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1. Introduction

Self-lubricating rolling functional components
can be used in the working conditions that require high
cleanliness or working at heights, such as medical equip-
ment (CT machine), semiconductor equipment (precision
lithography machine), wind power generation device, and
aerospace equipment (aviation optical remote sensing
mechanism), etc [1, 2].

The oil media unit is widely employed in self-
lubricating rolling functional parts. The lubricating oil is
stored in the oil media unit which is could be divided into
two types, one is a self-lubricating unit composed of an oil
storage tank (oil storage) and a felt (oil control and oil de-
livery), the other one is a porous oil storage media self-
lubricating unit [3]. The former self-lubricating unit de-
pends on the wettability of felt, if the wettability of the
self-lubricating unit is good, the oil will be abundant, oth-
erwise, the oil will be lacking and the oil control effect will
be unstable. The latter self-lubricating unit uses the pores
of the porous material to store and control oil, and the self-
lubricating effect is better than the former one [4].

The porous oil storage media self-lubricating unit
can penetrate lubricants continuously. The surface of the
porous oil storage media and its loading mechanism are
covered with seeping out excess oil which are waste [8].
The waste of limited storage of lubricating oil reduces the
utilization rate of lubricating oil in the porous oil storage
media and shortens the service life of the porous oil stor-
age media [9]. The excess oil is mainly due to the different
directivity of the pores causes the lubricating oil to pene-
trate to the surrounding surfaces, and just the lubricating
oil that penetrates to the surface of the friction pair partici-
pates in the lubrication condition [10].

Therefore, in response to the above lubricating
question, this paper proposes to prepare a new type of po-
rous oil storage media with directional pores by poly tetra
fluoroethylene (PTFE) and naphthalene, and the perfor-
mance of porous oil storage media is systematically evalu-
ated and analysed. With the experiments and analyses, this
paper aims to provide a theoretical reference for the fabri-
cation and lubrication of porous media with directional
pores for self-lubricating rolling functional components.

2. Experimental Procedure
2.1. Fabrication of porous media

PTFE (Japan's Daikin) and naphthalene are em-

ployed as base material and pore former in the fabrication
experiment. The PTFE powder is dried at 120°C for 2 h. A
certain weight ratio of PTFE and naphthalene are crushed
into powder with a particle size of less than 200 meshes by
pulverized grinder. The mixed powder is sieved in self-
preparation mold with a certain pressure, and then the
molded blanks of mixed powder are natural effect more
than 48 h.

The molded blank is coated with high temperature
sealant, and only retains a directional open surface which
is the gas escape surface as shown in Fig. 1. The coated
molded blank is vacuum sintered at 385°C for 2 h, the pore
former is volatilize and escape toward the open face at this
condition and then the high-temperature sealant can be
removed. Therefore, the porous media with directional
pores can be obtained.
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Fig. 1 Schematic diagram of porous oil storage media with
directional pore

Table 1
Fabrication experiment parameters of porous media

Pressure p ,MPa 3.125 | 6.25 12.5 25 50

mass fraction of

pore former a, % 20 33 30 63 80

Fabrication pressure p and mass fraction of pore
former « are two important factors that affect the perfor-
mance of porous media. In order to characterize the influ-
ence of factors within a large parameter range on the per-
formance of porous media, the experimental factor pa-
rameters which are shown in Table 1 were measured in a
proportional manner. The influence of pressure and mass
fraction of pore former are tested respectively. The under-
lined parameters in the Table 1 represent the fixed values
employed by this parameter when another parameter is a
variable. For example, when pressure is analysed as a test




variable, the mass fraction of pore former is employed as
the fixed value of 50%.

2.2. Fabrication of porous media

The performance evaluation of porous media in-
clude dry density p1, oil storage density p,, Shore hardness
h, porosity ¢, oil storage rate y and oil storage retention
rate £ The dry density p1 and oil storage density p, are
described as:
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The m; and m; are the weight of dry sample and
full oil storage sample of porous media. The porosity ¢ is
expressed by percentage of pore volume and can be calcu-
lated as:

(m, -my)p,
m, o,

5= x100% . A3)

The po is the density of lubricating oil (Mobil
DTE 32). The kinematic viscosity, viscosity index, pour
point, flash point and density of lubricating oil are tested
according to ASTM-D445, ASTM-D2270, ASTM-D97,
ASTM-D92 and ASTM-D4052 respectively. The test envi-
ronment temperature of kinematic viscosity and density are
respectively 40°C and 15°C. The property parameters of
lubricating oil are shown in Table 2.
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Table 2
Property parameters of lubricating oil
viscos- | kinematic vis- flash .
. . . . pour . density,
ity V1SCOS1- cosity oint.°C point, Ke/L
grade ty,cSt index | PO °C &
32 31 102 -18 218 0.85

