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Effects of Temperature on Tribological Properties of Polymer Material
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Abstract — Research to replace metal mechanical elements with polymer materials has recently accelerated.
However, polymers exhibit less favorable mechanical properties than metal materials, and are often easily worn-
out owing to frictional heat when their mechanical elements contact while in relative motion. Therefore, research
on the polymer tribological properties is required to employ polymer materials in mechanical elements operating
under harsh conditions. In this study, we examine the effect of mechanical part operating temperatures on the
material friction and wear characteristics of polymer materials. We conduct ball-on-disk friction tests under dry
conditions at various temperatures, using a metal ball with high hardness and a polymer as the counter surface.
Each test is repeated at least three times to ensure the reliability of the test results. Before the friction test, we
analyze the surface hardness and roughness of each polymer specimen; after the friction test, we use a three-
dimensional confocal microscope to compare and analyze the polymer specimen wear characteristics. Based on
this study, we systematically elucidate the polymer material tribological characteristics. This information should
be useful for selecting and utilizing polymer materials at various temperatures.
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Table 1. Service temperature of materials
Material PTFE PEEK PI SuJ2
Service temperature (°C) 260 240 304 538

FFoy 9] ESolA] o R ARSI HE,
=4 9 AR 2Rl HEE njx|e} oz A A
23 Actuatorol] F2EE 77] )

il

T2, 22 D 72F9] SealingS 93 F45 AFEES}
o)
H

P oS HojFEr) E3) S5 Z2|ve) viE A] A
Moz FHokel Zan] 2xo] w2 Effo|Ezx] X
< sk A 71Al 24 Al Foslth aHd =
WA 9 taZdo] o] 55 Ak 9 FAolA] A
EAo) w2 vl 7k B4 tigh de 2idteiA 2
WA, ey} Foksl a2 B4 tigk Ave §
A7 oltH4].

AtelM= 24 Shore DAEE &8 Al
TE=3819aL, AL2o)A Tribo-tests: T3 F UL
JXE 333t ©|& 53l Ball-on-Disk #2]& ©]
}o] 3%¢] Zau|(PTFE, PEEK, PI) A|A3} SUJ2

-

of oX flo N o
fr ot oo
oy oo il o

il

2 AMg St AR A9 @ WS i v}
st AP S o) Sal Selvis) 7

H} A s RIS} reg, 21710 A
beEde elsle] T HAUZS FEsA 5

o},

)

32 1o fo
o

2. ol U LY

oo

2-1. AlH #H|

B oo 7124t AE7F Z2F2F 20 mm x 20 mme|
3, FAZE Smm?l AlA-E ARSI PTFES] 735
Dupont AF] Teflon A& AR5} 3L, PEEKS] 749
Mitsubishi A}2] KetronS ARt} PI2] 79~ Dupont
At Vespel AlES ARSI 249 7% &7
5.56 mm SUJ2 B3 ARS-SISITE. ZH2he] Eiw Al
Y 2= (RHE €M 2181719180 Polishings: <+
P om, AJHe] Hi RE 1.7 mm 5502 U3

Table 2. Mechanical properties of specimens|S].

Material properties PTFE PEEK PI  SUJ2

Young’s modulus (GPa) 1.6 3.6 25 210

Poisson’s ratio 046 039 034 0.27

Yield strength (MPa) 24 120 73 433
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Fig. 1. (a) Schemetic drawing of high temperature Shore
D tester, (b) High temperature Shore D hardness
tester.
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Fig. 2. Temperature Calibration Schematic Drawing.

Table 3. Shore D hardness test conditions

Hardness Test Shore D

Humidity (%) 25

Temperature (°C) RT, 50, 100, 150, 200

Table 4. Tribo-test conditions

Normal Load (N) 3
Radius of wear track (mm) 5
RPM 100
Linear velocity (mm/s) 52.3
Cycle 2000

Humidity (%) 25

Temperature (°C) RT, 50, 100, 150, 200
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Fig. 3. Hardness measurement results according to
temperature.
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Fig. 5. Friction and wear mechanisms of PTFE specimens
reaching the glass transition temperature.
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Fig. 6. Stress concentration mechanism due to thermal
expansion in PEEK.
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Fig. 8. (a-e) Wear track of PTFE; RT, 50°C, 100°C,150°C,
200°C, respectively.
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Fig. 9. (a-e) Wear track of PEEK; RT, 50?C, 100°C,
150°C, 200°C, respectively.
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200°C, respectively.
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