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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 scCO. 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 420 GM S4: 258 o

2, A 15

Fabric sample

Polyester Double Knit 10g

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

C.l. Disperse Red 167 0.5% o.w.f

Dyestuff
(Archroma Korea)
itical Fluid Lab. Dyei i
Equipment Superecritical Fluid Lab Iyemg Mgchme
(Pot volume 200mL, Daejoo Machinery)
22 AN JA7HAIE AR oFA gom | = AR ol S0 FUollA = 2UA AM 7S 485t
Sl o] ARt A 95%014 3] 7Hsstr] Wizl 7] 7] 1ek sk Ql A7 719, Shalet A7) Sl
< JAF3 9 | ZAAQ] HeE BAYAI7IA] G ZIgY=E AL, 1990 off oA 20009 off Zof 5014
FAS = Qe A dAo . 294 FAl= =2 HAl A9-E Pilot Scale®] 2UA A4 8|7} 7ldE
ST S e A A, W HA T #HAE S o] AF83HE AT FEAT Hsgo] AA = ek,
2E7] wjZol| Fapeo] mfg- Frh, 53], o]Abgtgta 2 A= Lab. Scale 2UA G715 AHg-sto] 2
T4 AR FAYRE wol=d &olst7] wiiol UA FA G A 2% b, A AZRo] AR
ZU0A FAFA o] AEst7] 2 FAHE LA Utk Ao ol gt JoFS nA =4 AFE, Mat & &
60, Z2AA A FA E3F A Gt Zo] WEH A A5t9th. Lab. Scale @M7]= (F)HF7] Al A A
frol AE7F 2UA olitsbetiof A HfxA] i gt AH|E ARSI
2 3 Fsto] AR g A Aetstar, §ull 2UA o]
Arsbebart WA Ue H 2mrh wol AW Bg3 ol 2.4 ¥
2EE L JEm7F HFRE] Wil Z5]HA dAo] o
Folzlt}, o] uf ARE-g o] AlS Rt A= AR E 3425 2.1 A= 3 4|
of A & 4= = Aol EAolt, ol= &5 A3 Table 13} o] ol4italgta (o] =4 9 &uf o]
AHEBFA] OOl o] AFSter A= 3] psto] ZALE-SHA 712 QI &= HA3tstr] 8 == 99.9%)
oE ufe %@73' 2 S £ 294 FA EA Gl = ARgstglon | Ayo] |
AA

Schollmeyer —’/\F"oﬂ olgf] AtH o] % 1996\ =
o Udhe iitoll A Ciba it2te] 35 AE 53l Pilot
Scale®] ZUA G717} 7fHE A o] A|Zzolt}s?, o]
T uSt7lsol Aol Md v, Gl 2UA ¢
Aof| gk A7} o] Fo HANE, A8 BA 7] = Ao
a3t 171719 & 7t o= Qs AAEY ol
2 7ls7id 27 2ol AA =i, ey a18h7]7]
A2 71&9] BH S EA et w2 HHOR
20120 Yd== DyeCooiit’ oA @--&o] ofd
FAE 2UA FA M7 AS o2 L E T T
5 vol7], ofrjrpAet e S 2 Bl EoflA] 2907
A 7S ALT AlEol SA A A A

=gl

Polyester Double Knit A|& 10g= AMHEsFR L, &
2= ofxA 9 C.1I. Disperse Red 167(ZYA G4
&) ofArutA ol (F) R E AFuol 0.5%
(0.w.f-0.05g)5 AH&3F3T}
Figure 10| AH&SF 79| 3245 Bl &
Aol AREE H R ot RuFR P OHF) oA 7|E 4
AQA A AE-Sh= Amet Ee] AHEA, A

£ Aokl 3t dEmRE g oto] AT okt AR

|
2 N(C,H,OCOCH;),
O,N N
H_

J—%Hs

Figure 1. Chemical structure of Disperse Red 167.
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Table 2. Conditions of dye solubility experiment
Vessel Circulation Circulation
Vessc(erln\ltc))lume Dy?s)t uff temperature  temperature speed time Pr?;::;re
9 (c) [ (mL/min) (min)
50 0.025 120 6 60 250

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

2.2 Z7| T A3

oA e dNAES A du] 9l
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Table 3. Dyeing experiment conditions by temperature

