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Friction and wear behaviors and mechanical properties of
eco—friendly NAO brake pads

HUA Nengbin, GENG Dehu, WANG Jinyang
(School of Materials Science and Engineering, Fujian University of Technology, Fuzhou 350118, China)

Abstract: Eco-friendly non-asbestos-organic (NAO) brake pads were prepared by using low-cost textile waste
fibers as raw materials. The effects of the content of textile waste fiber on the structure, friction-and wear
properties of brake pads were studied. Results show that the textile waste composite NAO brake pads exhibit an
uniform and compact structure, mainly containing Si0,, CaCO,; and BaSO, crystalline phases. Under the
reciprocating friction condition using steel ball as friction couple pair, as the textile fiber mass fraction w
increases from 0 to 6 %, the friction coefficient of brake pads decreases from 0.52 to 0.33, the wear rate
decreases from 0.787 mm’ + m™" « kN t0 0.233 mm’ - m™" + kN™', and the wear resistance increases. The
main wear mechanism is fatigue wear. Meanwhile, the hardness of brake pads increases from 34 HR to 57 HR,
and the flexural strength increases from 21.85 MPa to 51.76 MPa. It can be seen from the fracture morphology
of textile fiber composite NAO brake pads that the addition of ductile textile fiber improves the interfacial
bonding of each component of brake pads, improves the strength, and thus shows superior wear resistance.

Keywords: non-asbestos-organic brake pads; friction behavior; textile fiber; wear mechanism; mechanical
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Tab.1 Composition of three different NAO brake pad samples

v o w/ %
i GigUkk s Mg MEEa RIEL TIPSR mROS SR MEER BN
S1 0 10 20 25 10 5 10 5 7 8

S2 3 10 17 25 10 5 10 5 7 8

S3 6 10 14 25 10 5 10 5 7 8

1.2 KW xH*E
Bruker—AXS-D8 %! X HFEATHHMY (XRD) %
TESRE R ) AH 25 4, 48 2 B Dy 4°/min, F9 40
FEI A 20° ~ 80°;S—3400N HIESAT 22 3148 i, 1 i vk
B8 (SEM) WESAAE 1Y i i 2O A 5 W 1 RE TSR
(EDS) PEATIRAE FRAE X B A4 1% 73 43 FT ; HSR - 2M
RUH: 5T EE SR S P A L 3 2 iR A R e
0 P JEE 452 R A I () 78 4K O R | 3 3 A% Jdte S B
T35 ) 28R Ay R B B2 2 AT, PR TSR ML IO s B 4
TR PR R B = PR A vk i ey . R ELAR
6 mm P BIERVE R X, BEAEARIE 5 mm , 125240
200 r/min R EEHZER] 30 min ,%*ﬁfﬂK*R( AW) i
it MT-500 BUHREF A k2 1T R I oS00 2
WIS TR R R W,
== (0
* SxP
oA, S HEEEA S EEAR  m PO EE R 2T kN

BAFE AR R — S5 P EE AT 3 RS
55 IR ZEMRIE R 3 U IR A A e 22 5 B B oK
PEHEACE I 2 1R B 5 2 5 18 [GRE 7+ HR-150A
W5 A s P 9% BB 13 5 AGS =X UL 1~ 7 RE 1A BG HIL
MR 3 S P s, AR (2) 1t
BRSPS R o,
oo 3FXL (2)
2XbXhxh
o F B8 NG Lo ES I mm; b R S8R
mm;h AR mm,

2 HKWERSTR

P 1 o 4 JRURE R 95 BUROREET 4E 1) XRD
I35 FT SEM B, AL 1 (a) AT RLF Hh, 972147
LEAE P 23° b AT 98I BOATT ST, 22X LE PDF A5
WA R, G4 e 3 h P A AU . A
B 1(h) Fal RUA B, 27 U2 4 22 ORI 2R, Xof




232 R TR A e 4l

H21 %

HG 1 S AT RETE BT SRR, 9 LT 4t

eC

Intensitiy/(a.u.)
—

20 30 40 50 60 70 80
20/(°)
(a) XRDIA%

HA B R SR C TR,

1(O10) ot

(b) SEMIE S

1 MERFEBPGALTLHER XRD B SEM B A
Fig.1 XRD pattern and SEM image of textile fiber in the raw materials of brake pads
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Fig.2 XRD patterns of S1, S2 and S3 brake pad samples and SEM surface morphology of S3
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Fig.3 Friction coefficient vs. friction time and wear rate of S1, S2 and S3 brake pad samples
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Fig.4 SEM images of the surface morphology of three brake pad (a-b) S1, (c—d) S2 and (e-f) S3

samples after friction and wear using the steel ball as couple pair
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Tab.2 EDS compositional analysis results of typical areas on the surface of the samples after friction and wear
. w/ %
Fefh X
C (0] Na Mg Al Si S Ca Fe Ba
a 2.52 60.32 2.21 5.25 5.89 14.25 0 7.86 1.40 0
S1
b 53.96 18.96 0.18 0.52 1.33 4.75 0 5.55 3.63 4.59
¢ 56.62 25.43 0 0.09 0 1.84 2.98 9.46 0.70 2.27
S2
d 10.70 58.04 1.62 4.50 4.19 11.96 0 6.87 1.45 0
e 5.07 61.41 1.63 5.40 4.94 12.80 0 6.93 1.25 0
S3
f 51.53 38.93 0 0.42 0.37 0.90 0.44 6.81 0.14 0.34
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Fig.5 SEM image of wear debris surface morphology of (a-b) S1, (c—d) S2 and (e—f) S3 brake pad samples
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Tab.3 EDS of wear debris compositional analysis results of brake pad samples
N w/ %
Bedh X
C (0) Mg Al Si S Ca Fe Ba
a 63.35 21.29 0.36 1.49 5.40 0.41 4.59 0.61 0
S1
b 81.87 7.83 0 0.45 1.90 4.49 1.51 0 1.51
c 74.12 21.11 0.25 0.22 1.26 0.95 0.95 0.13 1.02
S2
d 98.31 1.21 0 0 0.09 0 0 0 0
e 72.67 19.85 0.56 0.47 1.31 1.50 1.30 0.29 1.39
S3
f 90.97 7.45 0 0 0.32 0.38 0.14 0.57 0.17
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Tab.4 Density, hardness and bending strength of
brake pad S1, S2 and S3 samples

Rl /(g em™)  BEE/HR  PUEIRIE/MPa

S1 2.08 34 27.85
S2 2.06 47 49.71
S3 2.07 57 51.76
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Fig.6 SEM images of fracture morphologies of brake pad S1 (a-d), S2(e—h) and S3 (i-1) samples
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Tab.5 EDS compositional analysis results of fracture area of S1, S2 and S3 brake pad samples
N w/ %
el X
C (0] Na Mg Al Si Ca Fe
a 0 60.90 1.64 4.59 5.90 14.07 11.00 1.00
S1
d 8.64 64.65 0 0 0 26.70 0 0
b 22.19 46.93 1.40 4.09 5.07 11.63 7.36 0.73
S2
e 76.76 23.24 0 0 0 0 0 0
c 0 66.41 1.35 5.05 5.55 12.15 8.21 0.73
S3
f 74.26 25.74 0 0 0 0 0 0
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