il 9 Lyl (Sl 1Sl 398 (2,5 w160 b (L S (55,5,

ousy |

=l el el

$s9y0 Al

JSCW-2508-1253
VEFo 0V il s i b

VsV ol
VB F YA by b
090 08 alie 53 55 Ojgo 4 allie pl Conl aiaialys
lio ;o Slalllae ole 85 M oany T jliletiar g lacd iy« Slos Sl 358 015 9eaSTleo b (2l U (65,55, " (2>
1555 Lanags lie Sl ol ot B0y Ol (sl 45 ol 05 il g allie PDF Ll sl 1404 JSCW-2508-1253 5,

Dgdiga Jlol dlie Jotas odimnsi 4 2l Gialng Sl 3l k8 5 0ot ags 5y slis jo Slalllas 4y


javascript:prepareToAccept(167519)

& g5 T ®
@AMMJ;;AQ@

Stz 9 Bed ey «(Sloo 32 93 1) smnSIigo b o2l SN (53,55,
o..\.i.gj
=l il el
AVYOMATYY & g Ggaio ol pl 03 05 olBidls o olud i caSiiils oLuasls -
3% ahaji@yazd.ac.ir
oduS>

e il g3 )l olpem a1 gzrs BB (amaciss sloile (alord Slge 5 5558l 0l UL Bran s @ Slageis (55,5,
Dl ot b g 5 58 Skl b 5T 035l S e 2 (50C0R) (gl i (1 ST L 53,55, 5 9l
o 31 e 55 ol ton 55208 ilen sy 21 5550 Alin (ol il o 4 1y ol g5 ] JalS B 45 ol o
g kad s aiile 0l 3 oS (olo ol )by caalol jo 0310y o0 1550, 305 g 9 BLII glaids Jlal glos oS, 5¢CO2 i
«Selo ST e shb Gl Jolls SLIL I (rmng b (595 2 69l8 0l 0,15 dke 50 0ol planil Wliiiod 5 0l gy cdale
Sl 9S> 5:STy SIS Sl eslital wiile (ngi slo Sl izran 058 o0 Jelow (S8L5L 5 (e 0 3k
2B (555l8 Gl ams pe Gl Dlidizg ailaid 51,8 om0 550 005l (a3l gl an T Sl J55S @lasl il 5 G sl
7l Coio )3 S adsi sl |y (s, et 5 cel o slagsg, 5l (o bl (R S 5 CoinS b Slrgeis sy 4

S (0 (o

Sl el (358 oS aeST (60 by il asnd Jlal gles wol o 53,5, 1 gualS slaojlg


mailto:arash.dalvand@gmail.com

& g5 T ®
@MMJ;%@@

Dyeing Textile Fibers with Supercritical Carbon Dioxide: Fundamentals,

Advances, and Future Perspectives

Aminoddin Hajit"
1- Department of Textile Engineering, Yazd University, P. O. Box: 8915818411, Yazd, Iran
* ahaji@yazd.ac.ir

Abstract

Textile dyeing presents significant environmental challenges because of the high consumption of water, energy, and chemical
agents. Supercritical carbon dioxide (scCO:) dyeing is an innovative, commercially viable, and environmentally friendly
alternative technology. By completely eliminating water from the process, effluent generation is reduced to zero. This review
examines the physicochemical fundamentals of this technology, including the role of scCO: in reducing the glass transition
temperature (Tg) of fibers and facilitating dye diffusion into the fiber matrix. Furthermore, key process parameters, such as
temperature, pressure, and concentration, are reviewed, and the application of this technology in dyeing various fibers,
including polyester, nylon, acrylic, cellulosic, protein, and recycled fibers, is analyzed. Additionally, innovative strategies to
enhance efficiency, including the application of reactive-disperse dyes, reverse micelles for applying ionic dyes, and dynamic
process control, are discussed. Research indicates that this technology can produce textiles with quality and color fastness
properties equivalent to or superior to those using aqueous methods, thus presenting a promising outlook for the clean
production of textiles.

Keywords: Waterless dyeing, Glass transition temperature, Wastewater, Supercritical carbon dioxide, Polyester.
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Figure 1: Phase diagram of carbon dioxide
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Figure 2: Schematic presentation of scCO; dyeing system
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Figure 4: Pilot scale plant for fabric rope dyeing in scCO; (left) and Profile of the dyeing vessel of the pilot scale
plant (right) (94)
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