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Influence of Temperature and Affinity of Disperse Dye on Dyeing of
PET(Polyethylene Terephthalate) Microfiber

Hun Lee
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Abstract PET microfibers with various diameters (0.5, 0.2, 0.06, and 0.01 dpf) were dyed with a dispersed
dye (C.I. Disperse Blue 56) at various temperatures. The dyeing process was conducted under infinite
dyebath conditions at constant temperatures. The effects of the dyeing temperature and diameter on the
partition coefficient, affinity, and diffusion coefficient of disperse dyes were studied. The curve of
isotherms was fitted well to Nernst-type model in a large range of initial dye concentrations. At the same
temperature, the partition coefficient and affinity decreased with increasing sample diameter due to the
increase in surface area. At all deniers, the partition coefficient and affinity decreased with increasing
temperature because the dyeing process is an exothermic reaction. In addition, the decrease in radius
of the sample gives rise to a decrease in the heat of dyeing. The fine diameter of the sample resulted
in an increased surface area but decreased space between the microfibers. Consequently, decreasing the
diameter of the microfibers leads to a decrease in the diffusion coefficient. At the same diameter, the
diffusion coefficient increased with increasing temperature because of rapid dye movement and the
large free volume of the sample inside. In addition, thermal dependence of the diffusion coefficient
increased when the diameter of the sample increased.
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Table 1. The property and composition of samples
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Fig. 1. Chemical structure of the CI Disperse Blue 56
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Fig. 2. Dyeing process of sample (time = 5, 10, 30, 50,
100, 300, 600 min)
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Fig. 4. Calibration curve of the CI Disperse
Blue 56 (Amax=614 nm)
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Table 2. Heat of dyeing of disperse dye on PET
microfibers with different radius
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-10.64 1.10
PET Al2E #AARR 945k I8 vlol24d
HFE0] Hlo|24 FMo] siFEct @A dA7T=
Q=7 48 Yold wAEst S8 el oA

Pz EARTT 2ot (Fig. 9) ol A ol Az7}
Y e GHLEe] JESH o (solubility)
A3 affinity) ] o) Y7t 29ELH20]. ol
5 BAQEd] 9% YA SRAGAORRE AR
Hie] drate] ghiolge ofs) Lol

Dye () Dye (aq) Dye (at sample)
o T G
Solubility Affinity AL

Fig. 9. Schematic diagram of dyeing
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Where, M, dye uptake at time t, Mw: dye uptake
on equilibrium, t : time, D : diffusion coefficient,

r: radius
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Fig. 10. Diffusion coefficient of disperse dye on PET
microfiber at various temperature

9] %I% #as } oh oA HOE%;—EOME UukAke] 73
oM F717F Fages SV AT s
Z2FAAY] A2 2 o §435] Eolts 2dE = 5
UAH11,16]. ol Almrt SAST HHA EHAL
Z7VskA g GAF et E Afo]o] TS SAE T} T4
29 o] Had 7 FasiA7] el A=
AasHA "ok 2t F7104 gAGe] o) wE W
512 AmEE 0.5 dpf (5.80 pm)Y w7t 7 WSt
Aottt ol= ¥lad We F7ho] FolAl= AutAkY
3ol AT 2k 9EAol & Aom AZbEH.
#7177 7SS SES TR Qs 2% Sl
o A0 S7F At & AoE YeRdt) o=
FH717h assto] A 0] Folud W oAk o]
0] FAo] FQRFt FEI FAAR] =Yk Ao
A 4 Ak

AREAZE ARWER gHitE]o] Eoi7l7] flsiAle
AEA AREEY EA 2Tl osto] dAjH g AR
17} @/g= ofoF 5t o] AFHI]7} A&A o2 o
42 O IR AR £o® Elo] Eozitt
[28-30]. o] A& WH] AfFul= AR TelR

ax%om_@ e A% L& T} £e4E F7ka
I wWebd @A A 89 LET} EOAE AR

7} AMEE Juol A% U ghto] golsiA Hr}.
o dYELTt w2 Aol B EE dNEge] =2
3t} GAlo] AJREL 2 Q.J-r_ Z}9] Sg]Hol 7}
Aok e AEAR] £ olsAo] AR R
G0 LS LTI o2 S HEAE, 28A A

g

29| gelolewst ole] exolA Agrle] T
2R shblest Anmsle] BAE Felstol et
W A2 o2 Eq. (7)) 222l

log& = —loga; = AT = Trep)

