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Synthesis and Properties of Bio-based Silicone-containing Copolyester
Elastomers and Their Composites

Meng-ting Liu, Jia-xin Zhao, Hao Zhang, Hai-lan Kang"
(Key Laboratory of Rubber Elastomer of Liaoning Province, Key Laboratory of Polymer Materials Application
Technology of Liaoning Province, , College of Materials Science and Engineering, Shenyang University of
Chemical Technology, Shenyang 110142)

Abstract To overcome the inherent performance limitations of conventional polyester materials and expand
their potential application range, a series of bio-based siloxane-containing polyester elastomers (PPPBSS)
were synthesized via melt polycondensation using hydroxyl-terminated polydimethylsiloxane (PDMS) as a
flexible functional segment together with bio-based monomers. Subsequently, PPPBSS/SiO, composites
were fabricated to further investigate their mechanical performance. The effects of PDMS content on the
structure and properties of PPPBSS elastomers were systematically studied. The chemical structures of the
synthesized elastomers were confirmed using Fourier transform infrared spectroscopy (FTIR) and proton
nuclear magnetic resonance (‘"H-NMR) spectroscopy. The results indicate that increasing the PDMS content
leads to a gradual decrease in the number-average molecular weight (A,) of PPPBSS from 6.42x10* g/mol to
1.27x10" g/mol. Meanwhile, the glass transition temperature (T,) decreases from —49 °C to -55 °C,
demonstrating enhanced chain flexibility and improved low-temperature performance. The temperature at 5%
weight loss (7 s0,) initially increases and then decreases with increasing PDMS content, reaching a maximum
value of 354 °C for PPPBSS-3, indicating improved thermal stability. For the PPPBSS/SiO, composites, both
tensile strength and tensile modulus decrease as the PDMS content increases, with the tensile strength of
PPPBSS-2/Si0, decreasing to 4.6 MPa. Overall, the incorporation of PDMS effectively enhances the
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flexibility and thermal stability of the polyester elastomers while maintaining acceptable mechanical
properties. These findings demonstrate the potential of bio-based siloxane-containing polyester elastomers
for applications requiring excellent low-temperature flexibility and thermal resistance under demanding

service conditions.

Keywords Bio-based polyester elastomer; Polydimethylsiloxane; Low-temperature flexibility; Thermal

stability
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Fig. 1 Synthetic route of PPPBSS elastomer via melt polycondensation
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Table 1 Feed ratio, molecular weight and composition calculated by "H-NMR of PPPBSS polyesters

Molar compositions

Sample PDMS/PDO/BeDO/SuA/SeA Molecular weights

Feed * Copolyester ® M, (g/mol) M,, (g/mol) PDI
PPPBSS-0 0.0/0.9/0.11/0.7/0.3 0.0/0.89/0.12/0.71/0.29 6.42x10* 1.240x10° 1.85
PPPBSS-1 0.09/0.81/0.11/0.7/0.3 0.08/0.85/0.12/0.68/0.28 5.28x10* 1.020x10° 1.93
PPPBSS-2 0.18/0.72/0.11/0.7/0.3 0.18/0.77/0.12/0.66/0.28 4.35x10* 8.23x10* 1.89
PPPBSS-3° 0.27/0.63/0.11/0.7/0.3 0.23/0.66/0.13/0.71/0.28 3.15x10* 6.61x10" 2.09
PPPBSS-4 0.36/0.54/0.11/0.7/0.3 0.29/0.56/0.13/0.72/0.31 2.08x10* 4.01x10* 1.93
PPPBSS-5 0.495/0.495/0.11/0.7/0.3 0.51/0.49/0.11/0.65/0.24 1.45x10* 2.84x10* 1.96
PPPBSS-6 0.54/0.36/0.11/0.7/0.3 0.56/0.38/0.11/0.7/0.26 1.27x10* 4.99x10" 3.93
PPPBSS-7 0.63/0.27/0.11/0.7/0.3 0.70/0.24/0.10/0.76/0.27 1.74x10* 5.37x10" 3.65
PPPBSS-8 0.72/0.18/0.11/0.7/0.3 0.58/0.19/0.10/0.8/0.34 1.74x10* 5.16x10* 2.66

“ Monomer feed molar fraction; ® Incorporation molar ratios of the monomer units in the copolyester were determined by 'H-NMR

spectroscopy; “ PPPBSS-3 refers to PDMS/PDO molar ratio of 3:7, other samples by analogy.
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Table 2 Thermal performance parameters of PPPBSS polysilicate ester

Sample T, (°C) T.." (°C) AH," (J/g) Ty (°C) AH,' (J/g) Ty.50 (°C) T4.max (°C)
PPPBSS-0 49 344 402
PPPBSS-1 =51 349 412
PPPBSS-2 53 N.AC NA. 351 425
PPPBSS-3 -53 354 419
PPPBSS-4 —54 333 420
PPPBSS-5 -54 -20.1 53 -9.2 4.3 315 426
PPPBSS-6 -55 -21.4 4.1 -8.5 3.4 313 425
PPPBSS-7 —55 -25.3 3.5 —4.6 3.3 331 426
PPPBSS-8 —54 -25.6 2.8 —4.2 2.7 302 419

* Cold crystallization temperature; ° Cold crystallization enthalpy; ° Melting temperature; ¢ Melting enthalpy; © Not observed
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Sample T,o (min) Ty (min) M; (dN'm) My (dN'm) AM (dN'm)
PPPBSS-0/Si0O, 2.7 15.8 0.7 7.4 6.7
PPPBSS-1/Si0, 6.3 28.7 0.1 6.3 6.2
PPPBSS-2/Si0, 5.8 28.1 0.1 7.9 7.8
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