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Fig. 1 Synthetic scheme of (a) R-PCPU and (b) L-PCPU.
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Table 1 Formulas design of PUB.
m(R-PCPU) m(L-PCPU)

Mass ratio of

Sample
(2) (2) R-PCPU:L-PCPU

R-PCPU 6.0 0 -
PUB-R3L1 4.5 1.5 3:1
PUB-R2L1 4.0 2.0 2:1
PUB-RILI 3.0 3.0 1:1
PUB-R1L2 2.0 4.0 1:2
PUB-RIL3 1.5 4.5 1:3

L-PCPU 0 6.0 -

T A5 20N 1EAT 45 0 R AE . W Bl A& 4000~
500 cm™, 3HEFE N4 cm.

R -BEI AR AT IR K PUB IRV
BC I AR BN 0.1 g/mL FIEWL BT A
o SO RR R, WS IE s A RIS
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Fig. 2 FTIR spectra of R-PCPU, L-PCPU and PUBs.
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Fig. 3 FTIR spectra in (a) the N—H region and (b) the C=0 region; (c) Sol-gel phenomena of R-PCPU, L-PCPU and PUB.

TE VR B G % PUB 437 (] 1 &
1E SR FEHEAT e =, FHKRE 0.1 g/mL (1)
R-PCPU. L-PCPU }2 PUB A W & T = iH (4
23 °C) P HARZA . Wik 3(c)Fizr, R-PCPU £
LY E13E W, 1 L-PCPU K& PUB A% A5 B
TF1) P S 1 T R e . B - TR AR IR 5
il B R S E R BEAH O, SRR, AR e

. B 3(c) s, Bl L-PCPU & &3 /n, PUB
) Ji 5 AR IR BE I 72 cCIB i T & 88 °C, H
L-PCPU [1) 4% A% iff & #5171 (92 °C). iX K B PUB
B PSR BE L-PCPU & B M #2 /, B
HUESE T BT FTIR F 50445
23 HIEEMSW

it TG 5 DTG #h 28 4 ¥t T R-PCPU.
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Fig. 4 (a) TG and (b) DTG curves of R-PCPU, L-PCPU
and PUBs.

Table 2 Thermal decomposition temperature of R-PCPU,
L-PCPU, and PUBs.

T 5% Tmaxl TmaxZ Tmax} Tc’:nd

Sample . . . . .
0 (°O) (°0) (°0) (°0)
R-PCPU 298 - 354 461 472
PUB-R3L1 292 - 356 461 472

PUB-R2L1 293 305 357 464 478
PUB-RIL1 288 300 350 462 478
PUB-R1L2 292 - 357 464 480
PUB-RIL3 299 - 360 456 480

L-PCPU 279 289 354 464 487

PR MR EE

& 4(b)) DTG #iZk w51, L-PCPU ¥ #44>
R AR RIS AR E BP0 B — N KR
R (Tt DL T 289 °C, V)8 -1 B 2 g 52 141 1)
WO BB (T T 354 °C, FE )R
TR B R T 5 A 16 i, R BER B R ey
5 3MNE(T )DL T 464 °C, VAJE T HRALTR B I
WOME . AL Z T, R-PCPU K TR 79 55 R B 45
X, HEM B A B2 2, DTG MEF %
SBR2ANH B 354 °C Ab [ 5 2k F UG X6 N - T
BURSE R A0, 461 °CAbF 5506 X6t I T i Ak ik 7Y
Yo fif . 55T PUB &%, Bi% L-PCPU & & 13
I, HA AR B 2 I 2 AN B R 3 AN Bk
WERES, FRIAILIRAEL T 73 B A% BE B
5, X5 FTIR 7345 5K —3 . (H B T 1 7 25 45
FITERRIGA 5E 2t 23T M IR 1L
FIT AR T PR v 20 Al 2 I LR A B R A T 4
FaEtE, RERE 2 2 B PR AR RR K
24 BRIEERSHT

