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Abstract: A series of bio-based thermosetting polyurethanes (Bio-PUs) were synthesized by the crosslinking reaction of
polylactide and its copolymers diols with hexamethylene diisocyanate (HDI) trimer. The obtained Bio-PUs were
characterized by Fourier Transform Infrared Spectroscopy (FTIR), Differential Scanning Calorimetry (DSC), Thermal
Gravimetric Analysis (TGA), universal tensile testing machine and cytotoxicity test. Results indicate that the PLA
copolymer (P(LA-co-CL)) diols reduced the glass transition temperature (T,) of Bio-PUs and improved their thermal
stability, compared with PLA diols. The Bio-PUs synthesized from P (LA-co-CL) diols exhibit better mechanical
performance and shape memory properties. Especially, Young modulus and elongation at break of the obtained Bio-PUs
were 277.7 MPa and 230% respectively; the shape recovery time of the obtained Bio-PUs at body temperature was only

93 s. Furthermore, alamar blue assay results showed that the obtained Bio-PUs had no cell toxicity.

Keywords: polylactide, poly(lactide-co-caprolactone), polyurethane, shape memory, cytotoxicity
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Table 1 Reagents of the experiment
Reagents Purity Manufacturers
HDI trimer (tri HDI) 28.5% (w-NCO%) Wanhua Chemical Group Co., Ltd.
Tetrahydrofuran (THF) Analytical reagent Sinopharm Chemical Reagent Co., Ltd

PLA-based diols

Stannous octoate (SnOct,)

- Shenzhen Esun Industrial Co., Ltd
Analytical reagent Aladdin Industrial Corporation
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Fig. 1 Reaction scheme for preparing Bio-PUs.
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Table 2 The proportion of raw materials 131 FTIR
PUs Diols tri HDI (g) Nicolet 6700
Bio-PUI-1000 PLAT1000 2.12 (Thermo Fisher Scientific)
Bio-PU2-1000 co-PLA1000 2.28
Bio-PU2-2000 -PLA2000 1.36
0 € 13.2 DSC
Bio-PU2-3000 co-PLA3000 0.52 .
Diamond
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Fig. 3 DSC curves of Bio-Pus. Fig. 4 TGA curves of Bio-PUs.
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Table 3 Thermal properties of Bio-PUs T,
PUs Te(C) T (T Taax (C) T
g
Bio-PU1-1000 37.7 202.6 325.3
4 TGA
Bio-PU2-1000 24.1 237.6 322.4 3
Bio-PU2-2000 18.1 246.3 304.1
. 5% (Tso%) 202.6-240 C
Bio-PU2-3000 14.5 234.9 291.1
*Tse, is the temperature of the 5% rate of weight-loss of Bio-PU1-1000  Tss, 202.6 C
the samples; "T,,, is the temperature of the maximum rate Bio-PU2-1000  Tse, 237.6 C
of weight-loss of the samples.
2 Tmax
3 -
T,
Bio-PU2-1000 Bio-PU2-2000  Bio-PU2-3000 2.3 hEkRE
T, 24.1°C 18.1°C 145°7C
T,
- 5
- (ob) (E)
T T (&) 4
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Fig. 5 Stress-strain curves of Bio-PUs.
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Table 4 Mechanical Properties of Bio-PUs

Tensile . Young’s
Elongation

PUs strength %) modulus

(MPa) ° (MPa)

Bio-PU1-1000 6.5+0.3 179.0+5 5.7+0.3
Bio-PU2-1000  10.1+0.5 159.8+10 13.5+1.0
Bio-PU2-2000  25.7+1.0 184.8+15 26.242.3
Bio-PU2-3000  26.7+1.5 230.0£10  277.1£12.5

4

Bio-PU2-3000 E
Op & 277.1 MPa 26.7 MPa  230.0%
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Fig. 6 The shape memory behavior of Bio-PU1-1000.
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Fig. 7 The shape memory behavior of Bio-PU2-1000.
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Fig. 8 Cytotoxicity of Bio-PUs examined.
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