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ABSTRACT

In order to improve the printing ability on polyethylene (PE) thin film and enable a simpler plasma
treatment technology, PE was treated by high radio frequency atmospheric pressure pen-like plasma
(plasma torch). The investigation on the effect of treatment conditions such as power, time and Ar gas
flow rate on the contact angle of PE surface was carried out. To compare the effect of atmospheric and
low-pressure plasma treatment, PE thin film was also treated by low-pressure plasma system AST at 2
Torr. The results show that both atmospheric pressure as well as low-pressure plasma treatments
caused a significant decrease of contact angle, however the effect was higher at the atmospheric
plasma treatment. After treatment, the contact angle of PE film to water decreased from 88,7°t0 43,3 °
at low-pressure and 27,1° at atmospheric plasma. The soft ware Sigmaplot 10 was used to optimize the
treatment condition of PE thin film at the atmospheric pen-like plasma. The optimal treatment
conditions deduced from contour face were 50W, 1 minute and flow rate of 5 I/min, which resulted in a
much better printing ability on the treated PE surface.

TOM TAT

Dé nang cao kha nang in trén nén mang méng polyetylen (PE) va gidm nhe cac théng sé céng
nghé, da nghién ciru xir ly mang bang plasma RF pen-like & &p suét thuong va khdo sat dnh hudng
cua cuong dé, thoi gian va tée dé dong chéy khi Ar dén géc tiép xuc cua bé mat mang véi nuéc. Dé so
sénh két qué véi phuiong phép xir ly plasma & ap suét thédp, mang PE ciing dwoc xw ly & 4p suét 2 Torr
trén hé théng thiét bj AST. Két qu cho thay, cd hai phuong phép xw ly déu lam gidm co ban géc tiép
xuc. Tuy nhién, xt ly plasma & &p suét thuong ¢é hiéu %ué cao hon so véi xtr ly & &p suét thdp. Sau khi
xt¥ Iy, goc tiép xuc clia mang PE véi nuwoc giam tir 88,7° xudng 43,3° & ap suét thdp va 27,1° & ap suét
thuong. Tt céc két qué thu duwoc, da st dung phdn mém Sigmaplot 10 dé tinh toan diéu kién xc ly ti
wu cho mang PE cé gdc tiép xuc thdp nhét. Piéu kién thich hop dé xw ly 1a 50 W, 1 phut va téc dé dong
khi 5 I/phat. Kha néng in trén PE da xc ly plasma duwoc cai thién ro rét

I. INTRODUCTION temperature much larger than the ion
temperature and the neutral gas temperature),
the non-thermal, non-equilibrium plasma (cold
plasma) has been applied successfully for
surface treatment [1,2].

The plasma state is often referred to as
the fourth state of the mater. It is a global
quasi-neutral system of free positive (and some
times also negative) ions and negatively

charged electrons in a neutral background gas Polymeric materials, such as
containing atoms, molecules and free radicals. polyethylene (PE), have excellent bulk physical
Plasma is generally created by supplying a and chemical properties, are inexpensive, easy
sufficient amount of energy to a volume to process and therefore have been widely used
containing a neutral gas, so that free electrons in fields such as adhesion, biomaterials,
and ions are generated from atoms and protective coating, composite, microelectronic
molecules in the gas. The energy may be devices and thin-film technology. In general,
supplied in the form of electrical energy, heat, special surface properties with regard to
ultra violet radiation or particle beam etc. chemical composition, hydrophilicity,
Among two main kinds of plasma with very roughness, crystallinity, conductivity, lubricity
different applications: thermal, equilibrium etc. are required for success of these
plasma (the electron, ions and neutral gas applications. Polymers very often do not
temperature are roughly equal) and non-thermal, possess the surface properties needed for these
non-equilibrium  plasma  (the  electron applications. PE for example is hydrophobic
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material. This characteristic causes difficulty

in printing or coating on the polymeric
surfaces. Traditionally, the polymeric surface
was modified by chemical method to make it
more hydrophilic. Chemical methods are wet
methods and therefore are eco-unfriendly due to
the waist solution and emitting volatile
organic chemicals. Recently, plasma treatment
has become an important industrial process for
modifying polymer surface. As a dry and clean
process, the plasma treatment is considered as a
potential effective and environmental friendly
method to get a better wettability and to form
more suitable surface morphology for coating
and printing.

Most previous research related to
low-pressure plasma for surface modification
[2,3]. However, in the treatment of PE film, to
initiate and maintain plasma discharge requires
expensive vacuum system and productivity is
low. To avoid these drawbacks, atmospheric
pressure plasma discharge has been proposed
and created.

In this study, high radio frequency
plasma discharge was used to modify the
surface of PE film to enhance the surface
property for coating and printing purpose.

I1. EXPERIMENTAL

The PE films were treated with
atmospheric and low-pressure plasma system.