Dy TT B+ (T=Tey) )
Where, Dr : diffusion coefficient at temperature
T, Do diffusion coefficient at standard
temperature, A, B . constant, Trf . standard
temperature (Tg), ar : shift factor

At 7 ELEoHe) s} AFE thE ol

2= T EHOHHE log ar #& AXE = J1 I 2%

oISl SHPASE AN S 2. Tk ool St
A2 A5 Aol 7123 38 ol5He] ShET

I %} S Utk Fig. 112 7|22 =25 E Q9] LA
9] o151 AKshift factor)E UEbA Ao|t} o, B J7
JME 7|&2%EE 100 °CZ Asto] 110 °Ce 120,
130 °CollM Y] o 5AAE Fot3T.

0.8

0.6

-log aT

0.4

———— 140
— o 141m
[ — 258m
— < —  580m

0.2+

0.0

10 15 20 2 10
T-Tref (" C)

Fig. 11. Variation with temperature of the shift factor
Nremeld ewrt Foklel EA AYSE

-log ar #ol 713 & 4= AUt -log ar 4 log
(D/Drep) #ho] Zonz EXL2 T TojA A D3fe]



A

X ESS)

PET 2SAIAF 9404 24t R Mekela) 2= &

S7Yvstol wet log (D/Drer) 01 S7FoHe Aolth. &Y
2504 F717F Z7FEEE -log ar #tol S7FeHAh
ol Aol 2 oEA0] F7I7F FE5E Atk
AL oujditt, £ 277} 7H= ARt #& Ao| -log
ar #9] F71ke wrt & A& B 5 Al o] 9Al
257t VR #717F #2 Zol 2&° weEt -log
ar &l © o] 3713t 202 2% oFgo] Aty &
& Sl

3. 28
e 2SAAR] EAMEE S2EAAMCA =l

Ao 25}, B L olede Aval] stol
tleret ewol #71014 Aol

PETS} HAMIRE A LEolA Tl Es §
PPRAue WAstel de HeEAwy Tue

Nernst typedt AX|StTk. E $L w04 3717
Zattel ket AR ERA0) STkaT Qs HeA
9 BESES S/RMS Btk RE ol
Ago] WeuRgoly] o] FALES SHRST wf
A7t B4R, olo] et BRI Faster
A F717t gagel et BAFY 3712 5] 5
2wolq Hvz FRus drde Skt G
ol WS FADL B/t FATSE Glo] gol
HAA Fob Ao SISt ARl A7 A
Y55 23] BRAS ST A7) 23
A} Ato]9] Bto] BB o] Zle GagAA
do] AP ARE 9Iat g1lo| REstel Fole] U
3t o]0l olg7] uhio] SAHAG7} LAstr ol
WP 2 Bo] A 717 THsol a4 S
AL o PAET ARHOR 234 AR
IV BATSF SAAS glol wassheit. oleie 3
PO NLOT P4T o FRH Uehton] S
2ol 2= JEHE Ft FL4F SIS,

References

[1] S. M. Burkinshaw, Chemical Principles of Synthetic
Fibre Dyeing, Blackie Academic & Professional, pp.
194-217, Glasgow, 1995.

[2] G. Jerg, J. Baumann, Polyester Microfibers: A New
Generation of Fabrics, Textile Chemist and Colorist,

539

Vol. 22, pp. 12-14, 1990.

[3] J. Militky, J. Vanicek, J. Krysufek, V. Hartych, Modified
Polyester Fibres, Elsevier, pp. 61-62, Prague, 1991.

[4] W. S. Perkins, D. M. Hall, "A Fundamental Study of the
Sorption from Trichloroethylene of Three Disperse
Dyes on Polyester", Textile Rsearch Journal, Vol. 43,
Issue 2, pp. 115-120, Feb. 1973.

