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Abstract: Methacrylic acid (MAA) was grafted onto the surface of a poly(tetrafluoroethylene) (PTFE) plate by the combined
use of the plasma treatment and photografting, and the adhesive strength between the MAA-grafted PTFE (PTFE-g-PMAA)
plates with the same grafted amounts was investigated in relation to the location of grafting as well as the wettability and water
absorptivity. The grafted amount at which the substrate breaking occurred at lower grafted amounts for the PTFE-g-PMAA plates
prepared by the plasma treatment for shorter times before the photografting and by the photografting at higher monomer
concentrations and/or at lower monomer concentrations after the plasma treatment. These grafting conditions are found to be
factors affecting the location of photografting, the thickness and water absorptivity of the grafted layer, and wettability of the
surface of the grafted layer. The substrate breaking was observed at the minimum grafted amount (about 2.2 umol/cm?) for the
PTFE-g-PMAA plates prepared at 2.0 M and 60°C after the plasma treatment for 10 s and at 2.0 M and 40°C after the plasma
treatment for 120 s. The obtained results support that the combination of the oxygen plasma treatment with photografting of
MAA is an effective procedure to enhance the adhesivity of the PTFE surface.
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or their mixture gases [7-9], irradiation of ionizing or
high-energy rays [10, 11], graft polymerization by irradiation
of Co® ray [12, 13] and abrasion [6]. Of them, the plasma
treatment has been widely used to make the PTFE surfaces
hydrophilic without considerably affecting bulk properties

1. Introduction

Poly(tetrafluoroethylene) (PTFE) possesses good chemical
and physical properties, such as thermal stability, chemical
resistance, low water absorptivity, and low electrical ” -
conductivity [1, 2]. On the other hand, the hydrophobicity ~ [14-17]. However, the modified surface properties may be
frequently limits the use of PTFE in adhesion-related and/or ~ gradually regressed by the time due to thermal movement of
wettability-related fields [3, 4]. Therefore, hydrophilization of ~ Substrate polymer chain segments [18, 19]. Compared with
the surfaces of the PTFE materials is of great importance to  this; the grafting polymerization is an effective surface
expand their industrial application [5]. modification technique against the time-dependent regression.

Surface modification of PTFE materials for enhancement of ~ L1¢ key advantage of the grafting polymerization is that
wettability or adhesivity includes the chemical and physical ~ Mmedified properties can be conferred to the substrate polymer

procedures, such as basic and strongly acidic/oxidizing Surfaces by a choice of functional or hydrophilic monomers
solutions [6], plasma treatment with non-polymerizable gases ~ 2nd durable surface modification can be achieved.
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However, it is difficult to graft hydrophilic monomers onto
the PTFE surfaces by photografting alone without any
pretreatment mainly due to chemical stability, higher than
polyethylene (PE) and polypropylene (PP) [20-22]. So far, the
studies have been carried out on the enhancement of the
adhesion and autohesion, or adhesive-free adhesion, of the
low-density PE (LDPE), high-density PE (HDPE), and PP
plates through the photografting of methacrylic acid (MAA),
acrylic acid (AA), methcarylamide (MAAm), and
2-(dimethylamino)ethyl methacrylate (DMAEMA) [23, 24]. In
addition, the grafted layers formed on these polymer substrates
possess good water absorptivity, strongly depending on the
location of photografting and/or length of grafted polymer
chains. These characteristics can be controlled by the
temperature and initial monomer concentration on the
photografting [21, 22, 25]. As a result, the substrate breaking
was observed for adhesion or autohesion of the grafted LDPE,
HDPE, and PP plates at a high grafted amount [20-22, 25-27].
This means that the strengths of adhesion and autohesion
exceed the ultimate strength of each polymer substrate.
However, as far as we know, unfortunately, methacrylic or
acrylic hydrophilic monomers are little grafted onto a PTFE
surface by the photografting technique without any
pretreatment. In fact, the radiation grafting has been used for
surface modification of PTFE and
poly(ethylene-alt-tetrafluoroethylene) (PETFE) [12, 28-31].

