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A Study on Low Temperature Relaxations of Polyurethane Networks
by
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The low temperature relaxations of amorphous polyurethane networks were.
. investigated by measuring their dynamic mechanical properties over temperature
range of —150°C to 20°C.  Two series of crosslinked polyurethanes were prepared
by prepolymer technique. In one series, prepolymers based on poly(oxypropylene)
glycol (PPG) and 2,4-tolylene diisocyanate (TDI) were crosslinked with p-xylylene
glycol (XG), 1,4-butanediol (BD), trimethylol propane (TMP), or 4,4’-methylene-
bis (2-chloroaniline) (MOCA). In the other, prepolymers based on PPG and hexa-
methylene diisocyanate (HMDI) were crosslinked with XG, BD, or TMP.

Three relaxations (&, B8, v-relaxation) were observed for all samples. The ‘a.
relaxation is associated with micro-Brownian motion of polymer backbones. The ¥
relaxation (—110°C~—150°C) is associated with local motion of polymer backbones
and with a rotation of the methyl side groups of PPG. The 7 relaxation of TMP-
cured polyurethanes includes a rotation of the ethyl side groups of TMP.

The B relaxation is associated with the motion of crosslinking site. The struc-
ture of crosslinking site and crosslinking density infuluence temperature and peak
intensity of B relaxation. ~ The relaxation temperatures are as follows: -TDI-XG
—68°C; -TDI-BD —90°C; -TDI-TMP -—70°C; -TDI-MOCA —70°C;/ -HMDI-XG
—178°C; -HMDI-BD —80°C; -HMDI-TMP —75°C.

The temperature and peak intensity of these relaxations were discussed in connec-
tion with the results of swelling measurement.
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Table 1 The Structural Parameters of Polyurethanes

No. PPG Diiso- Curing K M [Urethane][ Allophanate] [Urea] [Biuret] Gel fg;action Density

Mn cyanate agent (mol/1)  (mol/1)  (mo1/1) (mol/1) benzene DMA (g/cm?)
1 1895 HMDI XG 2.03 0.334 1.236 0.152 —_ —_ 84.9 — .1.033
2 1895 HMDI BD 1.93 0.374 1.367 0.220 — —_ 83.4 ~ - 1.040
3 1895 HMDI TMP 2.05 0.334 1.829 0 —_ - 90.5 —  1.032
4 1809 TDI XG 2.03 0.322 1.258 0.356 —_ — 94.0 — 1.047
5 1809 TDI BD 2.14 0.318 1.199 0.379 - - 93.1 —  1.083
6 1895 TDI TMP 2.02 0.323 1.815 0.031 —_ — 97.0 -— 1.067
7 1760 TDI TMP 2.03 0.354 1.939 0.015 —_ —_ 97.7 97.5 1.070
8 1066 TDI TMP 1.98 0.332 2.682 0.122 — — 98.4 98.4 1.103
9 gog TDI TMP 2.08 0.329 3.488 0 — bt 99.3 99.5 1.123
10 419 TDI TMP 2.01 0.333 5.076 0.285 — — 100 100 1.195
11 1066 TDI MOCA 1.99 0.112 0.755 - 0.753 0 0.367 99.5 95.3 1.113
12 997 TDI MOCA 2.00 0.207 1.280 0.269 0 0.643 99.7 — .1.128
13 898 TDI MOCA 1.99 0.334 1.605 0.678 0.482 98.8 96.0 1.150
14 997 TDI MOCA 2.01 0.389 1.486 o] 0.831 0.332 399.0 — 1.155
15 997 TDI MOCA 1.99 0.420 1.485 0 1.002 0.235 39.6 0 1.163
16 1066 TDI MOCA 2.02 0.334 1.412 0 0.809 0.416 98.0 172.2 1.138
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Fig. 1 Structures of Crosslinking Site,
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Fig. 2 Temperature Dependence of Dynamic
Modulus of PPG- HMDI-XG; -BD;

-TMP.
A :=XG (Sample No.1, K=2.03, M=0.334)
(O:-BD (Sample No.2, K=1.93, M=0.374)
@ .- TMP(Sample No.3, K=2.05, M=0.334)
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Fig. 3 Temperature Dependence of Dynamic
Modulus of PPG-TDI-XG;-BD;~TMP.
A:-XG (Sample No.4, K=2.03, M=0.322)
(Q:-BD (Sample No.5, K=2.14, M=0.318)
@:-TMP(Sample No.6, K=2.02, M=0.323)
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Fig. 4 Temperature Dependence of tand in
B-Relaxation for PPG-TDI-TMP.
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Fig. 5 Temperature Dependence of tand in
v-Relaxation for PPG-TDI-TMP.
Symbols are the same as those
used in Fig. 4.
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Fig. 8 Temperature Dependence of Dynamic
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