i 3 XRD i¥% & 73 #f R-PCPU. L-PCPU &
PUB [ s &5 44 . &l 5 ffrx, R-PCPU TE 20=
20.1°H123.3°4b H B AT S 06, 43 ) %oF I 2R Bk R i
HEL(110) 5 (200) di 1T, 7 B R-PCPU H & 22
P BGIE AT 45 5 . T L-PCPU 7£ 20=24.2° [} it .
INRTHE, Z0E)TJE T HDIUE B A HES,
B L-PCPU " DA B 25 & 9 & . #£ PUB 1) XRD 1%
B, AT [ A U 5 21 T A BRI B R R AR AT 5
U . B35 L-PCPU & & 380,  #BAT S A
XoF B P RV UK 55 5 TG AT S U6 P AR X i i
W8 . IX 5B L-PCPU 5] A2k 7 PUB H HDI
MR (A PR S 4 d, (E RIS T 3B 1

20.1°

W

24.2°
\
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20(%)
Fig. 5 XRD patterns of R-PCPU, L-PCPU and PUBs.
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iEt DSC #h & (K 6)%F R-PCPU. L-PCPU K&
PUB (W25 5a 47 N S5 HEE R IEAT b, RHOG AR A4
fil 23R 45 T3 3. R-PCPU 7E 43.26 °CAb Wi 23|
o TR SR A R, L-PCPU NIAE 168.66 °C
b W % ) HDI AE B & A 1 4 fl g, ) B 7
54.77 °Chbv] WAL S5 (PR Bl fblg, 5 XRD 1% &
XT dm R G5 R () RAESE A FE . AEPUBAA &R, 7]
DL [ Bof R %52 2] 3 B i 178 (41.49~42.35 °C) 5 HDI
T B (163.89~166.15 °C) I R, iFE—F
S5 PUB A7 7E B R [ AH 4 BS 4544 . i 45 L-PCPU
JRE S EOE N, BB AR LG N 17.66 0/g FF4k
NPER 1.700/g, Ut A ERBL S I ET A AR L (1S
FEREMZ, PUB-RILI KB ARIA RS (1.231/g)
BE MK, JRIN A AE S L-PCPU 5 R-PCPU & &
AR, SR AEAEVERIS W, T B
THEMIA 7 HES S 45 & . HDTRE B (17 & 1 44 file
J& W B8 L-PCPU Jit & 7 #0425 1 5.03 J/g L=
26.86 J/g, FEAMHELZE fRE IBE 2 3 5E, FEIH
DAl HDIMf B |] s U sV E AR T HEREE S A 7
k. [FIE, HDIAE B 45 i B8 77 (138 5 10F — 0 PR 1
VB TR Is s S Y], FEPUBH
ERSE R 2 R BE . M4, PUB H HDIAE B
R 2 8 (IR FE L) 27~51 °C), 3 W H Tk 45 /0
HEPERAR, S MRRIE BB R PUB IR /) 2%
PERE SIRICIZAT NS .

3
= ] PUB-R2L1
s A PUB-RILI N\
T
PUB-R1L2
PUB-R1L3
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Fig. 6 DSC curves of R-PCPU, L-PCPU and PUBs.

2.6 NEFMHESH
K N A3-R Al 22 (& 7) X R-PCPU.
L-PCPU ;& PUB ] 12 PERE AT RAE, <15

Table 3 Crystal melting parameters of R-PCPU, L-PCPU,
and PUBs.

Sample Ty (°C) AHyy (V/g) Ty (°C)  AHy, (/)
R-PCPU 43.26 18.75 - -
PUB-R3L1 41.86 17.66 165.92 5.03
PUB-R2L1 42.15 11.88 166.15 6.91
PUB-RI1L1 42.35 1.23 163.89 9.99
PUB-R1L2  41.49 3.38 165.73 21.45
PUB-RIL3 41.52 1.70 165.75 26.86

L-PCPU 54.77 0.80 168.66 30.55

Note: T, melting temperature of soft segments; AH,,,
crystallized enthalpy of soft segments; Tj,,,, melting temperature
of hard segments; AH,,, crystallized enthalpy of hard segments.
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Fig. 7 (a) Stress-strain curves of R-PCPU, L-PCPU, PUBs
and (b) the enlarged section.

