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Effect on the Properties of Brake Pads of Recycling Dust as Filler Friction Material Properties
Table 4 presents the density, hardness, porosity, compressibility, and Young’s modulus of the
seven samples which have added recycling dust as filler. The actual composition was obtained by
Abstract reducing by about 10% every ingredient in the commercial brake pad formulation except the
phenolic resin. These are compared with the commercial brake pad or CBP (o recycling dust added
fiction material).

Table 4 Typical properties of the brake pad used in this study
This research is focused on the effect recycling dust (RD) on properties and - Density | Porosity | Hardness | Compressibility | Young's modulus
performance of brake pad composites. Recycling dust was produced from grinding Specimen code [gfem’] | [%] | [HRR] [micron] [GPa]
process of in-finishing products to standard thickness and was used as a new friction Commercial brake CBS 236 1473 86.49 99200 1.458
material in brake pads. Based on a simple experimental formulation, the proper type of pad (no RD added) - N -
recycling dust reused in brake pad formula was investigated by changing recycling dust RD LS 345 '1 67 81.89 142.167 1358
type in mixing process. In the experiment, the properties of brake pads, hardness, Modified ;g ";g 2 ?; :; Z; = j; ::2 i’g : 2 =
density, porosity, and Young's modulus were Furthermore, the RoMIT S35 T T 5025 . e
and composition of recycling dust will be characterized by X-Ray Fluorescence (XRF), (RD added) RD M2 43 1241 7713 160.517 1322
and Scanning Electron Mi (SEM). The brake pad RD M3 | 242 12.62 74.96 183.933 1241
showed that the value of density and compressibility increased while the value of RD M4 | 243 12.37 76.89 158.733 1.259
hardness and Young’s modulus decreased by adding 10wt% of recycling dust to
commercial brake pad formulation. Hence, the benefit of this work is using recycling Optimization of Mixing Conditions on the Physical and Tribological Properties of
dust as one of alternative fillers in disc brake pad materials without compromising the Brake Pads
quality and performance.
Characteristics of Recycling Dust Abstract
The SEM micrographs of different RD particles reveal that each RD consists of particles varying
in size and shape as shown in Fig, 1 (all images were compared at the same magnification).
Particle-size analysis data obtained from a sieving process are presented in Tabl 2. They show a
broad size range for the three different RDs varying from 100 mesh (250 microns) down to 200 This study investigates the effects of mixing condition on hardness, porosity, specific
mesh (71 microns). A size-distribution is shown in Fig. 2. The particle size distribution shows that gravity, wear, and friction characteristics of automotive brake materials. In the
over 98% are smaller than 250 microns. The LSD sample has 34.04% that is the accumulated @periment, mixing raew materials with theee different conditions of impelier epeed
residues at 200 mesh. The LCD curve is almost the same as the NCD sample with passing values (3000, 4500, and 6000 rpm), mixing duration (up to & min) and mixture loading based
approximately 27.47% and 25.22%, respectively. The influence of tapped density significantly on a mixer volume (35, 50 and 65 vol' ) were determined using the formulated mixture
depends on the particle size distribution as seen in Table 2. This reveals that the greater the amount composition. Homogansity by berns of enskty valzes Inchling haschnees, porosity and
of residue, the higher is the tapped density of the RD. That is because the small particles can occupy specific gravity of the finished brake pads were determined. The surfaces and the

the voids between large particles. It is also clear from Table 2 that LSD has the greatest residue

corresponding to the highest tapped density. distribution of friction material were studied using scanning electron microscopy

(SEM). The correlation between various mixing conditions and physical and tribological
properties of brake pads were discussed and reported.

Coefficient of friction ‘Wear rate by Mass

3 —e—dmin, 35 vol%
Low Sieel Dust: e 3 Non:copperDust —e—8 min, 35 vol%
A min, 65 vol%o

—— min. 65 vol% A

——4min. 35 vol%
s ——Smin. 35 val

Tigure | SEM micrographs of different type of reeyeling dust including (a) low stecl dust,

(b) low copper dust, and (c) non-copper dust 4min, 65 vol% 2
—e—$min. 65 vol% 5
Table 2 Density and particle size distribution data of recycling dust 5 3 =
RD types | Density IS0 T87/L1 [giem?] Sicve analysis ASTM B214 [Retain?%) 100 150 200 250 300 300 250 200 150 100 00 10 w0 20 300
Bulk Density | Tapped Density | 2mm | lmm | 500pm | 250um | 150pm_ 71pm | Pan Temperature (C) Temperature (C)
5D 052 | 09083 — 018 025 | 059 | 63.94 2673|830 N B — .
ch 052 0.7062 - 009 025 | 043 | 7175 21.14 | 6.34 Fig. 5. (a) The coefficient of friction and (b) the wear rate of friction materials
NCD 0.52 0.6946 - 009 025 | 044 | 7400 2036486

Conelusion

In the present study, the time factor in the mixing process is found to be the most influential
parameter to the formation of bulk density. The lowest bulk density of the mixture is obtained at 8
minutes. The relationship between the bulk density and the other physical properties including
hardness, density, and porosity in the range of powder bulk density value at 0.606 and 0.644 glem®
shows no significant correlation.

