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Abstract

Flexible thin solid films made of fluorocarbon polymers such as PFA (perfluoroalkoxy fluoroplastics), PTFE (polytetrafluoroethylene), and
PCTFE (polychlorotrifluoroethylene) have excellent properties in terms of flexibility, gas and moisture barriers, etc. We develop a surface
modification technique for improving the adhesion of the films using an atmospheric-pressure NTP (nonthermal plasma) method followed by
graft-polymerization of the hydrophilic monomer. The results of the T-type peeling test show that the peeling strength of the film is thirty times
larger than that of the untreated film. It is confirmed from XPS (X-ray photoelectron spectroscopy), FTIR (Fourier transform infrared
spectrophotometer) and the SEM (Scanning electron microscope) analyses that a few F atoms exist on the surface and the hydrophilic layer with a
thickness is of the order of 1 μm is formed due to the grafting process.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Flexible thin solid films made of fluorocarbon polymers
such as PFA (perfluoroalkoxy fluoroplastics, −[CF2–CF2]n–
[CF2–CF(OCF2CF2CF3)]m–), PTFE (polytetrafluoroethylene,
–[CF2–CF2]n–), and PCTFE (polychlorotrifluoroethylene,
–[CF2–CFCl]n–) have excellent properties in terms of flexibility,
gas and moisture barriers, heat and fire resistances, chemical
resistance, electric insulation, etc. Therefore, the applications of
these films have been extended to various fields. However, because
themolecular structure of fluorocarbon polymers is very stable and
the polymers are inactive, it is difficult to adhere the polymers to
other substances and to laminate them. If their adhesive property
can be improved, applications in electrical devices such as multi-
layer flexible electric circuits and flexible organic EL (electro
luminescence) displays with a long life are possible because of
their higher gas and moisture barrier properties [1].

In order to improve the adhesive properties of such films,
liquid-phase etching is often used with the sodium–ammonia
submerging method [2,3]. In this method, there are some
problems as follows: the processing environment is poor, and a
large amount of effluent is drained, which results in a significant
environmental load. Further, the surface of the film is
chemically damaged by the etching. As a result, not only the
excellent optical penetration properties but also the strength of
the film are lost considerably.

In the present study, an innovative plasma surface treatment
method is proposed for fluorocarbon polymer films. Although
low-temperature NTP (nonthermal plasma) technologies im-
proving the surface properties of fibers and polymers have been
used for enhancing their adhesion [4,5] and hydrophilicity [6,7],
deepening the coloration [8], and shrink-proofing of woollen
fabrics [9], the effectiveness is not so significant and does
not last for longer time with NTP treatments only. In order to
realize the effective and permanent surface treatment, the NTP
treatment must be combined with another one such as chemi-
cal painting process [7,10]. Based on a similar concept of the
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combined process, we have developed a new and effective NTP
combined surface modification technique for polymer textiles
using an atmospheric-pressure NTP method, followed by graft-
polymerization [11,12] of the hydrophilic monomer. This pro-
cess is expressed for fluorocarbon polymer R−F as

NTP application: R� FYR•þ F• ð1Þ

Graft� polymerization: R•

þnðCH2 ¼CHCOOHÞ→R−½C2H3COOH�n– ð2Þ
where R is the main chains of C, H, O and F atoms in fluoro-
carbon polymer, and R• and F• are the radicals.

As compared with the ordinary chemical surface treatment
for the films, such as the sodium-ammonia solution submerging
method, this is a dry technique and generates a small environ-
mental load. It is confirmed from XPS (X-ray photoelectron
spectroscopy) and FTIR (Fourier transform infrared spectro-

photometer) analyses that a transparent hydrophilic layer with a
thickness of the order of 1 μm is formed on the film surface. The
results of the T-type peeling test show that the peeling strength of
the film is considerably greater than that of the untreated film.
The SEM (Scanning electron microscope) image of the film
reveals a very smooth and flat surface.

2. Experimental apparatus and methods

2.1. NTP treatment apparatus and method

Fig. 1 shows the layout of the laboratory experimental setup
for the treatment of the films. Industry Ar (purity=99.99%) is
used as the test gas. The fluorocarbon film (thickness=100 μm,
size=10×13 cm) is stretched at the sample holder and NTP jets
induced by an atmospheric-pressure Ar corona discharge are
applied to the surface. The details of the electric circuit for the
plasma jet system are shown in Fig. 2. This system (Plasma

Fig. 1. Layout of experimental setup for atmospheric-pressure NTP graft-polymerization treatment.

Fig. 2. Electrical circuit of the NTP jet surface treatment system.
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