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ABSTRACT. The crystallization behaviours of poly(ethylene terephthalate) modified by 1,3-
propane diol, 1,5-pentane diol, 1,6-hexane diol, or poly(ethylene glycol) of molecular weight
300 as a third component were studied by isothermal and nonisothermal crystallization. When the
content of the third diol was about 4mol%, the isothermal crystallization rate at the same superco-
oling below the melting temperature and the nonisothermal crystallization rate at the same overh-
eating above the glass transition temperature were increased more by the shorter flexible diol unit.
On the contrary the nonisothermal crystallization rate at the same supercooling below the melting

temperature was increased more by the longer flexible diol unit.
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Table 1. PET/(1,3-PD)T copolyesters

Samol Polymer Composition R\e;giuce@
ampie q — g 1scosity
l(‘:xfx;oluggl)t b ?mlt?lj 9? ;ut pfc (dl/g)
P-1 100.0 0.0 0. 66
P-2 96. 2 3.8 0.61
P-3 86.8 13.2 0. 61
P-4 78.0 22.0 0.59
P-5 68.6 31.4 0.58

Table 2. PET/(1,5-PD)T copolyesters

Sarmol Polymer Composition \R}gduce‘d
ample < q 1scosity
ool ay Mol it awlee)
P-6 96.1 3.9 0.62
P- 7 91.3 8.7 0.65
P-8 86.5 13.5 0. 66
P-9 82.0 18.0 0.65
P-10 7.5 22.5 0.65
P-11 71.7 28.3 0. 66

Table 3. PET/(1,6-HD)T copolyesters

Polymer Composition Reduced

Sample EG Unit  1,6-HD Unit Viscosity
(mol %) (mol %) neplc (dl/g)

P-12 96.1 3.9 0.63
P-13 91.7 8.3 0.65
P-14 86.4 13.6 0.64
P-15 81.8 18.2 0.65
P-16 77.8 22.2 0.68
P-17 72.2 27.8 0.67

Table 4. PET/(PEG-300)T copolyesters

Polymer Composition Reduced
Sample |~ £G Unit PEG-300 Unit| ' ooty
(mol %) (mol %) np/c (dl/g)
P-18 98.2 1.8 0.65
P-19 96.0 4.0 0.73
P-20 94.3 57 0.68
P-21 89.5 10.5 0.65

(EG)xch Zol7l 71 A 39 H & AFo A7
o] EA 49 FdAel F718t copolyester
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Se A3 98 JEo g3t AA3 S50
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Fig. 1. Effect of the third diol unit on the T, of
copolyester: (O) PET/(1,3-PD)T, (A)PET/(1,5-
PD)T, (O)PET/(1,6-HD)T, (@)PET/(PEG-300)T.
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Fig. 2. Effect of the third diol unit on the T, of
copolyester: (O)PET/(1,3-PD) T, (A)PET/(1, 5-PD)
T, () PET/(1,6-HD)T, (@)PET/(PEG-300)T.
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Fig. 3. Effect of the third diol unit on the T.~T,
values of copolyester: (O)PET/(1,3-PD)T, (A)PET
/(1,5-PD)T, (C)PET/(1,6-HD)T, (@)PET/(PEG-
300)T.

204

180

164
£
l--a 140
&
12¢
104
10 20 30

Third diol content ( molm )

Fig. 4. Effect of the third diol unit on the T, of
copolyester: (QO)PET/(1,3-PD)T, (A)PET/(1,5
PD)T, (CDPET/(1,6-HD)T, (@)PET/(PEG-300)T.
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Fig. 5. Effect of the third diol unit on the T, of

copolyester: (O)PET/(1,3-PD)T, (A)YPET/(1,5-PD)
T, (O)PET/(1,6-HD)T, (@)PET/(PEC-300)T.
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Fig. 6. Effect of the third diol unit on the T,-T,.
value of copolyester: (O)PET/ (1,3TPD)T, (A)PET/
(1,5-PD)T, (C)PET/(1,6-HD)T, (@)PET/(PEG-
300)T.
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Fig. 7. Crystallization half time versus crystallization
temperature in isothermal crystallization of PET/ (1, 6
~-HD)T.
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Fig. 8. Crystallization half time versus degree of
supercooling in isothermal crystallization of PET/
(1,6-HD)T.

