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Abstract In this study, dyeability of PET fabric was investigated depending on dyeing
temperature, pressure, and leveling time using laboratory scale supercritical CO2(scCO2)
dyeing machine. Dyeing temperature, pressure, leveling time were varied from 100, 120,

130°C, 150, 200, 250bar, 40, 60, 80, 100min, respectively. It is proved that the higher
temperature of scCO: dyeing process, the higher K/S value and the lower L* value, which
in turn means the lower amount of dyeing molecules remained after process done. Com-
pared 200bar with 250bar of dyeing pressure, scCO2 dyeing fabrics under 250bar ap-
peared to have a lower L* value, a higher K/S value than those from 200bar, meaning
that dyeing color turns to darker with higher dyeing pressure. The experiments showed
that the most ideal condition for scCO2 dyeing process is 120°C, 250bar for 60 - 100min
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of leveling time.
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Table 1. Fabric sample and dyestuff and equipment

A Z70 2 PET R0 GM S4: 258 o

2, A 15

Fabric sample

Polyester Double Knit 10g

(After Scouring, 30", 22G, Wale 30/inch X Course 45/inch)

Dyestuff

C.l. Disperse Red 167 0.5% o.w.f
(Archroma Korea)

Equipment

Supercritical Fluid Lab. Dyeing Machine
(Pot volume 200mL, Daejoo Machinery)

7 AN AAE DA oA o Sl ALE
SHz ol AkstRrAE 95%014F 814 7Hs ] W] 7]
£ QN3 Ao BAR ASE WA g
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Figure 1. Chemical structure of Disperse Red 167.
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Table 2. Conditions of dye solubility experiment
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Vessel

Circulation Circulation

Vessc(erln\lic))lume Dy?s)t uff temperature  temperature speed time Pr?t;e,:sre
9 (c) [ (mL/min) (min)
50 0.025 120 6 60 250

A= @A F71A A AEE 4-pot, oil-bath
typed] 29U A Lab. Dyeing Machines AHE-3FI T,

b L:r"oﬂ/\1 —’F""ﬂf& HAMAE L 83t dulel
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A olitabeta E9]7]olA AR Sl 2ot
g9 F7tof| whef EobA|H | 2 IYPO R Aps &
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Table 3. Dyeing experiment conditions by temperature
Temperature Pot volume Beam/Ball PET S_ample Wrappotton CO:2 Density CO_z Amo.unt Pressure
) (mL) volume weight weight (a/ml) of injection (bar)
(mL) (9) (9) 9 (9)
100 0.58 100.2
120 200 15 10 2.2 0.50 86.4 250
130 0.47 81.2
Table 4. Dyeing experiment conditions by pressure
Pressure  Pot volume Bea:n/ Ball  PET S_arrl:tp le Wrap _ccr)‘ttton CO:2 Density C?.Z Am(t).unt Temperature
(bar) (mL) volume weig weig (g/ml) of injection )
(mL) (9) (9) (@)
150 0.28 48.4
200 200 15 10 2.2 0.40 69.1 120
250 0.50 86.4
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Table 5. Dyeing experiment conditions by leveling time

Leveliqg time Pot volume Bszmﬁ:ll PEI:eSi;ll‘:tp le Wr:;;i(;‘ttton CO: Density %?izn'?;:':?il;:t Temp?rature
(min) (mL) (mL) (9) (9 (g/ml) (9) (c)
50
60
80 200 15 10 2.2 0.50 86.4 120/250
100
49 Y% (NTIS Isothermal Data Z%)E &5to] A 3. 71} 2l p&t
AFSEATE, o] AbStErA Gas Y A FA19) S5 ot
et o]Atoleha Gas7t Y3 FUE = A== PotE 3.1 E@=o| 83l
~15C2] ¥E LAl 10minzt FA F Gass FUst 2 Aol A A Al Hgsr] el AHEE d B
Stk ol Table 3, Table 4, Table 59 A¥ 220 7} 2917 pejol 4] ga)7t El=A) WA SHalat] gla
FEoll vrEr gl o] %= 24 U View Cell H2E A agict
AgAate] 24 NeEdzE 9 M2t 4S5 120, 250bar, 60min 2704 38 27] 10minZ
offojfon ANgHAZHE 4F Laund-o- 60min$9 FF = 54 Ay 7HAFA FIH
meter(Taelim A&C, Korea), 47|+ Colorlist 500nm IHAO A 223F 27] 10min®) EL =X 10]8}
Plus(Fourone system, Korea)& AM&-3}%tt, A2k o] ZHe YEFI A 423 60minT o] TP L Q0]AL9)

