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ABSTRACT

The modification of the surfack properties of PET treated by corcna discharge
depends on the functioning of the interelectrode reactor. Our experiments pro-
ved the catalytic role of the nature of the electrode, the role of the atmos-
phera of the treatment, and the influence of the parameters : current intensi-
Ly, time, distance between the electrodes & duration of treatment.

INTRODUCTION

The modification of the surface properties of the PET (formula

H {OCH2 - CH,O - % —(::}— 3 }n OCH, - CHZOH)under corona discharge is due to
the interaction between excited syecias and the polymer surface ; the interac-
tion l2ads to a change in the chemical species at the surface (oxygen, nitro-
gen), in the physical properties (surface energy & cristailinity). The srudy
of the reactor permits to identify and control the acticn of khe principal pa~
rameters on the 2nergy transfar, between 2lactrode, gas % surface.

1. PRESENTATIOM OF THE REACTOR OF TREATMENT

The wire-cylinder reactor of the laboratory (fig. 1) is supplied by a high
voltage source (10-15 k¥). The nature of the wire, the wire-cylinder distance
& the rotation speed of the cylinder are the 3 main technical parameters of
the set. The electrical working parameter will be the current intensity, the
voltage being connected to it.

The polymer material is a PET film, 50 um thick, of "Photographic type”. The
treatment atmosphere may be monitored in pressure, composition & hygrometry.

2. CHOICE OF ANALYTICAL TECHYNICS

The chemical analysis of the surface is performed by means of ESCA that pro-

vides qualitative & quantitative titrations (in fixed O & N).

The analysis of the surface properties has been carried out by means of con-

tact angle measuraments (surface tension), electrostatic-lead (surface poten-
tial & deposited charges) & by electronic & optical microscopy.

3. OPTIMISATION OF THE WORKING CONDITIONS QF THE REACTCR

A systematic study of the parameters : duration of treatment, intensity ,wire-
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cylinder distance & nature of the electrode made us understand the efficiency
the reactor. The other parameters have been fixed to the following values
thickness of the film : 50 um, atmosphere : air, 20 % relative humidity.

a - Influence of the duration (d = 2 mm, I = 200 HA, electrode Mo)

The results (fig. 2,3) show that the fixation of oxygen & nitrogen increases
with duration until it reaches a saturation plateau corresponding, after 10
mn, to an equilibrium between oxydation and decarboxylation of the polymer.

Nitrogen is fixed under the form of amines (NHZ) (constant amount versus dura-
tion) & NO (increasing with duration). Finally, the surface energy follows the
same law as the amount of oxygen at the surface of the material.

b - Influence of the current intensity

The wire is fixed at 2 mm of the cylinder. The increase of the amount of fixa-
tion of oxygen versus intensity is very large and leads to a saturation level.
The fixation of nitrogen reaches a saturation level as well between 140 & 150
MA (fig. 4,5). At 250 pPA, we observe a breakdown (formation of an arc) then
the phenomenon is complety different.

¢ - Influence of the wire-cylinder distance (t = 7 mn, electrode I = 200 pA)

The amount of O & N at the surface of the material shows in each case an opti-
mum. The residence time of the reactive species in the reactor plays an impor-
tant role in the treatment efficiency.

4. ROLE OF THE NATURE OF THE ELECTRODES : CATALYTIC ACTION

Mo, Ti, and V are wellknown for their catalytic properties for oxydation. They
have been used for the wire.

e o/c N/C Lo L
Mo 0.32 32 % 10 49.4
Ti 0.34 23 x 1073 49.4
v 0.225 18 5 1 48.6

Table 1 shows the important influence of changing the wire on the fixation of
oxygen and nitrogen. But it brings few modifications to the surface energy,
because it is a global phenomenon.

5. STUDY OF THE PHYSICAL PROPERTIES OF THE SURFACE

The study of the polymer by X ray diffraction shows an important decrease of
the cristallinity throughout the discharge.

The measurement of the surface potential shows that the material keeps an im-
portant residual charge after treatment, the circulation of which is very
slow. The study by optical microscopy under polarized light shows a signifi-
cative variation in the color of the polymer, indicating a variation in the
thickness, or the composition of the material.
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6. INTERPRETATION - CONCLUSION

Figure 9 shows the relative jimportance of the different pics and that there are
3 different kinds of fixed nitrogen. Figure 10 shows that NMH is a reaction in-
termediate in the fixation of nitrogen, for it reaches very rapidly a steady
state when the duration of the treatment increases. After this state, the fi-
xation of nitrogen is realised in the form of oxydes NO, either directly, or
by oxydation of the amines already fixed at the surface followed by the fixa-
tion of the same amount of amines. And finally the fixation of oxygen follows
a mechanism of competition between oxydation and decarboxylation. This is pro-
ved by the saturation level reached by the amount O/C versus time or current
intensity. The mechanism currently proposed to explain this competition is the
following one

S + %

0,0, ,0,,0 0, ‘
RH R, + od jEnergy transfer R.—— ROO. Surface reaction
R'00. + R"H + R' R s _ _ 0

R" > C =0 either B7 C=0 orR-C on
Reaction between radicals
hv e O*
RCOOH —*——' ~2 R. + CO oxygen elimination

2

The following variables : intensity, time, & distance are macroscopic parame-
ters of the adjustment of an industrial set, but they don't determine the ef-
ficiency of the reactor. For the nature of the fixed speciss does not depend
on the operating conditions. But, if we take into account both the reaction
step and the saturation level, their concentration depends on the adjustement
of these parameters. The surface treatment is not directly related to these
variables, but to the physical phenomenon of the 2nergy transfar and to the
chemical phenomenon of gaz-electrode & gaz-surface interactions.
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Figure 2 : Variation of the amount of
fixed oxygen & nitrogen at the surface
of PET versus time.
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Figure 6 : Variation of the amount of
fixed oxygen versus interelectrode
distance for differsnt electrodes
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Figqure 7 : Variation of the amount of
fixed oxygen versus distancs for
different atmospheres
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Figure 10 Evolution of N pic in
an ESCA spectrum versus time





