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[i] 52 AH A% 7T, Xu SRR DA [F] 4 7 = I R
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AIYEREER (A 5| N e S, 5 S BRI A
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HR, BRI PCL S 4 &, /AR ER
~F, B EIR FEREE 37 °CL R, 528 SMPU 1)
PR )97 . Rehman 2522000 3% B 45 5 14 BE A0 5 1)
PCL BB, VLS H 2 — 5 JU R i (HDI) v 2
fit, SIN=ZEEMS N,N,N,N-D2- R L) 2 —
Wl R G EY -8R, M2 B S M
BT AT R BE M SMPU,  HRIR ] 5 ik
100%, H ATEm S BN 22 s R [El & . e 7]
WAHB T, GuoS6PIE R | —MHI PCL. &
L FE(PEG) AR T ) (PB) 4 il 3k B 1) SMPU.
Hrp, R4 PCL 5 PEG IR T PU R 4T (4 e
SESE 5P, PEGIEH T 9 NTE 2 AU BT 55 LAY
s> T IAAE A . PB&EBUNAE A TCE FE# R, 18
TERICAZ SRRy TR Hifat, AT
SEAFFREIRUS. 77, T AR TE R 3 BR 5 1 XL T
Ricizag

IREF TR, MR AR AR I
B S B 2 T K i PERE SMPU %
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PR ZE %, HoAE U IO 15 4Rk S P RE
ARE PESE N T IO 2 B R U ) SR
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(1SR I 715 e = M Re R A B IR A2 ohRe . 12
TR AR, B 22 i A AR AR e 2 )
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[{f IPDI-PU f1HDI-PU. SL3G45 3K BH, TPDI-PU
R B4 dmRe St R, ELBERERB 0 K Y

58, {H T IPDI RS A A7 B, HAf B DL
BEHER], BT R RE B X AR E R, TRk
AR MRS R E . 52K,
HDI-PU {6 B AR S BEVE T 5 B 425 T8 s e
IR EBAIX, (HIX R B BT A S TIREB T
BERREHED, SFERBA e I RE TR, A
R B A 1 U Ho 4 AT NS AL g, ARIT
1 Bof T2 R BT[] s 24250, (R, AT 10 AR R FH SR sk
MBI, b s TR B, B S =
(1) IPDI-PU (LASRAR = B4 dh e D Ak o 11
BB, il BUA B HDI-PU (DA3RE R 5E (1 fd
BOM), SRJE¥ & 3R, FI A IPDIA# B 5 HDI
H B 1) () SR PR i B M, DL e
REAN, TR A SMP X AR 45 R ER
BT B 5, A TAEDUCRREEEE — ok
(PCDL) N# B, 437K F IPDI A HDIL & % T 2
A HE PR AT B 45 40 fr) R-PCPU AL 5% I I e i B
S5 L-PCPU, il i LIRS % 7 RA1E
AR A RL(PUB). 48 % 8L IR AR & T il B
SERITEEER . S TN J1FERE
FIGARIEAZPERE I sER, B 758 i 1 BE SMPU 1)
SER T T (50 ) £ B LR VR A S5 0T R R

1 SEIGEH

1.1 EEER

BBk E —FE(PCDL2000 £ PCDL6000, %%
1537843 5128 2000 F1 6000 g/mol, UH-2007),
Tokg, TE H ATk, fIHATZ 120 °C
TE BEZE B 27K 48 /N W H 4 — 5 SRR J§ (HDI)
FUS R B — S FERES(IPDL), kg, WH -
WA B WA A R AR5 1,4-T i (BDO)-
T AERR T RE45(DBTDL). N,N-— H 35 FY i iz
(DMF) K oK B8, 385y Wik, T E 254 ]
XA R AR .
1.2 SIEIEER SRR RS E A R-PCPU)
Eo=ya