o A= i FAS fIk Batch W AAHD65E  zhe vehgol St 2okt S 8913 4 99l
DS elstar =4 Walo] upeh MAF Mslr) of g7 o, B3, <3 27| 10min® <] View Cellol A&
HEtbeA BEA S LA K/SEH (A max—400nm) 77} 234 o) Fel A vt St ek A 4 gl
= ol &t BAsH o K/SEY B F= A7 23 60mine o] View Cellol| AL 4|9 520]
Amax(400nm)o| A EHARES S48 22 wolx|z MAfo] £ Wsl= AL TS 4 99t
Kubelka Munk 4}(1)°l 2J3] A=t ojg|gt A¥E nFof = uf, oJitstekA: Gas FY
%120, 250bar 274 60ming =&f Al7to] 7
K/S = (1=R)2/2R:++wwwvvereeeeeerenmmnsnsinnnniiiin 1) TFeHH Zogs MATRS 7}A] T 9l 20l A AL HA}
e 2UA AE 27100 viste] AdiA o= g7t
where, O F AL Yt A& & T 4 Uik I At
R : Reflectance
K @ Absorption coefficient 3
S ! Scattering coefficient _:g:::
ZA19] ME A7) 25cm X 25cmZ ARS8 o | i
NEe MBS FAGOR FAL, HS 10em, $5 8
o
10cm 93t vlust et A& AE AdsHA & £
1 ZAsgc B8 9Bt e maggde s 8]
HEYEA gelsty] 9fste] 2o wh vzt &
ool $lote] AAH A RE o gk 300mLel 53t | . P .
Al 3minZt AlA F ofghZ-2 i AJY1 & w2 o e e w’:leien‘:;(nm‘;‘” oz o4
A= FAE &7ste] Hlawstoict.

Figure 2. Absorbance of dyestuff(Disperse Red 167).
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Table 6. Grade of washing fastness of conditions by temperature
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Washing fastness

Dyeing temp. Color change  Acetate Cotton Nylon PET Wool
100C 4-5 3 3-4 1-2 3-4 3-4
120C 4-5 3-4 4 2-3 4 4
130 4-5 3-4 4 3 4 4
Figure 20| Ve 1), a2 gholstgTh
3.2 BM 2T0f| M2 HMEY A) Al E =
2= g4 AYe g4 2525 100, 200, 300C == GAE ARG A2 AEA = S A
2 717} vh27) 8a PEe B 950bar2 $USHA 100To A GAE AR Aﬂ%aiﬂ 120°c-<a+
sko] A3kt e AT A RE Aled == 130CollA GAgE Almof Hgke] e AE 2
NS Zote] Lwof ek QA E4o] oA WE  120TSH 130T AT AR Q] fAke @_4

Table 7. Color change of conditions by temperature

Dyeing temp. AE* AH* AC* ALY
Middle Standard
100C Left 0.17 -0.07 (R) -0.03 (W) 0.15(L)
Right 0.47 -0.11(R) 0.07(B) 0.45(L)
Middle Standard
120C Left 0.68 -0.35(R) -0.47 (D) -0.34(D)
Right 0.43 -0.04 (R) -0.16 (D) -0.40 (D)
Middle Standard
130 Left 0.37 0.26(Y) 0.04(8) -0.26 (D)
Right 0.32 0.06(Y) -0.05 (D) -0.31 (D)
AH* 5 (R): Redder, (Y): Yellower
AC*; (S): Stronger (D): Duller, (B): Brighter, (W): Weaker
AL* ; (L): Lighter, (D): Darker
Table 8. Color coordinates of conditions by temperature
Dyeing temp. L* a* b* c* h
100C 37.64 51.72 9.49 52.58 10.40
120 36.22 50.11 10.12 51.12 11.42
130C 36.16 50.36 10.49 51.44 1.77
Table 9. K/S values of weight of conditions by temperature
Dyeing temp. 100°C 120°C 130C
K/S values 5.89 6.20 6.76

é};%ﬁéﬁ]7}—g’—§k§];\’] ZJ/ 31‘71_‘] X'” 1z



K/S Value
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Temperature(T)

Figure 3. K/S values of weight of conditions by tem—
perature.
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o] gt a% 2 °
LS AT 4 QT o]k RE FAU4E
Moz Galo] Hi olm @] Gakpo] F7hekch
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8, Table 9, Figure 39| ‘/}E]'IH ATt

e
o

|15 o) B Hm(eE)
A719] ATt S5 Ystel L= AME A

=

3
S AR E e 300mLe] 5 U5l 3minZt A% %
e A &, |zt 7O FAE 545t
of Hlwgk A3 100T FMAI =4 120TCH 130T

O] FMA|F || HFF] W O] v AR HEE]
k. o= 100TolAl = A&7 AR2 vAA g ol
IEE AA o AE Yetdi= ddoltt, 1 A=

