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Recently developed atmospheric pressure plasma jet (APPJ) is considered as a novel and efficient
technique for uneven surfaces processing and APPJ array effectively expands the treatment area of a
single APPJ. In this paper, a two-dimensional (2D) APPJ array in Ar/tetramethylsilane (TMS) is
used to improve the surface hydrophobicity of polymethyl methacrylate (PMMA) by depositing
polymerized silicalike clusters on the jet-PMMA interface. The electrical and optical characteristics
of the 2D Ar/TMS APPJ array are measured to optimize experimental conditions. The wettability of
jet-PMMA interface is assessed by measuring water contact angle, which increases from 65° to a
maximum value of 115° after 240 s plasma treatment at 0.04% TMS content. Scanning electron
microscopy is used to investigate the micro- and nanoscale surface morphology of PMMA after
plasma treatment, and it is found that there are clusters of particles with diameters of hundreds of
nanometers attached on the PMMA surface. The changes of the chemical composition and chemical
bonding on the PMMA surface are further analyzed using Fourier transform infrared and x-ray pho-
toelectron spectroscopies. It is found that the silicon-containing groups, such as Si-CH3, Si-H, and
Si-O-Si, replace oxygen-containing hydrophilic polar groups (C—O and C=O), reduce the surface
polarity, decrease the surface tension, and increase the surface hydrophobicity. For the intensive
peak of Si-O-Si in FTIR spectra, the improvement of hydrophobicity of the PMMA surface is
caused by the hydrophobic polymerized Si-O-Si thin film. The results demonstrate that the APPJ
array as a novel atmospheric pressure plasma device provides an efficient way to modify large
uneven material surfaces. Published by the AVS. https://doi.org/10.1116/1.5030718

I. INTRODUCTION

Polymeric materials such as polymethyl methacrylate
(PMMA) are widely used in insulating mediums in electrical
and electronic equipment, protective coatings, and adhesives
primarily because of their high chemical resistance, high
tensile strength, and excellent electrical properties with low
cost.1,2 In insulation systems, the surfaces of insulating mate-
rials under high electrical field are easy to accumulate
surface charges, leading to flashover and restrict the perfor-
mance of the electrical and electronic equipment. The insu-
lating performance of insulators is mainly determined by the
factors of its morphology, shapes, hydrophilicity and hydro-
phobicity, dielectric constant, and applied voltages, and
those factors have been extensively investigated to improve
the insulating performance.3–5 Researchers found that the
improvement of the hydrophobic property of the insulating
materials can suppress the development of leak current and
prevent the flashover.6,7 Usually, the surface hydrophobic
modification can be achieved by wet chemistry, mechanical
processing, surface deposition, electro-chemical processing,

laser re-melting, and UV radiation, which usually require
high temperature, low pressure, or corrosion conditions and
result in environmental issues.7–9

Nonthermal plasma surface modification, as a dry tech-
nique, can induce the surface grafting, cross-linking, etching,
and deposition without changing the physical and chemical
properties of the bulk materials in an environmentally
friendly manner without wastewater discharge.10,11 Low
pressure nonthermal plasma surface modifications are widely
used due to the advantages of reactions highly
controllable.12–14 Vourdas et al.14 prepared nanotextured
superhydrophobic transparent PMMA in vacuum condition
with O2-plasma and the water contact angle at the optimal
conditions reached 152°. Accardo et al.15 achieved nanopat-
terned ultrahydrophobic PMMA surfaces with contact angles
up to about 170° through a two-step plasma-process with O2

for texturing and C4F8 for Teflon layer.
Recently, atmospheric pressure nonthermal plasma draws

much attention in surface processing for it has the potential
for continuous processing for industrial applications without
expensive vacuum equipment.16 The mostly used atmo-
spheric pressure nonthermal plasma sources for material
surface treatment are dielectric barrier discharges (DBDs)
and atmospheric pressure plasma jets (APPJs).17–19a)Electronic mail: myfz@263.net
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Compared with DBDs produced in very narrow electrode
gaps, APPJs blow the plasma out the dielectric tube and it
gives APPJ unique advantages in uneven surface processing
and electric sensitive material treatment.20–22 By introducing
oxygen-containing hydrophilic polar groups mostly gener-
ated from O2 and H2O in air, APPJs can be used for PMMA
surface hydrophilic improvement. Shao et al. investigated Ar
APPJ PMMA surface modification and found a drop of
water contact angle of the PMMA surface from 68° to 16°
and an increase of surface roughness. The extended creepage
distance along the surface and the secondary electron emis-
sion yield resulted in an increase of surface flashover
voltage.23 But, the improvement of the hydrophilicity on
insulators would decrease wet-flashover voltage in a humid
environment. It is better to improve the hydrophobic property
of the insulating materials to prevent the flashover in all con-
ditions. Besides the PMMA hydrophilic surface modifica-
tions by APPJs, some researchers added a small amount of
hydrophobic precursors containing Si, Cl, or F element to
improve PMMA surface hydrophobicity. Wang et al. utilized
Ar/CF4 APPJ to improve the hydrophobicity of PMMA, and
the water contact angle increased from 68° to 100° by the
introduced fluoride groups.24 Niu et al. employed an
ns-pulsed He APPJ to treat PMMA surface precoated with a
thin layer of silicone oil and found the water contact angle
increased from 57° to 98°.25