The optimum mixing conditions are minimum time of mixing and maximum percent volume of
‘mixer These are achicved at 4500 rpm, 4 minutes, and 65 percent volume of mixer. In this study the
variation of mixing conditions did not cause a significant correlation in the tribological properties.

Sieve Number #10 #1435 #60 7100 4200
»

e Low Steel D
-~ Low Copper Dust
Non Copper Dust

oo

*Partcle Diameter [
Fizure 2 Graph of Iog sieve size vs *apassing for recychng dust

Chanadusakorn, K., Kaewlob, K., & Reubroycharoen, P. (2019). Effect on the Properties of Brake Pads of Recycling Dust as Filler.
Key Engineering Materials, 824, 52-58.

Rupiyawet, K., Kaewlob, K., Sujaridworakun, P., & Buggakupta, W. (2019). Optimization of Mixing
Conditions on the Physical and Tribological Properties of Brake Pads. Key Engineering Materials, 824, 67-72.
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Effects of Hot Molding on Physical and i perties of Brake Pads

Abstract

Hot molding is one of the most important processes for the manufacture of friction
materials in automotive brake systems. That is because it has direct impacts on the
physical and mechanical properties. Porosity and compressibility affect properties like
brake vibration. This then affects brake noise. Therefore, the objective of this work was
10 study the effects of hot molding conditi the porosity and of
friction materials. The crucial parameters; molding pressure, temperature and holding
time were varied in the hot molding process. Porosity and compressibility were
investigated and analyzed in relation to the manufacturing parameters using statistical
analysis. The results and the correlation coefficients (R * ) show that molding pressure
and holding time are the most significant effects on porosity and compressibility. They
indicate that the hot molding parameters can adequately explain porosity and
compressibility.
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Optimization of the compressibility’s model. Brake pads wnh Lhe l-ughest compressibility were the
quitest [5,15]. However according to the vehicl mark [16], hould
not exceed more than 2% of the pads” thickness. So, the target ot “compressibility for this work was
238 um (the pads” thickness = 11.9 mm). 150°C, 1500 psi, and 2.0 min were the optimum molding
temperature, molding pressure, and holding time, respectively (Fig. 5).

Fr-T T s
Siaw e e 2 &

Optimum condition for porosity

o m 1 g o -1

Fig. 5: Optimum condition for compressibility

‘Table 4: ANOVA

F-Value P-Value

Source  DF "~ Sum Mean Sum  Mean

F-Value P-Value S g

Model 9 12741 1416 2568 0001 3900680 433410 1276 0006
X 1 297 297 5074 0001 6610 61610 1830 0008
X 16136 6136 1132 0000 462750 462790 1362 0014
X 12151 2iS1 3903 0002 1946790 194790 5732 0001
XX 1 631 631 146 0020 167120 167120 492 0077
XX 1 4w 4 875 00n 10320 10320 030 0605
XX, 1 211 201 38 0108 278510 278510 820 0035
XX, 1 003 003 006 0823 30600 30600 050 0386
XX, 1 493 493 895 0030 394650 394650 1L62 0019
XX 1 000 000 000 0994 650 650 002 089
Residal 5 2756 05512 16983 3397

For the model of porosity: R? 0.9788 and RZ,, 0.94(
For the model of compressibiliy: R? 0.9583 and k:.,, 08832

= 2022 - 2.005X, ~ 0.01294X, — 789K, + 0.00581} +0.000005X} + 01890} —
0.000012X;X, + 0.0370KX; + 0.000003X.X, @

¥, = 3484 — 35.6X, — 0.079X, — 235.4X; + 0.0946X] — 0.000021X + 687X} +
0.00117X,X; + 1047X,X; — 0.00127X;X; )

ASEUE UNAUDSIDASIIAUSDIU NAdUDAS, 2563, iﬂSUSUUS\)UUOOUTHSTT]\)WUIWOHOUO\)IHEJTLIT]S sUDUNISEVSKAWAQWNIUSA, 21SaNSIBINNS

inAlulaggaanknssy, 16(2), 104-120.

Wilairat, T., Saechin, N., Buggakupta, W., & Sujaridworakun, P. (2019). Effects of Hot Molding Parameters on Physical and Mechanical

Properties of Brake Pads. Key Engineering Materials, 824, 59-66.
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