The porous media can completely store oil by
high vacuum negative pressure oil immersion adsorption
method. A low speed centrifuge is employed to carry out
the oil rejection test. The oil rejection speed is 4000 r/min.
The weight of porous media is weighed to calculate the
variation of its oil storage rate after a certain oil rejection
time interval. The oil storage rate can be calculated as:

_(my-m)p

= x100%,
m, o,

(4)

where mjs is the weight of the porous oil storage media af-
ter oil rejection for a certain period of time. The oil storage
retention rate £ can be described as:

4 ()

%xmo% .

The morphology characteristics of the pores on
the surface of porous media are analyzed by scanning elec-
tron microscope (FEI-Phenom prox), and the internal

structure of the porous media is analyzed by industrial mi-
cro focus computed tomography (Y.CT-Precision).

3. Results

3.1. Influence of fabrication pressure on the performance
of porous media

The influence of fabrication pressure on the Shore
hardness h of porous media is shown in Fig. 2. It can be
observed that the average hardness of open surface is 2.9%
smaller than that of other surface. This is mainly because
the open surface of the open face has more pores than other
surface, and thus the hardness of the open surface is small-
er than that of the other surface. The hardness of oriented
open surface and other face of porous media are basically
linear with the pressure, and can be fitted as hy = 0.08148p;
+ 69.177 and hy = 0.2714p, + 67.9575 respectively, the
correlation coefficient values reaches 0.94 and 0.86. It can
be observed that the linear fitting relationship is good.

The influence of fabrication pressure on the po-
rosity ¢ of porous media with oriented open face is shown
in Fig. 3. The porosity of porous media reaches peak at the
fabrication pressure of 6.25 MPa. Comparing Fig. 2, it can
be seen that under the same proportioning conditions,
when the pressure is 6.25MPa, the hardness value is above
the fitting curve, and the distance above the fitting curve is
the maximum. Under the condition of constant density of
naphthalene (1.145 g/cm?) and PTFE (2.2 g/cm®), the mix-
ture of the two materials exhibits the best pore forming
properties at this pressure, resulting in the maximum po-
rosity of the porous medium. The porosity gradually de-
creases with increasing pressure after this peak, and then
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Fig. 2 Influence of fabrication pressure on the hardness of
porous media
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Fig. 3 Influence of fabrication pressure on porosity of po-
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the porosity reaches its lowest value at the pressure of
25 MPa, the porosity of the porous medium is the worst at
this pressure. The porosity increases slightly at the high
fabrication pressure of 50 MPa. With increase of fabrica-
tion pressure, the volume of molded decrease and the mass
density of pore former increases. Meanwhile, the volati-
lization amount of the pore former in unit volume increase
during the vacuum sintering, and results in the internal
pore density and amount of porous media in unit volume
increase. This is mainly reason why the porosity increases
when the fabrication pressure is 50 MPa.

The influence of fabrication pressure on the dry
density p1 and oil storage density p, of porous media are
shown in Fig. 4. The pressure has little effect on the densi-
ty of porous media. The trend of density change is similar
to that of porosity change. The dry density and oil storage
density of porous media range in 0.57~0.63 g/cm® and
0.91~1.05 g/cm?® respectively. The dry density variation
can be fitted by p = 0.00066p + 0.653. With the increasing
of fabrication pressure, the density of pore former and the
volatilization amount volume of pore former also increase,
and lead to the decreasing of the density of porous media.
However, the porosity of porous media will increase when
the pressure is large enough (50 MPa). That is because the
oil storage capacity increases with the increasing of specif-
ic surface area of internal pores, and thus the oil storage
density increases slightly.