Due to the limitation of the device structure, the treatment
area of a single APPJ is less than 1 cm2, which restricts the
application of APPJ on the rapid large surface processing.
To realize large surface processing by APPJ, researchers
have developed APPJ array consisting of multiple single
jets.26–29 However, up to now, most efforts are devoted to
the mechanisms of the jet-jet interactions and the

improvement of the uniformity of APPJ arrays.30–32 Only a
few APPJ arrays are utilized in plasma medicine and material
surface processing applications.28,29,33

In this paper, a two-dimensional (2D) honeycomb struc-
ture APPJ array consisting of seven plasma jet units is built
for PMMA surface hydrophobic modification. The tetrame-
thylsilane (TMS) [Si(CH3)4] is selected as a precursor for it
is a nonfluorine-containing organic material and has been
proved its effectiveness in polyurethane synthetic leather,34

polylactic acid,35 flat wafer, paper, and cotton fabric36 treat-
ments with plasma. The Ar/TMS APPJ is characterized by
electrical measurements and optical images for operation
condition selection. The micro- and nanoscale surface mor-
phology of PMMA surface after APPJ array plasma treat-
ment is analyzed by scanning electron microscopy (SEM).
The effects of TMS content and plasma processing time on
the wettability and chemical composition are studied by
assessing water contact angles and using Fourier transform
infrared spectroscopy (FTIR) and x-ray photoelectron spec-
troscopy (XPS). The optimized treatment conditions for the
PMMA surface hydrophobic modification and the corre-
sponding mechanism are also discussed. It would be of great
help to make the APPJ arrays a novel controllable material
surface processing tool in ambient air.

II. EXPERIMENTAL SETUP

The experimental setup is illustrated schematically in
Fig. 1, which is composed of a sinusoidal high-voltage AC
power supply, a 2D jet array, an optical measurement
system, and an electrical measurement system. The AC
power supply can provide 0–15 kV voltage (peak value)
with a frequency of 10–40 kHz. During the experiment, the

FIG. 1. Schematic diagram of the experimental setup.
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frequency is fixed at 26 kHz. The 2D jet array is a honey-
comb structure and consists of seven jet units with one
central quartz tube and the other six quartz tube in arrange-
ment as an equilateral hexagon, which is the commonly used
configuration.26,28,37 In our previous work, the discharge
characteristics of a similar honeycomb structure had also been
investigated and it was found that there were two coupling
and collimated discharge modes causing by the interaction
between the jets.26 In this paper, the jet array operates in colli-
mated discharge mode to ensure a similar treatment effect for
the points on the surface contacted with the plumes. Each jet
unit has a needle-ring electrode structure and is composed of a
quartz tube 180 mm in length with 2 mm inner diameter and
4 mm outer diameter. A 10mm wide copper sheet is wrapped
at the quartz tube 20mm from its nozzle as a grounded elec-
trode. A 200mm stainless steel needle with 0.8 mm inner
diameter and 1.5mm outer diameter is placed in the center of
each tube as a high voltage electrode. The tip of the stainless
steel needle is 40 mm away from the quartz tube nozzle. The
center-to-center distance between two adjacent quartz tubes is
5 mm. Ar (99.999%) is delivered through a gas diffuser to
each tube equally as working gas. TMS is brought into
discharge by auxiliary argon flow.

The discharge images are taken by a digital camera (Canon
EOS 6D). The applied voltage is measured using a high voltage
probe (Tektronix P6015A, 1000:1), and the discharge current is
monitored by a current coil (Pearson 2877). A 33 nF measure-
ment capacitor in series with the ground electrode using a 10:1
high-voltage probe (Tektronix P6139) to get Lissajous figure
for power deposition and transfer charge calculation. All the

voltage and current waveforms are collected using an
oscilloscope (Tektronix TDS3052B) and transferred to the
computer.

