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High Temperature Friction and Wear of Friction Material;
The Effect of the Relative Amount of Graphite and
Zirconium Silicate (ZrSiO,)

Seong Jin Kim and Ho Jang

Division of Materials Science and Engineering, Korea University

Abstract — Tribological behavior of novolac resin-based friction materials with three different relative
amounts of graphite and zirconium silicate was investigated by using a pad-on-disk type friction tester. The
goal of this paper is to examine the effects of the relative amount of a lubricant and an abrasive in the auto-
motive friction material on friction and wear characteristics at clevated temperature. Friction and wear of
friction materials were affected by the existence of transfer film(3™ body layer) at friction interface and the
composition of friction material, especially lubricant amount. The friction material with higher content of
graphite indicated homogenized and durable transfer film, and resulted in stable friction coefficient regard-
less of the increase in friction heat. The experimental result also showed that the higher concentration of
Zr8iO; in friction material aggravated friction stability and wear resistance due to the higher friction heat
generated at friction interface during high temperature friction test.

Key words — graphite, zirconium silicate (ZrSiO,), friction stability, transfer film, friction oscillation, spe-

cific wear rate.
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Table 1. The ingredients of simplified friction
materials used in this work [vol%}

Raw materials L7A3 L5A5 L3A7
Phenolic resin 20 20 20
Aramid pulp 10 10 10
Potassium titanate(K,O6TiO,) 20 20 20
Barite(BaSO.) 40 40 40
Graphite 7 5 3
Zirconium silicate(ZrSiO,) 3 5 7

Rockwell hardness, HRS 64.4+2.7 70.4+2.6 70.5+3.1
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Table 2. Friction and wear test procedure used in this study

Constant initial temperature test(CITT)

[BT(initial brake temperature): 100, 200, 300°C, Apphed normal load: 1 MPa, Sliding velocity: 4 m/s(848 rpm), Duration:

60 sec, Number of application: 10

Constant interval test(CINT)

IBT: 100°C, Applied normal load: 1 MPa, Sliding velocity: 4 m/s(848 rpm), Duration: 20 sec, Interval: 10 sec, Number of

application: 25

Drag test

IBT: 100°C, Applied normal load: 1 MPa, Sliding velocity: 4 m/s(848 rpm), Duration: 400 sec

Wear test

IBT: 100°C, Applied normal load: 1 MPa, Sliding velocity: 5 m/s(1059 rpm), Total sliding distance: 4000 m
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Fig. 1. Change of average friction coefficient, standard
deviation of |, and maximum disk temperature during
(a) constant initial temperature test and (b) constant
interval test.
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Fig. 2. Weight loss from thermogravimetric analysis
(TGA) at 10°C of heating rate up to 1200°C.
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Stable transfer film

Fig. 3. Rubbing surfaces of counter part for specimen
L3A7 after friction test: a photograph showing non-
uniform transfer film.
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Fig. 4. Worn surfaces showing a morphology of the
transfer film on the friction materials after friction
test. Arrows indicate sliding direction.
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Fig, 5. Variations of friction force and acceleration (or deceleration) at inital brake temperature (IBT) of 300°C

during a constant temperature test.

02F 7 - | S— T T ]
5 L7A3, IBT=100C
T
6 00} -
H J
8 .
< .
-0.2 L
® p
(3]
5_ {
8 | 1
37 °T (@)
e
0 A 'l ' 'l
0 20 40 80
Sliding time (sec)
02F Y v T — Y T
5 | L743,187=100C
i
88 o PAAAAANANANANAA -
3 | |
<
-02 1
[+ -
(3]
O CA'A A A A AVAV AV VAR VAVAS
s§ | :
2 (b)
w
0 el | . I I3 I
30.00 30.25 30.50 30.78 31.00

Sliding time (sec)

Fig. 6. Variations of friction force and acceleration for
(a) 60 seconds and (b) 1 second during constant
temperature test (IBT = 100°C).

0
4]

R3] et 13 AAE R Yo
2A o} dAvkAe] Auld o) wE wmas
438t7] A 500 me] P AR} AlHe F
AE s eH, rlEAdE 7lelE g o
#3te] miEAle] B)vlR-g(specific wear rate, W,)

Lo

ML Mo of

Journal of the KSTLE

T A T v ¥

0F (@i7a3 < 400

20F 4300
_ 1o} 200 €5
"'a 0 r_ Temperature J100 L3
= e
@ 30 (b}L5As J400 5
o ©
- 20} 300 X
O )

10 4200 Q
5 £
[e}
= o 4100 ®»
o —
‘= 30F (o 13A7 4400 %
w —

20 F 4300 O

10 =200

0 B Il PR 1 ' . 100

100 200 300 400

Sliding time (sec)

Fig. 7. Friction oscillations and change of disk tem-
perature during drag test for specimen L7A3, L5AS,
and L3A7.

’E\ L] M T v ) ¥ LA | v ¥ v T v s
E 30 —@— La3

e B —&— L5As |
& 25p -
= i —- L3A7 i
lp

2 20 ‘ §
2 i ' T
B 5 = - " -
5 - 4
(4]

z 10} I”_}—H*‘H“‘ -
L2 R 4
2 sl . ]
w‘l a1 1 1 1 TP | 1

05 10 15 20 25 30 35 40
Sliding distance (km)
Fig. 8. Variations of the specific wear rate as a

function of sliding distance for specimen L7A3, L5AS,
and L3A7.



