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Comparative study on tribological properties of isostatic graphite
and carbon graphite under dry sliding and water-lubricated conditions
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Abstract: The tribological properties of isostatic graphite and
carbon graphite under dry sliding and water lubricated
conditions were studied. The friction test was conducted by
using a pin-on-disc tribometer. The friction coefficient and the
wear rate were employed tribological
performances of the two materials, and wear morphology was
used to analyze the wear mechanism. The results show that the
friction coefficient of the isostatic graphite is larger than that of
the carbon graphite under the dry sliding condition, and the
wear rate is lower than that of the carbon graphite. Under the
water lubricated condition,
wear rates of the isostatic graphite decrease obviously. The
main wear form of the isostatic graphite is abrasive wear,
while the main wear form of the carbon graphite is spalling
wear. Finally, the tribological mechanism of the isostatic
graphite under dry sliding and water lubricated conditions were
systematically analyzed.
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to evaluate the

the friction coefficients and the

riction and wear can lead to failure for water-lubri-
F cated mechanical elements; therefore, it is necessary
to prepare material with antifriction and anti-wear per-
formances to delay the failure for the elements in aqueous
environments. Currently, the materials for the water-lu-
bricated elements mainly include metal material'’, ce-
ramic material”, rubber material”’, engineering plas-
tic'""! and graphite material”. In particular, the graphite
material has a good self-lubricated performance, high
temperature resistance, corrosion resistance and good me-
chanical processing performance. Due to these good prop-
erties, graphite materials have been widely applied to the
water-lubricated sliding bearings'®™".
Recently, many researchers have studied the friction

and wear properties of carbon graphite materials'’"*.
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The tribological pairs include carbon graphite/silicon car-
bide friction"”, carbon graphite/316 stainless steel'"’,
and carbon graphite/stellite alloy'"
graphite and metal pair, the test results of friction and
wear show that copious carbon debris is compacted on the

For the carbon

counter-face, and the transferred film depends on pres-
sure, sliding speed and the nature of the mating surface.
The transferred film forms on the initial sliding stages
due to the abrasive rapid wearing of graphite material,
and the wear rate of carbon graphite is high at the initial
sliding. Isostatic graphite is a newly-developed material,
which is prepared by the cold isostatic pressing tech-
nique. The isostatic graphite is well known for its excel-
lent properties, such as good self-lubrication, low parti-
cle size, low open porosity, homogeneous structure,
isotropic properties, high hardness and strength. Howev-
er, the isostatic graphite is a brittle material, and it may
fail in a brittle or quasi-brittle fracture under mechanical
loading. Sudden failure in the isostatic graphite is even
more critical for components containing stress notches.
Much research has studied the fracture properties of
cracked components subjected to opening and sliding
(37181 However, to the best of our knowledge,
there is no literature concerned with the tribological
properties of the isostatic graphite material.

In this paper, the friction and wear properties of the

modes

isostatic graphite and the carbon graphite were studied un-
der dry sliding and water lubricated conditions using a
pin-on-disc tribometer. The friction coefficient and the
wear rate were employed to characterize the friction and
wear performance of the two graphite materials, and wear
morphology was used to reveal the wear mechanism. This
study aims to provide the basic data about the tribological
properties of the two graphite materials under dry sliding
and water-lubricated conditions.

1 Samples Preparation and Test Method

1.1 Samples preparation

Fig. 1 shows a schematic diagram of the pin-on-disc fric-
tion pair. The material of the pin is stainless steel. The size
of the pin is ¢4.8 mm x 12.7 mm, and the ball size is 4.75
mm. The surface roughness of the stainless steel pin is about
0.2 wm. Fig.2 shows the photo of the pin sample. The ma-
terials of the discs are the isostatic graphite and the carbon
graphite, and the size of the disc is ¢47 mm x5 mm.
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Fig.1 The schematic diagram of pin-on-disc friction pair

Fig.2 The pin sample

The isostatic graphite materials with 8% and 14% po-
rosity were tested to show the effect of porosity on the
friction and wear properties. Fig. 3 shows the disc sam-
ples of the isostatic graphite and carbon graphite.