DYETEC oA H43kaL Sl 27 A= &5

T 274 Adu](R-401, 50mL, Chemre Sys, Korea)
£ o]g3}9] 1207C, 250bar, 60minZ oA 2] &3t

%7] 10min¥} 60min$ 9] &) == elaf 2y},

294 dAE ARE JI7HAVE fle a5 BANER
A2k o] Fo] A 917] Wil 2 Aefell A &3l
7} o] FO A=A & ERlekitt, AR SallE AE 24
2 Table 20f YEbt 1o},

G AH 9] o] AkSHEEA Gas Y2 NTIS Isother—
mal Data®A] &&= Yxo] w2 reS: gQlsto] 3=
dstelon, G A Ao A& E Beamell 7oA X
Pt Aol ALS &l E Hlol A& 57HE AHE
ot=tl o] Beamt 4159 Fu= W AMHUEE &
g%t A3} 15mLATH 3, A|RQ| &4 B}
9Jsto] A= ol W Atk FrobA] AFE 8=t

W A2 2.2g5 AHESHAITE, o] 4l3tehA: Gase] 3
U2 Pot 7o) A Beam} & H1], ek A& F
A, @ A FAE WL A7|o] 2 2AEE o] Abstgt

N

ui

-

Beam/Ball

PET Sample Wrap cotton

CO2 Amount

Temp(?c;)a ture POt(\I':ﬂ;'me volume weight weight CO:gD/;r:;s ity of injection Pr?;::;re
(mL) (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 Beam/Ball  PET S_ample Wrap _cotton CO:2 Density CO.Z /_\mo.unt Temperature
volume weight weight of injection o

(bar) (mL) (mL) @) @ (g/ml) (@) (c)
150 0.28 48.4
200 200 15 10 2.2 0.40 69.1 120
250 0.50 86.4

é]‘;%ﬁéﬁ"7}—g—§L§];{/ ZJ/ 31‘71_‘_] X']/ 1=



Table 5. Dyeing experiment conditions by leveling time

A Z70 2 PET 420 GM S4: 258 o

o, Azt 17

Beam/Ball

PET Sample Wrap cotton

CO2 Amount

Leviulr:g)tlme POt(\:y?ll;jme Vc(’rl: Se we(;%ht w?;g;ht CO:gD/;r;;slty of in{;;:ti on Temrzoecr)ature
50
gg 200 15 10 2.2 0.50 86.4 120/250
100
24:9] WE(NTIS Isothermal Data %)% F8}o] 7 3. Zdnt 2l o
Abslgich, o] AbstElA Gas Y A GA o B2
2} o] ARStEr A Gas7t 9&s] F+YE 4 AEF PotE 3.1 g0 85z
~15T e ¥ E A 10mintt FA # GasE FUSH B AolA 44 A%g Ays] dof AHE 4=
9t} o] Table 3, Table 4, Table 59 A& =4 7} 2917 Aol Al L37F H=x] WA BHelsly] o5t
ol Uttt ol o] 3% =4 U View Cell H2S W3 3tct.
duane eAS AEdHE LA F4S SH 120C, 250bar, 60min 2764 %3 27] 10min}
°lT°1 Row AegAazg e 4% Laund-o- 60min¥9 FF= 4 A 7HAEA Foiel
meter(Taelim A&C, Korea), 4 7]+ Colorlist 500nm THAFol| A {Eg]_- %7] 10min® E4== 0|3}
Plus(Fourone system, Korea)S AF&-3}3ith, A2k o] 7S YEFH AL &3 60min$-9] S L= 20]419
o A5 HHH HAS AT Batch W AROGST e vyehulel B SIS AS AT & 913
)= BAelstal 24 WHstel| wet A WS oAl o wek 23 27] 10mint Q] View Cello A= &
UEhH=A] BEA) 4 Lt K/SEH(Amax—400nm)  z7} 2324 o] =5t x|ut Edat wske phaksh & o)
= ol &3t #Astd e K/sge B fe A7 23 60mine 2] View Cellol| A 44|¢] 52o0]
Amax(400nm)of| A EHUALE S ZH3lo] tf3-9 o] 31 Aol EA| Wt AL w4 9ol
Kubelka Munk 2](1)°] 2|3} A&}, olg3t ATE o] £ uf o|AH}EtA Gas F9
%1207, 250bar 2704 60mingE2] Al7te] H
K/S:(I_R)2/2R .................................... (1) 31]‘3]'%')‘[\_‘—},\—}\—]}]_/1\_11]"9‘7]‘X]1 9‘]]\_17:—__‘50‘:]’7:“ Ouﬂﬁ‘g‘%ﬂ'
HEe 2UA A= 27 Blsto] Aoz &7t
where, o] F AL Stk AL gl & 4 Tk 1 A=
R : Reflectance
K @ Absorption coefficient 3
S @ Scattering coefficient _:g:::
20 M T7] 95cm x 25em B AHgBlgon, 32
e MBS FAUOR YL, H5 10m, $5 §
10cm P2} Blwstoith, ME2 A1 A3ehA] & £
WA B @R/t 4ed maggd g 8
AFYP=A gelstr] st 270 whE vz A=
ghole $i5to] A E AR E o ehE 300mLof 53t g | . ; : i ‘
A 3minZt Al E T o &-&S 3L A7 &, vzt w9 %0 vs:lelen":t:(nm‘;“ %z oM
R FAE S5t vlwstoitt