Fo| Fotge] wet 4y,z01 2A FUMER &
S B 4k olEd 4L T,¥2o0A4 2
Azt & A9 do* 9 A3yt AA AAS} S5
o & 94FE wA 4 3)elA T.7t S8
£ A% Ta—T.7t 3tastd 4¢* 7} F7hstm
2 7188 4ol oY AAZI 24 AdHH,
1,6-HD9] ggko] Frkdte A% Taol Zadt
22 94 Y T4 AR} A9 Ta—
T 7t 48t AAS7E 2A A Q"] 93 A
d& ¢+ Utk

39 Fig. 8ol& d¢* 3ol A9 e 54%
Yzt Aeol A copolyester & AA S x5 &
v ad w7l $93te 7 copolyester 9 ty,, 7S
Tw— T3t A8 =A3A=0, °o 3¢ 1,6-
HD 9] gtgko] Z7}gtell we} 4y,50] ZHa3ehst
ko] 1,6-HDo] € 3% 420 ] F
71ke A& oz A olBEF AFL 4

Vol. 32, No. 3, 1988

) (see)

40

30 40
Tw=Te (°C)

Fig. 9. Crystallization half time versus degree of sup
ercooling in isothermal crystallization of PET/(1, 5-
PD)T.
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Fig. 10. Crystallization half time versus degree of
supercooling in isothermal crystallization of PET/(1, 3
-PD)T.
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Fig. 11. Crystallization half time versus degree of
supercooling in isothermal crystallization.
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Fig. 12. Avrami plots of PET/(1,6-HD) T containing
(A)O mol%, (B) 3.9mol%, (C) 13.6 mol% 1,6-HD

unit.
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Table 5. t9,n, and k, values of copolyesters

Sample | T,(°C) T('g‘c%"c K E, (sec™")
P- 1 o16] 42| 64 2.80 6.07x10°¢
220 38 83 2.70 4.56%x1078
224 34 125 2.56 2.97x1078
228 30, 188 2.38 2.68x1078
P- 2 216, 38 28 3.74 2.68x107¢
220, 34 46 3.45 1.27X1078
224 30, 74 3.14 9.36x1077
228 26| 130 2.88 5.66x1077
P-3 2000 44 20 3.65 1.24x10°%
204) 40, 33 3.31 6.52x1076
208 36 56 3.04  3.36x10°®
212 32 77 2.84 3.04x10°8
P-4 186 500 30 2.53 1.27x 1074
190] 46| 41} 2.500 6.44x1075
194 42 56| 2.40] 4.42x10°°
198 38 76 2.36  2.52x107°
P-5 175 49, 44| 2.40| 7.88%x107°
179) 45, 56| 2.39, 4.60Xx1075
183 41 750 2.33  2.96X107%
187 37 104f 2.31 1.52%1075
P- 6 204 420 34/ 3.30] 6.12x10°®
208 38 44/ 3.22]  3.54X107®
2120 34 63 3.14 1. 55X 1078
216 30, 88 3.14] 5.43x1077
P-8 189 35 38 2.97 1.41X1075
193] 31 56| 3.02 3.64x10°¢
197, 270 85 2.971 1.20x10°®
201 23 1371 2.82  6.54x1077
P-9 176] 43 420 2.88  1.47x107°
180| 39 560 2.74 1.12Xx1073
184 35 73] 2.68] 7.03x10°®
188 31 1000 2.60 4.37Xx107®
P-11 152 46 43 2.49 5.94%x1075
156 42| 52 2.38  5.71x107°
160] 38 67| 2.42 2.64%x1075
164 34 90| 2.38] 1.55x10°°
P-12 204 42 40 3.200 5.18x107
208 38 52 3.16] 2.62x107
212 34 70| 3.06 1.57x1078
216/ 30, 110/ 3.06/ 3.93x1077
P-14 190f 40| 32| 3.27] 8.30%x10°6
194 36 43 3.24  3.53x10°®
198 32 56| 3.10| 2.64x10°6
2020 28 78] 3.00f 1.46x10°®
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P-15 174 4 31 3.1 1.49x107°5
178 40| 41 2.92 1.35%1075
182, 36 54 2.92 6. 061078
186 32 72 2.74 5.65x107
P-17 160| 46| 471 3.0 6.68%1078
164, 42 60 2.94 4.10Xx1078
168 38 73 2.82 3.86x1078
172 Sﬂ 91 2.69 3.72x1078
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T4 PEG-3009 7%= PET % A9 Zq
& HE AR 2 4 9t

Iz,,=ln2/t1/2" (5)
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e drolaz 489 448 1,3-PD 7} 74
A ZF 3349 Fnery AFYA &2
v AL ool FAEAY AsAl 59 7ol
7b AAFE 349 Iz BY Ao
AdL & BelFn ol Fig. 110]4 52 2 A4
el A AAA oL Holst #eE A4
FAEH} asAq & 9oz YL
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