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Fig. 1 Synthetic mechanism of TPU.

Table 1 Chemical composition of TPU specimens.

Sample Soft segment Hard segment R, R, w(HS) (Wt%)
0/100-TPU 0%PCDL/100%PCL MDI+BDO 1 2 40
25/75-TPU 25%PCD1/75%PCL MDI+BDO 1 2 40
50/50-TPU 50%PCDL/50%PCL MDI+BDO 1 2 40
75/25-TPU 75%PCDL/25%PCL MDI+BDO 1 2 40
100/0-TPU 100%PCDL/0%PCL MDI+BDO 1 2 40
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Fig. 2 FTIR spectra of PCDL/PCL-TPUs.
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Fig. 4 TG and DTG curves of PCDL/PCL-TPUs.

Table 2 Thermal stability data of PCDL/PCL-TPUs.

Sample Final residue (%) Ty50, (°C)
0/100-TPU 39.7 304
25/75-TPU 13.9 306
50/50-TPU 12.4 309
75/25-TPU 11.7 310
100/0-TPU 9.3 312
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Fig. 6 AFM images of (a) PCL-TPU and (b) PCDL-TPU.
Left: topography images, right: phase images.
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Table 3 Comparison of mechanical properties between
PCDL-based TPU in this work and those reported in other
references.

Shore A Tensile strength  Elongation at
Sample

hardness (MPa) break (%)
This work 79 56 1009
[9] 75 42 680
[10] 74 44 985
[12] 76 48 850
[23] 80 52 920
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Table 4 Property changes of TPU after UV aging.

Sample  AH, (%) Aay (%) Ag, (%) AYI ATT (%)
0/100-TPU 1391 -45.92 -45.02 5137 -22.08
25/75-TPU 1140 -42.17 -3421 47.92 -20.10
50/50-TPU  10.73 -31.46 -31.64 45.60 -16.47
75/25-TPU 843  -2823 -16.57 4036 -9.38
100/0-TPU ~ 4.09  -11.99 -14.07 3581 -6.44
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Fig. 15 Comparison of PCDL/PCL-TPU before and after
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Structure and Properties of Thermoplastic Polyurethanes Based on
Poly(carbonate diol), Poly(caprolactone diol) and Their Co-soft Segments

Jian Wang, Jia-hong Pang, Ling-yu Li, Yuan-yuan Fu, Xin Li, Xiao Feng, Ze-jun Pu, Jia-chun Zhong", Chi-han Meng"
(Material Corrosion and Protection Key Laboratory of Sichuan Province, School of Materials Science and Engineering,

Sichuan University of Science & Engineering, Zigong 643000)

Abstract This work focused on the regulation of the microstructure and properties of thermoplastic polyurethane
elastomers (TPUs) via poly(carbonate diol)/poly(caprolactone diol) (PCDL/PCL) co-soft-segments. Aiming at the
drawbacks of PCL-based TPUs, including low tensile strength and dramatic deterioration of mechanical
performances under UV aging, a semi-prepolymer two-step chain extension method was employed to fabricate a
series of TPUs with varying PCDL/PCL ratios in co-soft-segments. A combination of multiple characterizations
including Fourier transform infrared (FTIR) spectroscopy and atomic force microscopy (AFM), together with
mechanical, abrasion-resistant, oil-resistant, hydrolysis-resistant and UV aging resistance tests, were utilized to
systematically explore the effect of PCDL content on the microstructural evolution and comprehensive
performances of TPUs. The experimental results revealed that raising the PCDL fraction strengthens
intermolecular interactions among soft segments and promoted homogeneous dispersion of hard domains. Such
structural evolution optimized the microscopic morphology of TPU matrix, endowed the material with a
synergistic strengthening-toughening effect, and greatly enhanced its environmental durability. This work offers
valuable guidance for material screening and molecular structure design of high-performance TPUs applied in
outdoor decorative fields, and also proposes a novel technical strategy to boost the overall performances of TPU
materials.
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