Therefore, the plasma treatment is selected as a
pretreatment procedure for forming an active site for
photografting. When a PTFE surface is plasma-treated with
non-polymerizable gases, such as O,, N,, and Ar, followed by
exposure to oxygen gas or air, various oxygen-containing
functional groups are generated on the surface [32-34]. Of the
oxygen-containing functional groups formed on the surfaces a
hydroperoxide group is known to be thermally decomposed
into an active site of grafting [35, 36].

In this study, after the surface activation of the PTFE plates
by the oxygen plasma treatment, MAA was photografted onto
the plasma-treated PTFE plates. The surface wettability of the
MAA-grafted PTFE (PTFE-g-PMAA) plates and water
absorptivity of the grafted layers formed on the PTFE plates
were investigated as a function of the treatment conditions,
such as the plasma treatment time and the monomer
concentration and temperature on the photografting. Finally,
the adhesive strength between the PTFE-g-PMAA plates with
the same grafted amounts was investigated with an epoxy-type
adhesive in relation to the location of grafting as well as the
wettability and water absorptivity

2. Experimental
2.1. Materials

A PTFE plate of 0.50-mm thickness was purchased from
Nichias Corp., (Tokyo, Japan) and used as polymer substrate for
photografting. MAA and benzophenone (BP) as sensitizer were
purchased from Wako Pure Chemical (Tokyo, Japan) and used as
received. A commercially available adhesive, a two-component

type epoxy adhesive, “Araldite™ (type: AR-R30), was used for
adhesion of the PTFE-g-PMAA plates. The nominal curing time
of this adhesive is 3 h at room temperature.

2.2. Plasma Treatment and Photografting

The PTFE plates cut into 6.5-cm length and 2.4-cm width
were washed with water, methanol, and acetone by turns, to
remove contaminants from the surfaces, and then dried under
reduced pressure. The plasma treatment of the PTFE plates
was performed by a Shimadzu LCVD 20-type plasma
apparatus (Kyoto, Japan) [37, 38]. The PTFE plates were
fixed on the sample holder located between the plane
electrodes. The distance between the sample holder and each
plane electrode was set at 2.5 cm. Then, pure oxygen gas was
flowed into the bell jar at 20 cm’/min for a few minutes to
purge the air so as to keep the inner pressure at 0.05 Torr (6.66
Pa). Oxygen plasma generated at the output of 200 W and
frequency of 15 kHz was applied to one side of each PTFE
plate for 10-180 s, while the sample holder was rotated at 60
rpm. Then, the plasma-treated PTFE plates were placed in the
oxygen atmosphere for 30 min at room temperature to
generate oxygen-functional groups.

In acetone, 0.25 g of BP was dissolved and made up to 50
em’ (concentration: 0.5 w/v%). The plasma-treated PTFE
plates were immersed in this BP solution for 1 min, and then
acetone was evaporated at room temperature to coat BP on
their surfaces [20-23]. Aqueous MAA solutions were prepared
at 1.0-2.0 M and deaerated under reduced pressure for a few
minutes. The plasma-treated PTFE plates were vertically
placed into the MAA solutions at 65 cm’ in the Pyrex glass
tubes. The photografting of MAA was performed by
irradiating UV rays emitted from a 400 W high pressure
mercury lamp at 60°C [20-23]. During the irradiation, each
glass tube was revolved around the high-pressure mercury
lamp while rotating. In addition, the photografting of MAA
onto the PTFE plate was also performed in the temperature
range from 40 to 70°C in a 2.0 M monomer solution after the
plasma treatment for 120 s. Unless otherwise noted, the
PTFE-g-PMAA plates were prepared by the plasma treatment
for 120 s and subsequent photografting at 2.0 M and 60°C.

After the photografting, the PTFE plates were thoroughly
washed with pure water to remove homopolymers attached to
their surfaces and unreacted monomers, and then dried under
reduced pressure. The grafted amount was calculated in
pmol/cm® from the weight increase of the PTFE plates after
the photografting and the area of the plasma-treated surfaces
(ca. 15.6 cm?). Although the grafted amount was calculated in
wt% or mmol/g in other articles [39-42], the unit of pmol/cm?
was used in this study because of the fact that the grafted
amount in pmol/cm’ is independent of the thickness, density,
or weight of the PTFE plate [20-22, 25-27].

