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Fig. 1 DMA spectra of polyurethane with different
soft segments
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Tabde 1 Characterization parameter and transition of polyurethane with different soft segments

Polydio/MDI/BDC
Samples Hard segment content

(molar ratio)

tand (T ) DSC(T)

T, T,

[9]1(m7R) T, T,
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40
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17271
17271
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PTMA-PU
PTMO-PU

PPO-PU

95
75
102
50
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PCL-PU > PTMA-PU > PTMO-PU > PPO-PU
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Fig. 2 DSC curves of polyurethane with
different soft segments
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Table 2 Temperature range for spherulite growth of hard segments

Hard segment Temperature range of
Sample

content(wt% )  spherulite formation{C )
PTMO-PU 40 120~140
PTMO-PU 38 120~170
FPO-PU 40 120200
PPO-PTMO-PUI 38 120~200
PPO-PTMO-PU2 48 120200
PTMA/PTMO-PU 40 120~ 155
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Fig. 3 SALS patterns of hard segments spheruite formed at different crystallization temperature

for polyurethane with difference soft segments

a) PTMA-PU at 120C; b) PTMA-PU at 115C; c) PTMO-PU at 120C ; d) PPO-PU at
170T ; e} PPO-PU at 205C ; {) PPU-PTMO-PU at 200C
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Fig. 4

Polarizing micrograph of hard segments spherulite formed at different crystallizxation

temperature for polyurethane with different soft segments

a) PPO-PU at 170C ; b) PTMA-PU at 130T ;
) PTMO-PU at 140C
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Fig. 5 Carbonvinyl bands in IR spectra of
copolyether ( PPO-PTMO ) based polyurethane
annealed at different temperatures
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SPHERULITE FORMATION OF HARD SEGMENTS AND COMPATIBILITY
BETWEEN SOFT AND HARD SEGMENTS IN POLYURETHANES

MA Jingwen, MA Dezhu, LI Yingjie
{Department of Polymer Science and Enginecring , University of Science and Technology of China , Hefei 230026)
XU Mao
( Polymer Physics Laboratory , Instituie of Chemistry , Chinese Academy of Sciences , Beijing 100080)

Abstract  The spherulite growth of hard segments in polyurethanes and its relation to the compatibility
between the soft and hard segments were studied. DMA and DSC measurements indicate that polyurethane
with different soft segments(PCL, PTAM, PTMO and PPO) exhibit different compatibility between their
soft and hard segments. The compatibility between hard and soft segmeats in polyurethanes decreases in a
sequence of PCL, PTMA, PTMO and PPO. The temperature range for hard segments of polyurethane to
grow spherulites in annealing from melt is limited. The better the compatibility between the soft and hard
segments, the narrower the temperature range for spherulite formation and the longer the crystallization
time. The low temperature limit of spherulite growth is 120C for polyurethane with MDI-BDO hard
segments and does not change with soft segments. This limit is determined by the hydrogen bonds between
the hard segments and soft segments. The high temperature limit of spherulite growth strongly depends on
the compatibility between the soft and hard segments. The worse the compatibility, the higher the high
temperature limit. Only when the temperature becomes high enough, the compatibility between the soft and
hard segments can prevent the forming of spherulite. When the hard segments crystallize from melt, there
exist a most appropriate temperature of forming spherulites,at which the amount of hydrogen bonds has a
maximum as shown by FTIR. In such cases the crystallites and spherulites are more stable.

Key words Polyurethane, Soft segment,Hard segment, Compatibility, Growth of spherulite



