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Abstract—The diffusion coefficient of C.I. Disperse Red 4 in the dyeing of carrier-pretreated poly

(ethylene terephthalate) film was investigated by Sekido’s film-rolled method.

From the result it was shown that the diffusion coefficient increases exponentially with the concent-

ration of carrier in the film, and, for the films containing same concentration of carrier, the carrier
effect was enhanced with the molar volume of the carriers. The greater carrier effect was accompanied
by the decrease in diffusion activation energy and entropy, which shows that the carrier with larger

molar volume plasticizes PET film to more extent.

.M 2

Zejol Qg TRk o] 2 (Fefol 2¥| 2, PET)
Mol Faere 1300 F2el 4 sk 3
o] Fzslo] gort Hzel oA %
PET-HA% £ Al2Ale] Aol whe 22
4o} ool FUHL ek
PET 449 Aedde $A94, S5
4, AAeleldy So d7ew gles, Al
Qe Aue) W TAHNE 27T ol
s e e AgHse gk
Aol el lein) Aol g PRAE

A5-9] B (Increased Swelling of fiber),” &

&4 (Increased water imbibition),? 444 (Tra-

nsport theory),? 3=+ A(Film theory),® €&
o} 23 =224 (Increased solubility of dye),”
34 (Molecular lubrication theory),” & 234
7}4d (Increased dyeing site theory)® = 743}
(Plasticization theory)2” So] Algks]e] glo

Lo oN o

AL sto] Hfiz} Az
59 frelaio) 2% (glass transi-
s

Zol AT A

i

tion temperature, Tg)
k= 7ol

Ae)el e FHol| BE Aelide F2 AT
2t AF7ke Salmsleta)e o] Aolo] wh Awle
o G&F} HRh BelAESY gAEE FejA
o] 2% (Tg)¥1” 3l o AH o] 2% (Td)e) HsHI-W
24 ZAEFI 9low odubdeoz Q4o FAlE
Sl =dEnE g A AelddeE Ao
7} 58 Aoz osA gl

4 Glenz 5'*®-& trichlorobenzene} benzoic
acid& Mol & ARg-gk Gl A Afu A2l
Tt AE ASolle dNEEr) vt gl
o Robert ¥7°% Afl szlele] »er} #HA
TE A48 ZolEAR AlElee Fxo e

A% A9 Aol glrka staieh meb A

J. of Kor. Soc. of Dyers and Finishers, Vol. 2, No. 4(1990. 12)/ 231



10 ojd A

FARE B EstenlEls Aol U5 Aelolast
7 EAE o1F AAAE Aol et ARl
27 HEos 4748 4 ek Zalv gl
& FE(mole/kg)®l Ael7} Eo] Hglolw
7} Ahelele) Bodol w2l 44 shastEe gebal
-] AH?]—E]I;].

mehd B ATdldE BRs} Aol 729
Aelel g Agelel PETE A48 o seole) 2
2509 G44Te) BAE AR HAASS Fa
o nas Bug Pk

2. 4l #

2.1 A& 9 AjY

A& ! PET ¥&(12um, kolonA)

7l2] o] | chlorobenzene, o-dichlorobenzene, 1,2,4-
trichlorobenzene, acetophenone, mesityl oxide, to-
luene, o-phenylphenol

9% | Acetoquinone Pink RLZ Conc.(C.I. Dispe-
rse Red 4, ICI#))

OCH;,

0
A9 d=E oHELE FF F ANAAs 4}
43192 Chromatography® #E35 #eislelc)

2.2 HMuky

2.2.1 ABe| M2

40Ce] slzjellell PET UAAIZE A
F 7Adle] olMESR AAHF AZsr) He
A} 2]z F9 FAF 5335t PET 234
234 Aol Fx(mole/kg) & F3tdch

2.2.2 AN

Sekido9] HEWAZHW| wlz} 22104 vk
E% AA 1em AEY '?rf’f]““ﬂd]

JE O
27 2

2.2.3 EpAA] AL
Sekido®] FFHZHollAe} 7o) Halujale] &

232 /mBEREMTREE F2% F457 (1990. 12)

E

A7) Fslttn g o) 5o gage
Ao g gA)Eh

X
Co = erfC Z(Dt) 2 (1)

AL (DA C, & CE tA17F G4 A] Trddatet
2 A XellAel gia=ke Jehlis DE gabA4
o]ct.

J=g Al (DERRE A4 FaA45E 1ar)=
o]%7] of-Zell Shibusawa”&= 4] (1)9] A5
A A7 S oA 2).

