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Abstract Introduction
A glow discharge treatment ot Studying organic or mineral insulators
Polytetrafluorocethylene avoids charging by means of an electronic probe is very
effects and permits observation of the difficult owing to charge build up which
sample in Scanning Electron Spectroscopy; occurs under the beam (3, 6, 12). In
x-ray Photoelectron Spectroscopy has been Scanning Electron Microscopy (SEM), this
used to study changes 1n the surface effect hampers any high magnification
chemical compaosition and electronic observation. On Polytetrafluoroethylene
structure of the polymer produced by this (Teflon, PTFE), this problem can be
treatment . partly overcome by putting the sample in
a8 glLow discharge.
This paper deals with this phenomenon.
In order to understand the physical and
chemical process 1nduced on the samples
by the discharge which leads to better
observation conditions, PTFE surface
sample were studied in X-ray
Photoelectron Spectroscopy (XPS).
Impurity metal atoms are deposited on the
treated surface and other structural
modifications occur which change the
surface conductivity.
Experimental
Samples
Technological PTFE (TF 7 synthetized
by DOupont de Nemours) was used 1n the
form of # 15 mm x 2 mm cylindrical disk
samples. FirstiLy, the samples were
cleaned 1n acetone 1n an ultrasonic bath.
Glow discharges 1n Hrgon were generated
key words: SEM and X-ray Photoelectron by a JEOL 111 Fine Coat. The experimental
Spectroscopy analysis, polymer surface conditions were: vacuum 10~ torr,
radiation effects, glow discharge. current: 4 mA, voltage: 800 v, time S5 to
8 min. To check the spatial resolution
some metal coated samples (RAu Pd) were
also prepared.
Methods
Secondary Electron images were
* Address for correspondence: obtained with & JEOL Scanning Electron
‘ Microscope JSM  640. The accelerating
A.Le Moel voltage used for the observations was 1,
IRDI-DESICP-DPC-SPCM=5ES 2 ar 3 keV.
CEN Saclay X-ray Photoelectron Spectroscopy was
91191 Gif sur Yvette cedex performed 1n &8 V.G. Instruments ESCALAB
FRANCE Mk II. This instrument 1s equlpped with a
Phone n°: (1) 59.08.54.85 non-monochromatized X-ray source
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Fig. 1. S.E. images of PIFE

A. Le Moel,

samples.

la) PTFE-nt - magnification 103.

1b) PTFE-t - magnification 103.

lc) PTFE-m - magnification 104,

1d) PTFE-m - magnification 103.

le) PTFE-m - magnification 104.
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Fi?. 2. X-ray photoelectron lines.

2a) PTFE-nt sample.
2b) PTFE-t sample.
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Fig. 3. Fjg lines for the PTFE-nt and PTFE-t
samples.

a.u. e 20v
$=1486,6 ev
TFE.nt
ScF PTFE.t
_&,?
270 z;o 290 aoo 310 BE(ev)

Fig. 4. C;g lines for the PTFE-nt and
PTFE-t samples.
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Glow discharge effects on PTFE polymers

(RLuminum Kqg =71486.6 ev). The base
pressure 1s normally around 5.10°1 Torr.
Because of out-gasing effects due to the
PTEE samples, the pressure rose to about
107 Torr at the end of the experiment.
The analysis chamber 1s fitted with a 150
mm spherlical sector analyzer ogperating 1n

constant pass energy mode and equal to 50
ev. In this experiment, the enerqgy
calibration was made bu wusing the

~f7/2 =84.0 eV X-ray photoelectron Line
of clean bulk polycrystalline gold.

Results
S5.E.images: Three PIFE samples were
investigated by means of a scannilng
electron microscope at a magnification of
1C3 5 The first sample was cleaned 1n a
ultrasonic bath (PTFE-ntJ, the second

one was submitted to & glow discharge

CPTRE-L 3, the Last one was coated with
metal (PTFE-m). It 15 1nteresting to note
that the "non-treated" polymer (F1g. 1a)
charged up under the electronic probe
even at a Low accelerating voltage.
However the PTFE-T CFLg.- 1b) and the
PTFE-m (F1Q. lc) samples present a good
1imaging contrast and a clear topography.
Ht a hignher magnification LTD4 ), 1t was

qulte 1mpossibte to get an useful 1mage
on the naon-—-treated polymer (PTFE-nt). 0On

the two otner samples (Fi1g. 1d and ‘e),
we obtain good detaits of the surface.
The PTEE=~E samplLe shows some

morphological surface modifications: etch
pits and crosslinking Like features.

