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Shape Memory Properties of Trans-polyisoprene/Polybutene-1 Dynamic
Vulcanization System
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Abstract: Multi-crystalline trans-polyisoprene (TPI)/polybutene-1 (PB-1) shape memory materials were
prepared via dynamic vulcanization. The influence of blending varying amounts of PB-1 with TPI on the
condensed matter structure, crosslinked network, and resulting shape memory properties was investigated.
The results indicate that when 30 phr of PB-1 was blended with TPI, PB-1 formed a continuous phase
region, which increased the first temporary shape fixity ratio R¢ o) and the second temporary shape
fixity ratio R¢a—.p) of the blended system to 86.2% and 95.4%, respectively. Leveraging the synergistic
effect between the molecular chain crosslinked network and the crystalline structure of the blended system
enables triggering at multiple temperature points. This endows the material with multi-shape memory
capability and enhanced thermal resistance, offering potential for application in heat-resistant flexible
intelligent devices and temperature sensors.
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1 AL Zk: () TPI-PB-0, (b) TPI-PB-10, (c) TPI-PB-30, (d) TPI-PB-40
Figure 1 Dynamic vulcanization curves: (a) TPI-PB-0, (b) TPI-PB-10, (¢)TPI-PB-30, (d)TPI-PB-40

1 TPI-PB-XIRMKISh B AR R dE 5 S e
Table 1 Dynamic vulcanization characteristics and cross-
linking density of TPI-PB-X rubber
M, @ M,°
(d-Nm) (d-Nm) (d-Nm) (g/cm®)

My—M c
M (ﬁ/)
0

TPI-PB-0 1490 4844 3354 0972 483 0.9
TPI-PB-10 23.77 46,73 2296 0.969 394 0.63
TPI-PB-20 19.29  35.19 15.9 0969 291 0.23
TPI-PB-30 17.14  26.92 9.78 0964 266 021
TPI-PB-40 1520  22.65 7.45 0962 221 0.03
TPI-PB-50 16.32  19.09 2.77 0951 203 032

&My, torque before vulcanization; b M, torque after vulcanization; ¢y,
relative error of m,/my
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50 3 PB-1 1}, TPIAHX 2B 2t — B4 fb i ss.
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&2 TPI-PB-X#iftii % iPB-1)/5 SEMI: (a) TPI-PB-0, (b) TPI-PB-10, (c) TPI-PB-20, (d) TPI-PB-30, (¢) TPI-PB-40, (f) TPI-
PB-50

Figure 2 SEM images of TPI-PB-X vulcanized rubber after etching PB-1: (a) TPI-PB-0, (b) TPI-PB-10, (c) TPI-PB-20, (d) TPI-
PB-30, (e) TPI-PB-40, (f) TPI-PB-50

#F2 TPI-PB-X 4445 # DSC HU L A K
Table 2 Summary of DSC data for the crystalline structure of TPI-PB-X

Run First heating Cooling Second heating
Tirpt* (°C) Xorpt® (%) T (°0) Xoppa (%) Topi©(°0) Teppn (°C)  Tmapi (°C) Xorpi (%) Trmpen (°0) Xeppn (%)
TPI-PB-0 53.66 29 — — 20.27 — 52.03 29.16 — —
TPI-PB-10 54.28 29.34 125.78 31.13 17.6 62.57 51.86 28.19 113.82 33.87
TPI-PB-20 56.32 28.47 127.26 3191 17.4 66.41 50.73 26.96 114.16 33.39
TPI-PB-30 56.17 28.36 128.4 38.46 17.05 82.8 50.57 28.01 115.64 41.45
TPI-PB-40 54.16 25.73 128.65 39.18 15.38 82.72 47.4 25.94 114.42 39.76
TPI-PB-50 53.2 24.25 130.77 38.84 13.2 84.58 38.6 26.69 114.75 42.9

8T, melting temperature; b X, crystallinity; © T, crystalline temperature. The standard enthalpy of TPI is 144 J/g, while the values for PB-1 crystal
form II and crystal form I are 62 and 141 J/g, respectively. The first heating step calculates the crystallinity of PB-I, and the second heating step
calculates the crystallinity of PB-II

