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ABSTRACT
The porosity and wettability properties of hydrogen ion treated polytetrafluoroethylene
(PTFE) materials are related using contact angle, scanning electron microscopy (SEM),
and ellipsometry tests. PTFE are irradiated using a low energy hydrogen ion shower
(LEHIS) produced by a Gas Discharge Ion Source (GDIS). The plasma discharge current
(Id) is varied at intervals of 1 mA. Results show that treatment using lower Id enhances
the hydrophobic property of the PTFE material with contact angle value of as high as
118.6.

It also becomes less porous as indicated by the increase in the index of

refraction, decrease in optical transmittance, and increased scissions and striations in the
SEM images. Opposite effects are observed for higher Id.

PACS CODES: 81.65.-b, 68.35.bm, 61.80.-x, 68.08.Bc, 07.60.Fs
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1. INTRODUCTION

Surface modification of polymer materials has been of great interest in most researches
for the past years because of its importance in the field of materials science, electronics
and biomedical physics. Surface modification technology allows for the change and
improvement of the property of a material, consequently making the processed material
more useful in various aspects [1-4]. Different characterization techniques that determine
the change in the surface of the material include X-ray photoelectron spectroscopy and
atomic force microscopy, which provide surface profiles of the polymers [5-6]. Other
characterization techniques involve ellipsometry and flourophotometry in which the
dielectric function and structure of the material could be obtained [7]. The most common
technique to assess the surface modification of a material is through contact angle
measurements.
Modified porosity and wettability surfaces of polymer materials find usefulness in
orthopedic science [8], tissue engineering [9], immobilization of lipase [10-13], cell
culture [14], and drug delivery [14].
The material being modified in this study is a polytetrafluoroethylene (PTFE)
commonly known as Teflon. It is the chosen material because it is the simplest organic
polymer that is analogous to polyethylene. Changing the wettability of PTFE is of great
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importance because of its applications in biosensors, hemo-compatible materials,
immobilized enzymes, MEMS, and electronics [15-22]. PTFE materials’ wettability is
changed to either hydrophilic or hydrophobic depending on its intended application [23].
In this study, PTFE materials are treated using a low energy hydrogen ion shower
(LEHIS) system. The effect of the treatment on the porosity and wettability of the
material is investigated using contact angle measurements, scanning electron microscopy
(SEM), and ellipsometry tests.

2. METHODOLOGY

2.1 Experimental Device and Procedures
The PTFE tape of size 1 cm x 2 cm is wrapped around a 2 x 2 cm2 stainless steel plate
holder. The surface of the clean samples was blown-dried to prevent the formation of
moisture on the surface. It is not subjected to ultrasonic cleaning because of the fragile
condition of the samples. PTFE are then irradiated using a low energy hydrogen ion
shower (LEHIS) of a gas discharge ion source (GDIS) system. Figure 1(a) shows the
schematic diagram of the experimental set-up and figure 1 (b) shows the schematic
diagram of the GDIS. It has a compact discharge region of volume of 0.8 cm3 and an exit
aperture of 2.0 mm in diameter. The extraction and focusing electrodes are grounded to
ensure a diffused ion shower configuration. The GDIS fits a standard 70 mm knife-edge
flange coupled to the diagnostic chamber whose volume is about 2400 cm3. A 10.16 cm
oil diffusion pump coupled to an 8 m3/h rotary pump evacuates the system. Complete
details of the facility and its operation are described in references [1-2] and [24-25].
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Pirani and ionization gauges monitor the pressure inside the chamber. The base
pressure is ~ 1.0 x 10-6 Torr. The total hydrogen gas filling pressure is kept at 3 mTorr for
all the experimental runs. Plasma is produced when a potential difference, Vd, is applied
across the discharge region. The PTFE samples are placed on a holder positioned 70 mm
downstream from the entrance port of the processing chamber. This is the position
determined to give maximum ion current density [1]. The irradiation time is set to 30
minutes. Treatment conditions are summarized in Table 1.

