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SYNOPSIS

polyurethane elastomers with almost equal crosslinking density but with different polar
segments and different extents of softening were prepared from poly(oxypropylene glycol) by the
prepolymer method. Physical properties such as gel fraction, swelling ratio, density, glass
transition temperature, extent of softening, stress relaxation, and energy absorption were measured.

MOCA-cured polyurethanes (group I) showed softening to a large extent compared with TMP-
cured ones (group II). The extent of softening was affected by the structure of diisocyanate, Ten-
second modulus vs. temperature relationships obtained from stress relaxation data revealed that
group I has fairly broad glass transition region. The other showed nromal temperature dispersions
in the relationships. Tg determined through the measurement of linear thermal expansion were in
good accordance with the 10-sec modulus curves for group II as in the case of ordinary amorphous
polymer networks, but were not true for group I. In rubbery region, moduli of group I were
several times higher than those of group II owing to the strong hydrogen bonding ability. In each
group, rubbery moduli increased with increasing flexibility of diisocyanate segment. Energy
absorption determined by ball rebound method also showed that group I has broad tranSition
regions. Stress relaxation curves were super-imposed successfully and master curves were obtaind.
Temperature dependency of log ar obeyed WLF equation. The distribution curves of relaxation
times at reference temperature Ts were calculated, which clearly showed that group II behaves as

typical amorphous polymer networks and that, in contrast, group I has remarkably gentle slope

in transition region. The effect of interchain hydrogen bonding on relaxation mechanisms was
discussed.
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Table 1. The Struciural Parameters of Polyurethanes

No.  Ppc?) Diiso-  Crosslink- X W) (Ye/v1°)  urethane1®) [Allophanate]®)  ureal®) [Biurat]9) [rotai wuy?)
cyanate ing agent
(molsl)  (mol/1) (mol/1) (mol/1)  (mol/1) (mo1/1)
1 PPGI040 D1 T™P 1,775 0.3813 0.3466 3.343 o 0 o 3.343
2 PPG2000 NDT ™ 2,000  0.3325 0.2013 1.734 0.0080 o o 1.742
3 PPG1040 MPDT ™P 1.547  0.3320 0.2684 1.611 0.0026 o o 1,614
4 PPG1960 HMDT MoCA 2.133  0.3180 0:3482 0:844 ) 0.2601  0.3483 2.061
5 PPG1876 XDT MOCA 2.000  0.3334 0.3126 0.939 0 0.3124  0,3645 2,203
6  PPG1O19 D1 Moca 2.235  0.3232 0.3738 0.856 o 0.3000  0,3737 2,223
7 . PPGlO44 MDT MocA 1.886  0.3537 0.2149 0.829 ) 0,3045  0.2149 1.868

a) Mol. Wt. is indicated in the columns.

b) M= (mole of crosslinking agent) / (mole of NCO group of prepolymer) .
c) The concentration of effective network chains.

d) The concentration of polar groups in polymer.
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Table 2. Properties of Polyurethanes

No. FPolyure-  ga) gb) 49 Tg (A/B)g(OD
anes (9 (g/em3) (°C)

1 PPG-TDI-TMP 97 3.7 1.10 —30 -

2 PPG-NDI-TMP 97 4.4 1.09 —50 0.07

3 PPG-MPDI- 92 4.6 1.10 —30 0.11
TMP

4 PPG-HMDI- 100 2.1 1.09 -—22 0.19
MOCA

5 PPG-XDI- 72 2.3 1.14 =55 0.22
MOCA

6 PPG-TDI- 85 3.7 1.08 —28 0.25
MOCA

7 PPG-MDI- 92 2.1 1.07 =35 0.26
MOCA

a) gel fraction

b) swelling ratio

c) density

d) extent of softening
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Fig. 2. Modulus vs. Temperature Relationships
of Polyurethanes.
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