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Abstract: For the preparation of hardened films which can be applied as a binder for flame-resistant materials such as
silica, linseed oil was subjected to a low temperature plasma treatment with argon, or oxygen gas. The film was produced
much faster than so-called drying of oil in air. The SEM analysis for silica particles embedded in the hardened film after

plasma treatment showed that the silica particles were immobilized on substrate and were evenly dispersed. The FT-IR
spectral analysis for the plasma-treated linseed oil films demonstrated that the radicals which were formed during the plasma

treatments caused the linseed oil to be cross-linked, and the plasmas attacked carbon chains of the oil randomly without
focusing on specific vulnerable bonds such carbon double and carbonyl bonds intensively unless exposure times of the

plasmas were prolonged too much, while the cross-linking of the air-dried film was considered to occur at the well-known
typical sites, i.e., carbon-carbon double bond and @ -methylene carbon. Burning times, as a measure of flame/fire resistance,

of silica-filled cellulose substrates, increased with increasing contents of silica.
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Figure 1. Photographs of linseed oil films treated by oxygen-plasma for
6min. (a) optical microscope (x 50), (b) SEM (x 300).

I8

(b)

Figure 2. Photographs of SEM (a) and EDS spectrum (b); silica particles embedded in
linseed oil which was treated by argon-plasma for 6 min.
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Figure 3. FT-IR spectra of linseed oil film: (a) untreated

linseed oil; (b) and (c) argon-plasma-treated oil for 3 min

and 6 min., respectively; (d) air-dried linseed oil for 32

days.
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Table 1. Intensity ratio of C-H stretching of methylene group, hydroxyl group, and C=O group

Intensity ratio Untreated Air-dried Argon-plasma-treated oil Oxygen-plasma-treated oil
oil oil [3 min.] [6 min.] [3 min.] [6 min.]
Acn/chs 1.32 1.14 1.17 1.21 0.99 1.02
Ac=o/ch: 1.84 1.79 1.52 1.13 1.35 1.06
Aow/chs 0 0.75 0.23 0.24 0.24 0.36
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Figure 4. FT-IR spectra of (a) untreated linseed oil 3
min.; (b) oxygen plasma treated oil; (c) 6 min. oxygen
plasma treated oil.
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Figure 5. FT-IR spectra of hydrogen-bonded hydroxyl
groups: (a) 3 min. oxygen plasma treated oil; (b) 3 min.
argon plasma treated oil; (c) 6 min. oxygen plasma
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Table 2. Relationship between silica contents and burning time of hardened films which were treated in oxygen-plasma for 6

minutes
Silica content (g/ml) 0 0.050 0.075 0.100 0.125
Burning time (sec.) 16.1 28.2 31.6 31.1 341
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