2.3. Modified Hydrophilic Properties

Hydrophilic properties of the PTFE-g-PMAA plates were
estimated from the water wettability and water absorptivity
[21, 22]. The contact angles for water on the surfaces of the
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PTFE-g-PMAA plates were measured by the sessile drop
method at 25°C with a Kyowa Kagaku TYP-QI-type
goniometer (Tokyo, Japan) and the cos 8 values were obtained
from the average values. The PTFE-g-PMAA plates were
immersed in water at 30°C for 24 h. Then, the PTFE-g-PMAA
plates were taken out of water, blotted with a filter paper to
remove water attached to their surfaces, and weighed as
quickly as possible [38, 43].

2.4. XPS Analysis

The XPS high-resolution spectra of carbon (Cy), oxygen
(Oys), and fluorine (F;s) of an untreated PTFE plate, a PTFE
plate plasma-treated for 120 s, and a PTFE-g-PMAA plate
with the grafted amount of 2.25 pmol/cm?® were recorded on a
Shimadzu ESCA-3400 spectrophotometer (Kyoto, Japan)
with MgKa (1253.6 eV) source operating at 8 kV and 20 mA
[38, 44, 45].

2.5. Cross Section Observation

The thickness of the grafted layers formed on the PTFE
plate was determined through the cross section observation of
the PTFE-g-PMAA plates with a Keyence VH-5500 optical
microscopy (Osaka, Japan). The PTFE-g-PMAA plates cut
into about 5 mm” were immersed in an aqueous toluidine blue
(TB) solution at 25 mg/100 cm’ for about 5 min to stain the
grafted layers. After immersion, the samples were washed
with water several times, and then dried under reduced
pressure. The cross sections of the stained PTFE-g-PMAA
samples were photographed through an optical microscope of

3. Results and Discussion

3.1. Plasma Treatment and Photografting

200 magnifications [22]. Then, the thicknesses of the grafted
layers (stained part) and ungrafted layers (unstained part) were
measured at least at five locations and the mean values were
calculated. The relation of these thicknesses is expressed as Eq.

(D:

the thickness of PTFE-g-PMAA plate =
thickness of grafted layer + thickness of ungrafted layer (1)

Here, the thickness of the PTFE plate was 500 pum.
2.6. Tensile Shear Adhesive Strength Measurements

The PTFE-g-PMAA plates were cut into 3.0-cm length and
1.2-cm width. The base and the curing components of
“Araldite™” were thoroughly mixed at the weight ratio of 1:1.
Both surfaces of two pieces of the PTFE-g-PMAA plates with
the same grafted amounts were coated with the adhesive
component to provide a 1.2x1.2 cm” overlapping surface. The
extruded adhesive components were mostly removed and the
amount of mixed component was 0.74 mg/cm’ on average
from the weight increase by application of adhesives. The
adhesive component was cured by applying the load of 0.5
kg/cm® at 60°C for 24 h. The force to separate the adhesive
joints was measured at the strain rate of 3 mm/s by an Orientec
universal testing machine STA 1225 (A&D company Ltd.,
Tokyo, Japan), and the values of tensile shear adhesive
strength were calculated by dividing the force by the
overlapped area.

Figure 1. The Cls, Ols, and Fls core level spectra of (a) an untreated PTFE plate, (b) a PTFE plate plasma-treated for 120 s, and (c) a PTFE-g-PMAA plate

