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Abstract: Surface modification of Polyethylene terephthalate (PET) using two types of at-
mospheric pressure plasma jet, silent discharge and glow type discharge, was investigated.
The water contact angle of PET surface was improved by plasma treatments using the silent
discharge and glow type discharge plasma jet. XPS results showed that the ratio of oxy-
gen-containing polar group in PET increases and it is consistent with the contact angle meas-
urement. Comparing the types of plasma treatment, there is much oxygen-containing group in

the glow type discharge.
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1. Introduction

Various technologies have been used for improving or-
ganic materials surface characteristics. Atmospheric
plasma treatment is very useful method to modify a hy-
drophobic organic material surface to hydrophilic surface
for improving wettability and adhesion properties without
changing bulk properties. Hydrophilicity control is im-
portant for adhesion properties improvement at
metal/organic interface and nanostructure formation on
substrates. Atmospheric pressure glow plasma is the most
promising technology of the surface treatment of organic
materials because of the properties of effective radical
generation and damage-less properties due to the low
electron temperature.

In this paper, we show two types of atmospheric pres-
sure plasma jet (APPJ) generator, which is excited by a
frequency (100 kHz) AC power supply. Polythylen
terephthalate (PET) surface are modified using the two
types of APPJ in order to improve the hydrophilicity of
the surface.

2. Experimental Setup

Helium gas with a purity of 99.9999% is used in the
experiment, and the gas flow rate is measured by a purge
flow meter. The gas flow rate was controlled by a regula-
tor. The applied voltage and current were monitored by a
digital oscilloscope (Tektronix TDS3054B) through a
high voltage probe (Tektronix P6015A) and Rogowski
coil (Pearson CT2877), respectively. A photo-multiplier
tube (Hamamatsu 1P28) are used to measure the light
emitted from the discharge.

Two types of APPJ generator are shown in Fig.l.and
Fig.2. An APPJ tube consists of a glass tube (inner di-
ameter ¢ =1.85 mm) and Cu tape as powered electrode
and Cu plate as a ground electrode. The Cu tape is placed
at the position of 5 mm from the edge of the glass tube.

Three APPIJ tubes are placed in parallel in front of the Cu
plate as shown in Fig.l1 (Type 1). The distance between
the Cu plate and the Cu tape was 8-13 mm. In the case of
Type 1, specimen (PET) was placed on the Cu plate and
exposed to plasma directly [1,2]. Type 2 consists of two
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Fig.2. Schematic illustration of the Type 2



glass tubes( ¢ =1.85, 3.5 mm) and Cu tape as powered
and ground electrode. Edge of the outer glass tube is
wrapped with Cu tape. The inner glass tube is inserted in
the larger one and fixed in it. The inner tube electrode and
outer one are connected to the ground and power supply,
respectively. Helium gas was introduced into the inner
tube. In the case of Type2, specimen was placed near the
gas outlet and exposed to plasma indirectly [3].

Structure of the discharge was observed using ICCD
camera (HAMAMATU PHOTONICS M7971-01). The
water contact angle was measured using a digital micro-
scope (Keyence VHX-100). The chemical structure was
observed by the X-ray photoelectron spectroscopy
(PHI-5600).

3. Results
3.1 Voltage and discharge current waveform

A digital camera photograph of an APPJ in Type 1 and
Type 2 are shown in Fig.3. Voltage and discharge current
waveforms during the surface treatment are shown in
Fig.4.and Fig.5. The breakdown voltage V,,, is 2.8 kV, 1.7
kV in Type 1 and Type 2, respectively. As for the dis-
charge current wave pattern, a single electric current pulse
appears in one cycle of the sinusoidal wave in Type 1, it
seems to be glow discharge. In the other, spikes-shaped
discharge current pulse is observed in Type 2, it seems to
be silent discharge. The emission of light of Typel gen-
erator was stronger than Type 2.

Fig.3. Pictures of a discharge of a plasma jet in
Type 1 (left) and Type 2 (right).

Fig.6. and 7 show a typical waveform and the series of
ICCD image of Typel and Type 2, respectively. These
images represent an integration of the light emitted from
the discharge for 5 ns from the time when the camera is
opened by the gating pulse. The ICCD opening time for
each frame is indicated by the number enclosed with a
circle under the trace of the discharge current. In Type 1,
the discharge is radially homogeneous and covers the
surface of the specimen. In Type 2, relatively small
“plasma bullets” are observed. The plasma bullet is emit-
ted from the powered electrode to ground electrode. The
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plasma bullet and the corresponding rising edge of current
pulse appear simultaneously.
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Fig.5. Waveforms of voltage and the current in

Type 2.
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Fig.6. Waveform and framing photographs in

Typel.
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Fig.7. Waveform and framing photographs in

Type2.

3.2 Water contact angle on the plasma treated PET

Figure 8 shows the photograph of water drop and the
contact angle. Figure 9 shows the change of the static
water contact angle of the PET surface with time. The
plasma treatment was done for ten minutes. The observa-
tion was done immediately after the plasma treatment and
after 1, 2 day after the processing. The contact angle ob-
served is found to change from 62.6 , for an untreated
samples, to the minimum values of 37.6  and 40.7 after
the 10 seconds treatment using Type 1 and Type 2, re-
spectively.

In the plasma processing of polymer films, one of the
most problems was to achieve a long-lasting treatment
effect. The change of contact angle with storage time in

Fig.8. Photograph of contact angle of untreated

(left) and plasma treated (right).
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ambient air after the plasma treatment was monitored for
two days. For both treatments, contact angle values are
seen to increase over a period of the first or two days, and
the change slowly to reach the values of 424" and
42.9° for the Type 1 and Type 2 treatments, respectively.
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Fig.9. Post-exposure change of the static water

contact angle with storage time in ambient air

3.3XPS

The percentage of each chemical component obtained by
Cls high-resolution spectra, and the detailed data are
shown in Table.2. The Cls high-resolution XPS spectra of
untreated and treated PET by Type | and Type 2 are
shown in Fig 10-12. The untreated PET contains Ben-
zene olefin groups (284.57eV), —C—OH and/or —C—
O—C— groups (286.31eV) and C=O and/or —C*
OO —groups (288.51eV) [4]. Besides these three peaks in
the original PET, a new peaks at 290.53¢V —COOH
appears in the XPS spectrum of treated PET. The Benzene
olefin component decreases significantly after plasma
treatment, and at the same time, most of the oxy-
gen-containing polar group such as C=0, —C—OH and

COOH increase in the surface of treated PET. This sur-
face oxygen-containing group causes the improved hy-
drophilicity of plasma treated PET [5,6,7]. Comparing
Type | and Type 2, there is much oxygen-containing
group in Type |. Because there is no visible variety of
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Fig.10. XPS Cls spectra of untreated PET.
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Fig.11. XPS Cls spectra of PET treated by
Typel.
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Fig.12. XPS Cls spectra of PET treated by

Type2.

elements by XPS measurement, the experimental results
of contact angle shown in Table.1 can be explained so that
the contact angle difference was induced mostly by the
difference of the ratio of oxygen containing group. The
differences in surface modification between Typel and
Type 2 are related to their discharge properties. Because
more active species can interact with the surface in the
case of Type | treatment with increasing treatment time

[8].

4. Conclusion

Water contact angle of PET surface was improved by
plasma treatment using Type | and Type 2 atmospheric
plasma jet. The XPS results showed that the ratio of oxy-
gen-containing polar group in PET increases and it is
consistent with the contact angle measurement. Compar-
ing Type 1 and Type 2, there is much oxygen-containing
group in Type 1.
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