EA% A2 Ee) Yoy I BE WA T w8 Ry 371

< AMSATHFig. 8). "FEES AL o3
2T [11].

N
>

_AV. .
WJ_LS (mm?/Nm] (1)

A71M AVE A ek #F(volume loss, mm®)°]™H,
L3} & 74zt 28315 (applied normal load, Ny ®|
TE A (myo] ot

QupA| ) o] BEFE vhEAlY nlRE&e F
7tetgen vngAge gE rlEgE S X
230 Ui el ot A AolE veh)
AUtk olHT AL WEAYHAAME B F 3l%o]
al@dgo] YA AW L3A79 S8 4
Palslz dAriAle] AatulR (abrasive wear) FAto
7VeE7) Wi uvtEe] Fuket Aoz Hrigth
T AW L7A3F L5ASY) 7 wn@ AR e St
of W} vlwA dAE niEge] WHilE Jekd
Holl AJ#H L3ATS 7)ol HaPH oz miE&o]
231th7F 2.5km ode] mlu@Ae e dA G
A2 {23 & & AT rlRgo] AZo=
adhE P viEARA Y] dARpyRtEe] 27]
T two-body9} three-body2] HAMER[12-14}8 U2
7107t vhEAI g o] A= HA o) AvidApEe]
THA] bzl o] A (embed)E 22 three-
body datvte @] s vehd Atz 34
#AuH15).

=

eI

2 & A dd

4.4 B

Pad-on-disk FEj9] wbAANH7E |43t F
I A2 AUFQ F§Fo) g 2 vk 2
nREALS ZEASIHC. AEAE ntEAe S8R
b dupAle] AiFel 2Ae] whel whEEe) xjo)
& Jeplidien, ozt viaEe A& 54
Hgddd 2R BAE SR JJT EF A
SA AtiAeh v e] FHol FAEHE &899
X9l B4 ulgt vpRASel shdAdo] AAHA
oo Yy e S84 FYL5E wEF Y
Aol FFH AT £F9 nAASFE X
sttt 53], dAntA| stafe] AuiFos BwE A
2 AEA upEASe] £ES fAF T =
=& FAAT wEARANA Aateirs {uEka) )
o2y npEde] ded S8uke] 2

o

E S wpdAleY EXE £ vlEES JERY
At

2 A SR AE EAR7 A FHAR S
08-0200-02-01-3) AJ|¥ o2 FHHUNS.

anes

1. H. Jang, JJ. Lee, S.J. Kim and K.Y. Jung, “The
Effect of Solid Lubricants on Friction Characteris-
tics,” SAE Transactions 982235, pp.1-8, 1998.

2. EP. Bowden and D. Tabor, “The Friction and Lubri-
cation of Solids-Part 1I,” Chap.11, pp.186-204, Ox-
ford Univ. Press, London, 1964,

3. L.C. Lipp, “Solid Lubricants-Their Advantages and
Limitations,” ASLE Lubrication Engineering, Vol.32,
No.11, pp.574-584, 1975.

4. R. Holinski and J. Gansheimer, “A Study of the
Lubricating Mechanism of Molybdenum Disulfide,”
Wear, Vol.19, pp.329-342, 1972.

5. K. Friedrich, “Advanced in Composite Tribology,”
Composite Materials Series, 8, Chap.16, pp.613-626,
Elsevier, Amsterdam, 1993.

6. W. Simm and S. Freti, “Abrasive Wear of Mul-
tiphase Materials,” Wear, Vol.129, pp.105-121, 1989,

7. 8.J. Kim and H. Jang, “Friction and Wear of Friction
Materials Containing Two Different Phenolic Resins
Reinforced with Aramid Pulp,” Tribology Interna-
tional, Vol.33, No.7, pp.477-484, 2000.

8. H. Jang and S.J. Kim, “The Effects of Antimony
Trisulfide(Sb.Ss) and Zirconium Silicate(ZrSiOs) in
the Automotive Brake Friction Material on Friction
Characteristics,” Wear, Vol.239, No.2, pp.229-236,
2000.

9. M.G. Jacko, PH.S. Tsang and S.K. Rhee, “Wear
Debris Compaction and Friction Film Formation of
Polymer Composites,” Wear, Vol.133, pp.23-38, 1989.

10. 4 £, A5 AFA Uehie SaSye B9
A7 1 LA, A3, A1S, pp34-4l,
1997.

11. C. Lhymn and R. Light, “Effect of Sliding Velocity
on Wear Rate of Fibrous Polymer Composites,”
Wear, Vol.116, pp.343-359, 1987.

12. E. Rabinowicz, “Friction and Wear of Materials,”
Chap.7, pp.191-209, JOHN WILEY & SONS, New
York, 1995.

13. K.C. Ludema, “Friction, Wear, Lubrication,” Chap.8,
pp.149-151, CRC Press, Boca Raton, 1996.

14. D.H. Buckley, “Surface Effects in Adhesion, Fric-

Vol. 16. No. 5. 2000



312 A -7 =

tion, Wear, and Lubrication,” Tribology Series, 5, Wear: Influence of Test Conditions in the Micros-
Chap.7, pp.469-472, Elsevier, Amsterdam, 1981. cale Abrasive Wear Test,” Wear, Vol.225-229, pp.
15. R.IL Trezona, D.N.Allsopp and .M. Hutchings, “Tran- 205-214, 1999.

sitions between Two-body and Three-body Abrasive

Journal of the KSTLE