with 2.25 pmol/cm’.
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The PTFE-g-PMAA plates were prepared by combined use
of plasma treatment with the photografting. Figure 1 shows
the typical XPS high-resolution spectra of Cy;, Oy, and Fy for
(a) an untreated PTFE plate, (b) a PTFE plate plasma-treated
for 120 s, and (c) a PTFE-g-MAA plate with the grafted
amount of 2.25 umol/cmz. The XPS high-resolution Ci
spectrum for the untreated PTFE plate showed a peak at 292.5
eV assigned to -CF2-CF2- [46-48] and an F peak at 690 eV
with a minor peak at 285 eV probably due to small
contamination [48]. When the PTFE surface was plasma-
treated for 120 s, the intensity of the peak at 292.5 eV and the
F, peak declined and overlapped small peaks appeared in the
region of 286-289 eV as shown in Figure 1 (b). This suggests
that some fluorine atoms were depleted from the PTFE surface
and several kinds of oxygen-containing functional groups
were generated by the plasma treatment [35-37]. In addition, a
peak assigned to -COOH sharply appeared at 289 eV by
grafting MAA onto a plasma-treated PTFE plate [38, 39]. This
indicates that MAA was successfully grafted with the PTFE
surfaces. However, the F; peak at 692 eV and the C;, peak at
292.5 eV were observed for the PTFE-g-PMAA plates. This
denotes that even when the PTFE-g-PMAA plates with high
grafted amounts were obtained, a small amount of PTFE
chains are present on the surfaces of the grafted layers. In
other words, the layers of grafted PMAA chains containing a
small amount of PTFE chains were formed on the PTFE
surface.

Figure 2. Changes in the grafted amount with the irradiation time for the
photografting of MAA onto the PTFE plate at (a) 2.0 M after the plasma
treatment for (<) 10, (@) 30, (V) 60, (4) 120, and (o) 180 s and at (b) (o)
1.0, (4) 1.5, and (0) 2.0 M afier the plasma treatment for 120 s.

Figure 2 shows the changes in the grafted amount with the
irradiation time for the PTFE-g-PMAA plates prepared (a) by
the plasma treatment for 10-180 s and subsequent photo—
grafting at 2.0 M and (b) by the plasma treatment for 120 s and
subsequent photografting at 1.0-2.0 M. The grafted amount
increased with the irradiation time. When the plasma
treatment time and/or monomer concentration increased, the
grafted amount further increased. It is extremely difficult to
directly photograft MAA onto the PTFE surface without the
plasma treatment mainly due to difficulty of the formation of
active sites. Even if the PTFE surface was coated with BP
without the plasma pretreatment, MAA was little photografted
onto the PTFE plate (grafted amount = 0.15 pmol/cm?) [38,
49]. This result suggests that an oxygen-containing functional
group generated by the plasma treatment acts as an active site
for the photografting and the UV irradiation at 60°C during the
photografting is an effective procedure to increase the grafted
amount. Some of the studies on the combined use of the
plasma treatment and grafting have reported that the grafting
is initiated by thermal degradation of hydroperoxide groups,
although there are arguments on the pros and cons of this
notion [50-55].

3.2. Water Absorptivity of Grafted Layers

Figure 3. Changes in the amount of absorbed water with the grafted amount

for the PTFE-g-PMAA plates prepared by the photografting at (a) 2.0 M

after the plasma treatment for (<) 10, (@) 30, (V) 60, (4) 120, and (o) 180
s and at (b) (o) 1.0, (4) 1.5, and (o) 2.0 M after the plasma treatment for
120 s.
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The water absorptivity of the grafted layers formed on the
PTFE plates was measured. Figure 3 shows the amount of
adsorbed water with the grafted amount for the
PTFE-g-PMAA plates prepared by the photografting (a) at 2.0
M after the plasma treatment for 10-180 s and (b) at 1.0-2.0 M
after the plasma treatment for 120 s. The amount of absorbed
water increased over the grafted amount, and as the plasma
treatment time and/or the monomer concentration on the
photografting decreased, the grafted layer possessed higher
water absorptivity at lower grafted amounts. These results
suggest that the water absorptivity of the grafted layer depends
on the density of grafted PMAA chains in the grafted layer and

the location and thickness of the grafted layer as well as the
length of grafted polymer chains [21, 22, 26]. Therefore, the
thickness of the grafted layer was measured to discuss the
effect of the grafting conditions on the water absorptivity of
the grafted layer.

The grafted layers formed on the PTFE plates were stained
with TB, and then the thicknesses of the grafted and ungrafted
layers were measured. Figure 4 shows the changes in the
thicknesses of the grafted and ungrafted layers for the
PTFE-g-PMAA plates prepared (a) at 2.0 M after the plasma
treatment for 10-180 s and (b) at 1.0-2.0 M after the plasma
treatment for 120 s.

