Solubility of solids and dyeing polyester textile in
supercritical carbon dioxide
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Abstract

Supercritical fluid process has a great potential in chemical, food, pharmaceutical and
waste treatment processes because of using non-toxic and environmentally safe solvents
such as carbon dioxide instead of traditional organic solvents. From many applications of
supercritical fluid technology, we aimed at the supercritical fluid dyeing (SFD) process
which can reduce or eliminate effluent wastewater in comparison with a conventional
dyeing process and a supercritical fluid extraction process for eliminate pollutant such as
polycyclic aromatic hydrocarbons (PAHs) from polluted soil or wastes. _

To design the SFD and the supercritical fluid extraction processes, solubility data of
solids in supercritical carbon dioxide (SC-CO»), entrainer effect on their solubilities,
and their accurate representation as well as sorption data of dyes in SC-CO, are
required. So, we measured the solubilities of nine kinds of disperse dyes, one blend
dye and two PAHs in SC-CO; and the solubilities of dye in SC-CO, with ethanol as a
entrainer by using a flow-type apparatus. We also carried out the supercritical fluid
dyeing in polyester textile to examine the relation between the dye uptake.in the textile
and the solubilities of dye. '

We estimated the solubilities of solids using equation of state (EOS) with the
following two cases. (1) When we correlate the experimental solubility data of dye
whose saturation pressure is unknown, we found that the experimental solubilities can
be described successfully by using a modified form of the Peng-Robinson-Stryjek-Vera
(PRSV) EOS with simultaneously calculation of vapor pressures and molar volume of
dye in addition to the fugacity coefficient of dye in supercritical phése. (2) When we
predict the solubilities of PAHs and aliphatic higher alcohol whose saturation pressure is




known or the chemical structure is simple we found that the solubilities of the solids can
predict accurately by using a modified form of the Predictive-Soave-Redlich-Kwong
(PSRK) EOS combined with an extended UNIFAC group contribution method.
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9 ..... Preheating coil
10...Column
11...Dyeing vessel

1.....CO, cylinder 12...0ven
2.....0ryer 13...Heating unit
3.....Filter 14...Back pressure
4.....Cooling circulator regulator
5.....Pump 15...Trap
6.....Pressure gauge 16...Ice
'7.....Cosolvenl 17...Buffer
8.....Safety vaive 18...Rotameter

19...Wet gas meter
ST-1~4...Stop valve
V-6..6-way valve

Fig.1 Expenmental Apparatus
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Fig.2 Solubility correlation of C.I. Disperse Fig.3 PRSV parameter of disperse dyes in
Orange 25 in SC-CO; at 383.15 K. m-PRSV EOS plotted versus reduced
temperature.
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Fig.4 Solubilities of four PAHs in SC-CO2 Fig.5 Solubility of 2,6-dimethylnaphthalene
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