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The anti-bacterial property of hydrogen-ion and oxygen-ion treated polytetrafluoroethylene (PTFE) materials
is determined using contact angle measurements, scanning electron microscopy (SEM), and Escherichia coli (E.
coli) adhesion tests. PTFE samples are irradiated using a gas discharge ion source (GDIS). Ion energies are
varied by changing the plasma discharge current (Id). Results show that both the hydrogen and oxygen plasma
treatments modify the PTFE surface in morphology. Both treatments exhibited changes in the wettability of the
samples at different Id, Hydrogen treatment shows that lower Id improved material hydrophobicity and higher Id

resulted in enhanced hydrophilicity, while oxygen treatment shows that as the Id increases, PTFE becomes more
hydrophilic. The hydrogen and the oxygen treated PTFE exhibited a reduced E. coli attachment on the samples.
Oxygen treatment exhibited a lower E. coli adhesion as compared to using hydrogen.
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1. Introduction
Biomaterials such as polytetrafluoroethylene (PTFE)

are extensively utilized in synthetic vascular surgery and
medical devices because of its chemical and mechanical
stability, and low flammability [1]. Some of the implanted
materials experience failures due to common complica-
tions such as bacterial colonization on the surface and the
subsequent device infections [2]. The most common solu-
tions to these biomaterial-related infections often require
the removal or the replacement of the implanted device as
well as immediate aggressive antibiotic therapy [3]. These
remedial methods dealing with biomaterial-related infec-
tions are usually expensive and increase patient’s discom-
fort [3]. Surface modification technology is seen to allevi-
ate the problems of implanted biomaterials [1,4]. Different
techniques usually offer different results especially on their
ability to reduce bacterial adherence [5]. Surface modifica-
tion techniques of biomaterials using different gases could
enhance or modify their desirable characteristics for bet-
ter adhesion and biocompatibility [6]. In this study, PTFE
materials are treated using hydrogen low-energy gas dis-
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charge and oxygen low-energy gas discharge. Characteris-
tic changes in wettability, surface morphology and bacte-
rial adhesion on treated samples are presented.

2. Methodology
PTFE tape of size 1× 2 cm2 was wrapped around a

2× 2 cm2 stainless steel plate holder. The surface of the
clean samples was blow-dried to prevent the formation of
moisture on the surface. PTFE was then irradiated us-
ing a low-energy hydrogen ion shower (LEHIS) from a
gas discharge ion source (GDIS). Another set of PTFE
samples were irradiated using oxygen low-energy gas dis-
charge from the same source. Complete details of the fa-
cility and its operation are described in references 7 to
11. Treatment conditions are summarized in Table 1. The
comparison of the bacterial adhesion performance of the
samples treated using the different gases were investigated
using contact angle measurements, scanning electron mi-
croscopy (SEM), and Escherichia coli (E. coli) cellular ad-
hesion tests.

E. coli was cultured in nutrient agar (NA) plates at
37◦C for 24 hours. A 35 mL suspension of E. coli in sterile
phosphate buffered saline (PBS) solution was prepared at
about 6.0× 108 cells/mL. The untreated and treated sam-
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Table 1 Summary of experimental parameters.

ples were exposed to the cell suspensions for 1 hour at
room temperature at constant shaking. The samples were
taken out and gently washed with PBS to remove the
loosely adherent bacteria on the sample. E. coli that ad-
hered on the PTFE surface were then scraped off using
a sterile cotton swab and 10-fold serial dilutions in 0.1%
peptone were inoculated onto NA plates. After the plates
were incubated for 24 hours at 37◦C, the cell density of E.
coli (CFU/cm2) was calculated manually.

3. Results and Discussion
Table 2 shows the contact angle measurements for the

untreated and treated samples. Hydrogen-ion treatment
of PTFE samples shows that in relation to the untreated,
samples treated with higher discharge currents became hy-
drophilic (θ < 90◦) while samples treated using low dis-
charge current showed slightly improved hydrophobicity.
By convention, wettability property is established through
the initial contact angle θ (t = 0), wetting occurs at θ < 90◦

and non-wetting if θ > 90◦ [7, 8]. The cause for the in-
creased hydrophilicity of the samples can be attributed to
the increased surface roughness [12,13] and porosity of the
material.

For the oxygen-ion treated PTFE samples, the un-
treated and treated samples exhibited hydrophobic behav-
iors but there is a decrease in the initial contact angle as the
discharge current increases.