Commercial PMMAwith a thickness of 2mm is cut into 50
mm× 50mm small samples and cleaned by acetone and
alcohol first, followed by deionized water with an ultrasonic
washer for removing surface contaminants on the PMMA
samples. Finally, PMMA samples are dried at room temperature
for three hours before plasma treatments. The water contact
angle is related to the surface tension, which is measured by a
microscope ( JC2000A, Zhongchen Company, China), with a
magnification of 266 pixel/mm, to determine the hydrophobic-
ity with the sessile drop method. A deionized water droplet
(1 μl) is deposited onto the PMMA surface immediately after
plasma treatment. The angle between the liquid and the solid
surface is obtained based on the imaged water drop profile by
the method of Laplace–Young curve fitting.38 The water contact
angle of each sample in this paper is the averaged value of nine
measured results. The surface morphology is observed by SEM
( JEOL JSM-5900). The chemical changes of PMMA surface
are analyzed using an FTIR spectrometer (Nexus 670, Nicolet
company, USA) (resolution 0.1 cm−1, range 600–4000 cm−1)
and a XPS spectrometer (Kratos Axis Ultra DLD). The XPS
uses a monochromatic Al Kα (1486.6 eV) x-ray radiation with
an operation power at 150W. A setting of 20 eV pass energy
and 0.05 eV resolution is used for C1s line detailed spectra
analysis. A CASA XPS software is used for the separation of the
overlapped spectra with a Gaussian-Lorentzian profile fitting.
The room temperature and relative humid during experiment are
controlled at 20 °C and 30%, respectively.

FIG. 2. Optical images of Ar APPJ array at various peak values of applied voltages: (a) 7 kV, (b) 7.5 kV, (c) 8 kV, (d) 8.5 kV, (e) 9 kV, and (f ) 9.5 kV.
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FIG. 3. Optical images of Ar APPJ array at various TMS contents: (a) without TMS, (b) 0.02%, (c) 0.04%, and (d) 0.05%.

FIG. 4. Voltage-current waveforms of Ar APPJ array at various TMS contents: (a) without TMS, (b) 0.02%, (c) 0.04%, and (d) 0.05%.
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III. RESULTS AND DISCUSSION

A. Discharge characteristics of Ar 2D APPJ array

To improve the surface hydrophobicity of PMMA, an Ar
2D APPJ array is built. The optical and electrical discharge
characteristics of the Ar 2D APPJ array are investigated to
optimize the discharge conditions including applied voltage
amplitude, TMS content, and treatment distance for the
surface modification processing. Figure 2 shows the
optical images of the Ar 2D APPJ array at 26 kHz frequency,
11 l/min gas flow rate, and various peak values of applied
voltages. It can be seen that at a lower voltage, the discharge
of the Ar 2D APPJ array is highly nonuniform, with short,
different plasma plume lengths. For example, at 7 kV peak
value of applied voltage, most plasma jets cannot eject out
of the jet tubes and the length of the plasma plume varies
from about 0 to 15 mm. With the increase of the peak value
of applied voltage, the intensity of the APPJ array and the
length of the plume increase until the peak value of applied
voltage exceeds 9 kV. The lengths of the plumes are about
25 mm at 9 kV. As the applied voltage increases further, the
length of the plume decreases. It is consistent with the

findings of other researchers in single plasma jets and our
1D APPJ array results that the lengths of plumes keep
increasing until the applied voltage exceeds a threshold
value.39,40 A longer plume means more active particles
getting out from the jet tube. Then, the applied voltage is
fixed at 9 kV for surface modification.

For the PMMA surface modifications, the precursor TMS
is added into Ar 2D APPJ array to introduce silicon-
containing hydrophobic groups and improve the material
surface hydrophobicity. The production of the silicon-
containing hydrophobic groups in Ar/TMS APPJ can be
expressed as follows:

eþ Ar ! eþ Ar�, (1)

neþ Si(CH3)4 ! Si(CH3)4�n þ nCH3 þ ne

n ¼ 1, 2, 3, 4,
(2)

nAr� þ Si(CH3)4 ! Si(CH3)4�n þ nCH3 þ nAr

n ¼ 1, 2, 3, 4:
(3)

FIG. 5. Lissajous figures of Ar APPJ array at various TMS contents: (a) without TMS, (b) 0.02%, (c) 0.04%, and (d) 0.05%.
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It can be seen that the silicon-containing groups are mainly
produced by the collisions between TMS and the energetic
electrons and excited Ar atoms. The added TMS content
determines the amount of hydrophobic groups in plasma. On
the other hand, TMS is an electronegative gas, which may
destabilize the discharge. Therefore, it is very important to
select appropriate TMS content in Ar APPJ array to maxi-
mize the surface modification effect.