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
130C 4-5 3-4 4 3 4 4
Figure 20 Ve SiTt, sh=A] ghelskeict
3.2 GM 20 M2 BMEM A) AlgA ==
2= AN A2 9 2= 5 100, 200, 300C 2 AMS X3 AR AEdE = 574 A3t
2 217} 024 83 Y BE 250bar2 FUSHA  100THAH FMT AR ABAHES} 12009
sto] Zggsioiet, A 23 A 25 AlEt A = =9t 130CollA GAEE Az o Hghe] ¥ ATE B
A2E S45ke] 2ol ek JA S/4o] of A s} 120T2F 1304 Mg Alm= A AR 2}

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
120 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
130C 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* ; (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
120C 36.22 50.11 10.12 51.12 11.42
130T 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],g%ﬁéﬁ]7}—g’—§L§]K/ ZJ/ 31‘71_‘_] X']/ 1=



K/S Value
= - ~N o - (34 o - = o

Temperature(T)

Figure 3. K/S values of weight of conditions by tem—
perature.

£ Uetdl= A & 4 ATt o= 100TAA 94
gHAJR7} 120C9F 130Tl A AARE AR E T vji

A ARt E2 AL G 5 ‘C}i o, Uliﬂﬂ A=
2 Qlsto] MEtAR = A7t @
gk o] 100T A= @Eﬂ GRS Hl?—i’ﬁ
of AFE AA g Ao wekE}, o]4lkd
31T, 73bari-E YA 7} A= A]RE A M
7S, 120Col ol A dret Afo A o] FolA|
= A0% FetEch 7 A= Table 691 LeRH At

B) A 24 B0 FA L A S Ha(ew)
2= QU2 AR AR FAY
!

E

A Z70 2 PET 420 GM S4: 258 o

Az 19

o] gt 7;1% 2
LS AT 5 QT o]k REF EAUSE
Moz Gajo] Hi Holm @] Gakapo] F7hekch

© 310, T3bariel 2 AV AEA T A2
AT A9, 120001 A ARt Aol Aol
= A0 wotEt, 1 A= Table 7, Table

8, Table 9, Figure 3| YerH A},

e
o

|12 FR o] FA Hu (=)

4719 Aatg gRlsty] fJste] 2= NS A3
A 2E of|eh2 300mLoll S L34l 3min7t A
&S AU &, v zE GR| FAE A5
H , 100 FAA=IA 120TCH 130T

Al of| Hlsto] W2 oF
E} °o]= 100TC A=
AEE AA ¢ A v

Table 10 LFEFH AT,

2
i ‘{01' o

_l>“ =
ot
Ny
i)

A QFE2 150, 200, 250bar
ot &t B 120TE FUsHA st
o A KRR AR E A E ek A
of Sfof met A 5o oA wistst
A

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 51.97 112
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] geojAE
o= YN YT AR AAE 54 A3 R o] A o] RolX| X gherhs Anw Bk
150baro] A G4 ARE G0l o Tolxx] gk wrh, LEw @4l AT o] Ao} A = o] 4Hsiet

o} AR o] ARIE Figure 40] rehlSich. 1ej4 2
A2 A3WE A ko] 200barR Lt 250barol A @
Ak Al w0 A AR w7} o 943 AnE Uehys

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.

