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Characteristics of Friction and Wear of Polymer/MoS, Composites

Tak

Jin MOON and Ho Gyu YOON

Materials Sci. Dept., Korea Univ.

Abstract— The friction and wear behavior of molybdenum disulfide filled polymer composites sliding against
metal has been investigated using pin-on-disc machine and microscope.

The observed wear rates were reduced by the addition of MoS, to nylon and this can be attributed to the homo-
genous transfer of MoS, to the counterface thereby modifying sliding conditions. The friction of filled and unfilled
nylon was increased with increasing sliding speed, and the catastropic wear rate was occurred at high normal load.

This have been explained by thermal degradation.

In the case of HDPE, however, the wear rate was not always reduced by the addition of MoS; and the influence of
MoS, was mainly even the opposite. Filled and unfilled HDPE had lower values of friction and wear rate than those of

nylon.

Micrographs appeared that the delamination of the worn surface in nylon/MoS, composite occurred and revealed
that the worn surface of HDPE presented a number of characteristic features as wear grooves, pulls, and smears and

crescents.
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Tdble 1. Propertlcs of materials

Description unit  nylon 66 HDPE
lnnsxh strength of vxeld kg/cm? 880 270
El(mgation at brcak Y 200 >500

Flexural strength kg/cm?2 1.200 350

Flexura: modulus kg/cm2 30,000 8,000
kg-cm/cm 6.0 12

Impact stre ngth (notched)

Melting point °C

Heat deflection temperature™ °C 75 50

* At 18.6 kg/cm? fiber stress

Table 2 }’r()pcrtles of Molyhdenum disulfide powder
pv limit  heat-resistant pressure-  coefficient
kg/cm? °C resistant of friction

m/sec kg/cm?
940 ~193~ +450 29,000 0.03

Table 3. Pr()perues of speumc

NYLON/

HDPE/
Materials NYLON MosS, HDPE  MoS,
composite c omposltc
Density * 1.162 1.1981 0.9625 1.0082
Hardness ™ 106 108 52 56
* gfemd

** Rockwell, R-Scale
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Fig. 1. Scanning electron micrograph of nylon/MoS,
composite surface worn against grade 600 abra-
sive paper.
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Fig. 2. Schematic diagram of three pin-on-disc wear
machine; 1, drive shaft; 2, lower carrier; 3, disc;
4, upper carrier; 5, specimen; 6, weights; 7,
device for measuring friction; 8, thermocouple;
9, temperature indicator; 10, platform.
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Fig. 3. Variation in specific wear rate with MoS, con-
tent at various sliding conditions; A, 0.25 m/s;
e, 2.5 kgf: 0. 1.0kgf: B, 1.0 m/s; ®, 2.5kgf; O,
1.0kgf.
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Fig. 4. Scanning electron micrograph of worn surface of
10 wt.% MoS, filled nylon; sliding velocity,
0.5n/s; load 2.5 kgf. (The arrow indicates the
sliding direction).
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Fig. 8. Optical micrographs of frictional track under 2.2
kgf loads and 0.25 m/s sliding speeds; (a)
nylon/MoS, composite; (b) nylon.
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Fig. 9. Variation in specific wear rate with normal load
at 1.0 m/s sliding speeds; B, nylon/MoS, com-
posite; @, nylon.
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Fig. 10. Variation in specific wear rate with sliding
speed at various normal loads; ¢, nylon/MoS,
composites; A, nylon.
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posite; A, nylon.
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Fig. 13. Optical micrographs of worn surface and frictional tracks under 1.0 m/s speeds, 1.5 kgf loads; (a), (b).
nylon; (¢), (d), nylon/MoS, composite. (The arrow indicates the sliding direction.)
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Fig. 17. Optical micrographs of worn surface of HDPE;
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features (U wear groove, (2 pulls and smears
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g L0kg, ol W& 31504 Ssol @ ohegel
e 244k moko R Wislslgion] 05m/s o] 4=

7 2 slol HDPE/MoS,8l wh=go| ©f 24 1}
E}» t}, ulebs HDPEel MoS,9l #H7be adAlvt o}

EAE g7 A ohglen], 9 38 viu g9

mlm 3.3

Fﬁ

L AR obd o ohpE4 19

&7k g el Al A e olek (Fig.15,16).

