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Preparation of HQEE modified PCL-based shape memory polyurethane
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Abstract : Poly (g-caprolactone) (PCL) is a semi-crystalline polymer. Because of its good degradability and shape memory
performance, the modification of PCL has been widely concerned and studied. Hydroquinone-bis (3 -hydroxyethyl) ether (HQEE)
was introduced into a poly (e-caprolactone)(PCL)-based shape memory polyurethane with dendritic topology by molecular cross-
linking. Hexamethylene diisocyanate was used as curing agent and trimethylolpropane as crosslinking agent. The prepared shape
memory polyurethane (SMPU) was characterized by Fourier transform infrared spectroscopy, X-ray diffraction spectroscopy , ther-
mogravimetry, differential scanning calorimetry and shape memory performance. The results show that all the isocyanate (—NCO)
active groups participate in the reaction and SMPU samples are successfully prepared. The prepared SMPU are crystalline, and their
crystallization performance decrease with the increase of chain extender (HQEE and 2,2, 4-trimethyl-1, 3-pentanediol) content. The
thermal degradation performance is good, and the crystallization/melting peak occurr in the range of 30.9-40.2 °C. The shape recov-
ery ratio is 100%. The shape fixation ratio and shape recovery time decrease with the increase of chain extender content. The results
show that the crystallization of SMPU-H2 and SMPU-H3 is moderate, and they have good shape memory performance. The hard
segment content of SMPU-H2 and SMPU-H3 is 38.51% and 46.39%, respectively, and the shape memory transition temperature is
35.5 °C and 34.7 °C, respectively.

Keywords : poly(e-caprolactone) ; polyurethane ; shape memory polymer ; hydroquinone-bis (B-hydroxyethyl) ether ; crys-

tallinity ; microphase separation
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Tab.1 Formulation details for the fabrication of SMPU samples
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Tab.2 Thermal performance data of PCL and SMPU-Hx

Item PCL SMPU-H1 SMPU-H2 SMPU-H3 SMPU-H4 SMPU-H5
Degradation initiation temperature/°C 284.0 272.0 268.7 262.7 261.3 263.3
Degradation end temperature/°C 486.7 494.7 494.0 500.7 501.3 502.7
Peak endothermic temperature/“C 455 40.2 355 34.7 31.5 30.9
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Tab.3 Original data of shape recovery ratio, shape fixation ratio and recovery time of SMPU-Hx samples

Sample Programmed angle/(°) Fixed angle/(°) Shape fixation ratio/% Recovery angle/(°) ~ Shape recovery ratio/% Recovery time/s
SMPU-H1 180 180 100.0 0 100.0 71.5
SMPU-H2 180 55 30.6 0 100.0 334
SMPU-H3 180 46 25.6 0 100.0 16.3
SMPU-H4 180 27 15.0 0 100.0 8.7
SMPU-H5 180 25 13.9 0 100.0 5.8
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SMPU-Hx

3 it

] B PCL A 8 751 14 L B AR IEAZ R &
s A1 IR IC AL FE AR R B RIEA2 e % OB
RIS 15 A ERAT — 22 B RE

(1) i3t FTIR 434 A, RGOV ET S R A
TR 2 P —NCO JE A & & % A= 1 AR Ak, i 45 1)
SMPU HJLF-B A F|—NCO R I FETE , BA
o

(2) PCL 1 SMPU-Hx 4 7£ 21.4°,22.0° 1 23.7°
BRF ST HH BT 7 () &5 0 o 3O TR AW R B
PCL 3k Bt 4k i . B AW PCL &% Bt i i 5

(4) SMPU-H2 il SMPU-H3 #1 # 3¢ Bt KL 4711
ERC A RE . o, B ] PCL B B A 5% 57
(HQEE H1 TMPD) (1) 4 ot i &t L4351 R 1:2 T 1: 3,
s B 5 12001 b 38.51% 1 46.39%, FEARICALHE A2
HREES 5128 35.5,34.7 °C.

5 % ik

[1] MONDAL S. Recent developments in temperature responsive
shape memory polymers[J]. Mini-Reviews in Organic Chemistry,
2009,6(2):114-119.

[2] HERATH M, EPAARACHCHI J, ISLAM M, et al. Light activated
shape memory polymers and composites: A review[J]. European
Polymer Journal, 2020, 136. DOI: 10.1016/j. eurpolym,;.
2020.109912.

[3] ERWF, RN, TEAR, 55 DGR BARICIC R & W B Tk ]
LT HRIBEL, 2023, 51(6):235-240.