(a) (b)

(c)

Fig.3 The disc samples. (a) Isostatic graphite with 14% porosity;
(b) Isostatic graphite with 8% porosity; (c) Carbon graphite

The physical parameters of the isostatic graphite and
carbon graphite are listed in Tab. 1. With the decrease in
the average particle size, the porosity of the isostatic
graphite decreases and the volume density, shore hard-
ness, compressive strength and flexural strength increase.
The isostatic graphite reveals outstanding physical proper-
ties compared with the carbon graphite. Fig.4 shows the
X-ray diffraction pattern of the isostatic graphite. The

Tab.1 Physical parameters of the graphite materials

Carbon Isostatic graphite
Parameters )

graphite  14% porosity 8% porosity
Bulk density/(g - cm %) 1.675 1.841 1.936
Shore hardness 40 68 88
Graphite particle size/pum 40 22 3
Open porosity/ % 18 14 8
Compressive strength/MPa 75 87 188
Flexural strength/MPa 35 36 81
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Fig.4 X-ray diffraction pattern of the isostatic graphite

diffraction peaks of the isostatic graphite appear as hexa-
gonal graphite (2H crystal structure) and rhombohedral
graphite (3R crystal structure) .

1.2 Friction and wear test

The pin-on-disc tribometer (MMW1A) was employed
to study the friction and wear properties of the isostatic
graphite, as shown in Fig. 5. The samples were ultrasoni-
cally cleaned and dried before and after each test. The
samples were weighed with a high-precision balance (ac-
curacy: 0.01 mg). The wear rate of the samples were
calculated according to the wear loss. The friction coeffi-
cient was obtained in real time by the tribometer. Each
test was repeated three times. The roughness and wear
morphology of the samples were observed by the confocal
laser scanning microscope and optical microscope before
and after the friction and wear tests. The experimental pa-
rameters for the tribological tests are with a normal load
of 15 N and sliding speed of 0.068 m/s.

Fig.5 The pin-on-disc tribometer

2 Results and Discussion
2.1 Friction coefficient and wear rate

2.1.1

Fig. 6(a) shows the friction coefficient of the isostatic
graphite ( porosity: 8% and 14% ) and carbon graphite
under dry sliding condition as a function of test time. It

Dry sliding condition

can be seen that the dry friction coefficients of two types
of the isostatic graphite are significantly larger than that of

the carbon graphite. The friction coefficient of the
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isostatic graphite ranges from 0. 18 to 0.22, and the fric-
tion coefficient of the carbon graphite is from 0. 1 to
0.12. The friction coefficients of isostatic graphite and
the carbon graphite decrease slightly as a function of test
time.
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Fig. 6 Friction coefficients and wear rate of graphite materials
under dry sliding condition. (a) Friction coefficients; (b) Wear rate

Fig. 6(b) shows the wear rates of the carbon graphite
and the two types of the isostatic graphite under dry sliding
It can be seen that the wear rates of the
isostatic graphite are clearly lower than those of the carbon

conditions.

graphite, and the wear rates of the isostatic graphite in-
crease with the increase in porosity. It is observed that the
wear rates of the three graphite materials decrease with the
increase in the sliding speed or the normal load. In particu-
lar, the carbon graphite appears a maximum reduction.
2.1.2 Water lubricated condition

Before the test, a series of previous trials were conduc-
ted to show that the friction pair can be in the boundary
lubrication state when the normal load of 15 N and the
sliding speed of 0. 068 m/s are used. Fig.7(a) shows the
friction coefficients of the carbon graphite, isostatic
graphite with 8% and 14% porosity under the water lu-
bricated condition. The friction coefficients of the carbon
graphite and isostatic graphite under the water lubricated
condition are lower than those under the dry sliding con-
dition; especially, the friction coefficient of the isostatic
graphite decreases significantly. The friction coefficient
of the isostatic graphite with a porosity of 14% is even
close to that of the carbon graphite. The friction coeffi-
cient of the isostatic graphite decreases with the decrease
in the porosity. In contrast to the dry sliding condition,
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Fig.7 Friction coefficient and wear rate of graphite materials
under water lubricated condition.
Wear rate

(a) Friction coefficients; (b)

the friction coefficients of three graphite materials show
little change as a function of test time.

