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Abstract — In this paper, the surface treatment method avoid the local overheat of micro-discharges, anprove
using a dielectric barrier discharge (DBD) of dampd discharge efficiency under certain conditions [4, 7
oscillation type pulse was discussed. The effectd the A variety of polymers have been treated by disobarg
discharge parameters such —as peak voltage, 9aspagmag, including polyimide [17, 18], polypropyte(PP)
combinations, treatment time, the distance between [3], polyethylene (PE) [2, 3], polystyrene [15],

electrodes, etc., on plasma characteristics were usfied. | bonate [19. 201, Th imal | of ol
Furthermore, the spectrum of some radicals from DBD polycarbonate [19, I € primal goal or plasma

discharge plasma was measured by spectra analysisireatments is generally to improve the wetting and
instrument. The hydrophilicity of PE fim treated under ~adhesion properties of the polymers. The atmospheri
various discharge conditions was studied. pressure plasma treatment of low density polyetiey/iend
polyterephthalate improved adhesion by factorsaaf to
Keywords — Surface Modification, DBD, Contact Angle, ten have been studied [1, 21].

Thin Film, Plasma Treatment. Plasma surface treatment of polymers primarily ltgsu
in the oxidation of the surface by the generatidn o
|. INTRODUCTION functional groups such as C—OH (alcohol), C—O-O-H

(hydroperoxide), H-C=0O (aldehyde), C=0 (carbon§;

In general, various plasmas are used for thin filld—C=0 (ester), C-O-O (peroxy), H-O—-C=0 (acid),
deposition and treatment. Dielectric battier disgea OC(O)O (carbonate), and NHamine)[1]. Foerch and
(DBD), glow discharge (GD) and corona discharge \CDHare et al [22, 23] used an air plasma to treataRE
can generate plasmas at atmospheric pressureatling  observed the formation of ester, alcohol, carbomyig
the expensive vacuum equipment and measuremest toelcid groups by x-ray photoelectron spectroscopwutsis
The energy level of electrons in plasma dischasgeigh et al. [24] investigated surface modifications ajrpents
enough (0.5-20 eV) to generate different activecisse using a rotary plasma reactor and reported thatexy
and to dissociate most of the chemical bonds iraminy plasma was suitable for the generation of aciditigs on
compounds. Hence it has been widely used in chémigigment surfaces, while NHplasma was good for the
processing such as chemical vaporous deposition @neration of basic groups.
surface modification via plasma polymerization and In this paper, the effects of the discharge pararset
etching [1-6]. These chemical processes with nemtal  such as peak voltage, gas combinations, treatniraet t
discharge plasmas becomes increasingly criticaaiious the distance between electrodes, etc., on plasma
materials processing technologies [1-3, 7]. Esfiigcithe characteristics and film surface modifications were
dielectric barrier discharge offers one of the neffiictive  studied. The spectrum of some radicals from DBD
non-thermal plasma sources in the atmospheric ymesss discharge plasma was measured by spectra analysis
due to its features of large plasma area. DBD diggh instrument, the characteristics of contact anglel an
known as micro-streamer discharge at atmosphefigscharge conditions were studied.
pressure, is characterized by the effective comnwersf
the applied electric field to chemical and physietiects [I. EXPERIMENTAL SETUP AND M ETHODS
in gases, and thereby to the modification of materi
surfaces. DBD Plasma technology is an attractiv/g

applro_achtrl:pr tsurr:ac? motd|f|tc;]at|onsf, andt soreérﬁfmft A schematic diagram of the experimental arrangernsent
appiying this techno'ogy to fhe surtace realmertiim = g,y in Fig. 1. High voltage pulse power sourca ca

have been reported [7-16]. Advantages of DBD havi i ition f
made it possible to treat polymer material surfaaggdly, ﬁ'oduce 1-12kv peak voltage. Pulse repetition

continuously and uniformly under atmospheric pressu varied from 50Hz 1010 kHz and was controlled by
y y P P modulator. The DBD reactor consist of between two

e T et o DB Seneleictangular plane-paralel ahminum eecrodes Gt

leads to the reactions of r;l few nanometers on curf& xsem, anq bOth the electrodes were ;overed by gjats

the film and results in chemical and physical clesnfy planes with thickness 3 mm. The discharge cur_reldt a
' voltages were measured by Digital Storage Osciblpsc

14]. Compared with Fhe common DBD with 50Hz AC(TDS 2024 B). The wide bandwidth voltage and curren
power source, DBD with high frequency pulse voltage
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probes were used to monitor the electrical parameaie The discharge images of DBD reactor is shown iarég
the DBD circuit. The voltage and current waveforofs 3, it is combination of like glow discharge and roic
the discharge system were recorded by the voltagieep streamer discharge. It is considered for uniforsclarge
(Voltage probe, Tektronix P6015) and current probéor thin film treatment due to the time integrafeet of
(Current probe, Pearson Electronics 6219). Furtbeem several ten seconds for treatment time.

the emission spectrum in discharge system were urezhs

by Photonic multi-channel spectral analyzer, Optica
emission spectroscopy was used to detect plasntéespe
such as OH, O, N and,@nd to characterize the plasma in
the atmospheric pressure as a function of discharge
parameters.