ERSEY T, #9.16 g (41.2 mmol) IPDI
N AE BN =0T, T80 °C42E
BN 30 g (5 mmol) PCDL6000, JZ &2 h, 15 %
IPDI 5 ft) PCDL6000. B J& K iR 5 B 2 60 °C,
B 110 pL DBTDL A¢idi & DMF J4i#55), 1
B AN 3.15 g (35 mmol) BDO, k%N 3 h;
SR A AT AR AR A 2R 3 A DU AN I F DMF.
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B E R TR m R B RN RV S S s
BT 70 °CE AMLAE 24 4k 12 b, BIAR 205 3R
AR A5 R . BB &N 28.6% [ R-PCPU. %44
2R IE B(NCO/OH) A 1.03, R & R
R 1(a).
1.3 S EERIREREMNESEESE D
PCPU)RI A R

# 30.00 g (15 mmol) PCDL2000 5 10.60 g
(63 mmol) HDI & T it HE 38 B 1 — I Be i,

FERARYFT-80 °C/ M2 h, 1531 HDI 343 )
PCDL2000. fifi J5 ¥4k R [ IR %2 0 °C (VKK¥), FF
INTR SR A 34511 90 uL DBTDL 4 i& & DMF.
fﬁéﬁﬁﬁT 2218 N 4.05 g (45.0 mmol) BDO,

SN HERRBEGE Y. B EE R E T
70 °C§=t§zﬂ AR A 12 b, RIS 5 ELAE IS T iR
T B 4 A0 . T B4 N 32.0% 1 L-PCPU, H 5%
FE 5 B(NCO/OH) A 1.05, N & s B =
JLE 1(b).
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O
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ifk\ _80°C.2h @H
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60 °C, 21 | tHO™>"~OH
BDO
70°C, 12 h
Q SO
Byt Lol o=
H O 60 n O H_g

80°C,2h o
Nco 80°C, 2h H ]lﬁ N NCO
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Fig. 1 Synthetic scheme of (a) R-PCPU and (b) L-PCPU.

1.4 R-PCPU/L-PCPU ;B HEE(PUB)H#I &

4 1& & L-PCPU 5 % 71| DMF Ji A BC A i+
AR B = DRI, 72120 °C M FE 2 5E
AEVEIR . B RHRE R A 95 °C,  FE LT = Eb
AR-PCPU, k&4t 2 M, H2—i&
B PUB TR . VB TR 5 S B 2s ny Ab 2
i, MET R OEBE S, T 60 °CHRM
FArPHL R EEE, 149 AN E R E R PUB B . B
PRSI b R R i 44 WER 1
1.5 Wik E R

{8 B IH AR M 2T A3 (FTIR): % FH VI 5 ]
BN RE % PUB VA TR 2) 7 T KBr
W B, T BRI TR N IR T 2 &
IRASHIRE TR AT T fE LA oVl LAy
TR . FH Nicolet 6700 U BLIF AR B 2T AN REAX

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-RIL1 3.0 3.0 1:1
PUB-RIL2 2.0 4.0 12
PUB-RIL3 1.5 4.5 1:3

L-PCPU 0 6.0 -

TEIZ 5 30 AT S5 1 R AE . TS B 2 4000~
500 cm™, ;HEE N4 ecm .

TR -EEI AR AT It K PUB IRV
BC il R BN 0.1 g/mL AW, BT 3% IR AR
o SRR, WS IE R A R
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X P28 A7 5 i (XRD): 5 PUB 78 fi5 3 BY B
FAE A 10 mm x 10 mm B9 £ W AE S, % D8
Advance B! X 5 R AT FHACTE & 0T MHAE i
ghity . SeIe R R AL, TG E 20=5°~
50°, FAFEHZAS (°)/min.

IR E A H(DSC): M PUB i L3
B 3~5 mgFEfh, B TaflR . KA Q0 AR
ZHEMBERL ERATRT, DR 0~
200 °Cyi il 4 I # B ih 2k, THE SRR & E N
5°C/min, FT /M H A R 21T .