Sl 2N 732515 %] A 31H A 15



ZUA FAH SM ZA0]| IHE PET dRo M E4: 28, = A7t 21
Table 15. Unfixed dyes of weight of conditions by pressure
Dyeing pressure 150bar 200bar 250bar
Unfixed dyes weight - 0.008 0.006
4 31T, T3barfEl 2UA 7L AZE AT G = 150bar AlRE GMo] B 2] ool A Q]sg]
Z18Yet 749, 200baro] oA H&e] F2lo] AJZLE 250bar Al&7}F 200bar Al & B|ste] L*gko] 7HAast
3L 250baro]/doll Al Amet A7 AgE o] FolAl= = A= QA 4 U8, K/SHE 7ok A &
Ao & wtEct, 1 Avk= Table 110 Yep gict, AT 4= UG}, o= o] S E FHOE HA
o] Hi= Aoln, PRl Yateo| Fr)ecim ettt
B) AR 4SS 294 WA FEHAQEY) 4719 et EE 24 Aatel nhshA|® o]4ks
g dMS e AR FHA TS S5k g4 31T, 73barFEH ZAAZE AIFE AT A4S
Hi 2] W (Pot) Al =98] MALE S43 2t Al =9 F7F 1Y -, 250baroll A A&t A9 Aol £
ARG 71208 5l0] 25 4 92 BT AR 1 oA A 0% ekelth, 1AM Table 12, Table
i Z (e}

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 34 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 (V) 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(S) -0.16 (D)
Right 0.38 0.04 (Y) 0.35(9) -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()
Right 0.26 0.14(Y) 0.20(9) -0.05(D)
AH* ;5 (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) maat H= ol A vl (Yed) B) M2t 54& 53 4 9 A B H (A7)

47198 Aikg gelstr] 9isto] 2= JME X3 A AIZHE FA AN AP A w] A4 B
3 AR E e 300mLe 5 Y5l 3minZt A% % 2 flske] vz W (Pot) A& 2] MAHE S5 23 A
et AN &, mazte 5O FAE 545t BY SN AFE VSR ool HS5 L 5 BF
of Bl A3} 150bar A RE FA o] o] FoiZ] AE*ZEo] 1.0 ol & Mak= A9 gl Ao & ey
Z] kot A 2J3kal 200baret 250bare] A RE H] k. kARt leveling 271 H3to] W& A& H|iL
ek A 2 Apol= GIAAITE 200bard] A|Z A £ slo] A8 A st AT 40min?t leveling®t A&
w O B Sy vuddmrt HEEHUAG, o= of H|sto] leveling AlZte] S7hek5 L¥gho] Hast
200barelAl A&7t 79 vl 2 F Yol IFE AA = A A T AN K/SH2 S8k A& &
3t AS Yyeldl= Aoty O A= Table 159 U o138l 4= QI3lt}, o|& leveling Al7to] E718k4E =
B T}, Mo g o] = Aoln ¢ 7] FateFo] FIettt

AL e T, 2AA ANE AP A9, leveling Al

3.4 GM A7t 2 BMEM ZF 60minoldollAl Amet Ao A o] FobAl=

A7 FA Ao A Jeveling A1 7HS 40, 60, Ao & yetHEty, 1 A= Table 17, Table 18,
80, 100min® & Z}7} o274 o}l 2L BF Table 19, Figure 6] YeRH A},
120, ¢8-S B 250barZ FLU5HA sho] W3Ys}
Aok, S AP A ZEE AR eet Maks 54 10
sho] o] wel @A 4ol o DA H3}Fet=7A] gl
IS

/k-'/'
A) Al g =
A7 A A3eh A= AEaEe 54 A}

=4 4
40min7F levelingdt A|&7} o7 e A9tE B
60, 80, 100min7t leveling?t Al 2= L3 AlE
Fx A7} ettt o] 40min?t leveling$t Al &

F

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

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

& AA Ao g wekE, o] S ol &, Leveling time(min.)

ZA A9 leveling AlZHE 60mine] o] #dgh Figure 6. K/S values of weight of conditions by level-
Ao g pEnt, 1 A= Table 160 YERH ST ing time.
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Z7 SH SA Z200] TE PET 490 M S4: 224 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
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