Figure 3 shows the optical images of the Ar 2D APPJ
array with various TMS contents at 9 kV, 26 kHz, and
11 l/min gas flow rate. It can be seen that the added TMS has
obvious influences on the divergence in the outside plumes
and the plume length. The divergence in the outside plumes
propagation trajectories is caused by the jet-to-jet interactions
of plasma plumes in the jet array.30,31 With a moderate
amount of the added TMS, the divergence is attenuated and
the spatial uniformity of the jet array is improved, which was
studied by other researchers using other electronegative
gases.41,42 With 0.05% TMS content added, the plumes
lengths decrease from about 25 to 15 mm. To ensure ade-
quate active particles in plumes reaching the treatment
samples surface and uniform treatment, the distance from the
nozzle to the PMMA treatment samples is fixed at 10 mm

during surface modification experiments. The voltage-current
waveforms and Lissajous figures of Ar 2D APPJ array with
various TMS contents at 9 kV, 26 kHz frequency, and
11 l/min gas flow rate are shown in Figs. 4 and 5. The
discharge currents show typical filamentary discharge char-
acteristics with many current spikes in each half current
circle. With the increasing of the TMS content, the peak
values of the discharge current decrease accordingly, from
about 100 mA without TMS to about 60 mA with 0.05%
TMS. It is because the TMS is electronegative gas and has a
quenching effect on the discharge. The dissipated power and
the transferred charge as important indicators for discharge
effect and efficiency can be obtained with Lissajous figures
in Fig. 5. From the calculation, the transferred charge and
the dissipated power of the Ar 2D APPJ array are 99.85W

FIG. 6. Images of (a) the jet array is used to treat PMMA surface and
(b) PMMA surface after 240 s plasma treatment with 0.04% TMS content.

FIG. 7. Optical image of water drops on PMMA surface (a) before and after
plasma treatment. The water contact angle (b) as a function of TMS content
with 240 s plasma treatment time and (c) as a function of plasma treatment
time with 0.04% TMS content.
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and 1848 nC, respectively. With 0.02% TMS, the transferred
charge and the dissipated power reduce to 89.01W and
1650 nC. With 0.04% and 0.05% TMS, the transferred
charge and the dissipated power further decrease to 86.75W
and 1617 nC, and 80.05W and 1562 nC, respectively.

B. Water contact angle measurement

Figure 6 shows the jet array is used to treat PMMA
surface and the PMMA surface after plasma treatment. The
experimental conditions are 9 kV peak value of applied
voltage, 0.04% TMS content, 22 kHz frequency, 11 l/min
gas flow rate, and 240 s treatment time. It can be seen that
there are seven spots (about 3 mm in diameter) evenly dis-
tributed on PMMA surface corresponding to the interfaces
between seven jets and PMMA, which indicates the good
uniformity of the treatment. The treatment effects of the
points where the plumes contact with the surface can be
characterized by water contact angle measurement.
Figure 7(a) illustrates a typical image of water drop on the
PMMA surface before and after Ar/TMS APPJ treatment
(where the plumes contact with the surface) with the experi-
mental conditions of Fig. 6, respectively. It can be seen that
the water contact angle of the treated PMMA surface is

much larger than that of the untreated PMMA surface, which
demonstrates an improvement in the hydrophobicity of the
PMMA surface. Figure 7(b) shows the variation of the water
contact angle on PMMA surface as a function of TMS
content at a fixed plasma treatment time of 240 s. It can be
seen that the water contact angle on PMMA surface increases
with the increasing of TMS content and exhibits a saturated
state when the TMS content reaches 0.04%. It might be
caused by the grafting of the silicon-containing hydrophobic
groups coming from TMS dissociation or by the deposition
of a polymerized silicalike coating with the silicon-
containing hydrophobic groups,16 which would be further
analyzed in the Secs. III C and III D with SEM, FTIR, and
XPS measurements. With more TMS added and more hydro-
phobic groups graphed or polymerized on the surface, the
surface hydrophobicity gets improved accordingly. When the
TMS content increases further, the water contact angle is sat-
urated for most of the break bonds on PMMA surface com-
bined with the hydrophobic grafting or polymerized groups.