PR E A3 HT(TGA): FREL 5~8 mg PUB i fi5
FEan B T2 4B b, fiH] STA449 F3 &Y ]
AT ACE R AR TR . TR RN
10 °C/min, R YE 15 A 30~500 °C,  FH-5LHid
SR i o B R S AR A 2

J1EERE: 2 x 35 AUME4#E ], M PUBH
JEE R AR RE S fEEIE N, R H INSTRON
5982 A B+ /5 g i EG AL LA 50 mm/min {4 A% 5
HEATIAR, 10 A B Y - AR i 2% . F 4R
SPATIRE SR, S5 RBP4

TERICAZ R KR TR IR T Fahd
e B b, B WA AR EE Y 10 mm. ¥ e H 5
IR BT 50 °Co A A HHE IR 30 min 5, 7E
A RV HELE R ¥R 45 T sh LA 2 AR BE 20 mm (48
N 100%). B G H VRS R IR SR &
4 CCHBEHE E 2 h. BERAN T, TEE R T IEFE
ZE G MK, 1Ko L (mm). K FE SN
S0 °CARTFHERAMESE, RRERSRERE,
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AL 73 HT A (DMA) 1) iz A 485 20 7 = 0 52 PUB
MR TR I G e e 1
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1) I A Ty A 22 TR N AR (e0); LA 5 °C/min [
I%E-15°C, 16 10 min; F1#HN/7, 1HIES min,
RN N es LS °C/min JHE E 60 °C, {HIE
15 min, WCEMNEZ Ne,. UL EFEF KB S BIEH

R

x 100% (1)

R, =

3. AR E (R, Yo) MR Z (R, %)HZ LT A
A5

Re= 21 % 100% 3)
€d

R, =8 1 100% (4)
er

2 EREIHR
21 H=EEla

¥ H FTIR % R-PCPU. L-PCPU }%2 PUB [#j1L
ok b R AR E AT RAE, AR WE 2 s
£ 3386~3321 em™ U [ A HE L 1 W g s 1 ) T
N—H#H 4R35l 1748~1682 cm™ JU il Y (1) W U
UEEXT BT C=O MRzl ; 1544 em™ &b Y IE
AN—HZ RS 1254 om™ 4 i Y I Jg
C—O 45 ik 3 . X L 5 Iig J& (] 5 ik 1% g 2 4]
FRAEE ) B, W R-PCPU 5 L-PCPU [ il 2
AR AR, E 2273 om ! BRIT A W 22 2 S TR S
F 1 (—NCO)PRFAER IS I, 15 B =4 b i 25
—NCO f#1E.

PUB-R3L1
PUB-R2L1
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W(—ﬁﬂ
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3386 V3321 1748 [\1682
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Fig. 2 FTIR spectra of R-PCPU, L-PCPU and PUBs.
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—NH 1 45 Iz sh W& 47 T 3386 cm™!, VAT H
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% L-PCPU & &4 i1, 3386 cm! A i /2 3% 4 [%
fi%, 3321 em  AbLI R IR AR TR, UEAH SRR
L U FBE L-PCPU &5 &3 in iy 189 55 . 72

C=0[X1F(K 3(b)), R-PCPULE 1748 F11718 cm!
Ak 3 2 ANTRSCUEE 43 il I8 B R ERE N TG (A
fm) Z B L Bk %L . L-PCPU & PUB N 7£ i% [X 2k 5
P3N BRr BIR24bA6, £ 1682 cm AL LA
3N, AJE T A7 (4 ) EEE kAL, IR
HELR IR R T ST BEX, B ELAE
Iy B4R . % L-PCPU I\, PUBYE 1682 cm™!
AR S B A B R e ok B S 8 I D IR R R
) SRR S 8, A 2 B AR P iy

(2)

R-PCPU (b)

