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Abstract

Abrasion resistance of PEEK (polyetheretherketone) was found to be improved by
adding crosslinked polytetrafluoroethylene. Incorporating a small amount of poly
(tetrafluoroethylene-co-perfluoroalkylvinylether) as a compatibilizer, polysulfone as a
miscible polymer, and chaff-carbon, the resistance was further improved. The
highest resistance was ten times higher than that of neat PEEK; 1.e., the lowest
abrasion rate was 1.9X10°mm®N'm", compared with that of neat PEEK (=18.1X10°
mm’N'm™"). However, it was hard to find a definite correlation between the abrasion
resistance and the morphology: implying probably a complicated phenomenon, e.g.,
a weaker material renders more worn fine powders which may play a role of

lubricant.
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Fig.1 Ring-on-disk type abrasion tester.
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Fig.2 Typical abrasion curve.
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Fig.3 Change in the coefficient of friction and the sample
temperature during the abrasion test.

Table 1. Compositions of PEEK/XF/compatibilizer systems and the results of abrasion test.

Composition (wt.ratio)

PEEK 100 9 9 9% 9 % 9 %
BFEREE AT 5708, 0wt THI® G Ly X TR R R ORER
43 T ) - - S ETFE 1 3 5
RPBNTOZ. T CTOMEMAPFAZ Wtk Vs 81 114 89 154 123 140 107 160
N 5 & BEFRERE DG A48, FhLL RN u 056 034 029 024 028 026 024 02%

T 825 589 567 500 480 556 525 525

T3 LRI -TWA, B bR ICER
B A I PEEK /XF/PFA=80/20/1T& % T
EHiH - Fo.

Vs : Abrasion rate (mm?/Nm) = 108 , i : coefficient of friction ,T : sample temperature (°C)

Table 2. Effect of composition in PEEK/XF systems on the abrasion characteristics.
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Fig.4 Change in the coefficient of friction and the sample temperature
during the abrasion test.
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Fig.b SEM micrographs.

Table 3. Effect of composition in PEEK/PTFE systems on the abrasion characteristics.

Composition (wt.ratio)

PEEK 90 90 90 90 80 80 80 80 70 70 70 70
PTFE 10 10 10 10 20 20 20 20 30 30 30 30
PFA 1 3 5 1 3 5 1 3 5
Vs 10.0 7.1 9.9 8.1 5.1 80 8.4 7.5 4.7 4.4 4.4 40
u 043 035 037 038 037 031 026 021 033 031 030 027
T 689 653 678 622 636 536 489 450 542 550 572 550

Vs : Abrasion rate (mm3/Nm)x 108 , u : coefficient of friction ,T : sample temperature (°C)
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Fig.6 Change in the coefficient of friction and the sample
temperature during the abrasion test.

Table 4. Effect of mixing method on the abrasion characteristics.

Mixing c":_i:';"t-;?“g Cuu';‘::ril:atiﬂg LaboPlastomill
PEEK/XF = 80/20
Vs 8.6 40 18.3
U 0.23 0.25 0.17
T 47.8 53.6 43.1
PEEK/XF/PFA = 80/20/1
Vs 28 6.8 71
u 0.21 0.19 0.18
T 439 476 49.4

Vs : Abrasion rate (mm3/Nm)x 10° , i : coefficient of friction ,T : sample temperature (°C)

Table 5. Effect of chaff—carbon on the abrasion characteristics.

PEEK 80 80 80 80 100 100
XF 20 20 20 20
PFA 1 1 1 1
c60™ 3 10 3 10
c1.8® 3 10
Vs 49 23 69 40 66 72
u 038 038 038 044 050 045
T 664 681 725 756 783 747

Vs : Abrasion rate (mm?Nm) x 108, 4 : coefficient of friction ,T : sample temperature (°C)

*1) C60: chaff-carbon, average diameter = 60 4t m
*2) C1.8: chaff-carbon, average diameter = 1.8 Um
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Fig.7T SEM micrographs of two compounds, prepared by different mixing methods.
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Fig.10 Change in the coefficient of friction and the sample
temperature during the abrasion test, showing the high friction
and the big heat generation for the carbon-loaded systems.

Table 6. Effect of miscible polymer on the abrasion characteristics. Table 7. Effect of test condition for three compounds;
load and sliding speed of abrasion test were varied.

PEEK 56 56 56 56 56 56

PPS 24 24 ﬁgﬁK o 0 gg
PsSU 24 24 XF 20 20 20
PEI 24 24 PFA 1 1 1

XF 20 20 20 20 20 20 C60 10 10
PFA 1 1 1 1 1 1

C60 10 10 10 [50N/0Sms™'1* 9.3 21 22

Vs 174 407 116 44 19 44 [50N/1ms'T* 17

u 016 013 011 023 034 028 Vs [100N/05ms']* 28 30 10

T 433 417 403 547 642 578 [100N/1ms ~'J* 13

Vs : Abrasion rate (mm?3/Nm) > 108, ¢ : coefficient of friction ,
T: sample temperature (°C)

Vs : Abrasion rate (mm?/Nm) x 105
* [load/sliding speed]

PEEK/PPS/XF/PFA 56/24/20/1 PEEK/PSU/XFIPFA 56/24/2011 PEEK/PEVXF/PFA 56/24/20/1

50 03ty W0 . 2em T T

PEEK/PPSIXF/IPFAIC60 56/24/20/1 PEEK/PSU/XF/PFAICE0 56/24/20/1 PEEK/PEIXF/PFAICE0 56/24/20/1

Fig.11 SEM micrographs of the sample surface after abrasion test.
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