3.2. Influence of mass fraction of pore former on the per-
formance of porous media

The influence of fabrication pressure on the oil
storage rate is shown in Fig. 5. The oil storage rate of
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Fig. 4 Influence of fabrication pressure on the dry density
and oil storage density of porous media
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Fig. 5 Influence of fabrication pressure on the oil storage
rate variation of porous media
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porous media with different fabrication pressure basically
shows a rapid linear reduction trend in the initial stage of
oil rejection. It can be observed that the oil leakage rate of
porous media with different fabrication pressure is almost
the same. After 20 minutes of oil rejection, the variation of
oil storage rate of the all porous media is stable, most of
the lubricating oil stored in the porous media has exuded
and the oil penetration rate gradually decrease. After 60
minutes of oil rejection, the porous medias also present
show oil penetration state, and the final oil storage rate are
15.7% (p=3.125 MPa), 11.0% (p=6.25MPa), 10.9%
(p=125MPa), 89% (p=25MPa), and 9.4%
(p =50 MPa) respectively. The influence of pressure on
the final oil retention rate is not significant.

The influence of mass fraction of pore former on
the Shore hardness of porous media is shown in Fig. 6. The
hardness of porous media decrease with the increasing of
mass fraction of pore former, this is because the increasing
of mass fraction of pore former lead to more volatilization
inside the porous media to escape from the molded blank
and increase the amount of inside pores. More amount of
inside pore result in the decreasing of the hardness of po-
rous media. It can be observed that the hardness of oriented
open face is slightly smaller than that of the other surface.
The hardness of the two types of surface has a linear nega-
tive effect relationship with the mass fraction of pore for-
mer, and they can be fitted as hy =-0.7873a1 + 99.6583
and h, =-0.9934q, + 114.3042, the correlation coefficient
values reaches 0.7835 and 0.8693.

The influence of mass fraction of pore former on
the porosity ¢ of porous media is shown in Fig. 7. The
mass fraction of porous media has a significant effect on
the porosity of porous media. The amount of gas volatiliza-
tion in molded blank increases with the increasing of mass
fraction of pore former, and lead to the increasing of the
porosity of porous media. The variation of mass fraction of
pore former can be well fitted as 6 = 0.7165« + 3.9927, the
correlation coefficient value is 0.8878. It is a good linear
positive effect relationship between the mass fraction of
pore former and porosity of porous media.

The influence of mass fraction of pore former on
the dry density p; and oil storage density p, of porous me-
dia is shown in Fig. 8. The variation of dry density and oil
storage density present a certain linear decrease with the
increasing of mass fraction of pore former, and they can be
well fitted as p1=-0.014¢1 + 1.3745 and
p2=-0.00791a, + 1.4086, and the correlation coefficient
values are 0.9715 and 0.8714 respectively. There is a sig-
nificant linear negative effect relationship between density
and mass fraction of pore former.

The influence of mass fraction of pore former on
the oil storage rate is shown in Fig. 9. The oil penetration
trends of porous media with different mass fraction of pore
former are different. In the initial stage of oil rejection, the
larger the mass fraction of pore former is, the bigger the oil
penetration rate is. The oil storage rate curves of the porous
media with different mass fraction of pore former tend to
be stable, and the oil penetration rate is relatively slow.
The final oil storage rate are 10.6% (a = 20%), 14.9% (a =
=35%), 15.7% (o = 50%), 20.3% (o = 65%), and 8.2% (a =
=80%) respectively. The influence of mass fraction of pore
former on the final oil retention rate is significant.
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Fig. 8 Influence of mass fraction of pore former on the dry
density and oil storage density of porous media
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Fig. 9 Influence of mass fraction of pore former the oil
storage rate variation of porous media
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3.3. Microstructure of internal pore of porous media

The micro morphology of pore surface for porous
media with fabricating pressure is 6.25 MPa and mass frac-
tion is 50% is shown in Fig. 10. The pore structure in po-
rous media is evenly distributed, and the internal pores
show good connectivity as shown in Fig. 10, a. The inter-
connected pores can form effective pores for the storage
and circulation of lubricating oil. The microscopic obser-
vation of the micro morphology is shown in Fig. 10, b. The
porous media has formed many cave-type pore structures,
and obvious fibrosis tissue structure appears at the pore
junction. Combining Fig. 2, Fig. 3, Fig. 4 and Fig. 5, it can
be concluded that the fibrous tissue and cave-type structure
are one of the main reasons for the optimal pore formation
of porous media under these preparation parameters. Dif-
ferent preparation parameters can lead to different cave
structures and fibrotic tissue structures in porous media.
The fibrosis is conducive to the porous media to adjust the
oil penetration rate of lubricating oil in the process of oil
rejection, lock the lubricating oil, avoid too fast penetration
of lubricating oil, prolong the oil leakage time, and im-
prove the oil control effect of porous media.