M e PUB-RT ///_
~ //\K
—/_/\K
——R-PCPU e
----PUB-R3L1 L-PCPU AT ﬁ‘
~~~~~~ PUB-R2LI SN
----- PUB-RILI f BN
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133864 3321 - L-PCPU 1748 a —1%1682,

Q Q Q Q Q Q \} Q Q
S & SRS DS
o S I A VY
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©
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Fig. 3 FTIR spectra in (a) the N—H region and (b) the C=O0 region; (c) Sol-gel phenomena of R-PCPU, L-PCPU and PUB.

T A - I B 6 PUB 4315 8] ) & g
VER B AT e b, BRI 0.1 g/mL 11
R-PCPU. L-PCPU % PUB & W & T = i (4
23 °C) FMEHARE . B 3(c)fis, R-PCPU £
L5138 TR, 1 L-PCPU & PUB NI #i A B¢
T P B AR T R I . - T AR R T
B A SV P AR AR O, S ing, AR

. Bl 3(c) o, B L-PCPU & &M N, PUB
(R B e AR R I 72 °CIB i T i & 88 °C, H
L-PCPU (1) 4% A% iff & 5% 51 (92 °C). iX £ W] PUB H
B SR BB L-PCPU & B0 iy 2wy, B
HUESE T AT FTIR f 20445
23 AREMESH

ik TG 5 DTG #h 28 7 ¥t T R-PCPU.
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L-PCPU /% PUB [ #425E T (] 4), AH R E R I
BT R 2 WE 4@ s, &R R A 7 i
J& (Tsop) I T 280~299 °C, 584 53 IR (Toa) N
472~487 °C. H:rf, R-PCPU ] Ts,, 7 T L-PCPU,
X FEIH TP E R BRI 22 . R-PCPU
WA B A VR A TR B s, B A RS2 B
PR T 1) =R X #2385 1 L-PCPU JZ R T AL
WEEL A X, BB 73 A 52 R B /), IR AR 4
I3 fii BE WS AR . 3X — 3 S B T THORH 43 B 45 A 0

(2)

T )
~ 80}
&
=
60
Q
E
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2 40} --- PUB-R3LI
g ~~~~~~ PUB-R2L1
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20
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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.

TS% Tmaxl Tmax2 Tmax3 T;nd

Sample . . . . .
°C) (O (°C) (°C) (°C)
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

e Er R .

i K 4(b) ) DTG fiZE T %1, L-PCPU [f1#4 4>
fif it FE R I 3 AR E P BP0, B — AN R R L
FRUE(Ta )T 289 °C, I -1 B I 225 A1 1)
PR B AN (Thao) LT 354 °C, FEITJE
TR BRI TR R F 1) o iR, SRR BOR B e e
5 3MNE(T )DL T 464 °C, VAJE T HRALTR B Y1)
PR ML Z T, R-PCPU [ 1A 43 55 72 15 4%
I, HPMR MBS, DTG MEF
BIR 2N B 354 °C Kb )5 2 BN N T AT
BLISEIRI AR, 461 °CAb R 55 06X N T B AL ik B
Yoy f#. %HF PUB &%, Bfi# L-PCPU & & 13
I, HAI R B 2L M 2 AN B A 3 AN B
PEas, R IRM BT 7 2 R R
W, X5 FTIR AT 4h B —30. 5 i F50MH 2 25 45
T RIA e 4, AR 2R AL
FIT A B T PR v 20 DL P 2 IR LR A B R A T 4
FaEPE, RRREI 2 2 A0 bR R B R BRI K
24 BRIEERSH

i3 XRD % & 73 #f R-PCPU. L-PCPU X
PUB (1) fb R 4544 . i &l 5 fiT 7, R-PCPU TE 20=
20.1°F123.3°4b H B AT 5F U6, 4330 %oF I B Bk R i
BELHI(110) 5 (200) & 1HT, 2% B R-PCPU H 3 22
AR B HEAT 45 4 . 1] L-PCPU 7E 20=24.2° [} i/ &
