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Scheme 1 Schematic diagrams of (a) the two-step synthesis and (b) selective thermal depolymerization of triblock

copolyester.
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Fig. 1 'H-NMR spectra of (a) PCL-1 and (b) BCB-4 (solvent: CDCI,).
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Fig. 2 SEC traces of PCL and BCB.

Table 1 Summary of characterization data of PCL and
BCB.

Sample Mysec®  Mysec®  Moxur® fogb Do

(gmol™) (grmol™) (g-mol™)

PCL-1 13.2 16.4 9.1 - 124
BCB-1 16.4 22.2 12.2 021 1.36
BCB-2 18.3 242 14.5 030 1.32
BCB-3 20.9 27.1 18.0 042 1.30
BCB-4 21.6 29.7 234 0.54 137
PCL-2 52.5 68.7 38.2 - 131
BCB-5 63.4 88.6 61.5 039 1.39

2 Determined by SEC with DMF as the eluent and polystyrene
as standards; ® Calculated from 'H-NMR spectra.
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Fig. 3 (a) TGA, (b) DTG, and (c) DSC thermograms of PCL, PBDXO and BCB triblock copolyesters.
Table 2 Summary of thermal property data of PCL, PBDXO 21.3°
and BCB.
Sample Tys (°C) T4, (°C) Ty, (°C) 23.6°
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L RE s
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Fig. 4 XRD patterns of BCB triblock copolyesters.
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Fig. 5 The stress-strain curves of BCB triblock copolyesters.
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Fig. 6 Investigation of the hydrolytic degradation of BCB film: (a) plots of the weight retention rate as a function of time,

(b) SEC elution curves, (¢) SEM images of film at different degradation time points.
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Research Article

Synthesis and Properties of Chemically Recyclable Triblock Copolyester

Jia-wei Wang, Chen-lin Pan, Jin-lin He", Pei-hong Ni
(College of Chemistry, Chemical Engineering and Materials Science, State and Local Joint Engineering
Laboratory for Novel Functional Polymeric Materials, Jiangsu Key Laboratory of Advanced Functional Polymer
Materials, Suzhou Key Laboratory of Macromolecular Design and Precision Synthesis, Soochow University,
Suzhou 215123)

Abstract This work reports the preparation and characterization of the triblock copolyester PBDXO-b-PCL-b-

PBDXO, as well as the studies on its degradation and recycling properties. Firstly, a lactone-derived monomer

3, 4-dihydro-2H-benzo[b][1,4]dioxepin-2-one (BDXO) was prepared by the Bayer-Villiger oxidation reaction.

Then, the ring-opening polymerization (ROP) of BDXO was initiated by hydroxyl-terminated poly(e-caprolactone)
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(PCL) to obtain the triblock copolyester PBDXO-b-PCL-b-PBDXO (abbreviated as BCB) with PBDXO as the
hard segments while PCL as the soft segment. By changing the ratio of BDXO monomer to PCL macroinitiator,
the thermal and mechanical properties of the BCB copolyesters can be regulated. Size exclusion chromatography
(SEC) and nuclear magnetic resonance (NMR) were used to characterize the chemical structure, molecular weight
and molecular weight distribution (P) of the polymers. The results showed that the polymers present a single-
peak distribution and relatively low dispersities. Thermogravimetric analysis (TGA), differential scanning
calorimetry (DSC) and tensile testing were employed to systematically characterize the thermal and mechanical
properties of copolyesters. These results indicated that when the soft segment of the copolyester is dominant, with
the increase of the hard segments, the rapid decomposition temperature of the copolyester showed an upward
trend. When the molar ratio of the soft segment to the hard segments in the copolyester changes, the strength and
the elongation at break also exhibited corresponding changes. The degradation properties of the copolyester were
characterized by SEC and scanning electron microscopy (SEM). With the increasing time, the weight of BCB
copolyester decreased, and SEC results at different degradation time points indicated a downward trend in its
weight-average molecular weight, along with a broadening of the molecular weight distribution. In the recycling
experiment of BCB, the signal of PBDXO in the 'H-NMR test results has almost disappeared, and the SEC curve
of the recycled PCL showed a broadening of the molecular weight distribution. This work reports the synthesis of
a chemically recyclable triblock copolyester, which can be recycled through vacuum pyrolysis to obtain the
monomer from hard segment, while the soft segment can be almost retained.

Keywords Block copolyester, Ring-opening polymerization, Chemically recyclable, Degradable



