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1.1 R#

4,4-— FEERNE I OB E(4,4'-methylenebis
(cyclohexyl isocyanate), HMDI, 4% 90%),
V3 B /K BERL RS, 1,4- T % (butane-1,4-diol,
BDO, 4 99%). — HFERR — T %4 (dibutyltin
dilaurate, DBTDL, 4 J& 95%), 4 H L
B] i T AW BB A IR 2 w5 SR D0 Ik PR
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IRIE G FE A, K 5.0 g (2.5 mmol) PTMEG
A15.0 g (2.5 mmol) ] PDMS Jil A\ 250 mL ] = %
B, V578 THF (10 mL), 4k 75 DBTDL
(£120 uL), I E TR A 60 °CH, 4% bl 17 =
ke b 2218 N 1.968 g (7.5 mmol) HMDI, %
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48 h ¥ HL R Y peE IR VU OB A, 7R
i KBS % 2 24 h, 7E 80 °C H B UL A B E
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{8 B I A28 4 21 406 15 I X (Fourier transform
infrared spectroscopy, FTIR)K H {285 N
Cary660+620, filli&i5 N Agilent, 73#F% N4 cm™,
RAEERECRN 32, FHETEH 9 400~4000 ecm™. B35
ML 7 M7 (dynamic mechanical analysis, DMA,
Q800, TA)FMSIZ A1 Hz, FIAEA 1%, M
VS REIAN-140~30 °C, FHEIEZFA 3 °C/min. 7~
ZeF4 & A (differential scanning calorimetry,
DSC, DSC 214, Netzsch, & E)FH T4 #Hr#h
AT, MR E N-150~150 °C, SR, #4
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SEAE . A E IR 5 I 35 {X (gel permeation
chromatography, GPC, H 77 & Tosoh)ll i 7
T8, {40 °C FEM, A% 5 THE 1E A7)
Bie B N 1 mg/mL R AR AT e, 2t
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FEm N 10 ul, ¥ii%N 0.35 mL/min.
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Fig. 1 Chemistry structures and their characterization of T,S B,
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elastomers. (a) The monomers, synthesis routes and chemical

structures of T,S,B, elastomers; (b) TGA curves of T,S B, elastomers; (c, d) FTIR spectra of T,S,B, elastomers; (e—j) Experimental

and fitting curves of stretching vibration band of C=0 group.
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Table 1 Molecular weights and their distribution, assignments of FTIR bands and their integral area of T,S,B,.

S 1 Mn (X 104) Mw (X104) Afree (%) Adisordered (%) Aordered (%) The ratio of C=0 group
ample
P (gmol™)  (g'mol™) (1720 cm™) (1700 cm™) (1645 cm™')  forming hydrogen bonds (%)
T,S,B, 1.9 6.3 34 18.6 71.2 10.1 81.4
T,S,Bys 5.4 12.1 2.2 333 33.8 32.9 66.7
T,S,B, 4.9 12.7 2.6 26.9 59.0 14.1 73.1
T,S,B; s 42 13.3 3.2 23.8 55.2 21.0 76.2
T,S,B, 3.8 10.1 2.6 21.8 54.9 23.3 78.2
T,SoB, 13.0 25.7 2.0 33.8 51.0 15.2 66.2
(a)\Tg,pDMs T,S,B, 0.8 | (0) ——T(S,B; ---- T;S;Bys--- TSB;
- = TiSiBisTiSiBy — =~ ToSeBy
N N 1703 0.6 S N\TapvieG
T,S,B b
é _ N N 1918
= T\SiBys
= N T,S,B,
Te PTMEG T,S,B;
Y
1 1 1 1 1 1 O 1 1 1 1 1 1
-120 -80 -40 0 40 80 -120 -100 -80 -60 -40 20 0 20

Temperature (°C)

19|_3> 19.5
20¢ : = 134 186 120

15
. —
R g
| - T £
i : 10 ¢
|
5
0

Hard segment . Soft segment A PTMEG WA PDMS

Fig. 2 (a) DSC heating thermograms of T,S B, elastomers; (b) tand of T,S B. elastomers; (c) 1D SAXS integral curves of
T,S,B. elastomers; (d) Schematically illustration the long-period of T,S B. elastomers; (e) Microscopic structure diagram of
T,S,B. elastomer.
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0.15} (a) ToS,B, 012+ ® T;SBps  —— 13.3 min’!
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< [+
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v 172}
= 5
7 . )
r —— 13.3 min"!
10,0 min"! 0.02
—— 6.7 min™!
—— 3.3 min’!
0 300 600 900 1200 0 200 400 600
Strain (%) Strain (%)

Fig. 3 Stress-strain curves of (a) T,S,B;, (b) T;S;Bys, (¢c) T;S;B;, (d) T;S,B;s, (e) T;S;B,, and (f) T,S,B; under different

tensile speeds.

