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Preparation and properties of polycaprolactone-based shape memory polyurethane containing urea bonds
YU Jiahong, FENG Shuqi, WANG Chengjian, ZHANG Yanfei
(College of Materials Science and Engineering, North University of China, Taiyuan 030051, China)

Abstract : Shape memory materials can deform and recover in response to external stimuli, which is used as intelligent core
moulds to solve the ejection difficulty of high-precision resin-based components after molding. Polycaprolactone (PCL) is a semi-
crystalline polyester with good flexibility and high processability, which can be used to prepare shape memory materials. In this
paper, introducing diethanolamine (DEA) containing amine groups, a series of cross-linked network topological shape-memory poly-
urethanes (SMPU) with urea bonds were synthesized with PCL, hexamethylene diisocyanate (HDI), neopentylene glycol (NPG) and
pentaerythritol (PER) by prepolymerization method. The SMPU were characterized by Fourier transform infrared spectroscopy anal-
ysis, X-ray diffraction analysis, differential scanning calorimetry analysis, thermogravimetric analysis, mechanical property analysis
and shape memory performance analysis. The analysis results show that the SMPU with urea bonds are successfully synthesized,
compared with SMPU without urea bonds, the crystallinity is decreased, but the thermal stability is improved at a certain content of
chain extender. The tensile yield strengths and elongations at break of the SMPU with urea bonds are higher than 5.38 MPa and
870%, showing excellent mechanical properties. The shape fixation rates and shape recovery rates are higher than 90%, and the
shape memory recovery time is not more than 160 s, which has excellent shape memory performances. When the molar ratio of PCL
to the chain extender composed of NPG and DEA is 6:1, SMPU has excellent mechanical properties and shape memory performanc-
es, with a tensile yield strength of 7.24 MPa, an elongation at break of 1 326%, a shape memory transition temperature of 49.8 °C, a
shape fixation rate of 99.4%, a shape recovery rate of 98.9%, and a shape memory recovery time of 103 s. It can be widely used in
intelligent core materials.
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Fig. 1 Synthesis route and molecular structure schematic diagram of PCL-type SMPU
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Tab.1 Raw material usage for PCL-type SMPU sample

HDI NPG DEA PER

SMPU PCL mass/ mass/ mass/ mass/ DBTDL
mass/g content/%
g g g
SMPU-N10 30 336  0.10 - 0.61 0.01

SMPU-K10 30 336  0.06 0.04 0.60 0.01
SMPU-K6 30 336 010 0.07 0.54 0.01
SMPU-K4 30 336 0.16  0.11 0.48 0.01
SMPU-K3 30 336 0.21 0.14 041 0.01

SMPU-K2.5 30 336 025 017 035 0.01

Note: DBTDL content is percentage of total reactant mass.
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Fig. 4 XRD patterns of PCL and SMPU
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Tab.2 Thermal performance data of SMPU

SMPU SMPU SMPU SMPU SMPU SMPU

Items K10 -K6 K4 K3  -K2.5 -NI0

Peak endothermic 492 498 515 507 500 475

temperature/°C
T, /°C 326.7 286.7 3137 2650 252.8 301.0
T,,/°C 347.8 3357 341.0 3248 311.5 3295
T../°C 4132 4103 4085 391.2 386.0 404.0

Notes: T, is temperature at 5% mass loss; T, is temperature at

10% mass loss; T, is temperature at maximum decomposition rate.
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Tab.3 Shape memory performance test data of SMPU

SMPU- SMPU- SMPU- SMPU- SMPU- SMPU-

Items K10 K6 K4 K3 K2.5 N10
Original 180 180 180 180 180 180
angel/(°)

lee‘ch;ngel/ 179 179 178 173 167 175
Shapefixa-— g, 994 9890 961 928 972
tion rate/%
Recovery

9 2 2 1 1 15
angle/(°)

Shape recov-

ery rate/% 95.0 98.9 98.9 99.4 99.4 91.7
0

Recovery 160 103 142 146 154 206
time/s
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