INRTHE, &R T HDIUE B S,
Y L-PCPU H LA B 45 & 2 3 . /£ PUB ) XRD 1%
BlH, AT [ B U 5% 21 J T BRI B R R AT S
U . B35 L-PCPU & & 13N,  SBAT S 0 (A
XoF B P R AT 5 5 T AR AT S 06 (1 P i 1
W5 . IX SR BH L-PCPU 1y 5] A2k 7 PUB H HDI
WG P HERR S 4, HRIHRES T 3B 1

R-PCPU

’\ PUB-R3L1
PUB-R2

PUB-R

~p PUB-R1L2

PUB-R1L3
L-PCPU

5 10 15 20 25 30 35 40 45 50

Fig. 5 XRD patterns of R-PCPU, L-PCPU and PUBs.
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B4 Eh R .
2.5 HRITAHSW

it DSC #h (B 6)%F R-PCPU. L-PCPU &
PUB (W45 5a 47 N S5 HHEE AT 08T, FHOC AR AN
fih 2 B 45 T4 3. R-PCPU £ 43.26 °C kb Wi 22 5]
X T B e AR (s R, L-PCPU NIIAE 168.66 °C
Ab W %% ) HDI B Bt il 14 14 4 Rl e, [) B 7
54.77 °CHET WA 55 R B Al 5 XRD i &
XT e R G5 R (R RAE S5 AT . fFEPUBAA &R, W
D[] B A0 %52 2] 50 B 44 (41.49~42.35 °C) 5 HDI
i B T AA(163.89~166.15 °C) s mlg, 3 — ik
Si2PUB H A7 75 B 2 (WA 73 B 4544 . i35 L-PCPU
FUESTHIE I, BRI IE RS M 17.661/g FF5:
TREE1.700/g, VLBHEREBG SR ET A (ES
ERMZ, PUB-RILI KB RARIARLA(1.231/g)
BE WAL, JRN A AE 2 L-PCPU 5 R-PCPU & &
FHIEES, 2P AR VERISE N, 30T B
THERIA 7 HES S 45 & . HDL RS B (1) &b A 44 file
J& W it L-PCPU Jii & 73 042 =i 1 5.03 J/g EA&
26.86 J/g, FOAMHELLE fRE I W 0E, FEIH
[AI-T- HDL A B [B] s S s PR 2 1 HEREE 5 7
b [FIE, HDIAE B 45 & B8 77 386 i 10— 20 R 1
VB THEERIZE S A, S PUBH
B G TR T % . b4, PUB A HDIA# B
RIIG T B (KRR L 27~51 °C), 2 B L S A 45 1) R
BEERAR, S MRRIE BB 525 PUB IR ) 2%
MR SR AT 5.

5
é —8[ PUB-R2L1
P
§@l| —__A__ PUBRILI |
= PUB-RIL2

PUB-RIL3

L-PCPU
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Fig. 6 DSC curves of R-PCPU, L-PCPU and PUBs.
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Table 3 Crystal melting parameters of R-PCPU, L-PCPU,
and PUBs.

Sample T4 (°C) AHy (V/g) Ty (°C) Al (/g)
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; T;,,,, melting temperature
of hard segments; A H,,,, 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.
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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 75612
PUB-R3L1 6.5+1.1 69.7+3.2 901+21
PUB-R2L1 7.9+0.7 59.242.1 810+16
PUB-RILI 5.8+0.5 64.2+2.7 812+18
PUB-RI1L2 6.5+1.6 65.8£1.5 854424
PUB-RIL3 7.2+1.3 75.6£3.6 90111

L-PCPU 8.9+0.6 64.8+2.8 923+16

AR il 28328 T E R (1) e PR RSB 1) = 2 i e
AR o B I B & 7E L-PCPU
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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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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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