2021). It is observed in Figure (4b) that silicon
and calcium powders are distributed uniformly, while graphite particles are evenly spread in the matrix. Clusters
of phosphorus, sulfur, yttrium, silver and aluminum are seen at random location (Yezhe ef al., 2020).

The surface topography in (Figure 4c) was observed and the exterior surface of the gum arabic appears as irregular
rocky surface and clearly different from that of the parent gum arabic, which has spherical shape with many dents
on the surface (Nwogu et al., 2021). It is also observed that the spectrum had regular edges and homogenous
structure (Figure 4d) (Oktem et al., 2021). The presence of large and spherical particles of silicon in (Figure 4¢)
indicate the rounded nature of quartz particles while the spherical grains indicate recycled nature and maturity of
sediment accumulation. Quartz particle at higher magnification shows spongy surface and microcracks (Ahmad
et al., 2021). (Figure 4f) shows that graphite has a wide and thick particle size indicated at 1000x magnification.
The distance between the graphite particles looks wider with a far position and the existence of many stacks in
the graphite structure indicating that graphite has a layered structure (Seckley, ef al., 2020).

(d) () ®
Fig 4: SEM micrograph of the samples (a) Commercial brake pad (b) Rice husk (c) Gum Arabic (d) Steel dust (¢)
Quartz (f) Graphite.

3.3 X-Ray Diffraction (XRD) Results of the Raw Materials Specimens.

The phase purity and crystallinity of the commercial pad was examined by X-ray diffraction techniques (XRD).
Figure 5a consists of three phase compounds namely Graphite (C), Barite (BaO4S) and Calcite (Cas Cs O1s). The
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three compounds exhibit a sharp and tight peak at 20 equal 20 and 30° above 50% intensity Siburian et al. (2018).
Figure 5b reveals that the optimal sharp peak occurred at 20 angle equivalent 27° with 100% intensity’ the
presences of sharp crystalline peaks all-round suggest that the graphite specimen is a predominantly crystallite
(Obidiegwu et al., 2020). Figure 5c shows the amorphous nature of Nig gum arabic, the maximum intensity was
obtained at 20 angle equal 75° Atmika et al. (2019). The absence of sharp crystalline peaks indicates that the
specimen is amorphous in nature with an interesting feature of intensity distribution due to it wagging shape.
Figure 5d consist of phase compound namely Quartz (SizCs). The hexagonal crystal system exhibits a sharp and
tight peak at 20 equivalent 27° with 100% intensity (Ammar et al, 2023). Figure 5e indicate the broad peaks at 20
equals 75° and low intensity counts confirmed the RH to be largely amorphous silica. Suggesting, the presence
of quartz as crystalline phase. While Figure 5f shows the mineral phases of (silicon, graphite, magnetite, wuestite
and ferdisillicite) were determined at higher and lower phases due to the very complex mineralogical composition
of BOF steel slag, with many overlapping peaks and different solid solutions of oxides are (FeO, Fe;Ox4), silicon,
Ferdicillicite (Fe) and graphite (Viderscak et al., 2022). The purity crystal system exhibits a sharp and tight peak
at 20 equals 29° with 100% intensity. This result shows that the steel slag is best suitable for thermal, abrasive
and hardness enhancement properties in brake pad (Lyu et al., 2020).
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Fig 5. XRD spectrum of the samples (a) Commercial brake pad (CBP), (b) Graphite (c) Nig. Gum Arabic (d)

Quartz (e) Rice husk (f) Steel dust.