C
1.0> C >007491 %

o

X 0.7771002 + 2.898635Z — 3.675716Z°

2(DO™ 1+ 5.0469Z — 0674122 — 0.34722573
2

X (1—0.3InZ)

A_—Z(D)iw— =+ 0.000005

A @A ZE C/CE vhehl= AX/2(D)¥e
AP} AHTA Atels) X/2(D01e] Hol 2.5}
g vehdnk meby ERFE (3 ERFTL
AYSE A2 XelHe B C (5& F3E A)S
243t 4l DE T2 4 ok

3. dz #

2 A¥elMe= PET ZEWdA9 dge g4
T8 o3t Alans HEs ) &4

PE HEE Sekidod BEHUZWe) 9Jsle]
°§’3115P Shibusawa 2] ZA}2]e)| «lfﬂ T3kt
Table 1o sl2]e] vixie] PET HE-g 110TA
960 XA (2)Ald] s 4k l & T
F4-E epygich

Fig. 1-3& 7t sjz]ejo] &3 PET &2 90T,
100T, 110TeA 7 wpgo 43l o I
Tl Z8" Aol Fxo wE HASLE
Table 1el4e} zro] F3le] vfehd Folch

Iage el el TiE sfelele] EFxe o}
FiA7) ApA o Folshe AL ¢ 5 9o
=g 4F ¥ag Ayhe g2 2 szl

74]



Zelo]2H)2 A

Table 1. Diffusion coefficient of C.I. Disperse Red
4 in PET film at 110C for the dyeing time

of 960 min
No. of layer X A A/A(=Z) DXx10"
(x107%m) (m?/sec)
0 0 1.850
1 1.650 0.8919 1.69
2 18 1.264 0.6832 1.69
3 30 0920 04973 1.70
4 42 0.638 0.3449 1.72
5 54 0467 0.2200 1.68
6 66 0.259 0.1400 1.74
Dmean=1.70
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Fig. 1. The natural logarithm of the diffusion coeffi-

cient of C.I. Disperse Red 4 at 90T, as a
function of the concentration of carrier in the
fiber;
(O 1 o-phenylphenol, @ : 1,2 4-trichloroben-
zene, @ . acetophenone, @ . mesityl oxide,
© : o-dichlorobenzene, @ : toluene, & : chlo-
robenzene)
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Fig. 2. The natural logarithm of the diffusion coeffi-
cient of C.I. Disperse Red 4 at 100C, as a
function of the concentration of carrier in the
fiber;

Symbols have the same meanings as those
in Fig. 1.
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Fig. 3. The natural logarithm of the diffusion coeffi-
cient of C.I. Disperse Red 4 at 110T, as a
function of the concentration of carrier in the
fiber;
Symbols have the same meanings as those

in Fig. 1.
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Table 2. Molar volumes of carriers and diffusion
coefficient of C.I. Disperse Red 4 in PET
film containing 0.3 mole/kg of carrier

Carrier v In(Dx10%, m?/sec)
cm’/mole 90C  100C  110T
o-Phenylphenol 1338 300 458 6.04
1,24-Trichlorobenzene 1240 250 420 592
Acetophenone 1171 231 410 581
Mesityl oxide 1150 220 4.10 5.81
o-Dichlorobenzene 1126 217 401 5.76
Toluene 106.3 188 3.71 5.47
Chlorobenzene 101.7 184 371 547
v) iz 094 310 514
ntial factor D, (4)Ale g Fo|xc}h®
D,=(eA’RT)/h - exp(AS*/R) 4
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Fig. 4. Temperature dependence of diffusion coeffi-

cient of C.I. Disperse Red 4 in PET film con-
taining 0.3 mole/kg of carrier;

(O : o-phenylphenol, @ : 1,24-trichloroben-
zene, @ . acetophenone, @ : mesityl oxide,
© : o-dichlorobenzene, @ : toluene, @ : chlo-
robenzene, A  untreated)
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Table 3. Molar volume of carrier and activation energy and activation entropy of diffusion of C.I. Disperse
Red 4 in PET film containing 0.3 mole/kg of carrier

Carrier Molar volume E, AE, AS*100C  A(AS*100T)
cm®/mole KJ/mole KJ/mole J/mole K J/mole K

o-Phenylphenol 133.8 176 67 286 168
1,2,4-Trichlorobenzene 124.0 198 45 342 112
Acetophenone 117.1 202 41 352 102
Mesityl oxide 115.0 209 34 370 84
o-Dichlorobenzene 112.6 208 35 367 87
Toluene 106.3 208 35 365 89
Chlorobenzene 101.7 210 33 370 84
o] 32 243 454
Table 4. Values of x from the equation D, =D, - e~

X 7t
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90t  100T 110T
o-Phenylphenol 687 493 300 ol
1,2,4-Trichlorobenzene 5.20 3.67 2.60 sl
Acetophenone 457 333 223 =
Mesityl oxide 420 333 223 £
o-Dichlorobenzene 410  3.03 207 < 4 -
Toluene 313 203 110 )
Chlorobenzene 3.00 2.03 1.10 | /
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