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FTTEHUBR B $F 5 458 71 5 2 4% 1] v 300 r/min, i1 #4 &
i EE B E N 100 °C, FE TR G R A LSS 1 K AR K
1) Ay B A0 JF G BT D0, %% A T B 4% i 7E 100 °C /2
A BE AL IR B 2 41 E 220~240 °C, 8 i id % Kk Bk
T ER A R S B . 2 R N AS A KA R, L
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1.3 Mk 5 RAE
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1.3.2  'H-NMR %" 47 « #% g 3L 4% B3 48 H 55 [ Varian
DLG400 1% i Ht 4% 38 5% A0 145 . SR =% & BR
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LL TMS A P A5 o
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kJ/mol™
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Tab.1 %t 1 PTT FF il 1) 48 58 0 52+ 407 5% I 1) DA
JRE P RE SRR R REYE BN 0.81~1.06 dL/g, BT &t
IS 5 38 4 F & Y T A (4.7~6.3) % 10%, 3 A2 1T 375 B2 T )
FLR (LT 4% PTT RIEGHFVE R FE [ ]2 0.9 dL/g).

13 Iy
HO—Q—O—(@—OH + HO—CH,CH,CH; —OH ——> %C*@*C—O—CH%}H;CH;—O%
n

PTA

PDO

|
PTT

Fig.1 Synthesis route of PTT

Tab.1 Intrinsic viscosity and molecular weight of PTT samples

gl Tioenleion Pty Mn

PTT-1 240 4.0 0.81 47616
PTT-2 245 4.5 0.90 53068
PTT-3 245 5.5 0.94 55427
PTT-4 250 5.5 1.06 62656
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#E— 2 K H 'H-NMR 3 i3 7 #7 #% 04 3% &, 5 7

{@{i}@-w?,cﬁ,c‘&,-o} Ptk ar T AR . Hoh =R OB AR AR & ATy 4
' WM 11.07 A1 7.26, L TMS A A b, 5 ik 38 A4 (1) 2K
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12 8 4 0 5 FH DSC X AN [A] A X 43 7 53 & PTT 2R i 19
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Fig.2 '"H-NMR spectrum of PTT

@ (b)

Exo—>
Exo—>

PTT-1
PTT-2
PTT-3
PTT-4
1 1 1 L 1 1 1 I 1 1 1 1 1 L 1
0 80 160 240 0 80 160 240
t/°C t/°C
Fig.3 DSC (a) cooling and (b) second heating curves of PTT samples
Tab.2 Thermal performance data of PTT samples
‘Samples T,/ C T.)C ‘AH AT g") 1/C *AH, /(- g") ‘X% X%
PTT-1 57.4 223.9 43.7 180.9 74.3 53.2 52.6
PTT-2 58.3 221.6 53.1 171.0 70.0 50.1 40.6
PTT-3 58.9 224.0 49.3 173.5 58.5 41.9 32.2
PTT-4 61.1 224.3 45.7 176.0 60.4 43.2 34.8

*AH, : enthalpy of crystallization;"4 H,.: enthalpy of melting;’ crystallinity of polymer calculated by DSC; crystallinity of polymers
calculated by XRD
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Fig.4 WAXD patterns of PTTs isothermally crystallized at 150 ‘C VEXT G S BT RS .
for 24 h #t— 2 K Fl XRD X} PTT & & #4720 ¥, FT 3



Fig.5 POM photographs of (a)PTT-1,(b)PTT-2,(c)PTT-3 and (d)PTT-4 isothermal crystallization at 200 'C
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Fig.6 Dependence of spherulite radius on time during isothermal
crystallization of PTT samples at 200 C
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Fig.7 (a)Strain—stress curves, (b)first and second yield strength and (c)elongation at break and strength at break of PTT samples
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Fig.8 Dependence of (a)7*,(b)G",(c)G" and (d) tand on shear rate of different PTT samples
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Fig.9 (a)DSC curves for PTT-4 isothermally melt- crystallized at different temperature;(b)dependence of
melting point (7..) on crystallization temperature (7;) of PTT samples;(c)equilibrium melting points of
PTT samples;(d)dependence of crystallization peak time on crystallization temperature of PTT samples
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Fig.10 Avrami analysis by plotting In(-In(/-X))) vs. Inf of PTT samples at various T:
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Fig.11 Dependence of crystallization rate on crystallization
temperature of PTT samples

PTT %5 1) 45 & ook 72 mf DUE AR 05 thid #2127,

[A e /T LA Arrhenius 5 2 3R 11 55 L 45 5 iE AL RE , 45
i T 25 HY 2 5 S I ) R 480 B, I

Int =InK,—AE/RT (2)

X K —m B 7 R &SR B,
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UTERE, R R RG4S BiEae. HER
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Tab.3 Crystallization kinetics data of PTT samples

Samples [7)/(dL- g") 1/C n Zx10%/min t,»/min 7 /min’' AEAkJ- mol™)
192 2.17 12.10 6.50 0.154
194 2.23 5.27 8.96 0.112

PTT-1 0.81 322.1
196 2.27 2.18 12.55 0.080
198 2.28 0.79 18.80 0.053
192 2.23 5.59 8.30 0.120
194 2.30 2.81 13.13 0.076

PTT-2 0.90 360.8
196 2.43 1.59 19.87 0.050
198 2.71 0.74 31.07 0.032
192 2.32 5.29 11.02 0.091
194 2.32 1.84 15.61 0.064

PTT-3 0.94 400.6
196 2.49 0.44 20.78 0.048
198 2.42 0.08 36.05 0.028
192 1.95 2.86 12.39 0.081
194 1.94 1.27 17.15 0.058

PTT-4 1.06 402.5
196 1.94 0.27 23.26 0.043
198 1.99 0.12 45.14 0.022
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Kilogram-Scale Preparation and Performance of Bio-Based Poly(propylene
glycol terephthalate)

Haonan Wang, Zhiyong Wei, Xuefei Leng, Yang Li
(Department of Polymer Materials, School of Chemical Engineering, Dalian University of Technology, Dalian
116024, China)

ABSTRACT: Kilograms of polytrimethylene terephthalate (PTT)with different molecular weight was
synthesized by direct melt condensation in a 5 L stainless steel reactor, using terephthalic acid and biological 1,
3-propylene glycol as raw materials and tetrabutyl titanate as catalyst. The synthesized PTT was identified by 'H-
NMR. The viscosity average molecular weight was calculated from the intrinsic viscosity by Ubbelohde
viscometer, and its value is (4.7~6.3)x 10*. The crystallization and melting behavior as function of molecular
weight were investigated by differential scanning calorimetry (DSC), XRD and polarizing microscope (POM).
The results demonstrate that the crystallinity and crystallization rate decrease with the increase of molecular
weight, while the equilibrium melting point increases with the increase of molecular weight, reaching the
equilibrium when the molecular weight is higher than 5.5427x10". Rheological tests show that the increase of
molecular weight improves the elasticity and decreases the viscosity of the material. The mechanical properties
test shows that the secondary yield phenomenon occurs in all samples under uniaxial tension. The yield strength
is increased with the increase of molecular weight, while the elongation at break increases first and then
decreases. This work is important for the acquisition of excellent performance biological PTT polyester with
practical value.

Keywords: biology base; polytrimethylene terephthalate ; melt polymerization ; rheology ; crystallization kinetics