Figure 4. Changes in the thicknesses of the grafted layer and ungrafted layer with the grafted amount for the PTFE-g-PMAA plates prepared by the
photografting at (a) 2.0 M after the plasma treatment for (<) 10, (o) 30, (V) 60, (4) 120, and (o) 180 s and at (b) (o) 1.0, (4) 1.5, and () 2.0 M after the

plasma treatment for 120 s.

Figure 4 (a) shows that the thickness of the grafted layer
increased over the grafted amount irrespective of the plasma
treatment time. In addition, as the plasma treatment time was
increased, thicker grafted layers were formed with the
decreased thickness of the ungrafted layers. These results
suggest that the location of photografting was restricted to the
outer surface region and the grafted layer richer in grafted
PMAA chains was formed. These factors are considered to
give rise to higher water absorptivity of the grafted layers
formed by the photografting after the plasma treatment for
shorter times.

On the other hand, as the photografting was performed at
higher monomer concentrations after the plasma treatment for
120 s, the thicker grafted layers were formed on the PTFE
surfaces. However, under these conditions, the decrease in the
thickness of the ungrafted layers against the grafted amount
was independent of the monomer concentrations on the

photografting as shown in Figure 4 (b). In other words, it can
be safely said that the grafted layers richer in grafted PMAA
chains are formed at lower monomer concentrations. In
addition, the length of grafted PMAA chains can be discussed
based on the relation between the monomer concentration and
the degree of polymerization according to the radical
mechanism [21, 22], although it is impossible to determine the
molecular weight of the grafted PMAA chains directly.
Longer grafted polymer chains are considered to be formed at
higher monomer concentrations. From the results in Figures 3
(b) and 4 (b), the grafted layers richer in grafted PMAA chains
are considered to possess higher water absorptivity.

3.3. Wettability of PTFE-g-PMAA Plates

The surface modification of the PTFE plate by the
photografting of MAA was also estimated from the water
contact angle measurements. Figure 5 (a) shows the changes
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in the constant cos 0 value with the plasma treatment time
before the photografting at 1.0-2.0 M. The cos 8 value
increased with the grafted amount under the all grafting
conditions. However, the constant cos 6 value was not
obtained only for the PTFE-g-PMAA plates prepared by the
plasma treatment for 10 s and subsequent photografting at 1.0
M. The grafted amounts at which the cos 0 values became
constant and the constant cos 0 values were read out. Figure 5
(b) shows the changes in the grafted amount at which the cos 6
value became constant with the plasma treatment time before
the photografting at 1.0-2.0 M. As the plasma treatment time
was shortened, higher constant cos 0 value was obtained and
the cos O value became constant at lower grafted amounts. In
addition, as the monomer concentration on the photografting
was lower, the cos 08 value became constant at lower grafted
amounts. These results suggest that the location of
photografting is restricted to the more outer surface region and
more hydrophilic surfaces are formed, as the plasma treatment

time was shorter and/or the monomer concentration was lower.

In these cases, PTFE surfaces will be fully covered with
grafted PMAA chains. On the other hand, for only the
PTFE-g-PMAA plates prepared by the plasma treatment for
10 s and subsequent photografting at 1.0 M, the PTFE surface
is yet to be covered with grafted PMAA chains.

Figure 5. Changes in the (a) constant cos 6 value and (b) grafted amount at
which the cos 0 value became constant with the plasma treatment time for
the PTFE-g-PMAA plates prepared by the photografting at (o) 1.0, (4) 1.5,
and (0) 2.0 M after the plasma treatment for 120 s.

3.4. Adhesive Strength

The adhesive strength of the PTFE-g-PMAA plates
prepared under different grafting conditions above-mentioned
was measured with a two-component type epoxy adhesive.
Figure 6 shows the changes in the tensile shear adhesive

strength with the grafted amount for the PTFE-g-PMAA plates
prepared by the plasma treatment for different times and
subsequent photografting at (a) 1.0, (b) 1.5, and (c) 2.0 M.
When the PTFE plate was plasma-treated, the adhesive
strength increased with the plasma treatment time from 52 kPa
for the untreated PTFE plate to 459 kPa for the plasma
treatment time for 180 s (data not shown). However, for these
plasma-treated PTFE plates, no substrate breaking occurred.
Meanwhile, the adhesive strength for the PTFE-g-PMAA
plates increased with the grafted amount. In addition, the
substrate breaking occurred, while the PTFE-g-PMAA plates
were kept adhered to each other at higher grafted amounts
(shaded symbols in Figure 6 (b) and (c)). This indicates that
the adhesive strength exceeded the ultimate strength of the
PTFE plate used.

