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Epoxy thermosets are important engineering material with applications in coating, adhesives, packaging and as structural components in a variety of advanced engineering products. The ultimate performance of polymer is critically depends upon the details of the cure chemistry used to produce the thermoset. In order to better understand and monitor the cure chemistry, quantitative analysis of the FT-IR response have been developed for describing the epoxy-amine curing reaction as well as monitoring the hydrogen bonding that occurs in these systems The FT-IR analysis includes (i) quantitative deconvolution of complex peaks into individual spectral contributions, (ii) peak identification via DFT analysis and (iii) appropriate baseline correction. These FT-IR analysis methods were utilized to resolve spectral complexity in epoxy-amine thermoset resin systems.
Using the quantitative FT-IR tools described above, the hydrogen bonding of amine and hydroxyl groups were determined for (i) the self association and inter-association of N-methylaniline (NmA) and isopropanol and (ii) the reaction with a series of hydrogen bonding acceptors, including toluene, triethylamine, epoxy butane and dipropylether that represent π-bond, electron pair on amine, epoxide and ether groups. Simple mass-action equilibrium models of the amine and hydroxyl group hydrogen bonding were developed, where both the extinction coefficient and equilibrium constants were determined from the data.  However, this simple analysis was only valid for dilute concentrations, where an unexpected maximum in the free hydrogen as measured by FT-IR vs. total amount of NmA or isopropanol was observed. It was postulated that phase transition occurs at high NmA or isopropanol concentrations.
The epoxy-amine reaction kinetics was studied using quantitative FT-IR. First, the reaction kinetics of a monoepoxide with a monoamine was studied, where reaction kinetics was followed by (i) HPLC analysis and (ii) then compared with FT-IR analysis.  Subsequently, quantitative FT-IR was applied to the thermoset system of a digylcidyl ether of bisphenol-A epoxy cured with aniline, where multiple absorbance profiles for the different vibrational peak enabled self-consistent determination of the various reacting species – this analysis demonstrates the power of quantitative FT-IR analysis to follow detailed reaction kinetics in thermoset systems. The effect of temperature on the FT-IR spectra was measured for the fully cured Epon825-aniline system, where the hydrogen bonding peaks exhibited significant changes in temperature dependence of the absorbance near the Tg of 95oC. Finally relaxation of fully cured polymer was examined by observing the absorbance evolution following a temperature jump. In summary, quantitative FT-IR analysis provides valuable information on the chemical kinetics in curing thermoset systems as well as changes in the structure of the resulting glassy thermoset with temperature and sub-Tg thermal annealing.
