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Abstract In this study, the dyeing properties of supercritical fluid dyed cotton fabrics
were investigated which use two types of dyes, such as C.I. Disperse orange and C.I
Disperse red 167. Dyeing temperature, pressure and leveling time were equally applied
at 130 °C, 250 bar, and 60 minutes with reference to the related literature, and ex-
periments were performed at concentrations of 0.04, 0.1, 0.4 and 0.8 % o.w.f with
different concentrations. Dyeability was confirmed through measurement of washing
fastness and color coordinate, and a calibration curve of each dye was drawn up and
the absorbance of the residual dye was measured to confirm the amount of residual
dye and the dye exhaustion rate at the corresponding concentration. As a result of
color difference measurement, as the concentration increased, the L* value decreased
and the K/S value increased. However, as the concentration increased, the increase in
K/S value decreased compared to the input amount, and this tendency was more ob-
vious in C.I. Disperse red 167 than in C.I. Disperse orange 155. The dye exhaustion
rate which was calculated by using the amount of residual dye in the pot was also
C.I. Disperse orange 155 was 96.16 % and C.I. Disperse red 167 was 94.57 %.
However, as the dyeing concentration increased, the dye exhaustion rate decreased, that
C.I. Disperse orange was 95.33 % and C.I. Disperse red 167 was 90.63 %. As a re-
sult of the washing fastness test for both dyes, dyed samples of which concentrations
were 0.4 and 0.8 % o.w.f decreased by 0.5~ 1.0 grade. This is predicted because the
dye did not completely adhere to the amorphous region of the cotton fiber and the
dye simply adsorbed. The fastness to rubbing also maintained at least grade 3-4 up to
the 0.1 % o.w.f concentration, but at the concentration of 0.4 % o.w.f or higher, it
fell to grade 1 or lower, showing a very poor friction fastness.
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Table 1. Characteristics of fabrics and dyestuff and equipment
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Fabric sample

Cotton (CM 30 x 30, 144 x 94, 5718" B/O, 182 g/m?)

C.I. Disperse orange 155
0.04%, 0.1%, 0.4%, 0.8% o.w.f
(Archroma Korea)

94 Dyestuff
C.I. Disperse red 167
0.04%, 0.1%, 0.4%, 0.8% o.w.f
(Archroma Korea)
. Supercritical Fluid Lab. Dyeing Machine
Equipment

(Pot volume 200mL, Deajoo Machinery)
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Figure 1. Chemical structure of dyestuff, (@) Cl. Disperse red 167 and (b) Cl. Disperse orange 155.

AA olitstEtAo] st &sfiz= C.L
£ 30ppmeo]9ial, C.I. Disperse
2 shorsfoicy.

C

Disperse orange 1559]
red 1679] 732 78ppm¢Ql Z

222 O|AtgiEts ¢

ZAA GM Al G 2. gl o 59| 2L o|iEHA
Gas?] FAFo= ZAsi=d olilElga FAZFZ NTIS
Isothermal DataZS &85t &% 130°C, &= 250barof ot
£ 047g/mi2 lsto] 2algich. RE LR Hujojlx 574
gh AM Beami} £ 59 Ry, B AW Al FAE W

=9 AL X
ol 2% 130°C, 4= 250barof|A]Q] o|itstetsd YW (NTIS

27 /Al FUS AFgsto] AMS A A gE,
2 5o A £ AP sl oldsiga 2 A B
4d BUS AW, geiHoz A7 oldslga
U AR &3zt 2, uY 220N FH3] FIlsHe A
o2 Yepdth Wdf 9 B 24 @A AYPolA FejoaH
AM Al 120°C, 250bar, U2 @A A] 110°C, 230baro] =
e BF GM 2U0R Sh AU

SIAIRE o} B9 & 24 ofe] AAbdol Axgct. oleigt
AT Futs Fus) 2 dfde og w2 2= £1oR
130°C, 250barollA] @AIg Zlgsiolct. A Al © AES
Beamof] 7ol KYsto], Jro] AL &3l 9l5h 2172 HH
S AMESIITE 9 289 Ad) §4 52 wAstL AN o
A srg HYsh] Y5l AR s @M AP Agsgle
o, 48 ==t 0.04, 0.1, 0.4, 0.8% ow.f2 712} th27] 5}

