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Abstract : As the social demands for environmental pollution increase and regulations on the dyeing process wastewater are
strengthened, supercritical dyeing process has been attracting attention as an alternative technology to reduce wastewater and
energy consumption. In the supercritical dyeing process where carbon dioxide is used as a solvent instead of water as a solvent,
there is no wastewater generated. The unfixed dyes can be reused later which makes the process environment-friendly. Also, after
dyeing process, dried textiles can be obtained without additional drying process, which makes the process energy efficient. In this
article, we have summarized the development of the supercritical dyeing process along with the research in Korea today and
compared the principle of supercritical dyeing process with conventional dyeing process. To further explain the principle, studies
of the distribution factor and mass transfer of dyes in supercritical carbon dioxide and fibers, as well as solubility between
supercritical CO, and dyes are discussed. The dynamic behavior of dyes in supercritical dyeing apparatus and summary of the
supercritical dyeing facilities developed around the world are also discussed. Finally, we suggest the direction of research and
development for optimization of supercritical dyeing process and application to synthetic fibers and natural fibers except for
polyester.
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START

Clean fabric is rolled onto
a perforated dye beam
and loaded into the dye,
vessel.

STEP 2
Heat and pressure

change the liquid CO, to
supercritical fluid carbon
dioxide(SCF CO,).

SCF CO, and dye are
forced through the fabric
via a perforated beam.

The SCF CO, transports
dye into the fabric.

SCF €O,

Figure 1. Supercritical carbon dioxide dyeing process.
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DYE BEAM

Pressure is lowered CO2
leaves vessel as gas.

95% of CO2 is recovered
and returns to storag
liquid.

&

DYE VESSEL

STEP 5
Separator evaporates

CO, to remove excess
dye and residue. @

STEP 4

Fresh CO, is pumped
through the machine
sending used CO, to
the separator.
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Table 1. Advantages and disadvantages of high pressure phase equilibria methods

Methods

Advantages

Disadvantages

Flow method

- Simple sampling
- Rapid data acquisition

« Inaccurate flow rate at sampling
« Ejection of undissolved solute
+ No guarantee of equilibrium

Static method

+ Observable with naked eye
+ Measurable without sampling
+ Wide range of target materials

« Safety issue of view windows
« Difficulty in measurement of multicomponent system

Recirculation method

+ Tunable dissolution time
+ Available for multicomponent systems

+ Not applicable to solid phase equilibrium study
+ Additional cost forcirculation pump
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Table 2. Commercial and industrial supercritical dyeing facilities

Corporations Country Details
Applied Separations USA Manufacturer of equipment from laboratory-scale to pilot- and production-scale systems
DyeCoo Textile Netherlands Supplier of dyes for supercritical dyeing and a scCO, dyeing machine (three dyeing vessels, maximum
System BV load: 150 ~ 180 kg yarn/vessel)
Hisaka Japan Manufacturer of small-size dyeing equipment (capacity: 100 L)
gjg;ocltligo rsllg):rcritical China Manufacturer of medium-size dyeing equipment (two dyeing vessels, overall capacity: 200 L)
Separex France Manufacturer of equipment from laboratory-scale to pilot- and production-scale systems
Uhde Germany | Designer and manufacturer of industrial plants with different capacities
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