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 ABSTRACT    Phenolic resin is used as a binder in friction material composites. It firmly binds the all other 
ingredients of the composite so phenolic resins also known as backbone of friction material composites.  Resins used in 
friction material composites are in powder forms during mix formation and it becomes melt during moulding to bind 
the other material. After moulding curing is a necessary process of mouded composite. In present work, we will optimize 
the temperature of curing cycle to gain the best performance properties of composite. Here we selected a formulation 
containing all necessary ingredients of friction material composite. Selected formulation is cured at four different 
temperature cycle namely C1, C2, C3 and C4 having final temperature 150°C, 160°C, 170°C,180°C respectively. It 
observed that C3 is having lowest wear rate, moderate performance friction, and higher recovery rate as compared to 
other three. C3 also having good adhesion area during cold shear test which indicates strong bonding between back 
plate and friction material. 
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INTRODUCTION: 
Curing is a very important process of friction material composite. As these composites having phenolic resin 
as a binder, during moulding stage which is prior stage of curing some resin becomes uncured; to cure this 
uncured resin final curing is required. To maintain a specific temperature during curing is also a important 
thing for maintaining performance properties of a friction material composite via Performance μ, Fade, 
Recovery and wear rate. 
Fade is the term used to indicate a loss in braking at elevated temperatures (typically in the range 300 -
400°C) because of a reduction in the kinetic friction coefficient (μk). The return to acceptable levels of 
friction at lower temperature is referred to as recovery1. The fade phenomenon in friction materials 
represents a deviation from Amonton’s law of friction2, and its occurrence reduces braking efficiency and 
reliability. Three primary attributes governing brake fade have been identified by Rhee2: load fade, speed 
fade, and temperature fade. Gopal et.al.3 proposed that fade is caused by gas evolution at the breaking 
interface as a consequence of pyrolysis. Fade was also attributed to the friction film formation leading to an 
effective increase in the true contact area and reducing the applied pressure on the pad 4-5. Fade was 
reported to be highly depending on the tribological history of the material 6-8. Selection of resin with higher 
thermal stability & oxidation resistance is of importance in controlling fade 9. 
 

EXPERIMENTAL 
Straight phenolic resin was selected for present work. It was procured from Force polymer chemicals 
Faridabad and it was characterized for IPF (Inclined plate flow), Gel-time, melting point, ash content and 
hexamine content with standard methods as shown in table 1. The fabrication of composites was carried out 
on the basis of keeping all necessary parts of a formulation like Fiber, binder, lubricant, rubber and fillers as 
shown in table 2. After moulding process a product has to go for curing, basically curing is process to cure 
remaining uncured resin in the composite. So there are four temperature selected as 140°C, 150°C, 160°C 
and 170°C keeping time as constant. But rise of temperature is in steps as it’s a friction material composite 
requirement to increase temperature slowly to avoid blister in the composite as shown in table 3. Pre-
curing process namely moulding is similar for all composite. In moulding mix weight is taken 110g. The 
mixture was then put into two cavity mould supported by the adhesive coated back plates. Moulding is 
carried out under pressure of 20 kg/cm2 for 8 minutes in a compression moulding machine. 

Table 1 Details of the properties of the selected resin characterized in the laboratory 
Properties Results 

Hexamine Content (wt%) 11.01 
IPF (in cm.) 3.3 
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Gel Time (in Sec.) 53 
Melting Point (°C) 91 

Ash content (in wt%) 0.23 
 

Table 2 Details about the formulations of composite 
S.No. Material Name % Quantity 

1 Kevlar 5 
2 Steel Wool 50 
3 Phenolic resin 12 
4 NBR 3 
5 Synthetic Graphite 12 
6 Magnesium Oxide 13 
7 Antimony tri sulphide 5 

 

Six intermitted breathing were also allowed the initiation of curing to expel out volatiles and moisture. 
Subsequently the pads were taken out and were then kept in oven at procedure shown in table 3 for the post 
curing to cure the uncured resin in the pad. The surface of the pad was then polished with a grinding wheel 
to attain the desired thickness and to remove resinous surface. 

