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Abstract Elastic metallic plastic pads( EMP) were irradiated by low energy aluminum ion in a metal vapor vacuum
arc(MEVVA) 80-10 implantation system. The samples were irradiated with 20 keV Al ion with the influx from
1x10"% to 1x10"Al cm®. Then the as irradiated samples were measured by ESCA, XRD, AFM/FFM and a nano-

probe. It is found that the hardness of as-irradiated samples is 5 7 6 times as that of the pristine ones. The worn

depth of sample implanted at ion influx of 1 x 10" Al/cm’ is about one eighth of that of the pristine sample at the

same load. The XRD results show that there are some Al2O3 and AlF; intermingled with the phase of polytetraflu-

oroethylene( PTFE) . The experimental results reveal that the tribological properties of EMP can be significantly im-

proved by the ion beam surface modification.
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1 INTRODUCTION

The elastic metallicplastic pads (EMP) are
widely used in vertical electric machines of hydro-
power plants. The surface material of EMP is
PTFE. The PTFE has low friction coefficient and
excellent insulativity, but the strength, hardness
and wearresistant properties are not satisfacto-
ry!"'. In order to improve the strength, hardness
and wear-resistant character of PTFE, some physi-
cal commingling methods are used *™ .

In recent years, there has been ever-increasing
interest in the surface modification of polymers to
improve their chemical, physical, mechanical and
tribological properties. Many techniques have been
applied to produce the desired surface modifica-
tions, ranging from conventional flame treatment,
and electrical treatments, to modern plasma treat-
ments and particle beam irradiation(ions, neutrons
and photons) techniques'”™ . Among them, parti-
cle beam techniques are particularly attractive ow-
ing to their flexibility, validity, and no environ-
mental pollution compared with conventional tech-
niques. Moreover, in the domain of particle beam
techniques, the ion beam has been proven more ef-
fective in modifying polymer surfaces than UV-
light, ¥ray, X-ray and electron beams. T his is be
cause that energetic ion has a higher cross-section

|
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for ionization'” and larger linear energy transfer

than those conventional radiation types of compa-
rable energy owing to their deeper range''".
Whilst it is widely recognized that crosslinking
plays an important role in increasing surface me-
chanical properties of ion beam modified polymers,
it is noticeable that, although PTFE is a typical
chain scission polymer, electron beam and irradia-
ted ¥ray show a significantly enhanced wear resist-
ance. It is supposed that PTFE s wear resistance
induced by radiation is closely related to the chain
scission, the reduction of relative molecular mass,
and the loss of long-range molecular interac
tions'". But, the thin film formed in this method
is not strong enough to bear heavy load. So, we
have studied another method to improve the tribo-
logical properties of EMP by means of aluminum
ion beam irradiation. It is proved to be feasible to
improve the behavior of chain scission polymers.
In the present work, EMP was irradiated with
Al ion beam of 20 keV with different ion influxes.
The aim of this work is to investigate the tribologi
cal properties, surface hardness, chemical bonds, sur
face toughness and micro-wear characteristic of EMP.

2 EXPERIMENTAL

The EMP samples, which were provided by
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Harbin Electrical M achine Company, were rinsed
with alcohol, and cleaned ultrasonically in acetone.
All samples were finally dried in an oven at 100 'C
for 1. 5 h. Al ion irradiation was carried out in a
vacuum chamber of a metal vapor vacuum arc
(MEVVA) source implanter with extraction volt-
age of 40 kV. The irradiation energy of the Al ion
was 20 keV. Three ion influx were selected, 1i. e.
1x10%, 5% 10" and 1 % 10"/ cm?.
were irradiated with an ion current density of
10 BA/ em®.

ergy of the Al ions were employed in order to pre-
[11, 12]

The samples
The low ion doses and irradiation en-

vent the surface from the heavier erosion
The low beam current density was employed in or-
der to lower the temperature of the samples resul-
ting from ion beam heating. The samples were not
cooled during ion irradiation. The base pressure of
the vacuum chamber was 2% 10" * Pa, and the ion
irradiation was accomplished at a gas pressure of
3 x107° Pa.

After ion irradiation, the samples were taken
out from the vacuum chamber, and then examined
by ESCA ( PHI-5300). The AlK. irradiation
source was used in ESCA analysis. The chemical
bonding and phase composition were analyzed with
PHI 5300 and X-ray diffractometer. The micro-
hardness and elastic modulus of the samples were
measured by a nano-probe. The use of nano-probe
makes it possible to estimate surface mechanical
properties such as hardness, elastic modulus and

[13]

creep resistance The micro wearing behavior

was observed in a CSPM-930a atomic force and
friction force microscope (AFM/FFM). And the
micro friction force signal and wear were measured
at a given load. The friction coefficients were in-
vestigated on a CJS111A friction machine.

3 RESULTS AND DISCUSSION

3.1 ESCA surface toughness analysis

The surface toughness of the as irradiated
samples was measured with AFM. There was no
significant damage to the surface of the as-irradia-
ted samples.

The Cls corelevel spectra of the as-irradiated
samples were obtained by ESCA. The observed
Cls peaks can be distributed to CFs; bond at
293.17294.0€eV, CF, bond at 292.27292.5¢€V,
CF bond at 289.87290.4eV, C=—O0O bond at
288.17288.9eV, C—0O bond at 285.97286.6
eV, and carbon bond at 284.67284.8 eV. The
surface composition of the as-irradiated samples is
shown in Table 1.

