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ABSTRACT: The latent properties and cure kinetics of an acid anhydride-cured epoxy resin
have been investigated by a near-infrared (NIR) reflection spectroscopy. The assignments of
the latent properties and cure behaviors were performed by the measurements of the NIR
reflectance for epoxide and hydroxyl groups at different temperatures. A comprehensive anal-
ysis of the origin, location, and shifts durmg reaction of all major NIR absorption peaks in the
spectral range from 4000 to 7100 cm™ was provided. The extent of reaction was determined
from NIR absorption band at the 4530 cm™ depending on epoxide concentration and cure tem-
perature.

Keywords: near-infrared spectroscopy, latent properties, cure kinetics, reaction mechanism,
N-benzylpyrazinium hexafluoroantimonate.
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Figure 1. Chemical structures of DGEBA, NMA and
BPH.
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Table 1. Composition of DGEBA/NMA/BPH
System
mixing ratio (r) DGEBA/NMA/BPH (wt%)
0.25 100/ 25/1
0.45 100/ 45/1
0.65 100/ 65/1
0.85 100/ 85/1
1.05 100/105/1
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Figure 2. NIR Spectra of uncured resins measured at
room temperature.
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Figure 3. NIR in situ sensing of the cure reactions
measured at 110 C.
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Figure 4. NIR in situ sensing of the cure .reactions
measured at 120 C.
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Table 2. Major Assignments for the Characteris-
tic NIR Bands Between 4000 and 7000 cm™

wavenumber .
(cm™) assignments
7000 -OH overtone and combination bands
6075 first overtone of terminal methylene fun-
damental stretching vibration of epoxide
5080 aromatic C-H stretching first overtone
bands
5500-5300 seoor}d C=0 stretching overtone of an-
- hydride
5925 -OH stretphing combination bands due to
moisture
first C=0 stretching overtone of anhy-
4850 .
dride
combination band of the aromatic conju-
4675-4623 gated C=C stretching with the aromatic
-CH fundamental stretching
conjugated epoxy CH, deformation band
4530 with the aromatic CH fundamental
stretching
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Figure 5. Conversnon of the epoxide and hydroxyl
absorbencies with reaction time measured at 50 C.
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Figure 6. Conversion of the epoxide and hydroxyl

absorbencies with reaction time measured at 110 C.
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Figure 7. Conversion of the epoxide and hydroxyl
absorbencies with reaction time measured at 120 C.
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Figure 8. Changes of the hydroxyl absorbencies with
reaction time measured at 110 C.
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Figure 9. Changes of the hydroxyl absorbencies with
reaction time measured at 120 C. -
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