Figure 6. Changes in the tensile shear adhesive strength with the grafted
amount for (open and shaded) )the PTFE-g-PMAA plates prepared by the
photografting at (a) 1.0, (b) 1.5, and (c) 2.0 M after (half-shaded) the plasma
treatment for (o) 10, (4) 30, (V) 60, (©) 120, and (<) 180 s. The adhesive
component was cured by applying the load of 0.5 kg/cm’ at 60°C, and open
and shaded symbols represent cohesive strength and substrate breaking,
respectively.

Figure 7 shows the changes in the minimum grafted amount
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at which the substrate breaking was observed with the plasma
treatment time before the photografting. For the
PTFE-g-PMAA plates prepared at 1.5 and 2.0 M, as the
plasma treatment time before the photografting was shorter
and/or the monomer concentration was higher, the PTFE plate
was broken at lower grafted amounts. As shown in Figures 3
(a) and 5 (a), the grafted layers formed by the plasma
treatment for shorter times and subsequent photografting
possessed higher wettability and water-absorptivity. In
addition, it was seen from Figure 5 (b) that as the plasma
treatment time was shortened, the more hydrophilic grafted
layer surfaces were formed at lower grafted amounts. These
factors can facilitate the penetration of adhesives in the grafted
layer, leading the substrate breaking at lower grafted amounts.

Figure 7. Changes in the grafted amount at which the substrate breaking
occurred with the plasma treatment time for the PTFE-g-PMAA plates
prepared by the photografting at (4) 1.5 and (©) 2.0 M after the plasma
treatment.

On the other hand, it was also found from Figure 7 that the
substrate breaking was not observed irrespective of the plasma
treatment time for the photografting at 1.0 M and only at the
plasma treatment time of 10 s for the photografting at 1.5 M.
Under these grafting conditions, the grafted amount limited to
less than or comparable to 3 pmol/cm®. This suggests that the
PTFE plate does not have a sufficient grafted amount for
substrate breaking. In addition, the rate of monomer
consumption for photografting, which was calculated from the
slope of the grafted amount against the irradiation time in the
steady state, increased from 0.028 mmol/h at 1.0 M to 0.243
mmol/h at 2.0 M for the photografting on the PTFE plates
plasma-treated for 120 s as seen in Figure 2. The photografting
of MAA onto the plasma-treated PTFE plate in this study
proceeds via the radical chain mechanism. Therefore, longer
grafted polymer chains would form at higher monomer
concentrations [8, 21]. In addition, the discussion in relation
with results from the image observation of the cross section
shown in Figure 4 supports our suggestion that a high adhesive
strength is obtained by penetration of adhesive components
into a thick grafted layer formed by longer grafted polymer
chains.

3.5. Photografting at Different Temperatures

The photografting of MAA onto the PTFE plates was
performed at different temperatures after the plasma treatment
for 120 s and adhesive properties of the PTFE-g-PMAA plates
obtained were discussed in relation with their modified
hydrophilic properties. The grafted amount increased over the
irradiation time irrespective of the grafting temperature. As
the grafting temperature was increased, higher grafted
amounts were obtained at shorter irradiation times.

Figure 8 shows the changes in the amount of absorbed water
with the grafted amount for the PTFE-g-PMAA plates
prepared at 40-70°C (the initial MAA concentration was kept
at 2.0 M) after the plasma treatment for 120 s. The amount of
absorbed water increased with the grafted amount, and the
grafted layers with higher water absorptivity were formed at
the PTFE surface, the photografting was performed at lower
temperatures. Subsequently, contact angles for water were
measured on these PTFE-g-PMAA plates.