SRR, 55 : HQEE Btk PCL B ARICAZ R A MR i il & 13

(4]

[3]

(6]

(7

(8]

]

[10]

(1]

[12]

[13]

WANG Tianjiao, LI Liying, WANG Dong, et al. Research status of
light-responsive shape memory polymers[J]. New Chemical Materi-
als,2023,51(6):235-240.
LE VL,LE VT,GOO N S. Deployment performance of shape
memory polymer composite hinges at low temperature[J]. Journal
of Intelligent Material Systems and Structures,2019,30(17):2 625—
2 638.
DENG Zexing, YU Rui, GUO Baolin. Stimuli-responsive conduc-
tive hydrogels: design, properties, and applications[J]. Materials
Chemistry Frontiers,2021,5(5):2 0922 123.
LU H B, HUANG W M, YAO Y T. Review of chemo-responsive
shape change/memory polymers[J]. Pigment & Resin Technology,
2013,42(4):237-246.
BASAK S, BANDYOPADHYAY A. Solvent responsive shape
memory polymers-evolution, current status, and future outlook[J].
Macromolecular Chemistry and Physics, 2021, 222(19). DOI:
10.1002/macp.202100195.
AR RS, R, S5 B BRI A BRI BR
S P [T]. 543 Fi 4, 2022(6): 1-12.
HAN Zhipeng, ZHAO Jun, WANG Tianjiao, et al. Research status
and application progress of magnetically responsive shapememory
polymer composites[J]. Polymer Bulletin, 2022(6):1-12.
ZE Q,KUANG X, WU S, et al. Magnetic shape memory polymers
with integrated multifunctional shape manipulation[J]. Advanced
Materials, 2020, 32(4). DOI:10.1002/adma.201906657.
MR, SRR skl B, 5 . i RICIZ SR B T T e ).
YIRE R T4, 2022,35(4):314-327.
YANG Zenghui, ZHANG Yaoming, ZHANG Xinrui, et al.
Research progress of high temperature shape memory polymers
[J]. Journal of Functional Polymers,2022,35(4):314-327.
SRAFI] . o P RE SR RE A I T R ISHIE SR 5 Wy il 76 S PERE 5T
[D]. 22 : 2= M3 TR, 2023.
ZHANG Ziming. The research on the preparation and properties
of high performance polyhydroxyurethane based polymers[D].
Lanzhou:Lanzhou University of Technology,2023.
Tl 3C . SR Mgt BEIL R YR & SIS I HERERT S D). e K
e ARARRL R, 2023,
YANG Haowen. Preparation and shape memory properties of
polyester block copolymers[D]. Harbin:Northeast Forestry Univer-
sity,2023.
R, A R A ERERR T R EM IR IRIC I
AR g MAERE[]. w2 TR R TR, 2023, 39(10):

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

141-149.

GAO Zhanjiao, LI Zhihua, YANG Yu, et al. Preparation and prop-
erties of cyanate/polybutadiene epoxy resin shape memory
polymer[J]. Polymer Materials Science & Engineering, 2023, 39
(10):141-149.

SACHAN R, WARKAR S G., PURWAR R. An overview on
synthesis, properties and applications of polycaprolactone copoly-
mers, blends & composites[J]. Polymer-Plastics Technology and
Materials, 2022, 62(3):327-358.

GHARIBSHAHIAN M, SALEHI M, BEHESHTIZADEH N, et
al. Recent advances on 3D-printed PCL-based composite scaf-
folds for bone tissue engineering[J]. Frontiers in Bioengineering
and Biotechnology, 2023, 11. DOI:10.3389/fbioe.2023.1168504.
FERNANDEZ-TENA A, PEREZ-CAMARGO R A,
COULEMBIER O, et al. Effect of molecular weight on the crystal-
lization and melt memory of poly(epsilon-caprolactone)(PCL)[J].
Macromolecules,2023. DOI:10.1021/acs.macromol.3¢00234.
ZHU Lei, LIU Donglei, LUO Xin, et al. Preparation and character-
ization of thermo-responsive shape memory polycaprolactone/poly
(ethylene-co-octene) blends for 4D printing[J]. Polymer Engineer-
ing and Science,2023,63(9):2 828-2 840.

TEKAY E, SEN S,KORKMAZ M A, et al. Preparation and char-
acterization of thermo-responsive shape memory ester-based
polymer blends[J]. Journal of Materials Science, 2023, 58(19):
8241-8 260.

XIA Yuliang, HE Yang, ZHANG Fenghua, et al. A review of
shape memory polymers and composites: mechanisms, materials,
and applications[J]. Advanced Materials, 2021, 33(6). DOIL:
10.1002/adma.202000713.

LI Zhenlong, YU Rui, GUO Baolin. Shape-memory and self-
healing polymers based on dynamic covalent bonds and dynamic
noncovalent interactions: synthesis, mechanism, and application
[J]. ACS applied bio materials,2021,4(8):5 9265 943.

YANG Haowen, SHI Ruixin, JIANG Qinglong, et al. Properties
and mechanism of two-way shape memory polyurethane compos-
ite under stress-free condition[J]. Advanced Composites and
Hybrid Materials,2023,6(1). DOI:10.1007/s42114-022-00585-1.
SAKHAVI M, SOFLA R L M, REZAEI M, et al. Synthesis of
chemically-crosslinked multi-arm star-shaped polyurethane with
triple-shape memory effect[J]. Journal of the Mechanical Behav-
ior of Biomedical 2023, 141. DOI: 10.1016/.

jmbbm.2023.105793.

Materials,