Xx-ray _photoelectron Lipness Owing to
the positive charge created by X-ray
irradiation (100 8 correction of the
energy position of the photoelectron and
Ruger Lines 1s necessary. Comparison with
previous work €1, 7) on PTFE Led us to
choose the value of 6390.2 eV for the F1is
Line. This wvalue enabled us to evaluate
the Fig shift due to the charging of the
sample as 7.0 eV for the PTFE-nt and 5.8
ev for the PTFE-t. In the following we
will only consider the corrected values
of the binding energles.

a) _Elemental analysis _of the PTFEE-nt
surface (Fig. 2a) - We note the presence
of oxygen (015 ) due to atmospheric

contamination and a8 wvery small photo-
elLectron Line Located at 625 eV and
probably due to the presence of 1odine
(I 3d5/2) used to fluorinate the compound
before polymerization CIFg . C Line
appears as a convolution of two peaks. If
we compare the complete spectrum (Fig.
2a) to that obtained for the PTFE-t
samplLe (Fig. 2b) we observe same
modifications: splitting of the C Line
shape, and a higher concentration of
oxygen. Other photoelectron and Ruger
Lines are found which are due to the

presence of metallic atoms (Co, Fe, Mn,
Cr) on the PTFE-t.

b)) ~F15 tipnes (Fig. 3) = For the PTEE=mt
sample, we only get a simple Fls Line at
KS0.2 evV. On the other hand, the F Line
of the PTFE-t reveals a maln structure at
6380.2 ey which corresponds to the
fluorine photoelectron Line 1n PTFE and a
second one at Lower binding energy (689.2
eV) which can be attributed to metallic
fluoride compounds due to depositied
metal atoms (2, 8.

€y Gy _ltines _(F1g. _4) - The Cqq Line
corresponding to the PTFE=nt sample
reveals two distinct structures at 292.4
eV and 288.2 eV which are respectively

attributed to the -CFy- and ZCF groups in
the polymer (2, 8, 11); photoelectron Cig
Line of the PTFE-t exhibits a Less
promingnt structure at 233.6 eV (—Ckp=)
and a new structure at 287.8 eV which can
be explained by the presence of a double
bond ()C4C(J 1n the modified polymer.

Discussion

Two effects can explain the good
contrast of the S.E.image made on PTFE-t:
Low concentratiaon deposit of metallic

atoms and partial graphitization of the
polymer surface.

The metal atoms were deposited during
the short glow discharge and were
extracted from the stainless steel
surface of the sample holder of the JFC-
(K Their concentration 1s very Low
(<1%) as the Line intensity 1s very weak
and as they could not be detected with an
Huger microprobe. At this Low
concentrations, metal atoms cannot
produce a3 conductive surface lLayer but
they can make trapped electron surface
sites disappear, Leading to a better
conductivity.

on the other hand, the energy
mosition, the chemical shifts and the
shapes of the photoelectron Lines of PTFE
(C1s Fig¢ ) reveal structural modifi-

cations after the glow discharge
treatment. HAppearance of -C=C- groups 1s
correlated to the decrease of -CFp- and
"F" Llines. This shows that the qlow

discharge 1induced carbon-fluorine bonds
to break with the formation of C=C.
bonds and this partial graphitization
Leads to reticulation on the PTFE surface
(4 ; 59 - This phenomenon has also been
observed after much more energetic ion
bombardment (> 1 keV) (2, 11). The effect
1s apparent on ,the S.E.image at high

magnification (104 ¥.
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abie to
organic

been
other

T ) Have you
repeat experiments
and ptastic materials?T

_________ we aid not repeat these
experiments on other organic materials,
but we started & prograin on polymers
modification by electronic excitatian.

on
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T.J.Shaffner: Could not one deposit gold,

silver or other metal of choice i1nstead
of the stailnless steel? What properties
of such a metal would be the most
desirable?

Authors: The stainless steeal was
accidently deposited during the RF glow
dlscharge . It 1% known that non
oxidizable metals Like gold, platinum or
non-metaltic compounds Like graphite
sputtered onto metal 1nsulator materials

ted to good SEM observations because of
the disappearance of the superficiel
charging effects.

affner: How does the time of
exposure to glow discharge affect the
apparent conductivity of the PTFE and
your ability to form 1mages free from

charging”

FAuthors: A glow discharge 1n an 1nert gas

1s generally wused to <clean a sample
surface, but this method applied to
polymer compounds alters the polymer
itself because oif the temperature
ificredase of the samplLe during the
treatment. This temperature increase

generalty Leads to partial carbonization
or graphitization of the polymer and 1n
this case 1mproves the conductivity.

The 1images of Fig. 1d and
glow discharge has altered
morphology . Al though this
for high magnification
one obtains does not
the original surface.
invalidate practical
method for reducing

show that
surface
reduces charging
work, the 1mage
correctly portray
Does this not
application of
charging”
Authors: As the glow discharge alters the
originatl surface, i must be used
carefully to get correst 1images of the
surface.

the

the

1s the reason for the etch
inhomogeneities after the
Low voltage glow discharge

k.Holm: What
plts and other
rather short
treatment?
Huthors: We suggest that during the glow
discharage, inert gas 10ns 1nteract with
the atoms of the polymer surface ta
initiate radicals and 1ons. These species
rapidtiy evolve and give backbone
fragmentations, cross-L1inking and
volatile species. These modifications can
exptain the new topography of the
surface.

R.Holm: What happens to the
extended treatment or 1n
other discharqge parametlers’
Ruthors: We did not modify the parameters
of the surface treatment of the sample,
as our alm was only to understand the
modifications of the SEM 1maging.

sampite atter

tne case arn




	Glow Discharge Effects on Polytetrafluoroethylene Polymers Investigated by Secondary Electron Microscopy and X-Ray Photoelectron Spectroscopy
	Recommended Citation

	tmp.1616101949.pdf.yXv1W

