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Flexible thin solid films made of fluorocarbon polymers such as poly tetra fluoro 

ethylene (PTFE), perfluoro alkylvinylether (PFA) and PCTFE have excellent properties 
on flexibility, gas and moisture barriers, thermal durability, electric insulation, lower 
friction coefficient and heat resistance. Many electrical devise applications such as 
multi-layer flexible electric circuit and flexible displays with long life are possible if the 
adhesion property can be improved. We developed a surface modification technique of 
the films for adhesion using atmospheric-pressure nonthermal plasma (NTP), followed 
by graft-polymerization of hydrophilic monomer [1-3].  

Figure 1 shows the layout of the laboratory experimental setup for the treatment of 
the films. Argon gas with purity of 99.99% was used as the test gas. The fluorocarbon 
film (thickness of 0.1 ∼ 0.3 mm, film size of 10 × 13 cm) was stretched at the sample 
holder and atmospheric-pressure nonthermal plasma with argon jet was applied to the 
surface. The electric circuit for the plasma jet system (Plasma Stream PSC1002, Pearl 
Kogyo Co., Ltd.) comprises two plasma torches driven by a 20 kHz pulse modulated 
AC power supply: pulse duty ratio of 99%, output voltage of 24 kV, pulse modulation 
frequency of 60 Hz, average input power of 500 W. The stainless container was filled 
with acrylic acid monomer liquid (either 100% pure liquid or 50% solution diluted with 
pure water). The temperature of the monomer was kept constant (45°C). Before the 
experiments, the chamber was purged with argon gas with the flow rate of 10 L/min at 
atmospheric-pressure in order to remove the residual oxygen which was detrimental for 
graft-polymerization process. The purging time was set at 15 min with the plasma off. 
After the plasma was applied for 75∼120 s with argon flow rate of 100 L/min, the 
plasma was turned off and the sample holder was moved downward and submerged to 
the liquid for 5∼30 min with argon flow rate of 10 L/min. The graft-polymerization 
proceeded in the liquid phase under oxygen-poor environment. After polymerization 
process was finished, the film was taken from the chamber and carefully washed with 
pure water to remove the homopolymer, not grafted polymer or copolymer. After drying 
of the film, several evaluation tests such as contact angle measurement, peeling test 
after bonding with epoxy resin, SEM observations, XPS and FTIR analyses were 
conducted.  

Figure 2 shows the SEM photograph of the cross section view of the plasma treated 
PFA films. The hydrophilic and uniform permanent layer whose thickness was an order 
of 100 nm were deposited on the film surface. The results of T-type peeling test showed 
that, the highest peeling strength of 18.6 N was obtained for PFA film. This value was 
thirty times greater than that for untreated one (0.56 N). In addition, the SEM picture 
revealed smooth and flat surface. The XPS analysis showed C1s (Carbon 1s electron 
orbital) peak spectrum. The peaks for -COO-, -C=O-, -C-C-, -C-H- and -C-O- were also 
detected from the decomposition of C1s peak. It was confirmed that few F atoms 
existed on the surface and hydrophilic layer was confirmed due to the grafting.  

Authors are greatful to Mr. T. Hibino of the graduate student of Osaka Prefecture 
University for his help conducting the experiemnts. 
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Fig. 1  Experimetnal stup for atmospheric pressure NTP garft polymerization treatment 

 

 

 

 
 

 

Fig. 2  The cross section view of the PFA plasma treated film 

 


