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ABSTRACT – This paper presents an investigation on 

effect of different volume percentage (vol.%) of phenolic 

resin on the mechanical and tribological properties of 

friction materials. Three brake pads composed of three 

different phenolic resin vol.% were prepared through 

powder metallurgy process. The samples were tested 

using brake inertia dynamometer and the effect of 

different vol.% of phenolic resin on friction behavior 

with respect to speed and temperature was investigated 

and discussed in this paper.  Test results indicates that 

sample R2 which composed of 10 vol. % of phenolic 

resin is the best formulation which produced stable 

coefficient of friction (COF). 

 

1. INTRODUCTION 

The friction material in the automotive brake 

system has been considered as one of the key components 

for overall performance of a vehicle. They are composed 

of four components; classified as binders, 

reinforcements, fillers and frictional additives [1]. It is 

important to note that certain ingredients in the friction 

material composition perform multiple function includes 

stable friction, adequate wear resistance and improved 

fade. In order to get the best formulation, a compromise 

is made on some of the properties to obtain reliable brake 

performance.  

Several methodologies for optimization of frictional 

material formulation have been reported [2,3,4]. They are 

based on different design of experiments to find proper 

formulations for optimum brake performance. The 

tribological properties of the ingredients have been 

studied considering various brake related issues such as 

friction stability, high temperature fade and wear 

resistance.  

Phenolic resin has the greatest influence on the 

tribological properties of brake pad due to the strongest 

influence on hardness and specific gravity [2]. In this 

study, we focused on the effect of phenolic resin 

composition on friction behavior with increasing 

temperature and speed during braking process. The effect 

of resin composition on the hardness, porosity and 

thickness loss was also discussed.  

 

2. METHODOLOGY 

Three laboratory brake friction material 

formulations have been prepared through powder 

metallurgy process. The ingredients were mixed in the 

tubular mixer for 10 minutes and then warm compacted 

in a brake-pad die under a pressure of 150 kg/cm2 at a 

temperature of 180oC. Table 1 shows the ingredients 

Vol% in the formulation. The samples were tested for the 

Rockwell hardness and porosity in accordance to 

Malaysia Standard MS 474: Part 2 and Japanese 

Industrial Standard JIS D 4418, respectively. The friction 

and wear test were performed using dynamometer in 

accordance with Recommended Practice Society of 

Automotive Engineer test procedures SAE J2522 

Dynamometer Global Break Effectiveness. The details of 

test program can be referred in the earlier publication [4]. 

 

Table 1 Sample composition. 

Ingredients  

R1 

(vol.

%) 

R2 

(vol.

%) 

R3 

(vol.

%) 

Phenolic resin 5 10 15 

Reinforcement fiber (steel, 

copper, ceramic) 
30.6 29 27.4 

Frictional additive (iron 

oxide, graphite, rubber, 

MgO) 

33.8 32 30.2 

Filler (friction dust, iron 

powder, Sulphur, barium)  
30.6 29 27.4 

Total (%) 100 100 100 

 

3. RESULTS AND DISCUSSION 

Table 2 shows the effects of phenolic resin on the 

material properties (hardness and porosity) when the 

compositions were changed by ±5vol%. It indicates that 

the phenolic resin significantly increases hardness, while 

in the case of porosity, the effect is opposite. Based on 

these results, it was noted that there is no direct 

correlation between vol.% of resin with the mechanical 

properties as well as the correlation between porosity 

with the hardness behaviour. This is because, the 

hardness increase with phenolic resin is attributed to 

good bonding as well as due to the high hardness of the 

thermosetting binder resin after cure [1]. On the other 

hand, phenolic resin decreases porosity because it flows 

through gaps inside the friction material during hot 

pressing process and fills voids before it is combined 

during curing.  

 

Table 2 Sample test results. 

Sample 
Hardness 

(Shore D) 

Porosity 

(%) 

Thickness 

loss (mm) 

R1 63.30 17.48 2.7 

R2 73.30 15.48 2.0 

R3 92.80 7.12 1.2 
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The test result shows that the thickness loss of the 

brake pad decreased with increasing vol.% phenolic resin 

in the formulation as shown in Table 2. This phenomenon 

could be due to increase in hardness and reduction in 

porosity with respect of vol.% phenolic resin increment 

in the formulation Table 1. It is obviously observed that 

there is no direct correlation between vol.% phenolic 

resin with the thickness loss during braking because other 

parameter such as wear mechanism, braking operating 

parameters and mode of braking might influence the 

thickness loss.  

 

 
Figure 1 Friction sensitivity with temperature. 

 

Figure 1 shows the COF increased with increasing 

temperature and then decreased when the surface 

temperature has reached the temperature of 230°C for all 

the three samples. Beginning of braking, the harder 

asperities on the brake disc being ploughed into the wear 

surface and widening the contact area of the brake pad 

which making the COF increased. Thereafter, the 

degradation of the phenolic resin causes the mechanical 

integrity of formulation to become gradually weaker that 

makes the COF decreased. The shearing of the peak 

asperities and formation of friction film could also reduce 

the COF as observed by other researchers [4].  

Sample R3 which composed of 15vol.% phenolic 

resin has the lowest COF. This is could be due to the 

decomposition of phenolic resin at elevated temperature 

resulting the lower bonding of the ingredients. It can be 

seen from Figure 1 that sample R2 showed an excellent 

fade resistance and more stable COF compared to sample 

R3 and R1. 

 

 
Figure 2 Friction sensitivity with speed. 

 

 

Figure 2 shows the COF slightly increased when the 

speed increased to 80-40 km/hr for all three samples, then 

decreased with increasing speed. When the brake is 

applied at higher speed, the amount of energy absorbed 

on brake pad and disc is also increased, thus increased the 

brake material surface temperature [5]. Therefore, the 

decomposition of resin which consequently causes the 

brake fades as the temperature increased. As the speed 

further increased, the surface temperature also increased 

and this decompose other polymeric materials such as 

rubber and friction dust. This further reduce the bonding 

among the ingredients and cause progressing contact 

where the particle rolls between the brake pad and disc, 

in which COF will be reduced [5]. The COF of sample 

R1 and R2 had almost a similar trend and values while 

sample R3 has the lowest COF value. It was observed 

that, the COF of sample R2 drop drastically which may 

cause the braking distance of the vehicle to increase. 

 

4. CONCLUSION 

The following phenomena can be concluded on the 

influence of phenolic resin on the mechanical and 

tribological properties of friction materials; (i) the 

porosity decreases with increasing of vol. % of resin 

while the hardness increases with increasing vol.% of 

resin. (ii) The thickness loss of brake pad decreased with 

increasing vol.% of resin. (iii) Sample R2 which 

composed of 10 vol. % of resin is the best formulation 

which produced on stable COF. 
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