DOL: https://doi.org/10.1177/004051757304300209

A. Johnson, The theory of coloration of textiles, 2nd,
pp. 263-394, Society of Dyers and Colourists, 1989

W. McDowell, R. Weingarten, “New Experimental
Evidence about the Dyeing of Polyester Materials with
Disperse Dyes", Journal of the Society of Dyes and
Colourists banner, Vol. 85, Issue 12, pp. 589-597, Dec.
1969.

DOI: https://doi.org/10.1111/}.1478-4408.1969.tb02865.x

R. H. Peters, J. H. Petropoulos, R. Mcgregor, "A study
of the Diffusion of Dyes in Polymer Films by a
Microdensitometric Technique", Journal of the Society
of Dyes and Colourists, Vol. 77, Issue 12, pp. 704-714,
Dec. 1961.

DOI: https://doi.org/10.1111/4.1478-4408.1961.tb02420.x

[8] J. G. Blacker, D. Patterson, "Molecular Mechanisms of
Disperse Dyeing of Polyester and Nylon Fibres",
Journal of the Society of Dyes and Colourists, Vol. 85,
Issue 12, pp. 598-605, Dec. 1969.

DOI https://doi.org/10.1111/1.1478-4408.1969.tb02866.x

T. Shibusawa, Y. Chigira, "Dual-Mode Sorption of
Nonionic Azo Dyes by Nylon 6", Journal of Polymer
Science Part B: Polymer Physics, Vol. 30, Issue 6, pp.
563-568, May 1992.

DOI: https://doi.org/10.1002/polb.1992.090300607

T. Nakamura, S. Ohwaki, T. Shibusawa, "Dyeing
Properties of Polyester Microfibers", Textile Research
Journal, Vol. 65, Issue 2, pp. 113-118, Feb. 1995.
DOI: https://doi.org/10.1177/004051759506500207

[10]

[11] T. Nakamura, R. R. Bommu, Y. Kamiishi, T.
Shibusawa, "Dyeing Properties of a Polyester Ultrafine
Fiber", Textile Research Journal, J. Vol. 70, Issue 11,
pp. 961-968, 2000.

DOI: https://doi.org/10.1177/004051750007001105

[12] T. Shibusawa, "Polynomial Approximations Describing
Rate of Dyeing from a Finite Bath", Journal of the
Society of Dyes and Colourists, Vol. 96, Issue 6, pp.
293-296, Jun. 1980.

DOI: https://doi.org/10.1111/1.1478-4408.1980.tb03529.x

[13] T. Shibusawa, "The mathematical expression of rate
constants in empirical rate of dyeing equations in
disperse dyeing", Journal of the Society of Dyes and
Colourists, Vol. 104, Issue 1, pp. 28-33, Jan. 1988.

DOI: https://doi.org/10.1111/1.1478-4408.1988.tb01132.x

[14] J. N. Etters, "Isothermal Sorption from Finite Baths:
Effect of the Boundary Layer on Sorption of
Diffusants by Solids of Various Geometrical Shapes",

Journal of Applied Polymer Science, Vol. 42, Issue 6,



ks e

3]=82] A20d A9Z, 2019

(15]

(16]

(171

(18]

(19]

[20]

(21]

(22]

(23]

[24]

[25]

(26]

(271

(28]

pp. 1519-1523, Mar. 1991.
DOL: https://doi.org/10.1002/app.1991.070420605

K. H. Park, M. Casetta, V. Koncar, " Diffusion of
disperse dyes into microfibres and conventional
polyester fibres", Coloration Technology, Vol. 118,
Issue 6, pp. 319-324, Nov. 2002.

DO https://doi.org/10.1111/.1478-4408.2002.tb00117.x

K. H. Park, V. Koncar, "Diffusion of disperse dyes into
super-microfibers”, Coloration Technolology, Vol.
119, Issue 5, pp. 275-279, Jun. 2003.

DOI: https://doi.org/10.1111/i.1478-4408.2003.tb00183.x

S.W. Nam, S.B. Young, D.S. Lee, Dye Chemistry, pp.
308-309, Boseong, 2000.