Brown[20]% vl2ell oJell viehils polyethylene

o] Fmig Ak wear grooves, pulls 91 smears, 12
I 254 Bok(crescent) 59 371xlE &7 2§ <=
2o wear groove 8} pull ~L2)3. smear = -1}
b e 2 o 2| sHz whabol] ulel whalshe] z2Hul o
ole S-ubekoll 424 0 2 uElboban sloleh, B 48l

ol 4% HDPE ¢} 74-% Fig.17 ¥} 7o| Brownol 2|3l

AAE wokel wlmEwg uehlgioy, HDPE/

MoSqel 75 olejd F4re wAg + glaint.
Aol fel25as nylon #F o] slgol wel Zv)
stelont oo gho] mH$- ulofw olEgiks o

& %% ) gtk

el 2

. @ B

Nylon ¢] wear rate <= 5wt. % MoS,2 2ol
shof Aras|glon, o) 7o Ay Em 0.7 o) MoS,o
FxF ol yFeldl ool olef] Awxhvi, zeu} upd
Algs Fobsiadrt,

Nylon % nylon/MoS, 53alge] vl g 5%
3} gk Foledol ael tlalx o Fobelelen, o

=T

,
shgoll M) vhmg2 Fal g o ol YodslEalo w

4 sie,

HDPE 2| 7% MoS,9] #7}e a4l sln &9 3k
R ARG K oM?iivtEvl 7] mp o) 271E Abo]

R EIEA =
HDPE + MoS;2 Z#loll #4%lo] nylonel 83}
of - wpabA 4wl olw g8 pelglct,

2Atel

2 s GFspsbalnkel $47) 2l FolAgl “uz
S Febaeldfol 4w 4ol 2 e Ay

R TR

S4dTre] Nz 485 Hog s
olell 1 A dH z)elel] isted 70-& 7haE =l
REFERENCES

1. JK. Lancaster, Polymer-based bearing materials.
The role of fiber and fiber reinforcement, Tribo-
logy 5(16), 249, (1972).

2. T.D. Graham and G.H. West, A review of recent
publication on the use of plastic bearing mate-

Vol. 5, No. 1, 1989



20

10.

11.

rials, Plastics and Polymers, 42, 17, (1974).

. K.J. Brown, J.R. Atkinson, D. Dowson and V.

Wright, The wear of Ultrahigh molecular weight
polyethylene and a prelimenary study of its rela-
tion to the in-vivo behaviour of replacement of hip
joints, Wear 40, 225 (1976).

. M.O.W. Richardson, Chemical aspect of wear pro-

cesses in polymers-a review, Wear 17, 89 (1971).
I. Sviridyonok, V.A. Smurgov and V.G. Savking,
A study of transfer in frictional interaction of
polymers, Wear 25, 301 (1973).

K. Tanaka and T. Miyatak, Studies on the friction
and transfer of semicrystalline polymers, Wear
41, 383 (1977).

M. Clerico, A study of the friction and wear of
nylon against metal, Wear 13, 183 (1969).

R.C. Browers, W.C. Clinton and W.A. Zisman,
Frictional behavior of polyethylene, Polytetra-
fluoroethylene, and haogenated derivatives, Lub.
Eng., 9, 204 (1953).

. K.R. Makinson and D. Tabor, The firction and

transfer of PTFE, Pro. Roy. Soc., A281, 46 (1964).
R.P. Steijn, The sliding surface of polytetrafiuoro-
ethylene:an investigation with the electron
microscope, Wear 12, 193 (1968).

B.J. Briscoe, A.K. Pogosin and D. Tabor, The firc-
tion and wear of high density polyethylene:the

Journal of the KSLE

12.

15.

16.

19.

20.

action of led and copper oxide fillers, Wear 27, 19
(1974).

K. Furber, J.R. Atkinson and D. Dowson, Wear
mechanisms for nylon 66, Paper 14, 3rd Leeds-
Lyon Symposium on Leeds, Sept. (1976).

. D.C. Evands and J.K. Lancaster, Treatise on ma-

terials science and technology Vol. 13.

. K. Fridrich, Design Guide, (1983) (center for com-

posites materials Univ. of Delaware, U.S.A ).

C. Lhymn, K.E. Tempelmeyer and PX. Davis,
Abrasive wear of short fiber composites, Compo-
istes 16, 127 (1985).

D.A. Rigney and J.P. Hirth, Plastic deformation
and sliding of metals, Wear 53, 345 (1979).

. C. Lhymn, Effect of normal load on the specific

wear rate of fibrous composites, Wear 120, 1
(1987).

. K. Tanaka and Y. Uchitama, In Advances in

Polymer Friction and Wear, (L.H. Lee, ed.) Poly-
mer science and technology Symposia Series,
Vol. 5B, p.499, Plenum Press, New York (1974).
B.J. Briscoe and D. Tabor, Friction and wear of
polymers, in Polymer surfaces, D.T. Clark and
W.J. Feast (ed.), A Wiley-interscience pub. chap.
1(1978).

KJ. Brown, A study of the wear polyethylene,
Ph.D Thesis, The university of Leeds. (1975).