Table 2. Conditions of dyeing for cotton fabrics with supercritical fluid

Pot Beamy/Ball Cotton

CO;

CO, Amount

) ) .. Temperature Pressure
volume volume sample weight Density of injection €0 (bar)
(mL) (mlL) (C)] (9/mL) @
200 20 12 0.47 79 130 250

Textile Coloration and Finishing, Vol. 34, No. 2
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Table 3. Sample of cotton fabric by different concentration (a) C.I. Disperse orange 155 and (b) C.. Disperse red 167

Concentration% (o.w.f)

(@) Dyed color

(b) Dyed color

0.04
|
b
0.1
o
) -
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K/S= (1—R)*/2R (1)

where,

R : Reflectance

K : Absorption coefficient
S : Scattering coefficient
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Table 4. Color characteristics of cotton fabrics by concentration of dyestuff

Dye concentration . . . Total
Dyestuff % owf) L a b C* h K/
0.04 7853 947 29.76 3123 7234 1275
. 0.1 74.44 17.28 4342 4673 68.30 24.85
C.l. Disperse
orange 155 0.4 65.36 3246 55.11 63.96 59.50 7859
0.8 61.39 39,57 55.23 67.94 54,38 103.67
0.04 6846 3219 467 3253 8.25 14.94
. 0.1 61.20 4107 12.05 42.80 16.36 3255
C.l. Disperse
red 167 0.4 5391 4521 1753 4849 21.19 62.89
08 51.83 4274 17.06 4602 21.76 66.28
Table 4] 22 ¥ol @2 E20] B0l A& s/ ok olzlat AHae 0.8% owfold 09 Aslsigion, S
Z71ska2 [gto] ZEASH Total K/SEe 7= ATES C.I. Disperse red 1679] 732 0.4% owf =% FA A]Z9]
WITE ol HEU} AU1SHRE 2 Uuo] o) TS B Total K/SZH 62.89, 0.8% owf FE A Al2o] Total K/S
gl sQsglone, diEL gdagol Svlslol f Fo  ghe 66282 W= Ul 2019 2L welE U Total K/S
2 GM=E Aupo|ct 0.04% o.w.follA 0.1% owfZ €8 =& WO BItFS oF 5% £Fo=2 fe ojojotyL). ol E7 &
5 Z7Ie I g8 2% 5% Total K/Sgto] oF 28i2 & Aol B7kotodx, © Algrt oz E25dE 2 = A &
71t o, 0.4% o.w.fo]A= 0.1% ow.f thH] g5 EQleko| Xlgo] AsfA 9Jon, C.I. Disperse red 1679 732 0.8%
4ufiol Ziof| wlsf Total K/S%¥e 571 &2 £I=F oju] ojojst o.w.f9] sk= olo] Fof FX&& golH 7oz os=rt.
—— 0.04%(0.w.f) —¢—0.1%(o.w.f) —A—0.4%(o.w.f) —e— 0.8%(o.w.f)

360380400420440460480500520540560580600620640660680700720740

Wavelength(nm)

Figure 2. K/S values by concentration of dyestuff (CI. Disperse orange 155).

Textile Coloration and Finishing, Vol. 34, No. 2



98

bt
ret
1x
oN

Hot
2

A
Z
0R

—m—0.04%(ow.f) —x—0.1%(owf) —A—0.4%(o.w.f)

—e— 0.8%{o.w.f)

360380400420440460480500520540560580600620640660680700720740
Wavelength(nm)

Figure 3. K/S values by concentration of dyestuff (C.. Disperse red 167).