2 50% (T,S,B,), 1HIFARKAET,S,B, RF1#
PEASE G ST Ny, RIS RAE R HRT),
VR . SR WM R AN 15 2
Tt HIy#frgit i 4B, DLT, S, B N
B, SR HIEZE M 3.3 minT' $2 S Z 13.3 min ' B,
HAFE M 0.32 MPa i F+ % 0.61 MPa (31 90%),
53 5 M 46.1 kPa $2 7} % 86.0 kPa (F411F 86%), M
ZUHK I 477% $ETH A 1228% (HE 157%), #]
PE M 109 kJ/m3 $2 T+ 2 385 kI/m3 (34 1F 253%). 1fi
ToS,B AR KD H SIEAT N, H AT NFFHH
FITEAT N M 55— B ECHAA 2R T,SB, BRI
H TR SIEAT A, {H 58 A 24K 35K T

TRV RRE B 5 5 R SR AR A 2R (TS B)).

5—77T, T,SiBoss TiSiBy 2MFEMAETE A
FTHHEL R g B A 358 i 38 n, 19 7 g o 9 A
I I LI SN =N I R S I
66% F1 50%. 1M T;S,B, s F1T;SeB, 2 ¥ it B 7 I
bEE R IRET B, BRI, AL B A
RIS, XD AT AR A B
23 HMEHEL

K AL SAXS o F AR ik #8 h  fOM T 55
BT 1B . Bl 5(a)E T,S,B, 7EAN[F] R 38 4k ) 2D
SAXS % . fEHifH 21T, 2D SAXS K& 2 H
MR, 2B P 0 SR A 485 46 S 2% 1 ) 1k 5 44 . B
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Fig. 4 Toughness (i), elongation at break (ii), strength (iii) and modulus (iv) of T,S B, elastomers: (a) ToS,B, (b) T;S,Bys,

(¢) T,S,By, (d) T;S,B, s, (e) T,S;B,, and (f) T,S,B, under different tensile speeds.
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Fig. 5 Microstructure evolution of T;S,B; elastomers. (a) Selected 2D SAXS patterns of T,S,B, at various strains as indicated
in Figures. The stretching direction is horizonal; (b) 1D SAXS integral curves of T,S,B, elastomers along equatorial direction,
and (c) meridian direction, respectively; (d) Evolution of long period of dual soft domains during stretching; (e) Azimuthal
angle integral of the T,S;B, elastomers; (f) Herman's orientation factor of T,S;B, during stretching; (g) Degree of microphase
separation and intermixing within microphase; (h) Demonstration diagram of the tensile form of T,S B, elastomer.
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Fig. 6 (a, b) Stress relaxation curves of T;S,B, and T,S(B, elastomer at various strains; (c, d) Evolution of stress time along
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Study on the Speed-induced Extensibility Behavior and Mechanism of
Double Soft Phase Thermoplastic Elastomers

Cheng-yi Huang'2, Kai Lu?, Yi-yu Kang®*, Hai-ming Chen?"
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Abstract Regulating the viscoelasticity of thermoplastic elastomers (TPE) to achieve speed-induced extensibility
(SIE) behavior, where the modulus, strength, and elongation at break increase simultaneously with increasing
tensile rate, is an intriguing scientific issue. In this study, dihydroxyl-terminated poly(dimethylsiloxane) (PDMS)
and poly(tetrahydrofuran) (PTMEG), which are thermodynamically incompatible, were selected as soft segments.
By adjusting the hard segment content, a series of thermoplastic polyurethane (TPU) elastomers with a dual soft-
phase structure were constructed. /n situ small-angle X-ray scattering (in situ SAXS) was employed to track the
structural evolution of these elastomers during deformation. It was proposed that the interface diffusion and
mixing of the dual soft-phase significantly prolong the relaxation time of chains, thereby promoting large-scale
chain slippage, leading to distinct SIE behavior. The confirmation of this process provides a new perspective for
understanding the microstructural evolution of TPE during long-range deformation and will offer guidance for the
design of novel high-performance elastomers.
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