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Abstract: Paper-based friction material was prepared by wet-forming assisted hot-pressing process. The compatibility of
steel pairs with different carbon contents and paper-based friction materials in oil-free state and oil-rich state was
investigated, respectively. The friction mechanism in oil-free and oil-rich state was also discussed through wear surface
analysis. Results showed that in the oil-free state, as the hardness of the matching material increased, the friction
coefficient of the paper-based friction material decreased, the friction stability increased, and the wear rate decreased.
The 65Mn steel with high hardness had better compatibility with paper-based friction materials. The failure mode of
paper-based friction material in the oil-free state was fiber debonding and pulling-out caused by fatigue cracks. In the

oil-rich state, the hardness of the steel had no significant effect on the tribological properties of the paper-based friction
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material. The formation of oil film and friction film effectively reduced the micro-cutting effect on the material, and

hereby reduced the wear of the material.

Key words: paper-based friction material; lubricating state; hardness of the matching material; tribological properties;

friction mechanism
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Fig. 1 Schematic diagram of paper-based friction material fabrication
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Fig. 2 Schematic diagram of the friction experiment of paper-
based friction material
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(c) The bonding of resin and fibers

Fig. 3 SEM micrographs and optical images of surface of paper-based friction materials
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Fig. 4 Mean friction coefficient (a) and friction curves (b) between paper-based friction material and
different pairs in the oil-free state
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Fig. 5 Friction coefficients of paper-based friction materials with different pairs under different load in the oil-free state
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Fig. 6 Worn surface of sample with different matching material under 15 N load
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Fig. 7 Worn surface of sample with different matching material under 30 N load
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Fig. 8 Wear mode of paper-based friction materials in the oil-free state
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Fig. 9 Friction curves of paper-based friction material
between different matching materials under
oil-lubricating status
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Fig. 11 Worn surface of paper-based friction materials with different matching material under 15 N load and rich lubricating oil
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Fig. 12 (a) Comparison of worn surfaces under oil-free and oil-lubricated conditions; (b) Worn surface and element analysis of
pairs under oil-free status; (c) Worn surface and element analysis of pairs under oil lubrication
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Fig. 13 Schematic diagram of the friction mechanism of paper-based friction materials in the oil-free state
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