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Abstract—Even if fibers are practically identical with respect to chemical composition and
denier, the dyeabilities are freqently a little different in an industrial processing. It is difficult
to interpret the numerical values of dye diffusion coefficients from a dye solution into fibers.
The main reasons are the multicomponent nature of the diffusion process and the inhomogenei-
ties of the substrate, so-called, various kinds of ordered and disordered regions of polymers,
void and pores.

The equilibrium dye adsorptions and dyeing rates of a disperse dye into the several PET
fibers having the same denier were determined at various temperatures. The dyeability of
examined samples was divided into two groups, that is, lower dye adsorption fiber and higher
ones at the lower temperatures.

This result was discussed with the degree of crystallinity, DSC diagram, X-ray diffractometry
and Porosimetry of the PET fiber, and an appropriate model for fine structure of PET fiber
was proposed.
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Table 1. Characteristics of PET fibers

A 75D/36F semi dull POY
B 75D/36F semi dull POY
C 75D/36F semi dull POY
D 75D/36F semi dull POY
E 75D/36F semi dull FDY
F 75D/36F semi dull POY
G 50D/24F semi dull POY
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. © We/W(weight-fraction degree of crystallinity)
(W, W, total, crystalline weight)
p - measured density
p. - amorphous density(1.336 for PET)
p. - crystalline density(1.514 for PET)
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Table 2. Equilibrium dye adsorption at various temperatures(g dye/kg fiber)
Sample 50C 60C 70C 80T 90T 100C | 110C | 120C | 130C
A 0.953 2.218 5.660 12.865 | 22.820 | 26.192 | 31.862 | 32.263 | 29.589
B 0.973 2429 5961 13.036 | 22318 | 26593 | 32715 | 32.899 | 30.105
C 1.254 2.730 6.774 13266 | 22.870 | 25.664 | 31.232 | 32.398 | 29.787
D 1.887 2.630 6.031 13367 | 23.281 | 26292 | 31455 | 32.313 | 29.863
E 1435 3.021 6.804 13527 | 22.238 | 27.396 | 31310 | 32414 | 31.360
F 1.064 2.318 5.569 11560 | 20.560 | 24.486 | 31611 | 31510 | 30.206
G 1.887 2.875 6.562 12.715 | 21.254 | 23500 | 32464 | 32611 | 31.000
3.3 #E3x Table 3. The Crystallinities of PET fibers
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Density-gradient method DSC method
Sample . ... {crystallinity|crystallinity
density |crystallinity (net) (gross)
A 1.372 0.225 0.360 0.422
B 1.372 0.225 0.348 0.446
C 1.372 0.221 0.388 0.448
D 1372 0.221 0.363 0.445
E 1.371 0.215 0.346 0.463
F 1.378 0.261 0.396 0.448
G 1.371 0.217 0.363 0.469
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Fig. 4 The relation between amount of dye
adsorbed in fiber and degree of crystal-
linity
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Table 4. The data of sample B with pore filling at each pressure

