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2 ©}: 1,3-Propanediol#} terephthalic acide]l %ol 2}8i4 2o poly(trimethylene tereph-
thalate) (PTMT)2] 52 233} A5 & DSCE o]g3ld 2435191, oldf g o Eaisst
A selolE g T3, PTMTe 52 2380 2§ Avrami 45 2A3) 250 o) 2.8
~3.2 Alol9] & Jehfdth 180~210 Coll4 BA3AI7|= 29 regime transition Yoju}
2 oton] Lauritzen Z-test 23} regime AF L regime (II) kinetics& wgich. 2AsA 2
H HHZNAAA (0) 3k 10.37 erg/em?ol T Tt FARFUA (0,) g 101.20 erg/cm?
ol e Fajsfe] Fgd ey U g7t 33.03 kJ/moloigit}.

ABSTRACT: The isothermal crystallization behavior of poly(trimethylene terephthalate)
(PTMT), which was obtained from the polymerization of terephthalic acid and 1,3-pro-
panediol, was analyzed by DSC and some physical parameters were calculated. The Avrami
exponents for isothermal crystallization were 2.8~3.2 at various crystallization temperatures.
The regime transition of PTMT was not found at the range of 180~200 'C and the Lauritzen
Z-test showed that the isothermal crystallization of PTMT followed regime (II) kinetics. The
surfaoe free energy of side surface (6) of PTMT was 10.37 erg/cm? and that of end surface (4,)
was 101.20 erg/cm?, and the work required to form a fold, g, was 33.03 kJ/mol.

Keywords: poly(trimethylene terephthalate), isothermal crystallization, regime transition,
Lauritzen Z-test, surface free energy.
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Figure 1. Isothermal crystallization curves of PTMT
at various crystallization temperature ; (a) 180, (b) 185,
(c) 190, (d) 195, (e) 200, and (f) 205 C.
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Poly(trimethylene terephthalate)2] T2

Table 1. The Results of Isothermal Crystallization

2%3s A% 9

geisiety sejoly 23

crystallzation K dH.o (/) AH (/) dH,pildHyo Uda(s)  6(se0

temperature (C)
180 2.83 3.23x10°% 68.3 55.2 0.807 84 86
185 2.88 1.31x103 66.6 56.5 0.849 105 87
190 3.07 410x10* 59.2 43.1 0.811 149 109
195 318 1.17x 10 45.7 346 0.756 18.0 12.9
200 317 2.27x10°° 46.0 36.9 0.803 26.6 20.0
205 3.07 352x10 39.6 320 0.807 45.1 29.3
210 321 862x108 334 259 0.775 - 1414 56.1

 Heat of total crystallization. ® Heat of primary crystallization.
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Figure 2. Change of the overall crystallization rate
(t1,2°") of PTMT with crystallization temperature.
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Figure 3. Melting curves of PTMT crystallized iso-
thermally at 200 C for various times;(a) 5 min, (b)
30 min, (c) 1 hr, (d) 2 hrs, (e) 4 hrs, (f) 6 hrs, (g) 8 hrs,
and (h) 10 hrs.
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Figure 4. Kinetic analysis of the growth rate data.
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Poly(trimethylene terephthalate)2] T2

Table 2. The Results of Lauritzen Z-Test

crystallization regime ( I') regime (1I) regime(Ill)
temperature (C) IL(A)< I(A)=> ILA)<
180 0.79 149.7 47.35
185 0.98 229.7 72.63
190 1.27 381.9 120.76
195 1.72 705.5 223.09
200 251 1500.7 474.56
205 4.03 3880.0 1226.97
210 7.46 13284.9 4201.00

X=K,. for test of regime (1), Z<0.01.
X=2K,, for test of regime (11), Z>1.
X=2K,, for test of regime (1), Z<0.1.

7} Y= eldate] Zo] 0.79~2.51 ARt} FHo}
o} 3}, regime () kineticsE& 3}7] A= &
Wale] Zo] 47~475 ARt} Folo} sy o]5
2% AAHR R3dn € 4 AUrh. 9, regime
(II) kinetics& 3}7] 9jaixe 2pdate] o] 150
~1500 A ojAo|d =7| wjFo HAFsprtn wgd
4 k. BE zpdayl e ~HA H99 e
¥ HA3p| dEelth. AR5 227} 205, 210 TC
A AL Z-test T ghEol oAt HET Fer) o
7t AR AR Fig. 42] A)A] regime transition
o] dojux] Ferhe AME YU, regime ()
oly} regime (N2t BZA3= 7 Fole regime
(IDEn A48 71 FQ gpdel Zo g
#HAAol girk. wetd] PTMTQ 73S regime (II)
kineticsoll 2JsjA A 3sl7t o] Fo A (6)4]olA <]
i g 28tn & 4 Aok

(6)2A =290 B, K, ko2 Y oo.ge
AN 5 Aded oA F} PTMTY oogte
1049.4 erg/cm*o)it}. 24 side surfaceo] ©$)
AAZ AR o TS A9 o3 7 &
q.u

o= 0.1(4 Hy) (ab)'? 12)

9 4oz vE AAg PTMTY o3k 10.37 erg/
cm?o|2, o0 2HE AAF 0.2t 101.20 erg/
cm?e|t}.

4 o @& ¥¥ AF JAHA EAde 9
(folding)oll B8 & U= g8 oS ozhiyg F

#Fe2lo A23¢ A1z 19993 14

243 A% 2 sy Hauy 23

8 & ot
q = 2a,b.0, (13)
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o] Atk (13)4ezy & PTMTY ggte o
33.03 kJ/mol (7.89 kcal/mol)©o}]t}. Lovinger F
d'® o]8lA polyethers} o] vl FAT HE 7t
A 1229 ggke o 12.6 kJ/mol (3 kcal/mol) 2
dloln, polystyreneo]iy} poly(tetrafluoroethylene)
T} e stff§ 8] g7ke 9% 29.3~335kJ/
mol (7~8 kcal/mol)o]|™, polyethylenez} e F
b 8t} ke < 20.9 kJ/mol (5 kecal/mol) &
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PETxRc Zxd7} f4sid, gdetd 23] ma4
A8 4 7 U
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Figure 6. Changes of 4G+/RT, G*/kT, and (4G./

RT+A4G"/kT) as a function of crystallization temper-
ature of PTMT.
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Figure 7. Dependence of lamella thickness in PTMT
on the crystallization temperature,
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Poly(trimethylene terephthalate)e] 5 ZX & A% ¢ Zal3syd sejvojg 23

Bl gate 33.03 kJ/moto| At}

ALY Z: £ 7L BIARAYY AT AY
(FANE 961-1101-002-2)0) &l FH=on
A7HE AYRE BFAAG PA=Puint.
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