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(R FH 7= 6 (Trogran PS 455203 ) 1) 9 g3 1o
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Fig. 1 'H liquid-state NMR spectrum of Irogran in tetrahydrofuran-dy

“ % 7 denotes the solvent signal. The chemical structure of elastomer Irogran is also illustrated in the figure.

Fig. 2 TEM images of (a) origin nanosilica SS1 dispersed by ethanol, (b) Irogran micelle achieved by dissolving Irogran in

tetrehydrofuran, (c) Trogran/SS1 (5 wt% ) and (d) Trogran/SS1 (5 wt% )
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Table 1 Summary of glass transition temperature (T,) and melting enthalpy (AH,,) of Irogran /nanosilica after annealed at 220 “C for 30 min

Irogran/SP1 Irogran/SS1 Irogran/SS1 Irogran/SS1 Irogran/SS1
Sample Pure Irogran
(5 wt% ) (1 wt% ) (2 wt% ) (5 wt% ) (10 wt% )
T,(%C) -44.9 -45.0 -43.0 -40.9 -38.1 -37.17
AH, (Jg™") 2.24 1.83 17.59 20. 60 23.65 23.17

Table 2 Summary of final glass transition temperature (T,) and melting enthalpy (AH, ) of Trogran/SS1(5 wt% ) after annealed at 220 C

Sample Irogran/SS1 (1 wt% ) Irogran/SS1 (2 wt% ) Irogran/SS1 (5 wt% ) Irogran/SS1 (10 wt% )
T,(C) -24.3 -27.8 -30.3 -26.9
AH, (Jg™") 29.79 31. 69 26.74 25.89

Heat flow
Endo

-60 -20 20 60 100 140 180

Temperature (°C )

Fig. 4 DSC traces in the second heating scan for Irogran/SS1
(5 wt% ) after a temperature program annealing at 220 °C with
different times and quenched to 10 °C as the isothermal
crystalline temperature for 6 hours at a rate of 4 K/min; (a)
annealed at 220 °C for 2 min, (b) annealed at 220 °C for 10
min, (c¢) annealed at 220 °C for 30 min and (d) annealed at
220 °C for 50 min

The ultimate values of glass transition (7,) and melt enthalpy

for different annealing times are listed in Table 2.
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Fig. 5 DSC traces in the second heating scan of PBA2000/

nanosilica samples with the heating rate of 30 K/min
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Fig. 6  Melting enthalpy of Irogran/SS1 nanocomposites

with different SS1 contents as a function of annealed time at

220 C
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Fig. 7 '"H Static NMR spectra of pure Irogran and

Irogran/SS1(5 wit% ) at 50 C : (a) Irogran/SS1(5 wt% )
annealed at 220 °C for 1 h, (b) Irogran/SSI1 (5 wt% )
without annealing, (c¢) pure Irogran annealed at 220 °C for

1 h and (d) pure Irogran without annealing
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Fig. 8 Time dependent decay curves of the signal intensity of
aromatic carbons in'* C spin-lattice relaxation experiments of
Irogran/SS1 nanocomposites: ( M) Irogran/SS1 (5 wt% )
without annealing, ( A) pure Irogran without annealing, ( A)
pure Irogran annealed at 220 °C for 1 h, () Irogran/SS1 (5
wt% ) annealed at 220 °C for 1 h.

by it — 2 ) B R i R O S A RHEOWL &5 4
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Fig. 9 'H spin diffusion experiments for Irogran/

nanosilica; ( Il ) Irogran with 5 wt% SSI without
annealing, ( A ) pure Irogran without annealing, ( A )
pure Irogran annealed at 220 °C for 1 h and ([J) Irogran
with 5 wt% SS1 annealed at 220 °C for 1 h
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s L 4 W S 4
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Fig. 10

Schematic diagram of the evolution of structure and dynamics in

polyurethane/silica nanocomposite under high-temperature annealing and subsequent

isothermal crystallization
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Nano-silica Induced Crystallization in Polyurethane Elastomers

2 %

Shen Yu'?, Rong-chun Zhang’, Ping-chuan Sun"
(" Key Laboratory of Functional Polymer Materials of MOE , * College of Chemistry, * College of Physics,
Nankai University, Tianjin 300071 )

Abstract Polyurethane/silica nanocomposites were prepared by solution mixing procedure, and the effect of
nano-silica on the crystalline behavior in these nanocomposites was investigated by a variety of techniques.
TEM results indicate that nano-silica is well dispersed in the polyurethane matrix. It is found from the DSC
experiments that the crystallization of soft segments are obviously enhanced after annealing at high temperature
and subsequent isothermal crystallization at 10 °C , the addition of nano-silica affects the final glass transition
temperature and the crystallinity of soft segments, as well as the rate of increment. Solid-state NMR analyses
reveal that the mobility of soft segments is is restricted after annealing, while the mobility of hard segments
obviously enhanced. The above results reveal that the interchain hydrogen bonding among hard segments is
broken at high temperatures,and the increased interaction of hard segments and nano-silica results in the high
mobility of hard segments, thus promoting the crystalline ability of the soft segments connected with hard
segments. On the basis of the above results, a suggested model concerning the evolution of structure and
dynamics in polyurethane nanocomposites under high-temperature annealing and subsequent isothermal
crystallization is proposed.
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