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Abstract

Poly(trimethylene terephthalate) (PTT) is an excellent fiber material. Its thermal degradation and isothermal crystalline
behaviors were in this study investigated using thermogravimetric analysis (TGA), thermogravimetric analysis—Fourier transform
infrared spectroscopy (TGA-FTIR) analysis, differential scanning calorimetry (DSC) and X-ray diffraction (XRD). The thermal
degradation mechanism of PTT follows Mclafferty rearrangement principle. The PTT with intrinsic viscosity (IV) of 0.74 dl/g has a
maximum crystallinity of about 55% at 190 °C, as demonstrated by DSC and XRD measurements consistently.
© 2008 Yue Zhong Meng. Published by Elsevier B.V. on behalf of Chinese Chemical Society. All rights reserved.
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Poly(trimethylene terephthalate) is aromatic polyester from terephthalic acid and 1,3-propanediol, its molecular
structure is illustrated as following:
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Itis a promising material for engineering plastic and textile fiber because it combines many excellent performances of
nylons and other polyesters [1,2]. In 1941, Calico Printers Ass Company [3] obtained PTT successfully via
polycondensation of terephthalic acid (TPA) and 1,3-propanediol (PDO), but PTT could not be obtained at large scale till
the 1990s due to expensive PDO. In the 1990s, the successful synthesis of low cost PDO has been reported by many
companies such as Shell [4], Dupont [5] and Degussa [6] using different techniques. These techniques may make it
possible to commercialize PTT product, and finally join the polyester family like poly(ethylene terephthalate) (PET) and
poly(butylene terephthalate) (PBT). Ward and Wilding [7] found that PTT exhibited better elastic recovery than PET and
PBT. Owing to excellent comprehensive properties as fiber material, PTT has been widely studied recently [8—14].

Generally, the synthesis of PTT is performed under high-temperature, high-vacuum and presence of effective
catalyst conditions. At high-temperature, PTT is degraded easily. Understanding the mechanism of thermal
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degradation of PTT is beneficial for obtaining high molecular weight PTT. PTT is semi-crystalline polyester. The
crystallization behavior of PTT will affect its processing and mechanical properties. So, in this letter, we report the
thermal degradation and isothermal crystalline behaviors of the PTT with intrinsic viscosity (IV) of 0.74 dl/g or weight
average molecular weight (Mw) of 49,197 [15].

1. Experimental

PTT was obtained by conventional synthesis procedures [16]. Intrinsic viscosity of PTT was determined by a
Ubbelohde viscometer (model 1835) at 25 °C. The concentration of the sample is 0.5 g/dl in 1:1 (w/w) of
phenol:1,1,2,2-tetrachloroethane. Decomposition temperature of the PTT was evaluated by a thermogravimetric
analysis (TGA) (TA instrument, Mode 2950) with about 6 mg of the sample. The sample was heated from ambient
temperature to 600 °C at rate of 10 °C/min. TGA-FTIR was performed using about 10 mg of the samples under
nitrogen flow (40 ml/min) on Cahn TG 131 instrument that was connected to Mattson Research grade FTIR through
heated stainless steel tubing. The rate of heating was maintained at 10 °C/min and the final temperature was 600 °C.
The evolved decomposition products were introduced to the IR chamber through the heated stainless steel tubing and
analyzed by in situ vapor phase FTIR. Differential scanning calorimetry (DSC) experiment was performed on a
NETZSCH 204 DSC in a nitrogen atmosphere. Each sample was heated from room temperature to 270 °C at a heating
rate of 80 °C/min and held for a period of 5 min to ensure complete melting of the samples. After this period, each
sample was rapidly cooled by liquid nitrogen (i.e. at a cooling rate of about 90 °C/min) from 270 °C to a desired
crystallization temperature T, ranging from 185 to 210 °C, where it was held until the crystallizations were considered
fully (i.e. no significant change in the heat flow as a function of time was further observed). All of the subsequent
melting endotherms were recorded for analysis. The crystallinity X of the samples was calculated by Xc = AH/AH,,
where AH, = 145 J/g [17,18] was the heat of fusion for 100% crystalline PTT and AH, was the measured heat of fusion
for the PPT samples. XRD patterns of PTT were recorded on a D/max-IITA diffractometer (rigaku corporation, Japan)
with a copper target as radiation source (A = 1.54056 ;\). The diffractometer was operated at 35 kV and 25 mA.
Scanning profiles were recorded at 12° (20) per minute from 5° to 65°. Prior to the XRD test, PTT was treated by
isothermal crystalline at 190 °C as the sample done for its DSC measurement but subsequently rapidly cooled by liquid
nitrogen to room temperature at a cooling rate of about 90 °C/min.

2. Results and discussion

The starting degradation temperature of PTT was ~374 °C as indicated by TGA measurements, which is consistent
with the results in literature [19]. The TGA-FTIR spectra of the PTT samples are presented in Fig. 1. The strongest
absorption band in the range of 1750-1600 cm ' corresponds to the combination of stretching vibration mode of
benzene ring skeleton and carbonyl group. While ~1450 cm ™' band is assigned as another stretching vibration mode

-8

Relative Intensity (a.u.)

AR T o
4000 3500 } Ber "
3000 2500 5009 1500 P 7 ~
1000
Wavenumber lem! >

Fig. 1. TG-FTIR spectra of PTT thermal decomposition.
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