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In this study, we generated radio frequency atmospheric-pressure plasma using He/O2 mixed gas  
using a dielectric barrier discharge type reactor, and we improved the surface properties using an 
organic polymer surface treatment. We determined the optimized condition of the surface treatment  
by changing the ratio of the mixed gas flow rate. The lowest contact angle of polyethylene 
significantly decreased from 93.3° to 23.4°. Surface analysis of X-ray photoelectron spectroscopy 
spectra in polyethylene revealed the formation of an oxygen-containing group. 

 

1. Introduction 

Organic polymer materials are widely used as 

industrial materials, medicine, and household 

products; surface processing requires high adhesion. 

Recently, improvement of the hydrophilicity of the 

polymer surface using plasma has attracted attention. 
(1)-(3) This study aimed to improve the hydrophilicity 

due to be added to hydrophilic groups on the polymer 

surface by plasma surface treatment. Stable glow 

discharge was generated using dielectric barrier 

discharge (DBD), enabling surface treatment in 

atmospheric pressure. Using the DBD plasma surface 

treatment method, cost can be reduced because a 

vacuum system is not necessary; this method also has a 

low environmental impact because it uses only a small 

amount of chemicals. In addition, line processing is 

easy. (1) 

In plasma surface treatment, the composition of the 

feed gas affects the surface treatment and plasma 

characteristics. In this study, to efficiently generate 

oxygen-containing groups such as carboxyl and 

hydroxyl, which is a factor to improve hydrophilicity, 

we mixed oxygen with the feed gas. In particular, OH 

groups on the polymer surface could be applied to the 

molecular adhesion Triazine thiol. 

 

2. Experimental Setup 

The plasma reactor is shown in Fig.1. The glow 

discharge was DBD plasma consisting of two glass 

plates inside two parallel copper electrodes (40×10 

mm2, working) with a gap 1 mm long and 40 mm wide. 

The specimen used was polyethylene (PE). The 

downstream side of the plasma region in the plasma 

reactor was opened, and the PE was placed 3 mm from  

 

 

 

 

 

 

 

 

(a) Front view            (b)Top view 

 

Fig.1 Plasma generator 

 

the open side of the plasma reactor. Voltage was 

supplied to the powered electrode through the 

matching circuit. The power and frequency were 100 W 

and 13.56 MHz, respectively. We used helium and 

oxygen mixed gas in the plasma system, with a total 

gas flow of 3.0 L/min, controlled to 0%, 0.7%, 1.3%, and 

2.0% of oxygen concentrations using mass flow 

controllers. The surface treatment time was 10, 20, 30, 

and 40 s. 

 

3. Experimental Results 

3.1 Surface hydrophilicity  

Fig.2 shows the oxygen concentration dependency of 

the contact angle at the PE surface. The contact angle 

at the untreated PE was 93.3°. The hydrophilicity of 

the PE treated with helium and oxygen mixed gas 

improved compared with that of the PE treated with 

helium gas only. When the treatment time was 10 s, the 

contact angle was reduced to 60° in the case of 0% 

oxygen concentration. The oxygen gas was added to the 

feed gas, and the contact angle was reduced to 

approximately 50°;  the effect of oxygen addition was  
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C-C C-O C-OH C=O COOH
Binding energy 284.6 286.1 286.5 287.4 288.8 (eV)
Nontreatment 97.2 2.8 － － －

0% 90.4 1.9 1.8 3.9 2.0
0.7% 76.0 6.7 3.8 7.2 6.3
1.3% 71.6 3.4 8.5 7.5 9.0
2.0% 72.2 2.3 9.1 11.4 5.0
0% 79.0 4.6 8.7 6.3 3.9

0.7% 52.9 3.9 9.0 14.0 19.3

1.3% 50.6 6.8 9.9 13.5 20.1

2.0% 62.6 4.7 8.7 8.6 15.4 (%)

C1s O1s N1s
Non treatment 97.5 2.3 0.2

0% 82.8 17.2 0
0.7% 72.5 25.7 1.8
1.3% 71.7 27.5 0.8
2.0% 70.4 28.0 1.6
0% 81.9 17.9 0.2

0.7% 60.8 38.0 1.2
1.3% 60.7 38.3 1.0
2.0% 64.9 32.3 2.8 (%)
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Fig.2. Oxygen concentration dependency of 

contact angle on PE surface 

 

obtained. When the treatment time was 40 s, the 

contact angle decreased up to 23.40° in the case of 0.7% 

oxygen concentration. Emission spectroscopy revealed 

that oxygen radicals were mostly generated in the case 

of 0.7% oxygen concentration. Therefore, long-term 

treatment, rather than brief treatment, was more 

likely to affect oxygen radicals. 

 

3.2 XPS analysis 

Table 1 shows the corresponding contributions of the 

different carbon- and oxygen-containing chemical 

bonds. Table 2 gives the atomic composition of each PE 

surface. We identified five peaks in the C1s spectra of 

each specimen: a major peak at 284.6 eV, assigned to 

aliphatic carbon atoms(C－C); a peak at 286.1 eV, 

corresponding to the carbon atoms in the C－O bonds; a 

peak at 286.5 eV, corresponding to the carbon atoms in 

C－OH bonds; a carbon double bond (C=O), appearing 

at the binding energy of 287.4 eV; and a peak at 288.8 

eV, arising from the carbon atoms in the carboxyl group 

(COOH). (4) The molecular structure of PE is (－CH2－

CH2－)n, it has a structure of ethylene polymerization. 

PE surface treated at 0.7% oxygen concentration and 

40 s showed great improvement in hydrophilicity, 

absorbing oxygen better than any other treated surface. 

In Table 1, COOH was the largest chemical bond of 

the oxygen-containing groups on the PE treated at 

1.3% oxygen concentration and 40 s. The proportion of 

COOH was 20.1%. The largest number of OH groups 

was found on PE treated with the same conditions, 

totaling 9.9% in a relative area corresponding to the 

different chemical bonds. Significant increase in the 

number of COOH and OH groups significantly impact 

the contact angle measurements. 

 

Table.1. Data of deconvolution of C1s peaks for PE 

surface untreated and treated with plasma 

 

 

 

 

 

 

 

 

 

Table.2. XPS analysis of PE surface untreated and 

treated with plasma 

 

 

 

 

 

 

 

 

 

4. Conclusion 

After atmospheric pressure glow discharge was 

generated by the radio frequency atmospheric plasma 

reactor, we performed plasma surface treatment on PE 

by controlling the oxygen gas concentration of the feed 

gas. The hydrophilicity of the PE treated in 1.3% 

oxygen concentration and 40 s was greatly improved, 

and the PE absorbed more COOH than the treated PE.  
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