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Preparation of Al-Ti composite oxide catalyst and its catalytic synthesis for PET
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(1. School of Chemistry and Chemical Engineering, Shihezi University/Key Laboratory of Green Chemical Processes Corps, Shihezi 832001, China;
2. Xinjiang Tunhe Polyester Co.,Ltd.,Changji 831100, China)

Abstract : To address the industry challenge posed by the potential health and environmental hazards of highly toxic antimony-
based catalysts in polyester synthesis, the development of efficient and environmentally friendly non-antimony catalysts as alterna-
tives has emerged as a research hotspot in the polyester industry. To alleviate the yellowing problem derived from the fast reaction
rate of Ti-based catalyst, Al.O3-TiO: (AT) composite oxides were prepared via the citric acid complexation method and employed as
catalysts for the esterification and polycondensation of terephthalic acid (PTA) and ethylene glycol (EG) to synthesize polyethylene
terephthalate (PET). The effects of Al/Ti molar ratios and calcination temperatures on the phase structure, textural properties, and
surface morphology of the catalysts were systematically investigated to discuss the structure-activity relationship of AT catalysts for
PET synthesis using X-ray diffraction, low temperature nitrogen physical adsorption, and scanning electron microscope techniques.
Characterization results reveal that Al,O, incorporation effectively reduce TiO: crystallinity while enhancing the specific surface area
and pore structure of AT composite oxides, increasing the number of activate sites for this reaction. The catalyst 3AT-600, prepared
with an Al/Ti molar ratio of 3 and calcined at 600 °C, exhibit optimal comprehensive catalytic performance. Under optimized condi-
tions, the synthesized PET demonstrate an intrinsic viscosity of 0.692 dL/g, carboxyl end group (CEG) content of 17.2 mol/t,and b
value of 3.5. Comparative analysis with PET synthetized using antimony-based catalysts show that PET synthesized using the 3AT-
600 catalytic system exhibit comparable performance in intrinsic viscosity , CEG content, and chromaticity.

Keywords : A1,0,-TiO, composite oxide ; non antimony catalyst ; colour ; esterification condensation ; polyethylene tere-

phthalate
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Fig. 1  Effects of Al/Ti molar ratio and calcination temperature on XRD
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F1 ATEESLYKYIEEER &M PET AR
Tab.1 Physical properties of AT composite oxides and properties of synthetized PET

Properties of catalyst

Properties of PET

Catalyst ERP = - o -l -
Sger/(m™-g ") Pore volume/(mL-g ) Pore size/nm Particle size/nm [n]/(dL-g ) CEG value/(mol+t™") b value

1AT-600 432 0.21 9.2 15.3 0.392 13.2 7.43
2AT-600 61.4 0.32 8.4 7.2 0.427 15.6 422
3AT-600 105.3 0.43 7.6 7.5 0.438 19.7 3.28
4AT-600 132.6 0.64 5.4 6.8 0.346 22.6 3.56
3AT-500 152.5 0.71 4.5 7.2 0.464 24.5 6.34
3AT-700 76.3 0.23 14.6 7.6 0.392 16.2 3.58
3AT-800 46.4 0.11 17.2 21.2 0.387 17.4 3.62

Notes: PET synthesis reaction conditions is mass fraction of 3AT—600 to PTA 0.1%, polymerization at 270 °C for 60 min; Sy, is specific surface

area determined.
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Tab.2 Performance comparison of PET derived from 3AT-600 and Sb-based PET

Mass fraction of Hue
| | 0 PR
Catalyst [n]/(dL-g) CEG value/(mol-t™) diethylene glycol/% 3 b T /°C Crystallinity/%
3AT-600 0.692 17.2 2.15 86.2 35 249 315
Sb-based catalyst 0.678 12.6 1.21 87.3 2.1 250 29.6
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