Figure 7(c) shows the variation of the water contact angle
on PMMA surface as a function of the plasma treatment time
at a fixed TMS content of 0.04%. The water contact angle on
PMMA surface shows a drop at the first 15 s with the increas-
ing of the plasma treatment time, then increase with the

FIG. 8. SEM images of the PMMA surface (a) untreated and (b) after plasma
treatment. All scale bars are 500 μm.

FIG. 9. SEM images of the PMMA surface after plasma treatment (a) micro-
scale with 50 μm scale bar and (b) nanoscale with 5 μm scale bar.
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increasing of the plasma treatment time, and saturates at about
115° with 240 s treatment time. It is because the APPJ runs in
open air and the O and OH groups can be generated in plasma
by the dissociation of O2 and H2O molecules in air and react
with the surface first43 and the introducing of the oxygen-
containing hydrophilic polar groups leads to the improvement
of the hydrophilicity of PMMA surface. If the background air
has higher moisture, more OH and O radicals would be pro-
duced in plasma and more oxygen-containing hydrophilic
polar groups are formed. The additional oxygen-containing
hydrophilic polar groups will reduce the surface hydrophobic-
ity. The generation process of O and OH radicals is as follows:

eþ O2 ! eþ Oþ O, (4)

eþ H2O ! eþ OHþ H: (5)

With the increasing of the plasma treatment time, the silicon-
containing hydrophobic groups produced by TMS in plasma
graph or are polymerized on the surface with the break bonds
and the surface turns into hydrophobicity. When most of the
break bonds combined with the hydrophobic groups, the water
contact angle saturates.23 From the results, it can be seen that

with 0.04% TMS content and 240 s treatment time, the water
contact angle on PMMA surface can increase from 65° on the
untreated PMMA surface to a maximum value of 115°. The
change of the water contact angle demonstrates that there are
changes in the chemical and physical properties of PMMA
surface after plasma treatment, which will be further analyzed
in Sects. III C and III D.

For the treatment of a large PMMA surface, a Z type scan
mode with 1.5 mm line interval can be employed to process
the surface in the sequence of the seven jets in three rows.
Considering each jet can cover spot in a diameter of about
3 mm and there are seven jet units in the 2D honeycomb
structure APPJ array, to fulfill the 240 s plasma treatment
time on the surface for the optimal treatment effect, a line
scan speed of about 0.1 mm/s is needed.

C. Surface morphology analysis

SEM is employed to examine the morphological structure
changes of the PMMA surface before and after plasma treat-
ment. The surface morphology of a piece of PMMA sample
without plasma treatment is shown in Fig. 8(a). It can be
seen that the surface of the untreated sample shows a very
smooth surface. As a comparison, the surface morphology of
a piece of PMMA sample treated under the best surface
modification conditions (0.04% TMS content and 240 s

FIG. 10. FTIR spectra of the PMMA surface (a) untreated and (b) after 240 s
plasma treatment.

FIG. 11. XPS spectra of the PMMA surface (a) before and (b) after 240 s
plasma treatment.
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treatment time) is studied as shown in Fig. 8(b) with the
same magnification. It can be seen that there are particles’
clusters attached on the surface.

To further investigate the particles’ clusters, the micro-
and nanoscale PMMA surface morphologies are given in
Fig. 9 with zooming in Fig. 8(b). It can be seen that the clus-
ters of particles with diameters of hundreds of nanometers.
When the water drops onto the surface, the extent of wetting
of the interior surfaces determines the fraction of the total
surface area interfaced by the liquid as opposed to by the
penetrating air.44 It is so-called “lotus effect.”13 The surface
energy is controlled by surface coating at the micro- and
nanoscale surface morphology. By adjusting the surface
energy, the wetting performance of the surface with micro-
and nanoscale morphology can be varied from hydrophobic,
hydrophilic, to superhydrophilic.44 In our result, the distance
of the clusters is very large. The improvement of the hydro-
phobicity of PMMA surface should come from the
hydrophobic groups deposited on the PMMA surface other
than the nanotexturing, which will be analyzed in Sec. III D.
But, the APPJ might have potential to monitor the surface
energy by adjusting the micro- and nanoscale surface
morphology.

D. Chemical composition analysis

The FTIR analysis is performed to investigate the surface
chemical bonds and compositions on the sample surfaces
before and after plasma treatment. Figure 10 shows the FTIR
spectra of the untreated PMMA sample and the treated
sample with the best surface modification effect (0.04%
TMS content and 240 s treatment time).