The C 1Is components at 292. 2 eV for the CF:
bond and at 284. 8 eV for the adsorbed carbon bond
are found on the surface of the control sample. Six

chemical bonds, i.e. CF3, CF., CF, C=0,

Table 1 Surface composition of
as-irradiated samples( mole fraction, %)

Cls 0 1s F 1s Al2p

64. 84 3.45 31.17 0.54

C—0 and C —C, were observed on the surface of
all as-irradiated samples. It can be found that all
the chemical bond data of the as-irradiated samples
have changed with the increasing of ion influx.
The values of CF; bond, CF bond, C—0O and
C = 0O bond have increased with the given ion in-
flux, while the ones of CF» bond have decreased
with the ion influx, as shown in Table 2.

Table 2 Surface compositions of
EMP samples( mole fraction, %)

Ion influx/ (10'® em™?)

Bond
0 0.1 0.5 1
CF3 bond 1.36 1.84 2.74
CF2 bond 95 84.85 75.84 77.59
CF bond 2.62 3.29 4.58
C =0 bond 1.11 6. 89 3.43
C —O bond 1.20 2.85 1.43
Carbon bond 5 8. 86 9.29 10. 23

The force caused by Al ion irradiation is high
enough to break the PTFE bonds. The formation
of CF3 and CF bonds is due to chain scission, de
fluorination, and reaction. So the formation of the

C=0 and C—0O bonds can be

as follows. Some free radicals, such as alkyl and

explained

end-methyl type radicals, are produced in PTFE
during Al ion irradiation. After irradiation, the
PTFE samples are taken out from the vacuum
chamber, and the free radicals react with oxygen in
air.

Fig. 1 shows the XPS spectrum of the control
sample and Fig. 2 shows the XPS spectrum of the
as-irradiated sample. In Fig. 2, there are two obvi-
ous peaks —A12s and Al2p, which are from A,O3
and AlF; respectively.

3.2 Hardness and elastic modulus

The hardness and elastic modulus of as
irradiated samples and the pristine samples were
tested by the nano-probe. The results are shown in
Fig.3. It is found that their surface hardness
increases with the increasing of ion influx, the as
irradiated samples being observed are 5~ 6 times as
hard as the pristine ones. The modulus of as

irradiated sample is degraded at the ion influx of
1% 10" and 5% 10"/ em?, while the modulus is en-
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Fig. 1 XPS spectrum of pristine samples
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Fig.2 XPS spectrum of as-irradiated sample
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Fig. 3 Hardness of as-irradiated samples

hanced at the ion influx of 1x10"°. The as
irradiated samples exhibit a lower E/H ratio than
that of the pristine samples, which limits the plas-
tic deformation and promotes the elastic deforma-
tion, thus the adhesive wear resistant character of

the ion beam modified polymeric surface is

better!'* !,

3.3 Micro tribological properties

The friction coefficients of the as-irradiated
samples were measured under the unlubricated
conditions using CJSI111A sphere-disk tribometer.
The upper sample was a sphere, which was made
of GCrl5, and its diameter was 7mm. The one un-
der the sphere sample was the as-irradiated sam-
ple, which were cut into 20 mm X 20 mm. The load
was 1.47 N and the rotate speed was 3 000 r/ min.
It is found that the friction coefficients of all the
as-irradiated samples are higher than that of the
pristine sample, as shown in Fig. 4.
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Fig. 4 Friction coefficients of
as-irradiated and control samples

After the micro-wear tests, the depth of the
worn marks were measured by AFM. It is revealed
that under the same testing conditions, the depth
of the pristine sample is much deeper than that of
the as-irradiated samples. And the worn depth of
the as ingratiated sample at ion influx of 1 x 10"/
cm’ is about one eighth of the pristine sample un-
der the same load.

3.4 Xvray diffraction pattern

Fig. 5 shows the phase compositions of the
pristine samples and the as-irradiated samples. It is
found that: 1) the diffraction angle decreases with
the increasing of the ion influx, the main diffrac
tion angles are 18.04°, 18.02°, 17.98° and 17.96°,
which are in its turn with the ion influx, caused by
the increasing of some complex effects, indicating
that the properties of the material have been im-
proved by Al ion implantation; 2) the phases in-
crease with the increasing of the ion influx, and
when the ion influx is 1x 10'°A1l/ cm® there are 10
phases.

The X-ray diffraction patterns of the as-irradi-
ated and pristine samples are shown in Fig. 5. It is
found that there are some Al,Os peaks (72.22°"
72.58), apart from some PTFE peaks. Because
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Fig. 5 XRD spectra of controlled and as-irradiated samples
(a) —Pure PTFE; (b) —Implantation 1% 10"/ cm’;

(¢) —Implantation 5 x 10"/ ¢cm”®; (d) —Implantation 1 x 10

low ion influx is employed in this experiment, the
peaks of Al,Os are rather weak. It is known that
AL, O3 is a hard material, which is used to reduce
the attrition wear. Thus, the ALO; phase can in-

tensify the PTFE.

3.5 Discussion

In general, Al ion irradiation significantly in-
duces the change of PTFE tribological properties.
The hardness and elastic modulus of as irradiated
samples are improved. The hardness is closely re-
lated to the Al ion influx. The desired elastic mod-
ulus can be obtained at 1% 10'°/ em®. Although the
friction coefficients of as-irradiated samples are
higher than that of the pristine samples, it is insig-
nificant under the oil lubricated conditions.

4 CONCLUSIONS

1) The wear resistant character of the asirra-
diated EM P is much better than that of the pristine
ones.

"%/ cm?

2) The Al203 produced by irradiation is a hard
material, which is used to reduce the attrition
W ear.
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