Table 109 LFeEFH T,

A QFE2 150, 200, 250bar
5l LE= W 120CE FY5H 3t
ot = AP AR5 ATA=Z 2ot 4
o] Lo wet A EAdo] o] B A Hatst
pil

Table 10. Unfixed dyes of weight of conditions by temperature

Dyeing temp. 100C

120°C 130C

Unfixed dyes weight 0.015

0.006 0.005

Table 11. Grade of washing fastness of conditions by leveling time

Dyeing Washing fastness

pressure  Color change Acetate Cotton Nylon PET Acryl Wool
150bar - - - - _ _ _
200bar 4-5 3 3-4 2 4 4-5 4
250bar 4-5 3-4 4 2-3 4 4-5 4

Textile Coloration and Finishing, Vol. 31, No. 1
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Table 12. Color change of conditions by pressure
Dyeing pressure AE* AH* AC* AL*
Middle -
150bar Left - - - -
Right - - - -
Middle Standard
200bar Left 0.64 0.08(Y) 0.33(B) 0.54 (L)
Right 0.44 0.03(Y) 0.24(B) 0.37(L)
Middle Standard
250bar Left 0.24 0.20(Y) 0.14(8) -0.01 (D)
Right 0.22 0.21(Y) 0.04(9) -0.06 (D)
AH"; (Y): Yellower
AC* ; (S): Stronger, (B): Brighter
AL*; (L): Lighter, (D): Darker
Table 13. Color coordinates of conditions by pressure
Dyeing pressure L* a* b* c* h
150bar - - - - -
200bar 36.92 50.14 9.38 51.97 1.12
250bar 36.21 50.09 9.29 50.93 1.34
Table 14. K/S values of weight of conditions by pressure
Dyeing pressure 150bar 200bar 250bar
K/S values - 5.62 6.29

A) Al s AS o 4 990t} ol 200baro|ake] geoAE
ew UG YT Alne] ARAHE 24 AT 2| G| AR o] LolX| X itk ATz Bt
150baro] A G4 ARE @80l ool A gk wrh, £x @al A o] Ane} isIA = o) 4Hsiet
o}, A28 AL Figure 40] Vb gleh, )4 £
10

G AdPshA] kgkew  200barkth 250baro Al &
AF A Ro] AT} o 943 ATHE e

K/$ Value
e = N W & o =] - @ o

150 Fai ] 0
Pressure(bar)
Figure 4. Sample of dyed by 150bar. Figure 5. K/S values of weight of conditions by pressure.
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Table 15. Unfixed dyes of weight of conditions by pressure

Dyeing pressure 150bar

200bar 250bar

Unfixed dyes weight -

0.008 0.006

&= 31T, 73bari ¥ 2UAZE AIFEHAT G
AP 749 200barol Aol A & o] Hzto] A
L 250baro] el A Aot Af-9] AgE ol FoAl=
Ao & warelch, 71 Adl= Table 1100 VeIt

B) A2t £4& S A W AV s vla( )
orgdy AL A3 A RO F9A Bl 9atd

= 150bar Al RLE @Mo] B okol A letgl
£

LA el 3 4 9T, K/STE Z7keks 22 3
QI8 4 919ltt, ol Qo] Z7heHE Ao w Q)
o] = Aol Qre] 2teo] Z7eeh wekEc)
A710] At A= s &% Astel ohrbx 2 o] 4k}
Bhas 310, T3barRE 2 A7F AZFEA T A4S
235k 3 | =

o Ho
N
at
e)
o
o)
=
-3
=
o2
Hl
o

g
o
1o
iy,
i)
I

o

& e, 71 A3z Table 12, Table
13, Table 14, Figure 5 Ve et

Table 16. Grade of washing fastness of conditions by leveling time

Leveling Washing fastness
time Color change  Acetate Cotton Nylon PET Acryl Wool
40min 4-5 3-4 4 3 4 4-5 4-5
60min 4-5 4-5 4-5 4 4-5 4-5 4-5
80min 4-5 4-5 4-5 4 4-5 4-5 4-5
100min 4-5 4-5 4-5 4 4-5 4-5 4-5
Table 17. Color change of conditions by leveling time
Leveling time AE* AH* AC* ALY
Middle Standard
40min Left 0.67 0.16(Y) 0.51(B) 0.41 (L)
Right 0.53 0.21(Y) -0.35(D) -0.34(D)
Middle Standard
60min Left 0.19 0.11(Y) 0.00(9) -0.16 (D)
Right 0.38 0.04(Y) 0.35(8) -0.14(D)
Middle Standard
80min Left 0.23 0.02(Y) 0.18(B) 0.14(L)
Right 0.54 -0.05(R) 0.47 (B) 0.27 (L)
Middle Standard
100min Left 0.15 0.02(Y) 0.00 (W) 0.15(L)
Right 0.26 0.14(Y) 0.20(8) -0.05(D)