2TIV dectrode

5 sample Fig. 3. The discharge images of DBD reactor, 2mm
| | discharge gap
[ ] 3 supporter
el ! B. Emisson Spectrum of DBD Plasma in
1 Power source \ £quartz glass Athphe” c Air
5 and The emission spectrum of DBD plasma in atmospheric
electrode air is shown in Fig.4, several strong emission peaére

observed between 300 to 450nm wavelength. It isdou
that the strong peaks belong to the transitiori$,aecond
positive system and the weak peaks belong to the
transitions of N" First Negative System, after comparison
and confirmation with literature [25]. The transits of N
second positive system correspond to states of
'®[1,—~B1, the wavelength of bank is 337.nm. The
transitions of N First Negative System correspond to
states of By ", —X*Y", the wavelength of bank are 391.4
and 426.8nm, its intensity is weaker thap iNtensity.

Fig. 1. Experimental setup of treatment polymehwit
DBD

B. Materials Preparation

The material to be treated was a commercial PE fil
with a thickness of 0.075mm and rectangle of 40 x®
mm. All untreated samples were rinsed with alcdbiolLO
minutes, and then cleaned with deionized waterguam
ultrasonic cleaner. Fm_ally the samples were dhetbre This shows that there are,Nproduction in discharge
plasma treatment. Thin film samples were placedhen system
lower quartz glass plane covering the grounded aplan '
aluminum electrodes. For all those experimentssrpia —
treatments were performed in air at atmospherisspre ‘ vl
and room temperature.

[ll. RESULTS AND DISCUSSION W

318.75

A. Discharge Characteristics

35362 38007

Figure 2 shows the typical discharge of current and =t |
voltage waveforms. The voltage is pulse voltage of 3{Loy\ea0e 0.2
damped oscillation with 5kHz main frequency and  * o ! “ watves
frequency of damped oscillation is about 16kHz. Wtree Fig. 4. Emission spectra of air plasma by DBD at
pulse voltage is applied to reactor, the currenfil@fus atmospheric pressure

long duration was observed at main pulse voltadgés T

peak current is like uniform glow discharge. Mangm- C. Surface Modification of Polyethylene Film with
current peaks were found at damped pulse voltalgesér DBD Plasma

current pulses show that a lot of micro streamscidirge The Fig. 5 shows the effect of peak voltage on
occurs in the reactor. hydrophilicity of thin film, the treatment time dfiin film

is 5 seconds and frequency is 5000Hz. The dietegts is
atmospheric pressure air. The left of Fig.5 is emted
samples, the right are treated samples with 5.48ahidV,
respectively. Clearly, the hydrophilicity of thinilnf
changed with discharge peak voltage.

The contact angle of film decrease with increasifg
peak voltage, the contact angle change small wieak p
voltage is low and change large when peak voltadean
6kV. The contact angle of untreated film sampl8lisand

Ml _i0.0mvn, JERE —E.00 VW 40.0us A Chz 630V the contact angle is 31°at treatment voltage of\8.The
Fig. 2. Typical voltage and current waveforms oflDB  contact angle decreased 50° in maximum. This is
(above : voltage, Bottom : current) considered to be the reason that the plasma deissity
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higher when the peak voltage increases leading dre m cross-linking and etching effect reached dynamiertze

active species of the plasma for more significamfase
reaction.

. ———

B

Untreated Sample 5.4kV

Untreated Sample 8.1kV

Fig. 5. The change of hydrophilicity of thin film for
different peak voltage
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Fig. 6. Effect of discharge voltage on contact argjlfilm
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Fig. 7. Effect of treatment time on contact andlélm

Contactangle (° )

As shown in figure 7, from whole tendency, the eaht
angle decreases with increasing of treatment finethat
the hydrophilicity of thin film increased. The
hydrophilicity of thin film little changed after éaatment

time is more than 5seconds, the result shows that t

at the moment.

Table 1. The chemical bond energy of polymer (eV)

C—H C—N c—dcl C—F
4.3 2.9 3.4 4.4
C=0 C—C C=C C=C
8.0 34 6.1 8.4

As mentioned above, the energy level of electrons i
plasma discharge is at 0.5-20 eV, the ion energypdsit
0-2eV - the metastable state is 0-20eV, and the photons
energy of ultraviolet light is about 3-15eV. Mogttbem
are more than chemical bond of polymer material (as
shown in Table 1). It can lead to breakdown various
chemical bond and to recombine reaction on thenpaty
surface. In the air piasma,dnd Q inorganic gases can
produce a lot of N, NO, O radicals, leading to the
generation of functional oxygen containing groupsttoe
polymer surface such as C-OH (alcohol), C-O-O-H
(hydroperoxide), H-C=0O (aldehyde), C=0 (carbon§;
O-C=0 (ester), C-O-0Oe (peroxy), H-O-C=0 (acid),
OC(0O)O (carbonate), and NH(amine). The surface
oxygen concentration increases with increasinglasrpa
density and then plateaus [4]. The formation ofs¢he
chemical oxygen containing groups realized the
modification of film surface.

V. CONCLUSIONS

In this experiment, the basic characteristics efatitric
barrier discharges with pulse voltage dischargesaipd
at the atmospheric pressure were investigated bigla
voltage and current probe and optical emission taprac
of plasma was studied. Also, using some of theletab
DBD pulse discharge, the characteristics of orgainiic
film hydrophilicity and contact angles were invgstied.
Our results show that
1. The DBD discharge droved by damped pulse
oscillation shows combination of like glow discharg
and micro-streamer discharge.
Through measurement of optical emission spectrum
of DBD, there are N, N and, O in the plasma, their
intensities appear to increase with the increageak
voltage.
The surface hydrophilicity of organic thin film ddu
effectively improved by the DBD plasma treatment.
The contact angles of PE thin film decreased vtith t
increase of peak voltage and treatment time, and
plateaus at some value.
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