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Preparation and tribological properties of modified PEEK composite layer for bearing tiles
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Abstract : Addressing the failure modes of thrust bearings in electric submersible pump, a polyether ether ketone (PEEK)/
copper-steel three-layer thrust bearing pad was designed and manufactured to enhance its temperature resistance and load-bearing
capacity. Carbon fiber (CF) and polytetrafluoroethylene (PTFE) were respectively used to modify PEEK to form PEEK matrix
composite materials. Considering the non-viscosity characteristics of PEEK matrix composites, it was difficult to firmly bond with
smooth matrix, so pre-sintered porous copper powder layer on the matrix surface was made to improve the bonding strength between
PEEK composite layer and matrix. Then PEEK composite powder was prefabricated on the surface of the copper powder layer, and
the pressing sintering method was adopted. After sintering, PEEK composite layer was firmly bonded with the matrix through the
copper powder layer. The load bearing capacity and temperature resistance of two modified PEEK composite tiles were compared
and analyzed in the simulated bearing environment, and the tribological properties were compared. The results show that at the
working ambient temperature of 129.1 °C, CF/PEEK composite layer can withstand a unit load of at least 17.80 MPa. CF can not
only significantly improve the mechanical strength, bearing capacity and temperature resistance of PEEK composite, but also plays a
role in lubrication during friction, thus significantly improving the tribological properties of PEEK. The tribological performance of
PTFE on PEEK composite is limited, and the lubricating oil film is destroyed under the unit load of 13.67 MPa, and PTFE/PEEK
composite layer is seriously worn and fails. The wear mechanism of PTFE/PEEK composite layer is adhesive wear and abrasive
wear, while CF/PEEK composite layer has no obvious adhesion phenomenon. CF/PEEK composite layer has higher load carrying
capacity and better temperature resistance.
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Tab.1 Material composition of tile composite layer

Materials Mass fraction/%
CF or PTFE 15
PEEK 85
PTFEorCF il o @ Ball-milling
PEEK powders l
Cu powders PEEK+PTFE/CF mixture

sintering sintering

Bl PEEK A &Rl
Fig. 1 Manufacture of PEEK composite layer
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(c) Tilting pad thrust bearing (d) Friction and wear test
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Fig. 2 Diagram of sintering process , PEEK/Cu-steel tile, tilting pad
thrust bearing and friction and wear test
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Tab.2 Load parameters of friction and wear test

Serial  Time/ Rotational Load/

R k
number min speed/(r'min"') kN emar

1 Start 500 1 -
2 5 1 000 10 -
3 10 2000 15 -
4 15 2970 20 -
5 20 2970 30
6 25 2970 35 Stop if the bearing is
7 30 2970 40 damaged
8 35 2970 50
9 40 2970 50 Start heating
Stop:
1. Bearing failure
10 B 2970 50 2. Oil temperature reaches

preset temperature
3. Temperature rise of oil
is very slow
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4 13.67MPa)f 2 7 .
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Fig. 3 Tribological testing of tilting pad thrust bearing
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Fig. 4 SEM photos and element distribution of CF/PEEK and PTFE/
PEEK composite layer
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Position C (6] F
a 95.92 4.07 0.01
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d 84.30 15.50 0.02
e 34.89 0.03 65.08
f 84.68 15.31 0.01
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