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Introduction
Carbon fibers are widely used as reinforcements in
composites, especially in composites with epoxide matrices.
They combine a high stress factor and strength with a low
density, which has led to their increasing use in high
performance construction materials. To improve the fiber
matrix adhesion, it is necessary to increase the surface
polarity, create more sites for hydrogen bonding and
improve the possibility for covalent linking between the
fiber material and the surrounding polymer matrix in order
to achieve good stress transfer from the matrix material to
the filling fiber material[1,2]. Normally, Various methods
used for the modification of such non-polar carbon fiber
surfaces include oxidation in various plasmas, oxidation in
air, electrochemical oxidation of carbon fibers used as
anodes in various electrolytes or wet chemical methods,
such as boiling in nitric acid[3]. Recently, as an alternative
technique, fluorine gas has been used as a surface treatment
agent for many kinds of organic and inorganic plastic
materials, because of its very high reactivity[4].
In this study, carbon fiber was fluorinated as a function of
partial pressure of O2. and than, physical properties, such as
wettability, surface polarity and solid surface tension of
fluorinated carbon fiber were estimated.

Experimental
2.1 Starting Materials
Pitch-based carbon fibers were used for the studies without
any additional surface sizing ; HT polyacrylonitrile (PAN)based Carbon fibers from Taekwang (TZ 307)
2.2 Fluorination procedure
Fluorine gas was supplied Messer at 99.8% purity. The
impurity was almost only nitrogen, and the amount of
hydrogen fluoride was under 0.01%. Trace amount of
fluoride in the fluorine gas were removed by sodium
fluoride pellets heated at 100 .
2.3 Contact angle measurement
For investigation of the wettability of carbon fiber, we
measured the contact angle. since the contact angle θ of a
test liquid on carbon fibers is not directly measurable
because of the small fiber diameter, a gravimetric method
was used to estimate the contact angle to water and to

methylene iodide using the DCA analyzer (CAHN DCA
315). Because of the very small mass change during the
measurement of a monofilament, we used bundle type for
measurement.
2.4 measurement of surface tension
For calculation of the surface tension of carbon fiber, we
used the Owens-Wendt-geometric mean method[5] by
water and methylene iodide.
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γ LV (1 + cosθ ) = 2(γ S ⋅ γ LV )1 / 2 + 2(γ S ⋅ γ LV )1 / 2
Include Young Eq.
d
d
P
P
(2)
γ SL = γ S + γ LV − 2(γ S ⋅ γ LV )1 / 2 − 2(γ S ⋅ γ LV )1 / 2
By use of the equation in (1),(2), the surface tension can be
evaluated.

Results and Discussion
We are particulary interested in the influence of surface
fluorination on the physical properties, such as wettability,
surface polarity and solid surface tension. The effect of
fluorination pressure(F2/O2=1) on the contact angle of
carbon fibers is shown in Fig. 1. As shown in this Fig.,
contact angle measured against water shows minimum
value in the condition of fluorination at 0.05bar and room
temperature for 30 min . And then, the contact angles
measured against water was increased remarkably again at
higher fluorine pressures. The contact angles measured
against methylene iodide show a similar tendency accoding
to the fluorination pressure. Fig. 2 shows the surface
tension change of the fluorinated carbon fibers accoding to
the fluorination pressure. The surface tension of carbon
fiber fluorinated by the same conditions has maximum
value at 0.05bar. This can be explained by the chemical
modification of surface due to fluorination at fluorination
pressure with 0.05bar. Methylene iodide has a very small
polar component of surface tension, so that the polar
interaction is small compared with that of water and the
major contribution should stem from dispersive interaction.
The effect of O2 Partial pressure on the contact angles and
the surface tension of carbon fiber is shown in Fig. 3, 4
respectively. As shown in these Figs., the contact angle
shows minimum value at O2 Partial pressure 0.5 ratios, and
the surface tension shows maximum value at O2 Partial
pressure 0.5 ratios, also. These changes of surface property
are due to increase surface polarity of carbon fiber by

fluorination.

Conclusion
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Fig. 1. Contact angle of fluorinated carbon fiber as a
function of fluorination pressure (F2/O2=1, fluorination
time = 30min).
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Fig. 2. Surface tension of fluorinated carbon fiber as a
function of fluorination pressure (F2/O2=1, fluorination
time = 30min).
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Fig. 3. Contact angle of fluorinated carbon fiber as a
function of O2 partial pressure (fluorination pressure =
0.05bar, fluorination time = 30min).
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Fig. 4. Surface tension fluorinated carbon fiber as a
function of O2 partial pressure (fluorination pressure =
0.05bar, fluorination time = 30min).