PORESIZER 9320 V2.05 PAGE 2
SAMPLE DIRECTORY/NUMBER: DATAl /16
OPERATOR: l.m.a ’ LP 03:47:21 08/18/95
SAMPLE ID: B ’ HP 04;06:49 08/18/95
SUBMITTER: s.y.a REP 04:06:49 08/18/95
PORE MEAN CUMULATIVE INCREMENTAL DIFFEREN
PRESSURE DIAMETER DIAMETER VOLUME YOLUME VOL dv/dD
psia A A ' nl/g mlL/g mL/g-A
0.67 2702812 2702812 - 0.0000 0.0000 1.147E-07
4,89 369599 1536205 0.6301 0.6301 7.961E-07
7.94 227658 298629 0.7506 0.1205 1.006E-06
10.02 180538 204098 0.8054 0.0548 1.250E-08
16.20 111631 "r46085 0.9093 0.1039 1.730E-06
20.01 80407 101019 0.9483 0.0390 1.860E-06
23.44 71155 83781 0.9737 0.0254 1.512B~-06
25.12 71986 74571 0.9796 '0.0058 1.302E-08
40.71 44429 58208 1.0146 0.0350 1.146E~06
60.01 30139 37284 1.0277 0.0131 1.372E-06
79.64 22709 26424 1.0421 0,0144 1.731E-06
100.80 17943 20326 1.0475 0.0054 4,265E-07
149.486 12101 15022 1.0475 0.0000 0.000E+00
181.30 9976 11038 1.0475 . 0.0000 0.000E+00
201.80 8963 9489 1.0475 0.0000 0.000E+00
250.96 7207 . 8085 1.0475 0.0000 0.000E+00
302.80 5973 ' 6590. 1.0475 0.0000 C.000E+Q0
352.13 5136 5555 1.0475 0.0000 0.000E+00
452.46 3997 4367 1,0475 0.0000 0.000E+00
607,13 2979 3488 - 1.0475 0.0000 . 4.819E-08
656.80 2754 2866 "1.0475 0.0000 1.567E-07
806.80 2242 2498 1.0477 0.0002 1.935E-07
905.97 1996 2119 1.0477 0.0000 2.433E-08
' 1007.97 1794 1895 1.0477 0.0000 0.000E+00
1205.13 1501 1648 1.0477 0.0000 0,000E+00
1509.863 1198 1349 1.0477 0.0000 2,532E-07
1804.30 1002 1100 1.0478 0,0001 3.441E-07
2106.47 859 931 1,0478 0.0000 3.506E-07
2508.47 721 790 1.0479 0.0001 1.760E-06
3007.13 601 661 1.0483 0,0003 1.708E~-06
3507.64 5186 ) 559 1.0483 0.0000 2.991E-06
4007.80 ©'451 483 1.0487 0.0005 3.307E-06
5003.97 361 406 1.0487 0.0000 1.908E-06
7006.14 258 310 1.0493 0.0006 B8.851E-06
10009.64 181 219 1.0504 0.0011 2.274E-05
12005.48 - 151 166 1.0514 0.0010 4.922E-05
14998.31 o121 136 1.0537 0.0024 1.086E-04
18005, 31 100 111 1.0585 0.0028 1.7448-04
19997.14 90 . 95 1.0585 0.0019 2.341E-04
22990.81 79 85 1.0620 0.0036 2.987E-04
25989.47 - 70 T4 1.0648 0.0028 3.519E~04
29989.81 .’ 60 65 1.0687 0.0039 4.409E~04
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Fig. 7 X-ray diffracto diagram of sample B and F
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Table 5. The data of sample F with pore filling at each pressure