3.4 Fourier Transform Infrared (FTIR) Spectrometer Results of the Raw Materials Specimens.
According to the peak values shown in Figure 6a the peaks at 887.28, 1419.66 and 2438.1 cm-! band range show
vinylidene (C-H) out of plane bend stresses in the structure. This indicates the presence of the CH molecule called
Methylene. The peaks of organic silicone (Si-C-O) stretching at 3691 cm-lindicate the presence of SiOz and SiC
molecules in the structure Viderscak ef al. (2022) and Heerok et al. (2021). Figure 6b shows finger print, peaks at
925.86, 1080.17 and 1388.79 cm-! bands in the range of C-H and C-O indicate the presence of cyclohexane ring
vibrations (C6-H12), cyclic ethers/large rings (CO:CHs) stretch and trimethyl or “tert-butyl” (multilplet)
(C7H1sSn) molecules respectively (Oberddrster et al., 2005). The peak of 1535.39 and 1666.55 ¢cm™ bands
corresponded to C-H-NO and N-H indicates the presence of aromatic nitro compounds (CsHsNO:z) and amide
(NH2) molecules respectively. The FTIR spectral of gum Arabic is displaced in Figure 6¢c. The peaks at finger
print zone at 786.98, 1080.17, 1211.34, 1319.35 and1411.94 cm-! bands in the range of C-H, C-O, P-O-C, C-N,
C-H and C-H indicate the present of 1, 3 distribution (meta) (CcH4N204), cyclic ethers, large rings (CO2CH3)
stretch, aromatic phosphates (PO4) stretch, aromatic, aromatic tertiary amine (C3H6N) stretch and vinyl (CHz)
inter-plane bend molecules respectively (Lyu et al., 2020). According to the peak values of steel particles elements
shown in Figure 6d, the peaks at 786.98, 1057.03, 1327.07 and 1411.94 cm-! bands in the range of C-H, C-O, O-
H and C-H indicate the presence of (CH) 1, 3 distribution (meta) (CsHsN204), alkyl-substituted ether (CHO:)
stretch, phenol or tertiary alcohol (R 3COH) bend, Vinyl (C6H6) in-plane bend molecules respectively (Giiney et
al., 2019). The FTIR spectral of quartz is shown in Figure 6e. The peaks of 786.98, 1057.03, 1226.77, 1319.35
and 1411.94 cm-! bands in the range of C-H, C-O, C-C, C-N and C-H indicate the present of 1, 3 — disubstitution
(meta) (C-H), alkyl-substituted ether (C — O) stretch, skeletal (C-C) vibrations aromatic tertiary amine (CN)
stretch and vinyl (C-H) in-plane bend molecules respectively. The peaks of 1519.96, 1697.41 and 1797.72 cm-!
bands in the range of C-H, C-O, C-C, C-N and C-H indicate the present of aromatic nitro compounds (CsHsNO>),
aromatic combination bands (CsHs) and five — membered ring anhydride (C4O) molecules respectively (Oktem e?
al., 2021). Figure 6f shown the peaks at 794.7, 887.28, 949.01, 1064.74, 1211.34, 1334.78, 1334.78 and 1411.94
cm-! bands in the range of C-H, C-H, C-H, C-O, C-C, C-H, C-H and C-H, indicate the present of 1, 3-disubstitution
(meta) (C-H), vinylidence (C-H) out of plane bend, cyclohexane ring vibrations (CsH12), alkyl-substituted ether
C-O stretch, skeletal (C-C) vibrations, methyne (C-H) bend, methyne (C-H) bend, vinyl (C-H) in-plane bend
molecules respectively Viderscak et al. (2022).
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Fig. 6: FTIR spectrum of the samples (a) Commercial brake pad (b) Rice husk (c) Nig. Gum Arabic (d) Steel dust
(e) Quartz (f) Graphite.
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4 CONCLUSION
The evaluation of locally available raw materials selected for the development of brake pad were determined and
the conclusions are summarized as follows:

1. That values of the necessary parameters obtained from the raw specimens are within the standard
requirement for commercial specimen.

2.  Chemical composition of all the raw material specimens exhibited most of the elements within the
commercials specimen and even have higher wt% of C at Q (76.72)%, S.S (52.07)% and R.H (16.83)%;
and Si at G (74.06)%, R.H (49.21)% and G.A (55.52)% compared to the commercial specimen at C
(19.51)% and Si (3.58).

3. The spectrum of commercial specimen figure 3a exhibited uniformly distributed of both Barium and Iron
in the resin and in comparison to the selected raw materials specimens that gave a better properties of
evenly spread of particles in the matrix. Clusters of Magnesium, Aluminum, Silica, Sulfur, phosphorus,
yttrium, silver and other are seen at random locations. Except, the surface topography in Figure 3c
appeared as irregular rocky surface and clearly different from that of the parent gum Arabic with
spherical shape and many dents on the surface. The presence of large and spherical particles of silicon in
Figure 3e indicate the rounded nature of quartz particles.

4. The phase purity and crystallinity of the commercial specimen Figure 4a consists of three phase
compounds namely Graphite (C), Barite (BaO4S) and Calcite (Cas Cs O1s). The three compounds
exhibited a sharp and tight peak at 20 equal 20 and 30° above 50% intensity, The selected raw materials
specimens gave a better optimal sharp peak in Figure 4b at 20 angle equivalent 27° with 100% intensity;
Figure 4c shows the amorphous nature of Gum Arabic, the maximum intensity was obtained at 26 angle
equal 759; Figure 4d exhibited a sharp and tight peak at 20 equivalent 27° with 100% intensity; Figure
4¢ indicate the broad peaks at 20 equals 75° and low intensity counts confirmed the RH to be largely
amorphous silica. While Figure 4f exhibited a sharp and tight peak at 20 equals 29° with 100% intensity
appropriately. This result shows that the steel slag is best suitable for thermal, abrasive and hardness
enhancement properties in brake pad (Menezes et al., 2005).

5. FTIR analysis of the commercial brake pad has a common functional group of 1, 3 — disubstitution (meta)
(C-H), alkyl-substituted ether (C — O) stretch, skeletal (C-C) vibrations aromatic tertiary amine (CN)
stretch and vinyl (C-H) in-plane bend molecules which also displaced better in the selected materials for
new laboratory formulation accentuating that, the materials

6. Itcan be finally concluded that the locally available raw materials selected has been evaluated with higher
quality than the existing properties of the commercial specimen which can definitively leads to its low
cost and can be alternative use for production.
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