K. L. Georgiadou, E. G. Tsatsaroni, I. C. Eleftheriadis,
A. H. Kehayoglou, "Disperse Dyeing of Polyester
Fibers: Kinetic and Equilibrium Study’, Journal
Applied Polymer Science, Vol 85, Issue 1, pp. 123-128,
Apr. 2002.

DOI: https://doi.org/10.1002/app.10664

H. Lee, H. T. Cho, “Dyeing Behaviors of a Disperse
Dye on Ultra-micro PET Fibers”, Textile Science and
Engineering, Vol. 47, No. 2, pp. 77-84, Apr. 2010

H. J. White, Jr, "Some Theoretical Considerations of
the Dyeing of Cellulose Acetate with Disperse Dyes",
Textile Research Journal, Vol 3, Issue 5, pp. 329-338,
May 1960.

DOI: https://doi.org/10.1177/004051756003000501

J. S. Ward, "Colour Terms and Definitions", Journal of
the Society of Dyes and Colourists, Vol. 89, Issue 11,
pp. 411-422, Nov. 1973.

DO https://doi.org/10.1111/.1478-4408.1973.tb03113.x

I. D. Breuer, M. M. Rattee, "The physical chemistry of
dye adsorption”, Academin press London and New
York, pp. 42-44, 1974.

T. Vickerstaff, The physical chemistry of dyeing 2nd
Ed., PP. 102-121, Oliver and Boyd London, 1954.

S. H. Yoon, T. K. Kim, Y. J. Lim K. M. Cho, "The
Interpretation of Dyeing Behavior of
Poly(trimethylene terephthalate) Fiber with a Disperse
Dye", Textile Coloration and Finishing, Vol. 13, No. 4,
249-255, Aug. 2001.

S. Dhouib, A. Lallam, F. Sakli, "Study of Dyeing
Behavior of Polyester Fibers with Disperse Dyes",
Textile Research Journal, Vol. 76, Issue 4, pp.
271-280, Apr. 20006.

DOL: https://doi.org/10.1177/0040517506061243

D. Patterson, R. P. Sheldon, "The Dyeing of Polyester
fibers with Disperse Dyes", Transactions Faraday
Society, Vol. 55, pp. 1254-1264, Jan. 1959.
DOIL: https://doi.org/10.1039/TF9595501254

R. Mcgregor, J. N. Etters., "Transitional Kinetics in
Disperse Dyeing", Textile Chemist and Colorist, Vol.
11, Issue 9, pp. 59-63, Sep. 1979

J. H. Dumbleton, J. P. Bell, T. Murayama, “The effect

540

of structural changes on dye diffusion in
poly(ethylene terephthalate)’, Journal of applied
polymer science, Vol. 12, Issue 11, pp. 2491-2508,
Nov. 1968.

DOL: https://doi.org/10.1002/app.1968.070121109

[29] H. D. Weigmann, M. G. Scott, A. S. Ribnick, R. D.
Matkowsky, ‘'Interactions of Nonaqueous Solvents
with Textile Fibers: Part VIII: Mechanism of Dye
Diffusion in Solvent-Treated Polyester Yarns", Textile
Research Journal, Vol. 47, Issue 11, pp. 745-754, Nov.
1977.

DOI: https://doi.org/10.1177/004051757704701107

[31] J. Gegarra, P. Puente, "Influence of the Specific Surface
of Polyester Fiber on the Kinetics of Dyeing with
Disperse Dyes", Textile Research Journal, Vol. 36,
Issue 2, pp. 134-142, Feb. 1966.

DOI: https://doi.org/10.1177/004051756603600206

0l

S(Hun Lee)

(HalA

+ 20079 89 : AT 3714
2258t (A

20134¥ 5¥ : kAfEROIY 1
EA 58} (FEhAp

20134 89 ~ 20164 2¢¥ : 44
AR A ATA HAATY
20184 3¢¥ ~ @A : FFdstn
-85k w

.

(TAEoR
AEA &4, 583t



