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Tribological Behavior of Automotive Brake Pads with
Different Sizes of Zircon Particles
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Department of Advanced Materials Engineering, Korea University

Abstract — Automotive brake pads with four different sizes of zircon particles (average sizes of 1 um, 6 um,
75 pm, and 140 um, respectively) were investigated to evaluate the size effect of abrasive particles on friction
performance. Results showed that the brake pads with the larger size of zircon particles tend to show better fric-
tional stability and low pad wear. However, the rotor surface was severely abraded in the case of using larger
zircon particles. On the other hand, the small zircon particles in the pads showed the fast increase of the coef-
ficient of friction with friction force oscillation and the tendency was pronounced at low sliding speeds. The
brake pads with small particle sizes also exhibited strong fade phenomena at elevated temperatures.
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Table 1. Ingredients of the friction materials studied
in this work

Classification Ingredient Vol. %
Aramid Pulp

Fiber PMF 15
Copper

Binder Phenolic Resin 15
. BaS0O,

Filler CaCO, 39

Friction Modifier NER 13
Cashew

Lubricant Graphite 10

Abrasive ZrSiO, 8
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Al VFERIATH(Table 1),
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Fig. 1. The micrographs of zircon particles contained in the friction material specimens used in this study
(a) contains 1 um size zircon (ZR1), (b) 6 um (ZRS) (c) 75 pm (ZR75), and (d) 140 um (ZR140).
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Table 2. Friction test procedure and condition (test condition was described in the order of IBT*, pressure,

speed, duration, and No. of applications)

Burnishing

IBT 30°C, 0.5 MPa, 2.38 m/sec (500 rpm), 300 sec X S times.

Wear Test & Surface Analysis

IBT 30°C , 0.5 MPa , 2.38 m/sec (500 rpm) 1000 sec. x 1 time

Drag Test

IBT 30°C , 0.3 MPa, 0.5 MPa, 0.7 MPa 1.42 m/sec (300 rpm), 2.38 m/sec
(500 rpm), 3.33 m/sec (700 rpm) 300 sec. X 2 times

*IBT: Initial Brake Temperature
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Fig. 2. The coefficient of friction and temperature at the rotor surface during constant interval tests using friction
material specimen ZR1, ZR6, ZR75, and ZR140 (100 rpm is equivalent to 47.6 cm/sec).
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Fig. 3. The amplitude of the coefficient of friction
during constant interval tests using friction material
specimen ZR1, ZR6, ZR75, and ZR140 (100 rpm is
equivalent to 47.6 cm/sec).
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Fig. 4. SEM micrographs of rubbing surfaces of the
brake pads after friction test (a) ZR1 and (b) ZR140.
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Fig. 5. Worn surfaces of rotor after wear test with friction materials (a) ZR1, (b) ZR6, (c) ZR75, and (d) ZR140.
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Fig. 7. Wear rate of the rotor after friction tests.
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