The tomographic analysis of the internal pore
structure of the porous media measured by industrial CT is
shown in Fig. 11. The plane incision surface of the porous
media sample is the oriented open surface. It can be ob-
served that although the pore size and shape are different,
the distribution is relatively uniform and interconnected.
The pore structure is beneficial to the storage and circula-
tion of lubrication oil. According to Fig. 9, the larger the

Fig. 10 Pore surface micromorphology of porous media:
pore surface topography (a) and micromorphology

(b)

Fig. 11 CT section scan of porous media
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pores, the more lubricating oil can be stored. However,
excessively large pores will make it easier for lubricating
oil to seep out of the pores without being affected by mo-
lecular forces. Meanwhile, it can be seen that the porous
medium with the pore forming agent mass fraction of 80%
has too large pores, which leads to rapid leakage of lubri-
cating oil during the oil throwing process, resulting in the
lowest final oil storage rate.

In order to analyse the orientation of the pore
structure inside the porous media, the oriented open sur-
face is employed as the initial surface of the tomography.
A layered scan is performed every 0.5 mm along the centre
direction of the porous media (xo direction), and the yoz
section is employed as the observation surface. The pore
structure characteristics of different layered sections inside
the porous media are shown in Fig. 12.

Fig. 12 Pore morphology of different cross sections (at the
section of: 0 mm (a), 0.5 mm (b), 1.0 mm (c),
1.50 mm (d) and 2.0 mm (e)) in porous media

In order to track and analyse the directional char-
acteristics of pores, typical pores in the same location of
the tomography image are selected for analysis, and the
pores are indicated by the box marks in the Fig. 12, a to
Fig. 12, e.

The cross-sectional shape of the pores near the di-
rectional opening surface (Fig. 12, a) is relatively irregular,
the pores have good connectivity with other pores, and the
selected pore is elongated. The pore diameter becomes
larger and becomes more round when approaching the cen-
tre of the porous media. However, the shape of the pore
varies irregular, narrowing (Fig. 12, b) or bigger (Fig. 12, c)

at a certain constant short distances. The typical pore forms
a constriction in the middle (Fig. 12, d) and gradually di-
vides into two parts. One part of the pore gradually disap-
peared and the other part gradually become slender pore
(Fig. 12, e). It can be observed from the CT tomogram of
the pores that although the shape and pore diameters of the
pores changes irregularly, they always maintain a connect-
ed state, and the internal pores will be dispersed and col-
lected. The pores have good orientation in the direction of
the directional opening surface.

4, Conclusions

In this present work, the performance evaluation
of oriented porous oil storage media fabricated by PTFE
and naphthalene are investigated systematically. The main
conclusions obtained are summarized as follows:

1. The fabrication pressure has a linear positive
effect relationship with the hardness of the porous media,
and has no significant effect on the density, porosity, oil
storage rate and oil retention rate.

2. The mass fraction of pore former has a linear
negative effect relationship with the hardness and density
of porous media, and a linear positive effect relationship
with the porosity. The greater the mass fraction of pore
former, the greater the oil penetration rate in the initial
stage of oil rejection, but the effect on final oil retention
was not significant.

3. The internal pores of the porous media have a
fibrous structure of the cave type, and the internal pores are
interconnected and have good orientation.
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H. Wu, N.Lin, Y.Chen, S.Kang, L.Liu, E.Lu,
G. Xu, C. Cai

PERFORMANCE EVALUATION OF DIRECTIONAL
POROUS OIL STORAGE MEDIUM FABRICATED BY
PTFE AND NAPHTHALENE

Summary

Porous oil storage media is the core of self-
lubricating rolling functional components. The internal
pore directivity of porous oil storage media is different and
it reduces the utilization rate of lubricating oil. In this pa-
per, a new fabrication method of porous oil storage media
with directional pores is carried out, and the properties of
the porous media, such as hardness, density, porosity, oil
storage rate and oil retention rate are evaluated. The exper-
imental results show that the fabrication pressure has a
linear positive effect relationship with the hardness of the
porous media, and has no significant effect on the density,
porosity, oil storage rate and oil retention rate. The mass
fraction of pore former has a linear negative effect rela-
tionship with the hardness and density of the porous media,
and a linear positive effect relationship with the porosity
the greater the mass fraction of pore former, the greater the
initial oil seepage rate of oil rejection. The internal pores of
the porous media have a fibrous structure of the cave type,
and the internal pores are interconnected and have good
orientation. This study aims to provide a lubricating theo-
retical reference for the fabrication of porous oil storage
media.

Keywords: porous oil storage media, directional pore,
PTFE, cave-type pore.
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