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Abstract We synthesized potassium titanates having splinter and plate shape and evaluated frictional and wear properties of
brake pad using them as reinforcements in friction materials. For splinter-shaped potassium titanates, potassium tetratitanate
(K,0-4TiO,, PT4) with plate shape was prepared, then K ion of the titanate was leached by acid to make potassium hexatitanate
(K,0-6TiO,, PT6), which was transformed to splinter-shaped PT6 by thermal treatment at 800°C. Plate-shaped potassium
magnesium titanate (K,zMg,,Ti,sO,, PMT) was prepared by adding Mg in the potassium titanate using KCl as a flux.
Using PT6 and PMT as reinforcements in friction materials of brake pad, we evaluated frictional and wear properties using 1/5-
scale dynamometer. According to dynamometer test results, both reinforcements shows similar friction coefficient and fade &
recovery behavior to conventional material and plate-shaped PMT exhibits higher wear resistance than splinter-shaped PT6.
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Table 2
Composition ratio and synthesis conditions of the potassium magnesium titanate samples (PMT, K, Mg, ,Ti, ;O,)
Composition ratio Synthesis condition
K,CO;, KClI (flux) Mg(OH), TiO, Heating temperature (°C) Heating rate (min/°C) Holding time (h)
1 23 0 1 5.3
2 23 1.2 1 5.3
3 2.3 3.6 1 53 .
4 23 6.0 1 53 1050 =33 2
5 0 23 1 5.3
6 0 3.6 1 5.3
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Table 3
Formulation of friction materials containing Potassium titanate
(PT6 or PMT)

Materials Component (vol%)
PT (PT6 or PMT) 20

Filler 30

Abrasive 6

Graphite 5

Aramid 7

Binder resin 17

Other 15

*PT6: splinter-type, PMT: plate-type.
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Table 4
Melting-holding condition in PT6 synthesis
Melting temp. (°C) Cooling rate Holding temp. Holding time
Heating rate ("C/min)) (°C/min) (°C) (h)
1
3 1200 (3°C/min) 20~40 900 3
6
4 1300 (3°C/min) 20~40 1000 6
1300 (3°C/min) 20~40 1000 6
1
7 1400 (3°C/min) 20~40 1300 3
6
1
9 1450 (3°C/min) 20~40 1300 3
6
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Fig. 2. (a) SEM images of PT6 samples (3, 7, 9 in Fig. 1). (b) Optical microscope images of PT6 samples (3 in Fig. 1) according to
holding time.
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Fig. 3. XRD diffraction patterns of PT6 samples (3, 5, 7 in

Fig. 1) according to holding time. K,Ti;O,; (Jeppeite): JCPDS

No. 40-0403, K,Ti,0,: 32-0861, K,Ti,O5: 51-1890, K,TisO,:
41-1100, KTi,0,: 41-1097.
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Fig. 4. XRD diffraction patterns of PT6 samples (3-5 in Fig. 1).
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Fig. 5. SEM images of PT6 samples (3-5 in Fig. 1).
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Table 5
Acid leaching and thermal treatment condition
HCl conc./vol. Leaching Stirring Haeating
(powder 10g) time speed temp.
1 1.0 M/100 ml 30 m 260 rpm  800°C
2 0.5 M/100 ml
3 0.3 M/100 ml
4 0.1 M/100 ml
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Fig. 6. XRD diffraction patterns of acid leached PT6 samples
of 3.
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Fig. 8. XRD diffraction patterns of PMT samples (1-6 in Table
2) according to composition.
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Fig. 7. SEM images of PT6 samples (3, 4, 5 in Fig. 1) after thermal treatment at 800°C.
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Fig. 9. SEM images of PMT samples (1-6 in Table 2).
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Fig. 10. Particle size analysis results of PMT samples (1-6 in Table 2).
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Dynamometer test results
Friction coefficient Burnish 2" eff 1" fade & 2" fade & 3%eff  Padwear Disc wear
(Average m) oy (W) Recovery (W) Recovery () (W) (mm) ()
Splinter 0.40 0.41 0.45 0.41 0.40 0.41 0.513 0.543
Plate 0.42 0.42 0.44 0.44 0.42 0.43 0.471 0.530
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Fig. 11. Dynamometer analysis results of PT6 and PMT samples.
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