Previous studies reported the morphological effects
of hydrogen and oxygen ion treatment on PTFE materi-
als [14,15]. Figures 1 and 2 shows the SEM result for the
hydrogen treated PTFE and the oxygen treated PTFE, re-
spectively. SEM images of the untreated and hydrogen-ion
treated samples shows the surface of samples from group 1
subjected to lower energy ion shower (Id = 1 mA) that are
much smoother than the rest of the specimens. Samples
from groups 2 and 3 subjected to higher energy ion show-
ers (Id ≥ 2 mA) show surfaces that are rough and have stri-
ations and fissures [14]. The surface deterioration of group
3 looks more pervasive than that of sample 2, possibly due

Table 2 Contact angle and bacterial adhesion results.

Fig. 1 SEM result of PTFE samples treated with hydrogen-ion.
All SEM images were recorded at 20 k x magnification.
(a) control group, (b) processed at Id = 1.0 mA, (c) pro-
cessed at Id = 2 mA, and (d) processed at Id = 3 mA.

higher discharge current. It becomes clear from this figure
vis-à-vis wettability and porosity parameters that generally
a surface becomes more wettable as it roughens. Rough-
ening by high energy ion irradiation leads to surfaces be-
coming more hydrophilic and porous. Conversely, low en-
ergy ion irradiation results in relatively smooth, hydropho-
bic surfaces. PTFE materials become thinner when bom-
barded by high flux density ion showers [7]. These changes
are brought about by a variety of factors such as increased
polymeric cross-linking [16], carbonization [17], surface
erosion forming spires and needles whose vertical dimen-
sions may range from tenths to hundreds of microns [18]
and alterations in refractive index due to structural modifi-
cations [19].

SEM results of the PTFE samples treated with
oxygen-ion shows that surface of the sample subjected to
higher energy ion shower (Id = 3 mA) is smoother than the
rest of the specimens [15]. The sample roughens as the
discharge current decreases.
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The result of the oxygen-ion treated samples is oppo-
site to the trend exhibited by the hydrogen-ion treated sam-
ples. Chemical changes and not morphological changes in
the oxygen-ion treated samples may be the main factor for
the change of its wettability in relation to the discharge cur-
rents but an X-ray photoelectron spectroscopy (XPS) char-
acterization must be performed to confirm this hypothesis.

Figure 3 and Table 2 show the result of the E. coli ad-
hesion to the hydrogen low-energy gas discharge and oxy-
gen low-energy gas discharge specifically the nutrient agar
plates for the untreated and treated samples. The num-
ber of E. coli that adhered on the surface of the samples
is lower than the untreated samples for both the hydrogen

Fig. 2 SEM result of PTFE samples treated with oxygen-ion.
All SEM images were recorded at 300x magnifications
(a) control group, (b) processed at Id = 1.0 mA, (c) pro-
cessed at Id = 2 mA, and (d) processed at Id = 3 mA.

Fig. 3 Nutrient agar plates of untreated samples (a), hydrogen-ion treated samples (b-d), and oxygen-ion treated samples (e-g). A white
dot in a nutrient agar plate corresponds to one colony forming unit of bacteria, bacterial adhesion is high if there are more colony
forming units in the plate. The five nutrient agar plates per group shows the different concentration of exposure to bacteria since
it underwent a 10-fold serial dilutions, the lower row corresponds to exposure to high concentration of bacteria while the top row
corresponds to exposure to low concentration of bacteria.

and oxygen treated samples. The lowest number of ad-
hered cells on the surface of the PTFE was observed with
the oxygen treated samples. As the discharge current in-
creases, the number of adhered E. coli decreases. For the
hydrophilic - hydrogen treated PTFE samples, the num-
ber of adhered E. coli increases as the discharge current
increases, while a relatively high number of adhered E.
coli was observed for the hydrophobic–hydrogen treated
PTFE samples. The difference on the trends on the hy-
drophobic and hydrophilic samples maybe associated with
the changes in the surface morphology of the PTFE since
there were no chemical changes seen as discussed in the
reference [7].

4. Conclusions and Recommenda-
tions
The cellular adhesion performance of hydrogen-ion

and oxygen-ion treated PTFE materials were evaluated
using contact angle, SEM, and E. coli adhesion tests.
Both the hydrogen and oxygen plasma treatments mod-
ified the PTFE in morphology. Both treatments exhib-
ited changes in the wettability of the samples at different
Id, hydrogen treatment shows that lower Id improved ma-
terial hydrophobicity and higher Id resulted in enhanced
hydrophilicity due to the increased surface roughness and
porosity of the material, while oxygen treatment shows that
as the Id increases, PTFE becomes more hydrophilic. For
oxygen treated PTFE, reduced bacterial adhesion was seen
for higher discharge currents. Oxygen treatment was su-
perior in reducing the number of adhered bacteria as com-
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pared to the hydrogen treatment. Further characterizations
like XPS are necessary to better explain the phenomenon.
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