As shown in Fig. 10(a), the main functional groups on the
untreated PMMA surface are ether group C—O—C, car-
bonyl group —C=O, C—H, and CH3, etc. After plasma
treatment, Fig. 10(b) shows that the new Si element is
induced and the new groups Si-O-Si, Si-CH3, and Si-H at
1026 cm−1, 1250 cm−1, and 2110 cm−1 are formed on the
PMMA surface. The reason for the change of the functional
groups on PMMA surface is that during the plasma treat-
ment, the energetic active species in jet plumes can break the
chemical bonds (C—O, C—C, C—H, or C=O bonds) on the
PMMA surface. In discharge regime, the TMS molecules
can be dissociated by electrons and Ar metastable to generate
large amount silicon-containing groups. The Si-CH3 and
Si-H groups on PMMA surface might be part of the depos-
ited film or cluster or dust, etc. The Si-O-Si group is a
typical polymerized structure, and it should be formed by
gas phase polymerization. Considering the intense peak of
the Si-O-Si group, the improvement of hydrophobicity of the
PMMA surface is mainly attributed to the hydrophobic poly-
merized Si-O-Si thin film. The hydrophobic thin film can
effectively prevent the invasion of water and improve the
hydrophobicity of the PMMA surface accordingly.

The FTIR can only obtain the information of the chemical
compositions on PMMA surfaces qualitatively. To investi-
gate the changes of those chemical compositions before and
after plasma treatment quantitatively, the XPS measurements

are performed. The XPS spectra of the untreated PMMA
sample and the treated sample (0.04% TMS content and 240
s treatment time) are shown in Fig. 11. It can be seen from
Fig. 11(a) that the main elements of the untreated PMMA
surface are C and O. The small amount of Si element comes
from the PMMA manufacturing process and the N element
comes from the absorption of N2 in air. As shown in
Fig. 11(b), after 240 s plasma treatment, the percentage of C
decreases from 74.17% to 45.78% and the percentage of O
increases from 24.92% to 29.29%. The percentage of Si
reaches 24.93% after plasma treatment. It shows that the Si
element is induced after plasma treatment and forms hydro-
phobic groups. These hydrophobic groups reduce the surface
polarity and decrease the surface tension. The water contact
angle and the PMMA surface hydrophobicity are increased
correspondingly.

IV. CONCLUSION

In this paper, an Ar 2D APPJ array is developed and used
for improving the hydrophobicity of the PMMA surface with
the addition of TMS. The discharge characteristics measure-
ments are used to monitor the discharge and to find the opti-
mized experimental conditions. The results show that the
local hydrophobization of PMMA can be obtained by
plasma treatment due to deposition of hydrophobic silicon-
containing clusters. The surface hydrophobicity of PMMA in
the confined area of jet-sample interface is characterized by
water contact angle, which increases from 65° of the
untreated PMMA surface to 115° after APPJ treatment at
240 s and 0.04% TMS content. The O and OH radicals with
APPJ can react with the surface and form hydrophilic groups
before the silicon-containing groups, which lead to an
increase of PMMA surface hydrophilicity at the first 15 s of
the plasma treatment. With the increasing of treatment time,
most of the break bonds combine with silicon-containing
groups and the hydrophilicity of PMMA surface saturates.
The SEM, FTIR, and XPS are used to characterize the
changes in the physical and chemical properties on PMMA
surface before and after plasma treatment. The micro- and
nanoscale surface morphology by SEM shows that the parti-
cles’ clusters might not enhance the surface hydrophobicity
by the suspension of the water drop for a large distance. The
FTIR and XPS results show that the silicon-containing
groups, Si-O-Si, Si-CH3 and Si-H, are attached on the
PMMA surface after plasma treatment. The hydrophobic
groups reduce the surface polarity and decrease the surface
tension. The decrease of the hydrophilic oxygen-containing
groups, C—O and C=O, on the PMMA surface also causes
the increase of the surface water contact angle and enhances
the hydrophobicity of the PMMA surface. Due to the intense
peak of the Si-O-Si group in FTIR spectra, the improvement
of hydrophobicity of the PMMA surface is attributed to the
hydrophobic polymerized Si-O-Si thin film. The experimen-
tal results demonstrate that APPJ array is a novel and
efficient tool for polymer surface modification with the
micro- and nanoscale surface morphology in an aim of
improving surface hydrophobicity.
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