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Fig. 1 o-Ps lifetime ( ;) versus temperature for differem PUs

Table I Parameters of the linear fits ¥ = AX + B for the mean lifetime
r; in different PUs

Sample region T (X) A( x 107 na/K) B{ns)
1 140 ~ 205 4.05+0.84 1.1520.02

PBU I 205 ~ 275 4.79+0.08  1.31+0.004
13 215~315 8.4321.01 0.259:0.04
N 314 ~ 353 2.63+0.23 2.33£0.01
I 140 ~ 195 4.07+0.94 1.1320.11

PCU | 195 ~ 275 5.63:0.23  0.449:0.06
il 275 ~ 110 9.45x1.04 0.10220.04
hi 310 ~ 363 3.36:0.28 1.40£0.09
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Fig. 2 DSC scan plots for differeat PUs and pelyester polyols
a) PRO; b) PCD; ¢) PBU; d) PCU
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Table 2 DSC scan results of different PUs and polyester polyols

Sample Ta(K) Ta(K) T4{K) To{K) Ta(K) AH,(Jig) AH,(Jlg) AHg{(Vg)
PBO - - 334 - - 97.11 - -
PCO - - 328 - - 133.9 - -
PBU 234 - 314 413 534 12.94 5.913 ¢.851
PCU 231 311 - 420 530 - 8.541 1.874
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Fig. 3 WAXD plots of different PUs and polyols
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Fig. 4 o-Ps lifetime intensity (/;} versus temperature for
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Fig. 9 The free volume distribution of PCU at different
temperatures
a) 160 K; b)200K; c)240K; d)280 K

Fig. 8 The free volume distribution of PBU at different
temperatures
a) 140K; b) 160K; ¢) 210K; d) 220K
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MICRO-STRUCTURE AND FREE VOLUME PROPERTIES OF LINEAR
POLYURETHANES MEASURED BY USING POSITRON
ANNIHILATION SPECTROSCOPY

NING Chaofeng' , HE Chunging’, ZHANG Ming’, HU Chunpu', WANG Bo’, WANG Shaojie’
(" Institute of Material Science and Engineering, East China University of Science and Technology . Shanghai  200237)
(* Department of Physics, Wuhan University, Wuhan 430072)

Abstract The structural transitions and free volume properties for two kinds of linear polyurethane prepared with
polybutalene adipate polyol and polycaprolactone polyol (PBU and PCU) respectively were studied by means of
positron annihilation spectroscopy in the temperature range from 140 K to 360 K, DSC and WAXD measurements . The
experimental results indicated that there were three structural transition temperatures for these two polyurethanes
{PUs) from 140 K to 360 K. The transition at low temperature (at around 200 K) was atiributed to the glass
transition temperature ( T,) of polyester soft segments existing in PU and the transition at 275 K could be related to
the small amount water adsorbed in PU samples. The high tempemature transition {at about 310 K) comesponded to
the melting point of soft segment crystals in PBU and was also related to the T, for compatible regions of the
disordered hard segments with some soft segments existed in PCU. When the temperature was lower than the T, of
soft segments in PU, both the size and the relative eoncentration of free volume increased with increasing temperature
for PBU and PCU. While the temperature was higher than the T, of soft segmensts but lower than 275 K, the relative
concentration of free volume reached a constant value but the size of free volume increased further. When the
temperature was higher than 275 K but lower than the melting point of soft segment crystals or the T, of hard/soft
segment miscible regions, the relative concentration of free volume still kept constant but the size of free volume
increased appreciably. When the temperature increased more, both the size and the relative concentration of free
volume existing in PUs increased again. The distributions of free volume were also examined at various temperatures
for these two PUs. All these experimental resulis could be related to the movement of macromolecular chains and the
morphologies for these PUs measured by using DSC and WAXD.

Key words Linear polyester-polyurethane, Positron annihilation spectroscopy, Micro-structure, Free volume,

Crystallization