2.2

Characterizations

2.2.1 Ion Beam Detection
The ion species are determined using a cast steel mass spectrometer. The mass
spectrometer is then replaced by a Faraday cup system, which consists of an isolated
brass disk of 2.0 cm diameter and is connected to an electrometer. The Faraday cup is
used to determine the total ion current density [24].
2.2.2 Contact Angle Measurements
The treated and untreated samples are subjected to contact angle test using an Intel®
Play™ QX3™ Computer Microscope. The absorption of the water droplet on the sample
is recorded at one frame per 5 seconds.
The video of the absorption of water is processed using AVS DVD Media Player to get
the images of the absorption every 5 seconds. ImageJ is used to measure the contact angle
of each frame of the absorption of deionized water. Contact angle is then plotted against
absorption time to show the dynamics of the water droplet on the surface of the sample.
Three replicates for each experimental condition are considered.
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2.2.3 Ellipsometry Characterization
A VASE M-44 ellipsometer (J. A. Woolam Co.) is used to determine the transmission
of light through the sample and index of refraction. The transmittance and the index of
refraction are considered at 594nm wavelength. This is done to compare the result of the
optical transmittance with a previous study [1].
2.2.4 Scanning Electron Microscopy
The substrates are coated with gold using a Jeol (JFC-1100) Fine Coat Ion Sputter to
avoid the accumulation of electrons on the surface of the material because of its fragile
state and because the sample is a non-conducting polymer. A Leica S440 Scanning
Electron Microscope (SEM) is used to determine the structure of the surface of the
material.

3. RESULTS AND DISCUSSION
3.1

Ion Beam Characterization

The typical hydrogen ion peaks detected by the cast steel mass spectrometer is shown
in figure 2(a). The ion intensities (nA) of the hydrogen beam are plotted against the
scanning magnetic field (G). Figure 2(b) shows the ion flux density for different
discharge conditions registering a high of 0.25 A/m2 and a low of 0.06 A/m2. Monatomic
H+ ions dominate the H 2 ions of the beam produced by the gas discharge ion source for
discharge currents of 1 mA, 2 mA, and 3 mA. Hence, there is reason to believe that the
monatomic ions play an active role in the surface modification process.
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3.2

Contact Angle Measurement

Temporal recessions of the contact angles for some representative samples are shown in
Figure 3. Wettability is quantified by fitting the wetting dynamics model used in [1, 24]
to actual data. The model is expressed mathematically as
d
  k
dt

(1)

where θ is the contact angle between the supporting solid surface and the tangent to the
drop-shape of the liquid, and k being the change rate constant or the quantity that
describes the angle’s temporal recession in units of per second [1]. The increase in the
value of k signifies increasing surface wettability. Using the R-squared method it shows
that the experimental data is in correlation with the wetting model as indicated by the
high values of R2 for all experimental conditions. Samples from the control group and
samples from group 1 shows lower values of k which indicates that samples treated using
low discharge current are hydrophobic samples. Samples from groups 2 and 3 show
higher values of k; this indicates that samples treated at higher discharge currents become
hydrophilic. Wettability properties are determined by the initial contact angle (α). The
90o angle separates the hydrophilic and hydrophobic zones [26]. Wetting occurs at α <
90o and non-wetting if α > 90o.
The cause for the increased hydrophilicity of the samples can be attributed to the
increased surface roughness [27-30] and porosity of the material. Hydrophobication by
ion irradiation is not yet understood and further experiments are being conducted to
explain the phenomena. This result is in correlation with the work of Blantocas, et.al. on
the ion irradiation of wood samples [31].
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3.3

Ellipsometry Test

Table 2 summarizes the result obtained from the ellipsometry test. It shows the optical
transmittance and the index of refraction of the sample at 594 nm wavelength.
The optical transmittance investigates material porosity by measuring the transmittance
of light through the samples. Transmittance may be regarded as porosity indices of the
samples. A porous material tends to have a high transmittance value and at the same time
is also likely to have higher water-absorbency. In this sense, transmittance may be
regarded as an indicator of material wettability. In Table 2, samples irradiated by low
energy ion showers (Id = 1 mA) exhibit the least transmittance meaning the material is
also the least porous. Samples from group 1 give the lowest transmittance of 69.12%, and
also the least wettable having the lowest k value. The opposite effect is seen for samples
irradiated by higher energy beams. Samples from group 3 have the highest transmittance
of 98.34% and the most wettable as well.
The index of refraction of samples treated with low discharge current is higher than
those of the index of refraction of samples treated with high discharge current for the 594
nm wavelength. High index of refraction indicates that the density of the material is also
high [31]. This would imply that the samples treated with low discharge current has a low
density as compared with samples treated with high discharge current.

