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STUDIES ON DYEING OF POLYOLEFINS.

(I) DYEING PROPERTIES OF FLUORINATED
POLYPROPYLENE FIBRE.

By Izumi Fumoto

(Osaka Joshigakuen Junior College, Tennoji-ku, Osaka, Japan)

Polypropylene fibre was fluorinated in nitrogen atmosphere with fluorine gas
at 25°C. The effects of fluorination on the dyeing, physical and chemical pro-
pzerties of polyprpylene fibre were investigated.

The infra-red spectrum of fluorinated fibre containes a broad and intense
absorption over the 1040~1340 cm™! range. This absorption is very characte-
ristic for fluorinated fibre, may be due to C-F linkage. The infra-red spectrum of
fluorinated fibre treated with hot alkaline aqueous solution no longer displays
the absorption over the 1040~1340 cm™! range and a new absorption at 3400 cm™,
presumably arising from C-OH linkage. The results indicate that the C-F lin-
kage in the fluorinated fibre is hydrolyzed by the treatment with alkaline sol-
ution.  The infra-red spectrum of the fluorinated fibre treated with hot water
is virtually identical with that of original fluorinated fibre, and it might be
concluded that the C-F linkage in the fluorinated fibre is stable to hot water.
By the treatment with hot water, however, the fluorine content of the
fluorinated fibre is clearly reduced. This means that not all of the fluorine

atoms in the fluorinated fibre are chemically bonded with the fibre, but some
of them are merely adsorbed physicaHy on the internal surfaces of the fibre,
presumably in the form of HF,.

An examination of X-ray diagrams of polypropylene fibre, fluoinated poly-



propylene fibre and polypropylene fibre fluorinated and then treated with hot
water shows that fluorination causes a decrease in the crystallinity of polypro-

pylene fibre, and with hot water treatment an increase in that of fluorinated
fibre.

Fluorination has a pronounced effect on the dyeing properties of polyprop-
ylene fibre for cationic dyes. The fluorinated fibre could be easily dyed with
cationic dyes from neutral or slightly alkaline dyebath at 100°C. Under the

* acidic condition, however, the penetration of cationic dyes into the fluorinated
fibre could not be attained even at 100°C. A probable mechanism involving the
iondipole interaction between positively charged dyes and C-F groups in the
fluorinated fibre suggest to explain the dyeing behavior of cationic dyes. The

dyeing properties for disperse dyes are scarcely affected by fluorination.
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Table 1. Propeties of fluorinated polyprolene fibres.

Average fluorine Denier Melting point | Tensile strength
rontent. % °C (dry) g/d
0* 4.9 154~157 7.0
1 5.0 . 5.5
2 5.0 166 5.4
5 5.2 170 5.1
6 5.3 169 . 4.9
8 5. 4 171~173 5.0
12 5.7 | 175 4.3
* Unfluorinated
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Fig.2(e) IR absorption spectrum of the fluorinated specimen treated
with hot alkaline solution
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Fig. 3 (a) pH variation of fluorinated polypropylene with wet heating
(60°C) time.
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Fig. 8 (b) pH variation of fluorinated polypropylene fibre with wet
heating (95°C) time,
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Fig. 4. X-ray diagrams of the specimens.

" (No. 1) Untreated (No. 2) Fluorinated (No. 3) Fluorinated
and after-treated with hot water.
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Table 2. Data of X-ray diffraction.

Crystallinity . .
% Orientation
Untreated polypropylene 30.0 | 93.5
8 % Fluorinated polypropy- 24 4 93.1
lene : )
Fluorinated polypropylene
treated with hot water 28.4 93.3
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Fig. 5. Cross-section of fluorinated polypropylene {bres;

(a) Dyed with Malachite Green for 24 hrs. (pH 4.2, 90°C)
(b) Dyed with Basic Blue GO for 7 hrs. (pH 7.4, 100°C)
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(¢) Dyed with Basic Blue GO for 7hrs. (pH 4.2, 100°C)
(d) Dyed with Celliton Blue extra for 7hrs (pH 6.0, 100°C)
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