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Effect of graphene on friction and wear of filled modified
PTFE and its composites

ZHU Qiaosi.

( AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: The tribological properties and wear mechanisms of PTFE filled with graphene at mass fractions of 0.5%, 1%, 3%, 5%,
and 7% are investigated, and these are compared with those of PTFE filled with the traditional modifier MoS, at mass fractions
ranging from 5% to 25%(in increments of 5%) . Additionally, a synergistic modification of PTFE with a combination of
"graphene+MoS," is conducted, focusing specifically on the tribological properties and wear mechanisms of composites containing
MoS, at a mass fraction of 15% combined with graphene at mass fractions of 1%, 3%, and 5%. The findings reveal that the
incorporation of graphene significantly enhances the tribological performance of PTFE and its composites. Notably, the optimal
tribological properties are observed when graphene is present at a mass fraction of 5%, exhibiting an average friction coefficient of
0.0763 and a volumetric wear rate of 230.34x10 *mm’+ N ' +m . The predominant wear mode shifts from adhesive wear to fatigue
wear under these conditions. When graphene is used in conjunction with MoS, for synergistic modification, it effectively addresses
the issue of poor compatibility between MoS, and PTFE, mitigating the tendency of MoS, to be worn away and causing abrasive
wear during friction.
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Table 1 Wear trace parameters of Gr/PTFE composites with different graphene content
Sample Depth of wear trace/um Width of wear trace/um Volume wear rate/ (10 "mm’ *N ' +m ")
Pure PTFE 26.89 686.97 1532.96
0.5%Gr/PTFE 15.06 561.09 667.77
1%Gr/PTFE 9.98 464.73 360.82
3%Gr/PTFE 8.99 447.18 311.23
5%Gr/PTFE 7.19 411.51 230.34
7%Gr/PTFE 10.89 494.93 412.75
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Table 2 Comparison of physical and chemical parameters of graphene and graphite
Fill Specific surface Average Mesh Carbon content Oxygen content Carbon/oxygen
e area/ (m’-g ') size/um number  (atom fraction/% )  (atom fraction/% ) ratio
Graphene ( Gr) 466.78 8.25 97.66 2.14 45.64
Flake graphite ( FG ) 17.38 8 12000  96.08 3.25 29.56
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Table 3 Comparison of tribological properties of Gr/PTFE and FG/PTFE

Sample Mass fraction of filler/% Friction coefficient Volume wear rate/ (10 mm’ + N ' +m ")
Gr/PTFE 1 0.1235 360.82

FG/PTFE 1 0.1477 1359.21
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Table 4 Comparison of mechanical properties of typical composite materials
Sample Hardness ( Shore D) Tensile strength/MPa Bending strength/MPa
Pure PTFE 58.2 26.7 15.5
1%Gr/PTFE 60.2 24.8 19.9
3%Gr/PTFE 60.3 19.2 26.4
5%Gr/PTFE 60.3 18.9 27.0
159eMoS,/PTFE 60.4 20.4 18.9
1%Gr+15%MoS,/PTFE 60.8 19.7 21.6
3%Gr+15%MoS,/PTFE 60.9 18.8 22.2
5%Gr+15%MoS,/PTFE 60.9 17.3 22.8
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