AH* ; (R): Redder, (Y): Yellower
AC*; (S): Stronger, (D): Duller, (B): Brighter, (W): Weaker
AL*; (L): Lighter, (D): Darker

Textile Coloration and Finishing, Vol. 31, No. 1
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Table 18. Color coordinates of conditions by leveling time
Leveling time L* a* b* c* h
40min 36.67 50.29 11.92 51.69 13.34
60min 36.08 49.56 11.96 50.99 13.56
80min 35.80 49.46 12.34 50.98 14.01
100min 34.85 49.69 13.27 51.43 14.95
Table 19. K/S values of weight of conditions by leveling time
Leveling time 40min 60min 80min 100min
K/S values 6.18 6.57 6.62 7.35
C) na22t Y=o FA v () B) M2t $4< 58wt dd 9 A B v (A7)
N719] AT Belsh] ddtel LR QM WA AN AT AN ARS AT AR FEA Tl
g Al 2E gk 300mLel 5 Y5tAl 3minZt A% & = flsko] viA] W (Pot) A& 2] MAE 5745 2 Al
eteS LA &, vzt HEo FAE 545t 29 27t AAL 7|F07 Ffo] F= W 0= e
of Bt A3t 150bar AR P o] o] Fo]7]| AE*ZEe] 1.0 o= Mak= A9 gle Aoz 2l
A ¢ko} A 9]5lal 200baret 250bare] AMA|RE H] Att. sHAE leveling 27 W3tof| w2 A|RE H]1L
gt Aa F 2pol= g}ou] Tk 200bar®] AlZoA = sto] ZMZ W Pet Aat= 40mingt leveling?h Al 5
T we Y nuAgR AFHAG. ol o I5tel leveling Alztol $784E Ligkol Hast
200barold Fok HES M ARGl HEE AA £ AL B T 4 AN K/SEE B AL
st A& Yehl+= Z3to|ty, I A= Table 159 Y o1gl 4= qJ3lth, o] leveling Al7ko] 71842 %
eh ek, Ho 2 o] Hi= Holn], G Rl QaTo] it
3 e
3.4 GM A7t 2 BMEM Z2UA A2 AT A, leveling AlZF 60min
AZEE 9 AL A leveling AIXHE 40, 60, olAlAl @RS HAS Aol o Hom B
80, 100min8 2 Z+zt tf27 stal 2= HF E T, 1 A3H= Table 17, Table 18, Table 19,

120C, ¢8e % 250bar® S YA dto] A5}

ok, G AFYs AR E NEAR = MRS 2 10

ato] 2o ulgl YA EAo] o g Wslsl=A] 29l

skt /*—_'/.
A) NEd= =
Al P%‘ M-S XJ?‘%‘? A& e Ad= e =4 A3

60, 80, 100min7t leveling?dt A2 = F Yot
Fx A7} et o] 40min?t leveling$t Al &

K/S Value
e = N W & o o =~ @ W

7} 60, 80, 100min%t levelingdt AlZ= Bt H=7F 2 o - 0 —

o AA Ao g Wk, o] AuE n| o] &, Leveling time(min.)

ZA A9 leveling AlZHE 60mine] o] 2dgh Figure 6. K/S values of weight of conditions by level-
Ao R pErt, 1 A= Table 160 YERH ST ing time.

szl Al 7125131 %] A 31H A 15



L

A Z70] THE PET 490 GM £4:

ey o

2, A 23

Table 20. Unfixed dyes of weight of conditions by leveling time

Leveling time 40min 60min 80min 100min
Unfixed dyes weight 0.006 0.005 0.004
Figure 60l YEf STt UL K/STE S7hete A& 1T 4= Ao
Leveling l7F°l 7‘°1 ArE Ao R JMo] Bl =

Q
=
i

Y,
of

=] A Hw(AZHE)

[e)

At SITAIR & njaztE Hrol FAS
o ¥]33 A7}, 40min?t levelingdt A A|
U A AR o Hlste] & 2fol= YA & H
oFol m A 27t AZE T}, o] 40minZt lev—
eling@t A|ROIA @RI} 432 v g g ool TS
A 7 A& et Aakelth, 21 A3= Table 20
ol YeRH At

4.2 B
2 Ao A= 2UA olitEtE RS o] &3F HAo
A 2AA A 3 AR FA 2=, A, A A
b2 Wsksto] Zh HakEl o] YA nj A= FF
= Selsf BTt
Aetd == gl SA ) ozt m e el 495 1| &
£, 2= 274 = 100TC A= rl2zd s
7F 8 @ol WAs L =7t SR A Y =
o] ool EolElen, 27t S7hdE LHgtol &
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