F
PORES1ZER 9320 VZ.05 L PAGE 2
SAMPLE DIHECTORY/NUMBER: DATAl /14
OPERATOR! l.m.s : LP 01:40:14 08/18/95
SAMPLE ID: T HP 02:01:56 08/18795
SUBMITTER: s6.¥.a REP 05:16:35 0B/18/95
PORE MEAN CUMULATIVE INCREMENTAL DIFFEREN
PRESEURE  DIAMETER  DIAMETER VOLUME VOLUME  VOL dv/dDp
psia A A nL/g ml./g mlL/g-A
0.53 3443920 - - 3443920 0.0000 0.0000 9,4715E-08
1.26 1431068 2437494 0.2929 0.2829 2,579E-07
2.14 844169 1137618 0.5383 0.2453 4,378E-07
6.95 260368 552267 .0.9268 0.3885 1.275E-06
8.90 203397 . 231831 1.0096 - 0.0829 1.376E-08
13.07 138389 170843 1.0974 0.0878 1.560E-08
16.55 109264 123827 1.1505 0.0530 1.868F~06
20.486 88383 98828 1.1866 0,036¢ 1.124F-06
23.67 76403 82398 1.1841 0,0076 8.225E-07
25.18 T1838 74119 1.1988 0.00434 9,303E~07
40.91 44208 58022 1.2368 0.0384 1.570E-06
59.69 30302 37256 1.2524 0.0226 1,TI4E-06
79.49 22764 26528 1.2724 0.0130 1.272E-06
100,81 17941 20348 1.2760 0.0036 3.592E-07
150,14 12046 14994 1.2772 0.0012 3.237TE-07
180.97 9994 11020 1.2780 0.0008 2.744E-07
202.14 8948 9471 1.2782 0,000 1.207E-07
253.47 7135 8042 1.2782 0.,0001 1.238E-08
303.30 5963 ) 6549 1.2782 0.0000 4,296E-11
- 355,80 5083 5523 ~1.2782 0.0000 0.000E+00
454.14 3983 4533 1.2782 0.0000 0.000E+00
607.64 2976 3480 1.2782 - 0.0000 0.,000E+00
656.31 2756 2866 1.2782 0.0000 0.000E+00
807.47 2240 2498 1.2782 0.0000 0.000E+0D
908,14 1992 2116 1.2782 0.0000 0.000E+Q0
1005.31 1739 1895 1.2782 0.0000 0.000E+00
1206.31 1499 1648 1.2782 0.0000 0.000E+00
1508.18 1198 1349 1.2782 - 0.0000 0.000E+00
1805.00 1002 1100 1.2782 0.0000 0.,Q00E+00
2108.16 858 930 1.2782 0.0000 0.000E+00
2604 .84 v22 790 1.2782 0.0000 0.000E+00
3005.84 603 662 1.2782 0.0000 0.000E+00
3306.50 516° 589 1.2782 0.0000 0.000E+00
4004.00 - 452 484 1.2782 0.0000 0.000E+00
$0035.,00 351 407 1.2782 0.0000 0.000E+00
7004.17 258 3i0 1,23782 0.0000 ¢.000E+00
10005. 34 181 219 1.,2782 0.0000 0.000E+D0
12009.34 151 . 166 1.2782 ¢.0000 0.000E+0D0
15001.,18 121 136 1.2782 0.0000 6.923E-08
17999.18 100 - 11t 1,2782 7 0.0000 4.351E-05
10997.34 90 98 1.2780 0.0008 1.192E-04
22991.18 79 85 1.2813 . 0.00323 2.458E-04
25986.67 70 74 1.2841 0.0028 3.4678-04
29981.00 60 69 i1.2879 0.0038 4.338E-04
4. & = a}o} & Al E 2] DSC-diagram, X-ray diffractome-
try 2 Porosimetry HolElE AR LEIIL of
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AManyt HolAn ol e 2RSS A 7“‘°ﬂ ° "7:7177}X1 thoratA BEEo de 2d BE
A uebdth o]E AREY olg #e d4a4de gxoz Jepd £ vk mEbAd PET A+

410 / BEPEMTHEEE F8%E #159:(199%. 11)



PETA o] 446l nlx)e a7z 4 75

%)

3

> B e
&

-C)-(
D

n@

%
2 § o8
®

|

e} NS fe

Model A
(sample F)

Model B
(sample B)

Fig. 8 A model of fine structure of PET(MCr-
ystalline, @Amorphous regions)

2A3=rt Zodttets 29 A9 H9-E 2y Bej
Hlgte] A 2d-E HEydaagn gduskwrt "o
e g A o8] & & glon B 43 Ane=
Aol Atg mdzA 2 My

S )

D
rak

oltigr, ‘3], FFYUsFFErE R 2, 139
(1990)

. SM Burkinshaw, “Chemical Principles of Syn-

thetic Dyeing”, p. 6(1995)

. John Wiley & Sons, “Encyclopedia of Polymer

Science and Engineering”, 4, 483(1985)

. John Wiley & Sons, “Encyclopedia of Polymer

Science and Engineering”, 4, 488(1985)

. C.L. Bird and W.S Boston, ‘The Theory of Colo-

ration of Textiles’, Ch. 3, The Dyers Company
Publ. Trust. England(1975)

. Jose Cegarra, Publio Puente, Jose Valldeperas,

“The Dyeing of Textile Materials”, p. 11

. CM. Roland, “Polymer Engineering and Scie-

nce”, 31, 850(1991)

. Charles N. Satterfield, “Heterogeneous Catalysis

in Industrial Practice”, p. 150(1993)

J. of the Korea Soc. of Dyers and Finishers, Vol.8, No.5 (1996.11) / 411



