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Coatings Cure Analysis Based on Rheological Measurement

Kanji Mori
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Abstract

A unique device for measuring the complex moduli of
materials was designed and applied to the study on the
change of the network density during isothermal cure of
coatings. The device is composed of a rigid pendulum with
a sharp knife edge as the axis of oscillation and a non-
contact displacement metering system. From the decay of
oscillation, specimen’s rheological properties such as elastic
modulus were calculated. The change of the elastic modu-
lus in a temperature range between 110°C and 160°C showed
a common formulaof E’, = E’, . (1 —exp(—k (1 —1;))),

where E’, is relative elastic modulus, # is time, and E’, ., , k,

and ¢, are constants. This result corresponded with the 1st
order reaction rate. The temperature dependence of the
rate constant k showed the apparent activation energy Ea =
54.5 kJ/mol, and the delay time ¢, showed Ea = 94.1
kJ/mol. Functional groups to be crosslinked are supposed
to be very limited to move because of being attached to
infinite network. This seemed to be the reason why the
change of the modulus followed a 1st order reaction formu-
la, and why the Ea value calculated from the rate constant

differed from that corresponding to the delay time.
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Polymer melt Gelation Crosslinking

Fig. 1 Curing process.
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Fig. 2  Schematic change of elastic modulus profile.

Elastic modulus of coatings film at curing
temperature increases as cure proceeds.
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Fig. 3  Rheological measurement apparatus.
Free oscillation of knife-edge-sustained
pendulum reflects complex modulus of the
sample.
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Fig. 4 Constitution of the system.
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Film strain geometry with oscillation
displacement.
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Oscillation data are characterized by
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E'. was well fitted by exponential
formula after gelation completed.
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Table 1 Fitted parameters.

1

Cure temp./°C  E',, k/min "~ t;/ min
110 301 0.00504 25.1
120 500 0.0127 12.8
135 1247 0.0244 4.25
150 409 0.0407 1.57
160 261 0.0617 —
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