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ABSTRACT

Carbon dioxide was used as a transport medium in this experiment to dye
hydrophobic fibers. This gas will become supercritical fluid when it was heated and
compressed above its critical temperature and critical pressure. In this state, cérbon
dioxide can dissolve sﬁbstances well and diffused easier than liquid because of its
high density and low viscosity.

As three fabrics were dyed with traditional disperse dyes (C.I. Disperse Red 60,
C.I Disperse Yellow 3 and C.I Disperse Orange 76), high temperature and pressure
made the heat motion of polymer became more drastic that lead to the increase of free
volume of molecular chain, and then dye particles could diffuse into fiber. In another
aspect, partition of dye between carbon dioxide and polymer seemed to obey the
Nernst model for polyester and polypropylene and Langmuir model was suit for nylon
66. But at higher concentration,dye uptake values of all three fabrics tend to saturated.
Solubility of dye and magnitude of free volume of polymer molecule were the main
parameters which can influent the result. These two factors need to be balanced due to
their opposite effect for dyeing. Optimal operate conditions were located within 120
°C at pressure near 250 bar for polyester and nylon 66, but polypropylene must be
dyed below 120°C because high temperature would damage its structure. If
polypropylene immersed in carbon dioxide bath, this fluid would penetrate into the
inner layer of yarn where water couldn’t approach to this depth. Thus dyeing problem
produced in water would be overcome as carbon dioxide was used.

Melting peak and fuse heat of polyester and nylon 66 wouldn’t change when
they were dyed at 250bar and 120°C, demonstrate that carbon dioxide and heat didn’t

cause evident influence of their properties. On the other hand, carbon dioxide can



swell polypropylene obviously than another two fibers and high temperature would
. induce the shrinkage effect. Therefore polypropylene must be dyed at temperature
lower than 120°C and washing fastness still needed to conquer.

Nylon 66 fiber can react with reactive disperse dyes because of its terminal
amine group that forming the covalent force with vinylsulphone group of dye. Hence
five reactive disperse dyes were synthesized in our laboratory and their structures
checked by Fourier-transform infra-red spectrum, 1H nuclear magnetic resonance,
mass spectrum and elemental analysis. Datum got from the analysis confirmed the
exactitude of dyes structures. On the other hand, the formation of covalent force
between terminal amine group of nylon 66 fiber and vinylsulphone group of dye in
carbon dioxide was also proved in accordance with the attenuate total reflectance
analysis (by peak minus for colored and raw fabrics) and pyridine extraction test after
formic acid dissolution. And then washing fastness was excellent and light fastness
was satisfactory for normal applications.

As dye uptake values of five reactive disperse dyes calculated by UV-visible
spectrum were considered, a dye with polar hydroxyl and amine group can dye nylon
66 fiber better than a wholly hydrophobic dye because of the higher affinity existed
between dye and fiber. Thermal analysis also demonstrated stability of fiber structure

while it was dyed at carbon dioxide presure 250bar and temperature at 120°C .
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