XA R E AT WAXD R AE, 88 50 LR A4 & b PERE B € 26 5 [0 F R A7 k. w4, L3
TPIAIPB-1 % f &Y 45 #). 1 P& 2(d) A 7ix, TPIAN N MOBHER AR R = ERR I I e, 4
PB-1 35 3 P th B 2 1) &5 & 17 o U, e 20=9.9° 4 DSC, fifi € H B I B2 9 60 °C, 15 B il i fir &
(R AT S Uy PB-1 1) iy L T (110) A 5 g, 20=11.9° 158 25 60 °C #1130 °C, [ i B [ 7 i 5 2 60 °C
(1 37 55 06 S PB-1 117 & B 1 (200) 777 4 1§, TPI-a 0 °C. WK 3FIR, Rioa) /9130 °C—60 °CHf
bn 8 E 20=17.5° 17 75 W] 2. T 59 U, TPI-p s 284 7 PB-1 45 i W B 19X 2% [ 5 Il Bsf T2 IR A IS () [ 5 26
20=18.6° f7-{E B WATH . IR PB-1 DL SR A Re(a_g) /60 °C—0 °C N} TP 45 iy 1) 2 10X 2% [i] 5 |
U, TPIR a B 3. RIS TPIATHIEAIE B JRAR B IS A[E E % R, a0 °C—60 °CHY,
a5 TPIS A i 22, UL TS TPIAIPB-1  TPIAARL, TPIAL AT Bk W0 4 4 i itk S AL fry [l B2
ML 2, A AL . TP S PB-1 8K R; a0y 60 °C—130 °C i TPI A, 2 22 1k ¥ 45 Jiki
J iR 22 R 5 ST A AT N T R = RAR S HE A PR B] 5T 3R 5 e A I PSS TR 1) S R T AR

A
at}

I REBEE A B, RALIGN AR LR L .
2.4 FAARIBIZMERERIE b PB-1 =340, t PB-1 245 A #Ag

S FI DMA X 546 J5 36 MR AR GEAZ BRI R Ry o) A4 0, Ry 0.n) 7E LA 304 PB-1
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Figure 3 Crystal structure characterization of TPI-PB-X: (a) DSC primary heating curves; (b) DSC cooling crystallization curves;

(c) DSC secondary heating curves; (d) WAXD characterization
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Figure 4 Shape memory properties of TPI-PB-X: (a) TPI-PB-20, (b) TPI-PB-30, (c) TPI-PB-40, (d) TPI-PB-50
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Table 3 Triple shape memory fixity, recovery and maximum
strain

Rfo-a) Rra—B) Rreoa) Rra—0) fmax
(%) (%) (%) (%) (%)

TPI-PB-20 733 96.0 77.9 78.2 52.13
TPI-PB-30  86.2 95.4 74.0 79.4 70.89
TPI-PB-40  91.9 94.4 72.6 79.6 81.06
TPI-PB-50  95.3 86.9 65.5 86.9 55.11

Sample

i, B PB-1 B oA 3% S AH I HH B A s i T TPIZS
ot [ 52 Ry 4y I 50 473 PB-L I B A% B 2, PB-1
XF TP &G di AT — SE BAAS, [A] IR PB R RS 1)
SEAH, AFITF TP G 2 IR AR R R
FEAL[E G FT A TP A AT TN 45, P3R4 i X 2%
J R A A 2 R B R TS SR, TP A R
SAFFPRIIR B . 24 PB-1 B0 %1 50 43 i, & &
IR, @oay BEH FFE, BAKR, @ ay 5 R a0y TR
R R 7K, B R AL 22 A e N 48, BB 4R
At L8 (R s 7F 30/40 £ PB-11, ¢, RS &
8K, BARE I TR g5 68 7 -

WIS fiT o, AT 3B W Hh R B TPI/PB-X

FARICAZIT AR, Wit 7 RMALRICAZ IR, it
IR TEAR A K 5T Shape O, 28— Il JEAR A 5
IR Shape A, 5 I E AR A 4012 24K Shape B,
Shape A' /& Shape A [#][5] & JZ{K, Shape O' /& Shape
ORISR, SEI4E R 55 3 I DMA 4R
A, ATCAE B, MRPE AR R AIC 12 M R RBLRLT
PRI B TR A ATl B TR B 2B REASF 21 R 4 1 [
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Figure 5 The apparent shape memory properties of TPI-PB-X: The fixation process, (O—A, A—B) isothermal for 3 min, and

the recovery process (B—A ', A' »0O') isothermal for 2 min
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Table 4 Summary of Ty and storage modulus of TPI/PB-X

Storage modulus

Tgr (°C)  Tgpp (°C) @75 C (MPa)
TPI-PB-0 —55.2 -11.9 29300
TPI-PB-10 —54.5 -11.9 31100
TPI-PB-20 —54.2 -10.3 26000
TPI-PB-30 —53.6 -9.3 17400
TPI-PB-40 —57.4 =7.04 29900
TPI-PB-50 —57.7 -7.23 35700
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Figure 7 DMA dynamic mechanical properties of TPI-PB-X
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