Fig. 7(b) shows the wear rates of the carbon graphite
and the isostatic graphite under the water lubricated condi-
tion. It can be seen that the wear rate of the isostatic
graphite is lower than that of the carbon graphite, and the
wear rate of the isostatic graphite decreases with the de-
crease in the porosity. The wear rates of these three kinds
of graphite materials under the water lubricated condition
are lower than those under the dry sliding condition.

2.2 Tribological mechanism

2.2.1
Fig.8 shows the wear morphologies of the carbon

Dry sliding condition

graphite and the isostatic graphite under the dry sliding
condition. It can be seen that the wear form of the carbon
graphite under the dry sliding condition is spalling wear
with slight particle wear; while the wear form of the iso-
static graphite is abrasive wear, and a plowing action ap-
pears on the worn surface.

The results in Section 2. 1 show that the friction co-
efficients of the isostatic graphite materials are significant-
ly larger than those of the carbon graphite under the dry
sliding condition. Based on the wear morphologies, a
possible explanation for this might be that the isostatic
graphite has a compact accumulation of particles, small
porosity and high hardness, while the carbon graphite ex-
hibits loose accumulation of particles, large porosity and
low hardness. Compared with the carbon graphite, the
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Fig.8 Wear morphologies of graphite materials under the dry sliding condition. (a) Carbon graphite; (b) Isostatic graphite with 14% po-

rosity; (c) Isostatic graphite with 8% porosity

isostatic graphite has a higher shear-resistance property.
As a result, the friction coefficient of the isostatic graph-
ite is larger than that of the carbon graphite under the dry
sliding condition.

2.2.2 Water-lubricated condition

Fig. 9 shows the wear morphologies of the carbon
graphite and the isostatic graphite under the water lubri-
cated condition. It can be seen that the main wear form of
the carbon graphite is also spalling wear with slight parti-
cle wear, while the wear form of the isostatic graphite is
mainly abrasive wear with a plowing action.

The results in Section 2.2 show that the friction coeffi-
cients and wear rates of the three graphite materials de-
crease under the water lubricated condition, and the de-
creased degree of the isostatic graphite is significantly lar-
ger than that of the carbon graphite. In this section, the
surface roughness of the three graphite materials under dry
sliding and water-lubricated conditions is tested to explain

BT s ,,

(b)
Fig.9 Wear morphologies of graphite materials under the water lubricated condition. (a) Carbon graphite; (b) Isostatic graphite with
14% porosity; (c) Isostatic graphite with 8% porosity

the friction and wear mechanism. The roughness values
are listed in Tab. 2. The results show that the surface
roughness values of three graphite samples under the wa-
ter lubricated condition are lower than those under the dry
sliding condition.

There are two possible explanations for this result: 1)
For the water-lubricated condition, the spalled graphite
particles are mixed with the lubrication water. The mix-
ture containing the graphite particles adsorbs on the con-
tact zone of the friction pair, and the graphite particles
tend to be deposited on the worn surface of graphite mate-
rial, so that the worn pits can be filled up during the test.
2) It is inevitable that there is the squeeze lubrication
effect for the friction pair due to the porous structure of
the graphite material. In summary, it is understandable
that the friction coefficient and the wear rate under the
water-lubricated condition are lower than those under the
dry sliding condition.

(¢)

Tab.2 Roughness values of graphite materials after lubrication tests

Along the wear scar channel/ pm

Perpendicular to the wear scar channel/ pm

Water lubrication

Dry sliding Water lubrication

Materials
Dry sliding
Carbon graphite 2.08
Isostatic graphite with 14% porosity 1.91
Isostatic graphite with 8% porosity 1.80

1.71 2.82 2.43
1.67 2.67 2.31
1.49 2.51 2.18

3 Conclusions

1) Under the dry sliding condition, the friction coeffi-
cient of the isostatic graphite is significantly larger than
that of the carbon graphite; however, the wear rate of
the isostatic graphite is clearly lower than that of the car-
bon graphite.

2) Under the water-lubricated condition, the friction
coefficient and wear rate of the two types of graphite are
much less than those under the dry sliding condition, es-

pecially for the isostatic graphite.

3) For the dry sliding and water-lubricated conditions,
the wear form of the carbon graphite is mainly spalling
wear, and the wear form ofthe isostatic graphite is main-
ly abrasive wear.
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