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The adhesive property of polytetrafluoroethylene (PTFE)
film containing a small amount of carbonaceous materials
such as carbon black and graphite was improved remarkably by
KrF-laser irradiation in air. The adhesive strength increa-
sed with the irradiated energy and the fluence of laser.

The development of an effective method for the surface modification of
PTFE which is chemically inactive is very important from a viewpoint of the
enlargement of applications owing to the lamination with various materials.
In the previous paper,l) we reported that the adhesive strength of the PTFE
film containing a small amount of the light-absorbable and heat-resistant
polymers such as aromatic polyester was enhanced remarkably by KrF-laser
irradiation in air. On the basis of this finding, we have attempted to
develop more useful method for the surface modification of PTFE by KrF-laser
irradiation of PTFE blended with carbonaceous materials such as carbon black
and graphite which are expected to give antistatic property and abrasion
resistance.

The procedure of KfF—laser irradiation of the PTFE film was the same as
that used in the previous paper.l) The PTFE film (0.5 mm thick) was prepared
using a peeling machine from the moldings of PTFE (Fluon G-163, Asahi-ICI
Fluoropolymers Co.,Ltd.) blended with carbon black (FD-0721, Dainichi Seika
Colour & Chemicals Mfg.) or graphite (ACP, Nippon Kokuen Kogyo Co. Ltd.)
which were obtained by the sintering at 360° C for 3 h. The film was cleaned
in ethanol with the supersonic wave before irradiation. The adhesive
strength of the irradiated PTFE film was evaluated by the measurement of the
180° peel strength of the film adhered at room temperature on a stainless
steel plate (SUS 304) with the epoxy resin adhesive. The surface analyses of
the irradiated PTFE film were carried out with a X-ray photoelectron
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spectroscopy (XPS, Shimadzu ESCA 2.0 T T T T T T T
850S, MgKgq X-ray source) and a
scanning electron microscopy (SEM,
Hitachi S-2400).

Figure 1 shows the peel
strength of the PTFE films
containing 5 wt% of carbon black
or graphite as a function of the
irradiation energy. The peel
strength of the PTFE film contain-
ing carbon black increased with
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7.1 J cm™“. The peel strength was PTFE films containing carbonaceous
much larger for the PTFE film materials. Fluence : 300 mJ cm'2

pulse"l. Content of carbonaceous
materials : 5 wt%.

D: carbon black; A: graphite(AT-20);
the other hand, in the case of the O: graphite (AT-10).

PTFE film without carbon black or

graphite, the peel strength was less than 0.02 kg cm~
30 J cm 2. These results indicate that the adhesive strength of the PTFE
films containing a small amount of carbon black or graphite was enhanced

containing carbon black than for

the film containing graphite. On

1 even at irradiation of

remarkably by KrF-laser irradiation in air at room temperature.

In the case of the PTFE film containing graphite, the peel strength was
larger for the film (1.3 kg em™ 1 at 7.1 J cm‘z) containing graphite (AT-20)
with 8 uym of particle size than for the film (1.1 kg em ! at 7.1 J cm'z)
containing graphite (AT-10) with 18 um of particle size. This suggests that
an enhancement in the peel strength by KrF-laser irradiation is affected by
the particle size of materials blended in PTFE. It is therefore assumed that
a remarkable increase in the peel strength for the PTFE film containing
carbon black (particle size : 0.03 pm) compared with the case of the film
containing graphite may be attributed to the promotion of the laser-induced
reaction on the surface of the PTFE film by effective light-absorption owing
to more fine particle size of carbon black. Also, as shown in Table 1, in the
case of the PTFE film containing carbon black, the peel strength increased
with the content of carbon black and the fluence of the laser beam. Thus, it
was found that the adhesive property of the PTFE films containing a small
amount of carbon black and graphite which have the light-absorbable and heat-
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Table 1. Effects of the content of carbon black and the fluence
on peel strength of PTFE film

