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Fig. 1 Synthesis of HBA/HNA liquid crystalline copolyesters.
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Fig. 2 Gas chromatograms of acetic acid fractions at different temperatures.
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Fig. 3 Mass spectra corresponding to the gas chromatographic peaks shown in Fig. 2 at retention time of (a) 8.35 min, (b) 9.72 min,
(c) 11.47 min, (d) 15.53 min, (e) 16.18 min and (f) 16.47 min.
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Fig. 4 Evolution pathways of side reactions during HBA/HNA liquid crystalline copolyester synthesis.
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in acetic acid fractions versus reaction temperature, with magnified insets for the latter two; (b) Variation of phenyl acetate,
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(c) Mechanism of the phenolysis reaction during HBA/HNA liquid crystalline copolyester synthesis.
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acid fractions with reaction temperature; (¢) Decarboxylation reaction of 6-acetyloxy-2-naphthoic acid.
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Fig. 7 (a) FTIR and (b) solid-state 3C-NMR spectra of HBA,
HNA, LCPES-1, and LCPES-2.
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Fig. 10 Rheological properties of LCPES-1 and LCPES-2.
(a) Viscosity as a function of temperature; (b) Flow rate as a

function of temperature.
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Table 1 The mechanical properties of LCPES-1 and LCPES-2.

Tensile Tensile Elongation
Sample
strength (MPa) modulus (MPa) at break (%)
LCPES-1 140+4 1022421 14.0£0.2
LCPES-2 178+5 1113428 15.9+0.3
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Evolution Pathways and Suppression Strategies for Side Reactions in

Aromatic Liquid Crystalline Copolyester Synthesis

Qing Yan, Wen-da Li, Shao-chun Shen, Si-zhi Wang, Ruo-yuan Tao"
(PetroChina Shanghai Advanced Materials Research Institute Co., Ltd., Shanghai 200122)

Abstract For decades, research on aromatic liquid crystalline copolyesters (LCPES) has primarily focused on
analyzing and characterizing product properties, while the dynamic changes during polymerization, especially the
temperature-dependent evolution of side-reaction products, have remained understudied, thereby hindering the in-
depth elucidation of LCPES polymerization mechanisms and the rational optimization of polymerization processes.
To address this issue, gas chromatography-mass spectrometry (GC-MS) was employed to dynamically monitor
the side reaction products generated during the melt polymerization of LCPES based on 4-hydroxybenzoic acid
(HBA) and 6-hydroxy-2-naphthoic acid (HNA). This clarified the formation and temperature-dependent evolution
trends of seven characteristic side-reaction products, including phenol, phenyl acetate, and 2-hydroxyacetophenone.
Based on these findings, a three-stage heating strategy for melt polymerization was proposed: the low-temperature
stage (<250 °C) focused on suppressing the sublimation of 4-acetoxybenzoic acid (ABA) to minimize deviations
in the feed ratio; the medium-temperature stage (250-300 °C) was prolonged to reduce side reactions such as
decarboxylation, ketene elimination, and Fries rearrangement; and the high-temperature stage (>300 °C) was
shortened to mitigate the phenolysis process and avoid issues such as molecular chain scission or cross-linking
caused by long-term high temperatures. The experimental results demonstrated that this three-stage heating
strategy has significant advantages over the single-stage heating process. The thermal decomposition temperature
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of the product increased by approximately 11 °C, with notable improvements in the liquid crystalline characteristics
and mechanical properties. Given the high complexity and difficulty in directly characterizing the LCPES
polymerization process, dynamic monitoring of side-reaction products indirectly reveals the side reactions and
their evolution patterns within the polymerization system, providing guidance for process control and facilitating
the preparation of high-performance LCPES products.

Keywords Liquid crystalline copolyester; Gas chromatography-mass spectrometry; Side reactions; Polymerization
process



