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ABSTRACT – Four brake friction material 

formulations have been prepared through powder 

metallurgy route. Sample K was used a reference 

sample without composed of kenaf. Selecting sample 

KB as based formulation, volume percentage (vol. %) of 

kenaf was increased by 50 vol.% in sample KC and 

decreased by 50 vol.%, in sample KA. The samples 

were examined for their porosity, hardness, COF and 

thicknes loss properties. Sample KA, KB, KC which 

composed of kenaf had higher COF than sample K 

(without composed of kenaf). Test results show that 

sample KB which was composed of 10 volume 

percentage of kenaf fibres is the best formulation based 

of COF and thickness loss results. Thus, it could be 

concluded that kenaf fibres can be used as a friction 

modifer in brake friction material formulations.   

 

1. INTRODUCTION 

Brake friction material is used to absorb the kinetic 

energy during braking and converts to heat energy 

through brake pads and disc. Braking performance 

decreases when the temperature is above the 230°C due 

to the decomposition of resinwhich acts as a binder [1]. 

Earlier study shows that phenolic resin has the greatest 

influence on the tribological properties of brake friction 

materials [2]. Other components of the brake materials 

are; (i) reinforce fibre, (ii) friction modifier, and (iii) 

filler. The strength, rigidity, and integrity properties are 

provided by the reinforce fibre materials such as steel 

wool, glass and ceramic fibre. 

Friction modifier such as graphite, kenaf, iron 

oxide is used to improve coefficient of friction (COF) 

and wear properties of the brake friction materials. A. 

Almaslow et al. [3] using epoxidized natural rubber in 

the semi metallic friction materials which produced 

higher COF and lower wear rate. Mustafa et al. [4] in 

their study found that kenaf is the most suitable 

alternative friction material that passes all design stages 

and consumes less energyas compared to asbestos, jute, 

and ramie fibres. This work investigates the adaptability 

of kenaf fibres as friction modifier in the fabrication of 

brake friction materials. 

 

2. METHADOLOGY 

Four brake friction material formulationshave been 

prepared through powder metallurgy route. The 

ingredients were mixed for 10 minutes and then warm 

compacted under a pressure of 150 kg/cm2 at a 

temperature of 190oC in a brake-pad die with a 

dimension of 25 mm x 25mm x 8 mm. The compacted 

brake pads were post-baked at a temperature of 180°C 

for 4 hours, in an oven. The kenaf fibre volume 

percentage (vol. %) in the sample are shown in Table 1.  

The fabricated samples were subjected to porosity and 

Rockwell hardness tests in accordance with Japanese 

Industrial Standard JIS D 4418 and Malaysia Standard 

MS 474: Part 2, respectively. The tribological tests were 

performed on CHASE dynamometer in accordance with 

Society of Automotive Engineer test procedures SAE 

J616. The sample was pressed against a rotating brake 

drum with a constant rotating speed of 417 rpm under a 

constant normal load of 647 N. The details of test 

program can be referred in the earlier publication [5]. 

The hot COF is defined as the average of the ten 

readings taken at 400 and 300ºF on the first recovery; 

450, 500, 550, 600 and 650ºF of the second fade; and 

500, 400 and 300ºF of the second recovery run. The 

normal COF is defined as the average of the four 

readings taken at 200, 250, 300 and 400ºF on the second 

fade curve.  

 

Table 1 Sample identification and composition. 

Identification K KA KB KC 

Resin 10 10.6 10 9.44 

Steel fiber 20 21.1 20 18.9 

Kenaf fibre 0 5 10 15 

Activated carbon  20 21.1 20 18.9 

Iron oxide 15 15.8 15 14.2 

Iron powder 15 15.8 15 14.2 

Barium 10 10.6 10 9.44 

Total (vol.%) 100 100 100 100 

 

3. RESULTS AND DISCUSSION 

Figure 1 shows the influence of vol. % of the kenaf 

fibres on the porosity and hardness properties of the 

developed brake friction materials. The porosity of the 

sample decreases when the vol.% of kenaf fibres was 

increased in the formulation. The kenaf fibre filled-up 

the pore as the vol.% of kenaf fibres increases, thus 

reduces the porosity of the sample. The hardness 

increases with increasing vol.% of kenaf fibres up to 10 

vol.% of kenaf. However, the value slightly decreases 

when vol.% of kenaf fibres was increased to 15 vol.%. 

As the vol. % of kenaf powder increases, the vol.% of 

metallic materials decreases which resulted in reduction 

in hardness value. It can be seen in Figure 1 that the 
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hardness of the brake friction material is not simply 

correlated with vol.% of kenaf fibres in the formulation. 

 

 
Figure 1 Effect of vol. % of kenaf fibres on porosity and 

hardness properties. 

 

Figure 2 shows the effect of kenaf fibres on the 

friction characteristics during second fade cycle. Under 

this cycle the sample was subjected to a temperature 

between 93°C to 315°C  (200 °F to 600°F), which is 

below the decomposition temperatures of phenolic 

resin. All the three samples which composed of kenaf 

fibres have higher COF as compared to the sample 

without kenaf fibres in the formulation. The COF 

decreases with increasing surface temperature due to the 

degradation of the phenolic resin known as brake 

fade.The percentage of fade is depends on the vol % of 

kenaf fibres in the formulation. The degradation of 

natural fibres initiating at a temperature around 260 °C I 

due to dehydration combine with emission of volatile 

components [6]. This could be the reason why sample 

KC with the highest vol. % of kenaf powder, has the 

highest percentage of fade. Based on tests results, 

sample KB which composed of 10 vol. % of kenaf 

fibres produce the highest COF.  

 

 
Figure 2 COF characteristics of different vol. % of 

kenaf fibres in the formulation. 

 

Figure 3 shows that sample KB which composed 

of 10 vol.% of kenaf fibres has the lowest thickness loss 

while sample KC which composed of 15 vol.% of kenaf 

fibres has the highest thickness loss. Excess in vol. % of 

kenaf fibres would result a higher thickness loss, thus 

increase weight loss of the sample. The rapid weight 

loss above the temperature of 260 °C was due to 

oxidative decomposition corresponding to the formation 

of char [1].  

 
Figure 3 Thickness loss characteristics of different vol. 

% of kenaf fibres in the formulation. 

 

4. CONCLUSION 

The following phenomena on the influence of 

kenaf fibres on the mechanical and tribological 

properties of friction materials can be concluded as; (i) 

porosity increases with increasing of vol. % of kenaf 

fibres, (ii) Sample KB which composed of 10 vol. % of 

kenaf fibres is the best formulation which produced on 

highest COF and lowest thickness loss results. 
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