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Analysis of Polyurethane Networks prepared
from PPG-TDI-BD

by

Mutsuhisa FURUKAWA

(Department of Materials Science and Engineering)

Methods for the determination of the degree of crosslinking and the number of effective chains

per unit volume in polyurethane networks have been described. The methods are as follws; 1)

calculation from stoichiometry, 2) calculation from molecular weight of linear polyurethanes which

were obtained by the degradation of crosslink site of cured polyurethane, 3) calculation from amine

degradation, and 4) calculation from Young’s modulus.

The allophanate-cured polyurethanes prepared from PPG, TDI, and 1, 4-butanediol have been

used as model networks in order to ascertain the validity of these methods. The parameters of

network structure calculated from the experimental methods are lower than those from stoichio-

metry. The parameters calculated from method 2 and 3 were fairly close to those from Young’s

moduli.

The properties of the primary chains which were the starting and the intermediate materials for

preparing polyurethane networks have been studied with GPC, HPLC, IR, and UV.
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Table 1. .Polyurethanes of the analyses of
network chains

Sample Formulation State [Adamine * E
No. K M Mn (mo1/g) (kg/cm2)
A-1 1.994 0 1075 N —_ 0
viscous
A-2 " 1.008 1134 R — 0
Tiquid p
A-3 " " 1178 1.03 x 107 0
B-1 1.999 0 778 y viscous — 0
B-2 0.336 988 } liquid — 0
B-3 " 1800 solid - [2.01 x 107> 5.09
Cc-1 2.004 0 820 } viscous — 0
c-2 " o0.38 gogJ [Tiauid] 0
-3 " 2358 solid  |1.28x 107% 15.02
PPG — —— 997 liquid J—— -
* [A]amine; Concentration of allophanate linkage

calculated by Amine degradation method.
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Fig. 1 IR spectrum of linear polyurethane
which was obtained from allophanate-
cured polyurethane network by the
amine degradation (sample B-3;
(KBr)).
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Fig. 2 UV spectra of linear polyurethanes.
(Symbols of the samples have the
same meaning as those used in Table
1)
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Fig. 3 Gel permeation chromatogram of
linear polyurethanes. (Symbols of the
samples have the same meaning as
those used in Table 1.)
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Fig. 4 = Gel permeation chromatogram of
linear polyurethanes.
(Symbols of the samples have the
same meaning as those used in Table
1)
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Fig. 5 Gel permeation chromatogram of

linear polyurethanes. (Symbols of the
samples have the same meaning as
those used in Table 1.)
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Table 2. Comparison of (v./V) determined by the four methods for polyurethane networks

Sample Formulation Effective Chains per Unit Weight (mol/g)
Ye Ye (Ve )i Ye)s.

No. K M who ( )eale SRl (7 Jamine (F2)s-s.E

1 2,75 0.200 7317  4.043 x 1074 1.367 x 10°%  0.390 x 1074 2.013 x 1074
2 2.453 0.330 9332 g.357 x 103 1.072x 1074 1.088 x 1074 2.371 x 1074
3 2.518 0.330 6002 6.778 x 10-%  1.666 x 10°%  2.012 x 107 2.608 x 1074
4 3.023 0.319 6887 g.936 x 10-%  1.452 x 10°% 3.019 x 1074 3.460 x 107%
5 3.496 0.329 5137 9.760 x 10-4  1.947 x 1074 3.355 x 1074 4.276 x 107¢
* Mn 3 Molecular weight of Tinear chainswhich were obtained from PPG-TDI-BD

polyurethane networks by the amine degradation.
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