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Analysis of Self Diffusion Distributions of Molten Polyurethanes

Nam Jeong Kim'
Department of Chemistry, Sahmyook University

The self diffusion distributions of viscoelastic molten polyurethanes were determined from the relationship
between the relaxation spectra and the distribution of self diffusion. The relaxation spectra of ester, PCL and
PCL dyed type molten polyurethanes were obtained by applying the experimental stress relaxation curves to
the theoretical equation of the Ree-Eyring and Maxwell non-Newtonian model(REM model). The stress relax-
ation of molten polyurethanes were carried out at various temperatures using the physica rheometer with the
temperature controller. The determination of relaxation spectra was performed from computer calculation on
the basis of the theoretical relaxation spectrum equation of REM model. The self diffusion and hole distance
of amorphous region of polyurethane samples were investigated by experiments of stress relaxation. The dif-
fusion coefficients and hole volumes were calculated from rheological parameters and crystallite size in order
to study the diffusion of flow segments in amorphous region. It was observed that the relaxation spectra and
self diffusions of these polymer samples are directly related to the distribution of molecular weights, vis-
cosities, hole volumes and activation energies of flow segments.

Key words: self diffusion distributions, viscoelastic molten polyurethanes, relaxation spectra, REM model,
rheological parameters
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Table 1. The values of rheological parameters G, Gy, o
and (3 of three types polyurethanes in various

temperatures
Temp samples Ester PCL PCL dyed
(°C) parameters type type type
Gy(Pa) 14.603 25.712 18.112
930°C Gy(Pa) 21.731 42.607 36.128
a X 10%(Pa™) 5553 9289  5.995
B(sec) 5484  6.859  3.465
Gy(Pa) 16.329 23.939  25.120
240°C Gy(Pa) 19517 19.973  36.455
a X 10%(Pa™) 5479 8099  3.679
B(sec) 3442 3.730  3.327
Gy(Pa) 19.108 20.466  18.025
950°C Gy(Pa) 4.463 11.141 21.241
a X 10%(Pa™ 6.479  6.157  2.406
B(sec) 3309 3.634  2.687
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Table 2. Activation enthalpies, entropies and free

energies of ester type polyurethane, PCL type
polyurethane and PCL dyed type polyurethane

Thermodynamic Ester PCL PCL Dyed
parametars type type type

4 H = (kcal/mol) 12.263 15.689 5.600

4S=(cal/mol.k)  -39.817 -33.401 -52.339

4 G=(kcal/mol) 20.444 17.155 26.863

Table 3. The values of diffusion coefficients and hole
volumes of three type polyurethanes at various

temperatures

samples Temp  Ester PCL PCL Dyed
parameters O] Type Type Type
230°C  7.030 9.403 12.013
D(em?S)x101°  240°C 11.272 15376 7.830
250°C  14.135 12.231 6.464
230°C  7.711  12.899 8.415
Alem®x101®  240°C  7.759  11.470 5.210
250°C  9.354 8.890 3474
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Fig. 1. Self-diffusion distributions of ester type poly-
urethane melts at various temperatures.
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Fig. 2. Self-diffusion distributions of PCL type poly-
urethane melts at various temperatures.
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Fig. 3. Self-diffusion distributions of PCL dyed type
polyurethane melts at various temperatures.
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Fig. 4. Self-diffusion distributions of ester, PCL, PCL
dyed type polyurethane melts at 503 K.
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Fig. 5. Self-diffusion distributions of ester, PCL, PCL
dyed type polyurethane melts at 513 K.
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Fig. 6. Self-diffusion distributions of ester, PCL, PCL

dyed type polyurethane melts at 523 K.
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