Content of carbon black Fluence Peel strengtha)
wt% mJ cm™2 pulse_1 kg em 1
1 150 0.44
225 0.88
300 0.96
5 150 0.88
225 1.24
300 1.36

Irradiation energy : 2.7 J cm™ 2.

a)Peel strength of unirradiated film was less than 0.02 kg em™ 1.

resistant properties was improved remarkably by KrF-laser irradiation in air
at room temperature. It is also expected that the addition of carbonaceous
materials in the PTFE film improves not only the adhesive property by KrF-
laser irradiation but also other characteristics such as abrasion
resistance, antistatic property,and low frictional property, because carbon

black and graphite are

excellent in mechanical
_CFZ_

o

hardness and electrical
conductive property.

The changes in the chemical
structure and the morphology on
the surface of the PTFE films
containing carbon black and
graphite by KrF-laser irradia-
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tion were examined with XPS and
SEM. Figure 2 shows the Cls
XPS spectra on the surface of
the PTFE film containing 5 wt%
of carbon black irradiated with 1T T T T
the KrF laser 1in air. The 300 290 280
intensity of the peak (binding Binding energy / eV

energy : 294.5 eV) assigned to
carbon of —CF2— group decreased

Fig. 2. Cls XPS spectra of irradiated
(a) and unirradiated(b) PTFE films
remarkably by KrF-laser containing 5 wt% of carbon black.
irradiation, and at the same Irradiation energy : 2.7 J CIII_Z.

time, a peak (binding energy : Fluence : 300 mJ cm™2 pulse‘l.
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289 eV) assigned to carbon of carbonyl group appeared newly.2'4) Also, the
atomic ratio, F/C, obtained from the peak areas of the Cls and Fls XPS
spectra, decreased remarkably from 2.1 (unirradiated) to 1.1 at irradiation
of 2.7 J cm_z, and on the contrary, the 0/C ratio obtained from the Cls and
Ols XPS spectra increased from 0.01 (unirradiated) to 0.06 at irradiation of
2.7 J cm™2. Similar changes in the chemical structure were observed in the
case of the PTFE film containing graphite. Such chemical changes were not
observed in the case of the PTFE film without carbon black and graphite. It
was revealed from these results that the release of F atom in —CF2— group and
the formation of carbonyl group occurred on the surface of the PTFE film
containing carbon black and graphite by KrF-laser irradiation in air. From
the surface observation of the irradiated PTFE film containing carbon black
by SEM, it was also revealed that fine unevenness with about 1 pym in diameter
was formed on the surface of the film. These results indicate that the
chemical reaction and the laser ablation occur on the surface of the PTFE
films containing carbon black and graphite by KrF-laser irradiation in air.
Since the absorption coefficient of PTFE is very small in UV region and
carbon black and graphite have a strong absorption band, most of the energy
of highly intense UV beam from the KrF laser would be absorbed in carbon
black or graphite. It is therefore considered that when the PTFE film
containing carbon black or graphite is irradiated with the KrF laser in air,
the energy transfer from carbon black or graphite to PTFE and the laser
ablation occur on the surface of the films, followed by the chemical
reactions and the formation of fine unevenness described above, and as the
result, the adhesive strength is improved. It is also considered that a
remarkable enhancement in the adhesive strength of the PTFE films containing
carbon black and graphite by KrF-laser irradiation is attributed to both the
chemical effect owing to the formation of the polar groups such as carbonyl
group and the physical effect owing to the formation of the fine unevenness.

References

1) M. Nishii, S.Sugimoto, Y. Shimizu, N. Suzuki, T. Nagase, M. Endo, and Y.
Eguchi, Chem. Lett., 1992, 2089.

2) G. C. S. Collins, A. C. Lowe, and D. Nicholas, European Polymer J., 9,
1173 (1973).

3) D. M. Brewis and D. Briggs, Polymer, 22, 7 (1981).

4) D. T. Clark and A. Dilks, J. Polym. Sci., Polym. Chem. Ed., 17, 957 (1979).

(Received March 22, 1993)



