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Abstract: Porous oil retainer is a key factor to ensure good lubrication of the inertial navigation
bearings. The PTFE/PI porous retainer made of the original recipe and process preparation, in the
high-speed operation, will appear serious wear, high temperature rise, a large amount of oil loss in the
micro pores due to expansion and other issues. These lead to the lubrication life greatly reduced. It
cannot meet the high-speed and long-time operation requirements of high-precision bearings. In this
paper, a improved porous retainer composite is developed, which is using porous PI as the matrix ,
graphene as the enhancing modified additives, and PTFE as lubricating modified additives. The
improved porous retainer composite is prepared by using the constant volume sintering method. The
effect of graphene addition on the mechanical properties and tribological properties of porous retainer
composites is studied. The results show that the high strength properties of graphene and the good
wear resistance performance of PTFE improve the porous polyimide retainer composites.

Introduction
The porous retainer material is based on synthetic polymer materials, and uses special ways to

form interconnected pores inside the material, so that it not only has enough mechanical properties,
but also has strong ability to store and release lubricating oil[1-4].

Currently, the porous polyimide retainer is a polyimide matrix, adding appropriate amount of
PTFE, using a special molding process. Because PTFE has excellent heat resistance and good
self-lubricating, the friction coefficient of PTFE modified polyimide composites compared to pure
polyimide is reduced by about 34%[3-4]. However, due to poor wear resistance of PTFE, the wear
resistance of the modified porous polyimide composite material becomes worse. During the
high-speed operation, the porous retainer of the bearing will be serious wear and tear, higher
temperature and large loss of lubricating oil due to expansion, which will greatly reduce the
lubrication life, and can not meet the requirements of some high speed bearings[5-6]. Therefore, to
meet the need of high precision bearings for long and high speed work, it is very important to improve
the wear resistance of the porous retainer material.

In recent years, a large number of researchers have studied the tribological properties of the
microscopic properties of graphene and the tribological properties of the macroscopic properties[7-12].
If the rigidity and thermal conductivity of the graphene are combined with the toughness and the
workability of polyimide, graphene as a filler will significantly enhance and improve the mechanical
and tribological properties of composites.

In this paper, porous PI as the matrix, graphene as the enhancing modified additives, PTFE as
lubricating modified additives, the improved porous retainer composite is prepared by using the
constant volume sintering method. The effects of graphene addition on mechanical properties and
tribological properties of porous retainer composites are studied, so as to meet the increasingly
demanding working conditions.
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Preparation and forming process of reinforced porous retainer ring billet material
The reinforced porous retainer material is based on polyimide material, and its preparation

process is taking constant volume sintering method. According to the required material density of the
retainer by calculation, the raw materials are loaded into the mold in the process of sintering, then put
some pressure on the raw materials to overcome the inherent viscoelastic properties of polyimide
materials.

The polyimide, graphene and PTFE powder are dried in the blast dryer for more than four hours
at 120˚C , and the polyimide powder is sieved to make the polyimide powder reach 80~200 mesh size.
The electronic balance is used to weigh modified additives and polyimide powder with different mass
ratio. Stir with high speed agitator and repeat for more than three times to ensure the polyimide
composite powder mixed evenly. The polyimide composite powder with a certain mass is loaded into
the mold, and compacted by 2kN/cm2 ~ 8kN/cm2 on the hydraulic press. The mould is locked tightly
with the locking force of 100N~500N by the fixture. The molds (including fixtures) placed in a rotary
blast furnaceon sinter at 370 to 390 degree temperature, and then insulate for 5 to 40 minutes, cool
and demould finally. The ring-shaped samples of PTFE modified PI and graphene modified PTFE/PI
are prepared as shown in Fig.1.

Figure 1 Ring-type samples of different recipe preparation composites

Enhancement performance analysis of porous retainer material
Thermal conductivity

PTFE modified polyimide and graphene modified PTFE/PI are made into three samples,
respectively, and the thermal conductivity of the samples is tested by using laser thermal conductivity
meter(LFA) under the condition of 60 degree temperature and relative humidity less than 50%. The
test results are shown in table 1.

