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Abstract In this study, poly(ethylene terephthalate)(PET) fibres dyed with Disperse
Red 167 using supercritical CO2 technology. The purpose of this study was to investigate
relationship between PET fibers and supercritical CO2 during dyeing. The effects of tem-

perature, pressure, dyeing time and mass ratio between the dye and PET in the dyeing
chamber were considered. Thermal and mechanical properties of the fibers were investi-
gated. Tensile strength of dyed PET fibers decreased at higher temperature and pressure
conditions. DSC and DMA results indicated that the Tg and Tm values decreased signifi-
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typically observed.
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cantly when compared to the pure PET fibers. However, uniformly dyed PET fibers were

Keywords carbon dioxide, supercritical fluid, dyeing, environmental friendly, PET fiber
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Figure 1. Phase diagram of supercritical fluid of COz2.
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Table 1. Specification of sample and equipment

N(C,H,0COCH;),

Figure 2. Dyes chemical structure of C.I. Disperse
Red 167.
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Z7hskinh, ol Bal 294 G o4 Hel 2 AL
HAL2E 120C, &E 250bar, #HAIZF60-100min
o A

Pretreatment Specification
Polyethylene terephthalate 100%
Film sample thickness: 0.1mm, size: 210x297mm

(Lami, Ace)

Filament sample

Polyethylene terephthalate 100%
2000denier/500filament 3g
(Kolon korea)

Equipment

Supercritical Fluid Lab. Dyeing Machine
(Pot volume 200mL, Daejoo Machinery)
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Figure 3. Supercritical fluid dyeing machine of laboratory scale.
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A =+= Figure 29} 2o Gota2nta gfok(Korea) =
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A e = @ F714 (Korea) ol A AFA 7R et

pot®} oil-bathg AH&-3FITHFigure 3).
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7 |
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Pot %9l PET knit, PET filament % A|=2] npzk A HEE 2431 1 -]
&5 HAsH7] 913 cotton O & 2 carriers 7] $1sf 2ol whE AlH O] 7| A EAS &l BF3T.
U10.5%0.w.f.9 C.I. Disperse Red 167 ¥ COz ZYUA A COz GA A3 A HO| FE| Ao &% (Tg.
Table 2. Supercritical fluid CO2 dyeing conditions according to the applied temperature

PET knit  PET filament Wrap cotton . CO2amount Leveling
Tem;z%')ature weight weight weight COfg[;;r:;s ity of injection Pr(e;:;re time
(9) () (9) (9) (min)
100 0.58 103.0
120 0.50 88.8
3 3 1 2
130 3 0.47 83.5 %0 60
140 0.44 78.1
Table 3. Supercritical fluid CO2 dyeing conditions according to the applied pressure
PET knit  PET filament Wrap cotton . CO2 amount Leveling
Préssure  weight weight weight co: DEnSIY ot injection TeMRETAM1e " time
(@) (@ (g) g (@) (min)
100 0.16 28.4
150 0.28 497
3 1 ' ' 120 0
200 3 3 0.40 71.0 6
250 0.50 88.8
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Table 4. Supercritical fluid CO2 dyeing conditions according to the dyeing time

PET knit  PET filament Wrap cotton

CO2amount

Dye(':‘?n;'me weight weight weight COZ D/;r;;s ity of injection Tem;zoecr)a ture Pr(ebs:rt;re
(g) (g) (g) g )
50
60
3 3 1.3 0.5 88.8 120 250
80
100
Glass transition temperature)] ¥3s}5 &-2ls}7] st A3E YE At
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Figure 4. The variations of the tensile strength of SC—
CO2 dyed PET filaments under different dyeing tem—
perature condition.
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Figure 5. The variations of the tensile strength of SC—
CO2dyed PET filaments under different dyeing pressure.
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Figure 6. The variations of the tensile strength of SC—
CO2 dyed PET filaments under different dyeing time.
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Figure 8 9 Table 5 YeRH AT,

Figure 79 A8+ oHgt MR A= &5 X
o2 &3k PET filament (A)9} 4 &%= 1207,
%8 250barol A F& glo] A% PET filament (B)

I G L= 1207, ?J'Eﬂ 250barol A dRE Y
2 GAISE PET filament (C)E ©]-&3Fth.
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§ 92 TmS UYERH AT o= PET d+
= 120, 99 250bar®] A& Ago] =ZE WA
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Heat Flow(mW)
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Temperature(C)

Figure 7. DSC curves of (A) pure PET filament and (B)
PET filament exposured in SC-CO2 at 120°C, 250bar
without dyestuff and (C) dyed PET filament in SC—COz
at 120°C, 250bar with dyestuff.
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Figure 8. DSC curves of (A) pure PET film and (B) PET
film exposured in SC—CO: at 120°C, 250bar without
dyestuff and (C) dyed PET film in SC-CQ2 at 120°C,
250bar with dyestuff.
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Table 5. Melting temperature(Tm) of PET filaments
and PET films
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0.00

Temperature(C)

Figure 9. DMA curves of (A) pure PET film and (B) ex—
posured PET film in SC—CO2 at 120°C, 250bar without
dyestuff and (C) dyed PET film in SC-CQ2 at 120°C,
250bar with dyestuff.

Figure 99| Al&+= /44719] DSC #4131} np7hA| 2
oje gt Mo % eFE A ¢ 43t PET film
(A)°} M & 120T, &8 250barolA & flo]
2 ¥ PET film (B) 1232 9M &%= 120C, 4E
250barollAl @=E ¥l dMg PET film (C)& ©]&
&tk &3 PET film (A)Eth & §lo] 120T,
250barol| Al FAEE film (B)S] Tg7} WAl YELHS
o = §lo] 120C, 250baroll A A2 ® filma} 2
2 274 HEE Y3 A film (C)8] 3¢ Tge=
L3S #Fol7F0.04C A== nHEk, Al® A9
Tge 122ColA vetgten | A= BoF Alw Co Tg
£ 120C FZoll Al Hebde,

2% PET7F 12, jOPoﬂ o3
Woll 247 CO9] FFe
ARG &2 BE dojuhs A =7 "olXl A

Table 6. Glass transition temperature(Tg) of PET films

Melting temperature(C)

Glass transition temperature(C)

Sample Sample
PET filament PET film PET film
A 251.778 255.802 A 122.85
B 251.422 255.12 B 120.52
C 249.929 254.339 C 120.48
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