Figure 8. Changes in the amount of absorbed water with the grafted amount

for the PTFE-g-PMAA plates prepared by the photografting at (o) 40, (4) 50,

(o) 60, and (<) 70°C after the plasma treatment for 120 s.

Figure 9 shows the changes in the constant cos 8 value
obtained and the grafted amount at which the cos 6 value
became constant with the grafting temperature. As the
photografting was performed at lower temperatures, the cos 0
value became constant at lower grafted amounts and higher
constant cos O values were obtained. The thickness of the
grafted layer increased with the grafted amount and the thicker
grafted layer was formed as shown in Figure 10. On the other
hand, the thickness of the ungrafted layer increased with the
grafted amount independent of the grafting temperature. This
result means that the location of the photografting was
independent of the grafting temperature. Meanwhile, as the
grafting temperature decreased, longer grafted polymer chains
will be formed mainly due to less chain transfer reaction under
the conditions that the initial monomer concentration is kept
constant. In addition, the adhesive strength for the
PTFE-g-PMAA plates prepared at different grafting
temperatures was measured. The adhesive strength increased
and the substrate breaking occurred at all grafting
temperatures.
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Figure 9. Changes in the (o) constant cos 6 value and (A) grafted amount at
which the cos 0 value became constant with the grafiing temperature for the
PTFE-g-PMAA plates prepared by the photografiing at 2.0 M after the
plasma treatment for 120 s.

Figure 10. Changes in the thickness of the (a) grafted layer and (b)
ungrafted layer with the grafted amount for the PTFE-g-PMAA plates
prepared by the photografting at (o) 40, (4) 50, (o) 60, and (<) 70°C after
the plasma treatment for 120 s.

Figure 11 shows the changes in the minimum grafted
amount at which the substrate breaking occurred with the
grafting temperature for the PTFE-g-PMAA plates prepared at
2.0 M after the plasma treatment for 120 s. The substrate
breaking occurred at lower grafted amounts for the
PTFE-g-PMAA plates prepared at higher grafting
temperatures. A following consideration was given on the
basis of the above-described results. As the grafting
temperature decreased, longer grafted polymer chains was
formed and the grafted layers possessed higher water
absorptivity. These factors would mutually contribute to an
increase in the adhesive strength, leading to the decrease in the
grafted amount at which the substrate breaking occurred with

the decrease in the grafting temperature.

Figure 11. Change in the grafted amount at which the substrate breaking
occurred with the grafting temperature for the PTFE-g-PMAA plates
prepared by the photografting at 2.0 M after the plasma treatment for 120 s.

4. Conclusion

In this study, MAA was grafted onto the PTFE plate by the
combined use of the plasma treatment and photografting. The
effects of the grafting conditions, such as the plasma treatment
time before the photografting and the monomer concentration
and temperature on the photografting on the adhesive strength
of the resultant PTFE-g-PMAA plates was discussed in relation
to the wettability, water absorptivity, and location of grafting.

As the photografting of MAA was performed at lower
monomer concentrations or at lower temperatures after the
plasma treatment for shorter treatment times, higher wettability
was obtained at lower grafted amounts and the grafted layer
formed on the PTFE surface possessed higher water
absorptivity. The adhesive strength increased with the grafted
amount, and the substrate breaking was observed at lower
grafted amounts as the plasma treatment time before the
photografting was shorter for the photografting at 1.5 and 2.0 M.
On the other hand, the substrate breaking was not observed for
the photografting at 1.0 M irrespective of the plasma treatment
time and at 1.5 M after the plasma treatment time of 10 s. In
addition, as the temperature on the photografting was lower, the
PTFE-g-PMAA plate was broken at lower grafted amounts. The
occurrence of the substrate breaking suggests that the adhesive
strength exceeds the ultimate strength of the PTFE plate used.
The substrate breaking was observed at the minimum grafted
amount for the PTFE-g-PMAA plates prepared at 2.0 M and
60°C after the plasma treatment for 10 s and at 2.0 M and 40°C
after the plasma treatment for 120 s. The results obtained in this
study support that the combination of the oxygen plasma
treatment with photografting of MAA is an effective procedure
to enhance the adhesivity of the PTFE surface.
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