3.4

SEM Characterization

Figure 4 shows the SEM images of the untreated and treated samples. All the SEM
images are observed at 20k x magnifications. Figure 4(a) shows the surface of samples
from group 1 subjected to lower energy ion showers (Id = 1 mA) that are much smoother
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than the rest of the specimens. Samples from group 3 and 4 subjected to higher energy
ion showers (Id ≥ 2 mA, 3mA) shows surfaces that are rough and have striations and
scissions as seen in figures 4(c) and 4(d). The surface deterioration of group 3 looks more
pervasive than that of sample 2 possibly due higher discharge current. It becomes clear
from the figure vis-à-vis wettability and porosity parameters that, generally a surface
becomes more wettable and optically transmissive as it roughens. Roughening by high
energy ion irradiation leads to surfaces becoming more hydrophilic and porous. The
observed striations and scissions on the surface account for their higher optical
transmittances. This finding is in consonance with the work of Tzeng et al. on the
roughening of Teflon samples using wet processes [28]. Conversely, low energy ion
irradiation results in relatively smooth, hydrophobic surfaces. PTFE materials become
thinner when bombarded by higher flux density ion showers [1]. Porosity can also be
analyzed in relation with the thickness of the material. The optical transmittance in % as
described by the Beer-Lambert law is
T = P/P0 = e -bc

(2)

where Po and P are the power of the incident and transmitted light, respectively,  is the
molar absorptivity of the absorber, b is the path length of the sample which is also the
thickness, and c is the concentration of the absorbing species in the material. Thinner
samples results in higher transmission of light. Cross-sectional SEM images of the
samples are reported in [1]. The density and the index of refraction of the material
changed due to the air gaps created by the striations as seen from the SEM images. The
produced striations and scissions indicate that the material becomes more porous when
irradiated by higher energy ion showers.
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4. CONCLUSIONS
The porosity and wettability properties of hydrogen ion treated PTFE materials were
evaluated using contact angle, ellipsometry and SEM tests. Low discharge LEHIS
treatment produces hydrophobic, smooth, less porous surfaces while high discharge
LEHIS produces hydrophilic, rough, optically transmissive, more porous surfaces.
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FIGURE CAPTIONS
Figure 1: Illustrations of the experimental setup. (a) Schematic diagram of the overall
facility. (b) Schematic diagram of the GDIS.
Figure 2: (a) Typical mass spectra of LEHIS at varied plasma discharge currents. (b)
Plot of the ion flux density at different discharge conditions.
Figure 3: Typical numerical constructs of Eq. 3 (wetting model) fitted against the
temporal recession of the contact angles for all PTFE samples.
Figure 4: (a) SEM image of a representative sample from the control group, (b) typical
SEM image from the group processed at low discharge currents, Id = 1.0 mA, (c) typical
SEM image from the group processed at Id = 2 mA, and (d) typical SEM image from the
group processed at higher discharge currents, Id = 3 mA.

TABLE CAPTIONS
Table 1: Summary of experimental parameters.
Table 2: Relationship of discharge current, optical transmittance, and index of refraction.
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Figure 1: Illustrations of the experimental setup. (a) Schematic diagram of the overall
facility. (b) Schematic diagram of the GDIS.
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Figure 2: (a) Typical mass spectra of LEHIS at varied plasma discharge currents. (b)
Plot of the ion flux density at different discharge conditions.
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Figure 3: Typical numerical constructs of Eq. 3 (wetting model) fitted against the
temporal recession of the contact angles for all PTFE samples.
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Figure 4: (a) SEM image of a representative sample from the control group, (b) typical
SEM image from the group processed at low discharge currents, Id = 1.0 mA, (c) typical
SEM image from the group processed at Id = 2 mA, and (d) typical SEM image from the
group processed at higher discharge currents, Id = 3 mA.
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Table 1: Summary of experimental parameters.

Table 2: Relationship of discharge current, optical transmittance, and index of refraction.
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