PEBEFRFRIC A TR 4. SR B R 46 4 [ 45 i
(520, R-PCPU BN /)-8 A% Hh £ 5 3042 (1) Je
R34 A, JERERE A 5.3 MPa. L-PCPU ) i
EMRDUNAR AR AR, SO BT, R
SR PE IR 8.9 MPa, TF A Al 3Lt A4 KL K 7 24 RRAE
EPUB/R &Y, Bl L-PCPU S &13E N, N JJ-



8 [

Fok

Table 4 Tensile properties parameters of R-PCPU, L-PCPU
and PUBs.

Sample Yield strength Tensile Elongation at
(MPa) strength (MPa)  break (%)

R-PCPU 5.3+0.9 50.1+2.4 756+12
PUB-R3L1 6.5£1.1 69.7+3.2 901421
PUB-R2L1 7.9+0.7 59.242.1 810+16
PUB-RIL1 5.8+0.5 64.2+£2.7 812+18
PUB-RIL2 6.5+1.6 65.8£1.5 854+24
PUB-RIL3 7.2+1.3 75.6£3.6 901+11

L-PCPU 8.9+0.6 64.8+£2.8 923+16
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Fig. 8 Shape memory process of PUB-R3L1.
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Fig. 9 Shape memory efficiency of R-PCPU, L-PCPU and
PUBs.
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Fig. 10 Multiple shape memory process of PUB-R3L1.
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Research Article

Effect of Alicyclic/Aliphatic Hard Segment on the Structure
and Properties of Polyurethane Blends

Yu-jie Wang', Jia-tian Liu', You-qi Jing!, Fei Wang!*, Chun-dong Chen?, Ya-yong Hu?
(!School of Chemical and Printing-dyeing Engineering, Henan University of Engineering, Zhengzhou 450007)
(?Lankao Dingfeng Wood Industry Co., Ltd., Kaifeng 475399)

Abstract Using polycarbonate diol as the soft segment and 1,4-butanediol as the chain extender, polyurethanes
with alicyclic hard segments (R-PCPU) and aliphatic hard segments (L-PCPU) were synthesized using
isophorone diisocyanate (IPDI) and hexamethylene diisocyanate (HDI), respectively. A series of R-PCPU/L-
PCPU blends (PUB) with different mass ratios were prepared via solution blending. The structure and properties
of PUB were characterized using Fourier transform infrared spectroscopy (FTIR), thermogravimetric analyze
(TGA), X-ray diffraction (XRD), differential scanning calorimetry (DSC), and a universal testing machine. The
results showed that, owing to the steric hindrance of the hard segments, hydrogen bonding and microphase
separation were stronger in L-PCPU than in R-PCPU, and both properties in PUB increase with increasing L-
PCPU content. R-PCPU primarily exhibited soft-segment crystallization (melting temperature of approximately
43.26 °C), whereas L-PCPU exhibited hard-segment crystallization (approximately 168.66 °C). PUB exhibited
crystallization behavior in both soft and hard segments. As the L-PCPU content increased, the crystallinity of the
soft segment decreased, whereas that of the hard segment increased. Benefiting from the synergistic effects of the
ring-shaped and linear hard segments, PUB exhibited controllable mechanical properties, with an elongation at
break (up to 900%) higher than that of R-PCPU and a tensile strength (up to 75.62 MPa) higher than that of L-
PCPU. Furthermore, the synchronized crystallization behavior of the soft and hard segments endowed PUB with
excellent shape memory properties, making it significantly more valuable than R-PCPU or L-PCPU. Owing to its
comprehensive performance advantages, PUB showed great potential for application in the field of smart medical
devices, such as orthodontic wires and self-contracting sutures. This study also provides a novel strategy for the
structural design and simple preparation of shape memory polyurethane.

Keywords Polyurethane blends; Hard segment structure; Hydrogen bonding; Shape memory property; Mechanical
property
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