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ABSTRACT: A series of crosslinked polyurethanes with different network structures such as
crosslinking density, distributions of crosslink junctions, and network defects were prepared,
varying stoichiometry and compositions of poly(propylene glycol), trimethylol propane, 4,4 -
diphenyl methane diisocyanate. The relative contribution of physical crosslinks which are per-
manent entanglements between elastically effective crosslink junctions increased with higher
chemical crosslinking density and nonuniform distribution of crosslink junctions. As expect-
ed, mechanical strengths such as tensile strength increased as crosslinking densities in-
creased. Higher total crosslinking density shifted the glass transition temperature to a higher
position. Under the same crosslinking densities, the existence of unreacted dangling chains
and nonuniform distribution of crosslink junctions resulted in high glass transition tempera-
tures. In addition, when the temperature of each sample are normalized to each glass transi-
tion temperature, viscoelastic behavior such as creep phenomenon depended on the total
crosslinking density regardless of relative contribution of either chemical crosslinks or physi-
cal crosslinks.
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Figure 1. Molecular tree diagram of trifunctional
group A.
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Table 1. Composition of a Series of Crosslinked
Polyurethanes

Sample o ¥ a W’
SAl 0.881 1 1 1
SA2 0.881 0.9 0.89 0.99
SA3 0.881 0.8 0.78 0.97
SA4 0.881 0.7 0.68 0.89
SB1 0.788 1 1 1
SB2 0.788 0.9 0.88 0.99
SB3 0.788 0.8 0.76 0.96
SC1 0.713 1 1 1
SC2 0.713 0.9 0.87 0.99
SC3 0.713 0.8 0.74 0.95

S1 0.957 1 1 1

% Obtained from extraction experiment.

Fraction of elastic deformation (%)
-=100—Fraction of plastic deformation (14)

fPHo| 5= A Z}F AR A (differential
scanning calorimeter, TA-2100, DuPont)& o] &
dlo] AL AHNYLE AHESH] -100 TR
74271 F 10 C/min®] $2LEZ 100 T7HA| 7h
EA7IH EF3Th A &5 FHolA A7kl w
HAAHFP L2 Gehman torsional testerE o] &3}
23t o, 1 HAHL ASTM D-10434) A
gt

o 2 rlu

g1 3 0%

Table 2= dd9] 7k E2)9edkel thstd F&
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EE Aol oM BadFo2RE 42 4EH
ZHAAE ghol o] A Jtadk @GRt I &5
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d 7hie FECIL AL SRl 7 EAY
ZhaAA & HgE7] dgelnt.? shed il
Fig. 2014 B uie} & 3714 A971 A& +
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Figure 2. Three types of trapped entanglements.

Table 2. Crosslinking Density of a Series
Crosslinked Polyurethanes

(b)

of

b

Sample Ve v" n
SAl 5.1x1073 10.1x1073
SA2 3.6x1073 10.0x 1073
SA3 2.1x1073 2.3x1073
SA4 0.9%x1073 2.1x10°3
SB1 3.5x1073 3.6x1073
SB2 2.2x1073 2.2x1073
SB3 1.2x1073 2.1x1073
SC1 2.6x1073 3.7x1073
SC2 1.6x1073 2.0x1073
SC3 0.8x1073 2.0x1073
S1 7.5x1073 28.0x1073
% Calculated from EANC theory.
b Obtained from swelling experiment.
3
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Figure 3. Total crosslinks vs. chemical crosslinks.
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tion of crosslinks.
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