Table 3 Detail of different curing cycle to optimize curing temperature 

S.No Curing Time 
Curing Temperature 
C1 C2 C3 C4 

1 30 min 70 70 70 70 
2 45 min 105 105 105 105 
3 30 min 120 120 120 120 
4 45 min 135 135 135 135 
5 30 min 140 140 140 140 
6 300 min 150 160 170 180 

 

RESULTS AND DISCUSSION 
The data on characterization of composites for various physical chemical and mechanical properties are 
shown in table 4. It is clear from the table that with increase in the final curing temperature hardness of 
composite increase, this was due to increase in cured resin amount. Gravity of the composite decrease 
because of some chemicals degrades below 180°C due to which they converts in ash and makes composite 
light in weight. Acetone extraction decreases with increase temperature as increasing degree of curing, Ash 
content increases because of material already becomes converted into ash with increasing in temperature. 
Cold shear is highest in case of C3 which is a better indication for a performance of a product. Hot adhesion 
area is also high for composite C3 which indicates that friction material will not be separate out during fade 
cycle. Porosity is also within range for C3 indicates better performance of composite. 
 

Table 4 Physical, chemical and mechanical properties of the composites 
Properties Unit/scale C1 C2 C3 C4 
Rockwell Hardness HR'L 78 85 91 93 
Sp. Gravity --- 2.56 2.55 2.53 2.54 
Acetone extraction % Wt 2.10 2.03 1.95 1.82 
Ash content % Wt 28.23 29.12 29.98 30.25 
Cold shear Kgf/cm2 35.00 37.12 41.23 40.60 
Hot shear Kgf/cm2 27.56 28.25 31.56 33.26 
Cold adhesion area % 75 75 70 65 
Hot adhesion area % 55 55 65 60 
Porosity % 11.25 11.89 12.56 13.21 
Heat swell Mm 0.13 0.11 0.11 0.10 
Water swell Mm 0.05 0.05 0.06 0.07 
Compressibility % 1.81 1.65 1.41 1.45 

 

Fade, Recovery, Performance and wear behavior of the composite 
The R-90 frictional response for five composite at a constant speed (660 rpm), constant interval (5 sec) and 
constant pressure (1.82 MPa) as summarized in Table 5 in terms of performance, fade, Recovery and wear. 
As seen in Table 5 overall magnitude of fade μ increases from C1 to C4. Performance μ is moderate in case of 
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C3 which is best suitable for a brake pads friction composite. Recovery is also highest in C3 and wear is 
lowest which makes C3 is best out of these four trials. Recovery and wear is most important properties for a 
friction material composite because recovery is important from safety point of view and wear is important 
for product life. 

Table 5 Performance attributes from fade and recovery studies on the composites 
Performance Attributes (μ) C1 C2 C3 C4 
Performance  0.389 0.391 0.401 0.415 
Fade  0.371 0.380 0.390 0.402 
Recovery  0.375 0.385 0.410 0.405 
Maximum  0.425 0.435 0.452 0.439 
Minimum  0.315 0.328 0.352 0.331 
Wear (cc) 5.011 5.161 4.925 5.312 

 

 
Figure 1 Indicates performance μ of C1 to C4. 

 

 
Figure 2 Indicates recovery behavior of C1 to C4. 

 
Figure 3 Indicates wear behavior of C1 to C4. 
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Conclusions: 
On the basis of result of performance properties, it is observed that C3 is having performance μ 0.401 which 
is best suitable for a friction material composite. C3 is also having highest recovery and recovery is an 
important thing in friction material composite, so C3 is best in recovery also. During wear analysis it also 
found that wear is lowest in C3. Hence C3 is the best curing cycle for a friction material as C3 is having 170°C 
final temperature of curing so 170°C is the best suitable temperature for a friction material. 
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