Figure 20 UEPd AA| GME A25 e o Qo=
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0.8% o.w.fo] Mol O ZlstA Zet2 AZ &I & XL,
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) ) ) S (C.I. Disperse orange 1552 0.04% o.w.folA] 96.16%,
G Algo] BA 9l WS B9l R FAH da
Table 5. Exhaustion by concentration of dyestuff
Dyestuff Condition Acetone Absorption Concentration Weight of the Exhaustion
estu
(% ow.f) @ Gy (ppm) remaining dye (g) (%)
0.04 25 0.630 737 0.00018 96.16
C.l. Disperse 0.1 25 0914 10.70 0.00027 97.77
orange 155 04 100 1838 21,51 0.00215 95.52
0.8 150 2.551 29.86 0.00448 9533
0.04 50 0.547 5.21 0.00026 94.57
C.l. Disperse 0.1 50 0.868 8.28 0.00041 96.55
red 167 0.4 200 1238 11.80 0.00236 95.08
0.8 400 2.359 2248 0.00899 90.63
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Figure 4. Absorbance of the remaining dyestuff in pot after
dyeing (C.l. Disperse orange 155).
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Figure 5. Absorbance of the remaining dyestuff in pot after
dyeing (C.l. Disperse red 167).

orange 155= 7329 we} 0.4% o.w.f 0]Ao] =z A
Al & Moz HAo] 7}55hK|Rl C.I. Disperse red 167
o] %2 0.4% ow.f o]sl0] sEA Pt Zo] AFE 2
o7 AMzteltt s ZAdHS Table 5, Figure 4, Figure 59
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C.I. Disperse orange 155 €989 749 0.04% ow.f =&
AL 43 oS HSSISLOU, 0.1% owf FEolA] 33 o]
sl2 sl 5 0.4% owf oML 23 olslz Uje n]Fe

Table 6. Washing fastness of cotton fabrics by concentration of dyestuff (CI. Disperse orange 155)

Concentration  Color change Acetate Cotton Nylon Polyester Acrylic Wool
0.04 4-5 4 4-5 4 4-5 4-5 4
0.1 4-5 3 4-5 3 4-5 4-5 3
04 4-5 2 4 2 4 4-5 2
0.8 4-5 2 4 2 4 4-5 2

Textile Coloration and Finishing, Vol. 34, No. 2
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Table 7. Washing fastness of cotton fabrics by concentration of dyestuff (C.l. Disperse red 167)

Concentration  Color change Acetate Cotton Nylon Polyester Acrylic Wool
0.04 4-5 4 4-5 3 4-5 4-5 3
0.1 4-5 3-4 4 2 4-5 4-5 2
04 4-5 2-3 3-4 1-2 4-5 4-5 1-2
0.8 4-5 2-3 3 1-2 4-5 4-5 1-2

AR =g YECL
C.I. Disperse red 167 ¥=59] 79 v|2A <L 0|53F &
Z02 0.04% ow.fo =LoAd% 35 o|stz UERGon,
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do] o A& §AIg 7t E7], C.I Disperse red 167
SM Almo] - 0.1% owfo] F=o|A 3592 HSSIAL,

Table 8. Rubbing fastness of cotton fabrics by concentration
of dyestuff (C.I. Disperse orange 155)

0.4% ow.f oAl 5ES EHS O 1~2F02 B A
A5 0P AR =5 YERAtHTable 8, Table 9).

4.8 &

2 Apodt @ gugoe LY A9/ 4R & &
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Y 5o Ang 1Y ff 259 92 BF G2 St 57t
Y42 o Azol A SEst SUIGoY, NEER A4S
A =Y ojE] 1 Aest gaske o Uepith Ssl
C.I. Disperse red 1679] 73¢9 0.4% owf =z FMZit
0.8% ow.f H& @M=2C] Axrt Ao giglon], FAg w3t

245] 7F4Astct o]2st Autz & o C.I. Disperse orange
1559] gt 7ol wat 0.4% o.w.f 0]49] oA HA
Sh= 7Zlo] g.9Ju] sh, C.I. Disperse red 1679 732 0.4%
ow.f oJ5to] FLoA HMSH= Zlo] A et Zlog HWHHLh

Table 9. Rubbing fastness of cotton fabrics by concentration
of dyestuff (C.I. Disperse red 167)

Concentration Dry Wet Concentration Dry Wet
0.04 5 4-5 0.04 4-5 3-4
0.1 4-5 4 0.1 4 3
04 4 3 04 1-2 1-2
0.8 3 2-3 0.8 1 1-2
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