Radio frequency (RF) used to produce
plasma is of standard 13.56 MHz. Experiments
were carried out in atmospheric conditions of
the pen-like plasma with power 50-90W, time
15s-180s; argon gas flow rate 5-20 I/min and in
low pressure conditions of plasma system AST
with power of 60W, pressure 2 Torr; flow rate
0.1 I/min; time 30s-20min; argon gas.

Fig.1 is a self-installed RF plasma torch
(pen-like plasma) used to treat PE film at
atmospheric pressure. For low-pressure plasma
treatment a RF low-pressure system AST was
used as showed in Fig.2.

The surface properties of PE film were
evaluated by Contact angle FACE CA-VP.
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Fig.1 Self-created plasma torch (pen-like) device
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Fig. 2 Low pressure plasma system AST

The contour face to optimize the
treatment conditions was created using software
Sigmaplot 10.

I1l. RESULTS AND DISCUSSION
Effect of power

One of the most important factors in
plasma treatment indicating the intensity of
plasma is power. Fig.3 shows the result on
influence of power on contact angle of PE film.
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Fig.3 Effect of
on the contact angle

power and flow rate

At the power of 50W the contact angle
decreased rapidly with increasing flow rate. The
lowest contact angle was 34,5°at the flow rate
of 180 I/min. At higher power of 70W and 90 W
and same flow rate the reducing rate of contact
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angle is slower and contact angle only reached
the value of 40,5° and 45°. The higher power
is the slower decrease rate of contact angle is.
There is interaction between time and flow rate
due to un-parallel curves. The contour face
created by using software Sigmaplot 10 for
optimum condition at flow rate of 15 I/min in
Fig. 4 showed that at the zone of the lowest
contact angle (around 30°) the corresponding
power should be between 50 to 60 W.

This result is similar to some other
research on treatment of polyolefin polymer
that the best effect was at the power between
30W and 60 W [4].
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Fig.4 Contour face to optimize power and time
Effect of treatment time and gas flow rate

Fig. 5 showed the effect of treatment
time and flow rate of Ar gas on the contact
angle of PE film.

It can be seen that at the power of 50W
the contact angle was getting lower with
decrease of the treatment time and flow rate . At
flow rate of 5I/min and 10 I/min the contact
angle decreased dramatically and reached 28,5°
and 27,1° after 60 s and 180 s, respectively.
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There is no interaction between time and flow
rate, indicated by nearly parallel curves.
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Fig.5 Effect of treatment time and Ar gas flow
rate on the contact angle

Fig. 6 is the contour face created at
power of 50W. From the zone corresponding
the lowest contact angle (around 25-30°) the
optimum treatment condition for PE film was
deduced: at power 50W, time 60s and flow rate
5 I/min.
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Fig.6 Contour face for optimum conditions
of contact angle of PE film
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Contact angle

The contact angle of PE film before and
after atmospheric pressure and low-pressure
plasma treatment are presented in Fig. 7 and
Fig.8.

As showed, before treatment the contact
angle was high, 88,7° (Fig.7a), since PE is
hydrophobic due to many -CHs; groups in the
PE’s structure. After treatment, the contact
angle decreased remarkably, from 88,7° to 27,1°
(Fig.7b) at atmospheric pressure and 43,3° at
low-pressure plasma (Fig.8).

88,7°

a. un-treated

b. treated

Fig.7 Contact angle of PE film before and after
atmospheric pressure plasma treatment

= 3

Fig.8 Contact PE film after

angle of
low-pressure plasma treatment

The plasma treatment might cause the
oxidation of —CHjs groups as well as —CH,- of
PE in to —OH or —COOH groups that made PE
surface more hydrophilic and therefore
possessed lower contact angle to water. At the
atmospheric pressure plasma, the density of
charged particles bombarding the PE film
surface was higher than that at low-pressure
which might lead to higher effect on contact
angle, it means lower contact angle (27,1° vs
43,3%).

Printing ability

The printing ability on un-treated and
pen-like plasma treated PE film was presented
in Fig.9.

It can be seen that after cleaning the
adhesion of print ink at the atmospheric
pressure pen-like plasma treated area B is much
better than that at un-treated area A, due to
better wettability and adhesion. In addition, the
area A (untreated) and B (treated) was very
close to each other. It means that the pen-like
plasma can be used very convenient, not only
for larger area but also for smaller area as
needed. It is no need to treat the whole piece of
film or large area as at low-pressure or corona
plasma treatment.
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Fig.9 Printing ability on PE film
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IV. CONCLUSIONS

RF discharge low-pressure and RF
atmospheric pressure plasma torch were used to
treat PE film to improve the adhesion of print
ink to the film surface. Plasma treatment
reduced remarkably the contact angle of PE
film surface with water from 88,7°
(hydrophobic) to 43,3° and 27,1° (hydrophilic).

Especially, the atmospheric pressure plasma
torch was more effective for creating low
contact angle. The optimum conditions for the
plasma treatment of PE film were deduced from
contour face: power 50W; time 60s; flow rate 5
I/min. After treatment the printing ability on PE
film significantly increased
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