Table 1 Thermal conductivity of porous composite materials(T=60˚C )
composites thermal conductivity, W/(m·K)

PTFE+PI
0.29

0.2870.28
0.29

GP+PTFE+PI
0.40

0.3930.39
0.39

It can be seen from table 1 that the thermal conductivity of PTFE/PI composites modified by
graphene is 37% higher than that of PTFE modified PI composites. This is due to the excellent
thermal conductivity of the graphene itself. When it is embedded in the composite, the thermal
conductivity of the composites is improved. However, the thermal conductivity of composites is not
improved obviously. The main reason is that graphene is well embedded in the polyimide composite
material, but it doesn’t form continuous phase completely, thus affecting the improvement of its
thermal conductivity.
Tensile strength of ring blank specimen

In order to simulate the actual application state, the composites are made into a ring shape, and
the tensile strength properties of the porous polyimide composites are tested by universal material
testing machine at room temperature of 25±3 degree, relative humidity of environment less than 50%,
and testing speed of 5 ~ 15mm/min. The tensile specimen of the ring samples are shown in Fig.1.
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Fig.2 shows the tensile strength comparison of polyimide (GP+PI) and modified
PTFE/PI(GP+PTFE+PI) specimen with different graphene proportion components.

Figure 2 Tensile strength of ring blank specimens
From Fig.2, it can be seen that the tensile strength properties of the two modified porous

polyimide composites firstly increase and then decrease with the increase of the proportion of
graphene, and the tensile strength attain maximum when the ratio of graphene is 0.5%. This is
because it forms the optimum embedding ratio between graphene and polyimide powders when the
proportion of graphene is 0.5%, which improves the density of composites, and makes the tensile
strength to reach the maximum. As the proportion of graphene increases, it affects the bond between
the matrix and the tensile strength begins to decrease.
The friction and wear properties of the retainer material

The tribological properties of the sample materials are tested on a high speed reciprocating
friction and wear tester(HSR-2M). Test conditions: reciprocating dry friction pair, steel ball diameter
of 4 mm , the test load 40 Newton, reciprocating line speed 100mm/min, reciprocating distance 4mm
(bidirectional), test time per sample 10 min.

Figure 3 Dynamic variation curve Figure 4 Effect of graphene ratio on wear
of friction coefficient volume of Porous composites

Fig.3 shows the friction coefficient-time curves of porous materials with different proportions of
Graphene, PTFE and PI. It can be seen that the friction coefficient fluctuates in a certain range due to
the reciprocating movement of the grinding ball and the specimen. The friction coefficient of
graphene modified polyimide material is obviously higher than that of graphene modified PTFE/PI
material. The friction coefficient fluctuation range of the graphene modified polyimide increases with
the increase of the proportion of graphene, and it needs to take a long time to reach the stable state.
However, the friction coefficient of graphene modified PTFE/PI rapidly decreases, and it quickly
reaches a stable state and remains in a certain range.
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In Fig.6, it can be seen that with the increase of the proportion of graphene, the wear volume of
the modified polyimide composites decreases gradually. When the addition ratio of graphene is 1%,
the wear volume of the modified polyimide composite is reduced by about 50%. This is due to the
increase of the surface smoothness of polyimide composites after adding graphene, and the rigidity of
graphene under micro-perspective, which makes the wear volume of composites decrease gradually.
However, the wear volume of the graphene modified PTFE/PI composites shows a tendency to
increase first and then decrease. This is due to the fact that when the proportion of graphene is
relatively small, the matrix surface strength properties of the composites are poor, so the wear volume
increases, and with the increase of the proportion of graphene, the strength properties of the matrix
surface increase, so the wear volume begins to decrease.

The data analysis shows that the friction and wear properties of the graphene modified PTFE/PI
composite have been improved, the wear volume decrease by about 27%.

Friction and Wear Mechanism of Porous retainer Materials
The worn porous traces of the tested composite materials are placed under a high magnification

microscope and photographed at ×200 and ×500 times, respectively. The comparison results are
shown in Fig.5.

Figure 5 Micro wear morphology of Porous composites
Graphene modified PTFE/PI porous material has a higher level of smoothness and shallow

grinding trail channel. The graphene has high strength properties and can bear most of the load in
composite porous materials. The PTFE crystal has the characteristics of being embedded in the
concave of the porous composite material or adhering to the worn surface driven by the external force,
and improving the flatness of the worn surface and the depth of the worn groove of the composite
material. Therefore, the comprehensive properties of the graphene modified PTFE/PI porous
materials have been improved.

Conclusion
(1) When graphene is embedded in the composite, its excellent thermal conductivity improves

the thermal conductivity of the composite. Test results show that the thermal conductivity of
graphene modified PTFE/PI composites is about 37% higher than that of PTFE modified polyimide
composites.

(2) The proper proportion of graphene components can effectively improve the mechanical
properties of PTFE/PI composites. Tensile test shows that the tensile strength of composites is best
when the proportion of graphene is about 0.5%.

(3) With the increase of graphene ratio, the wear volume of graphene modified PTFE/PI shows a
tendency to increase first and then decrease, the rigidity of graphene and the self lubrication of
polytetrafluoroethylene will determine forms of the frictional properties with the change in the
proportion of graphene and polytetrafluoroethylene.
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