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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 during reattion of all major NIR absorption peaks in the
spectral range from 4000 to 7100 cm™ was proviided. 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 kimetics, reaction mechanism,
N-benzylpyrazinium hexafluoroantimimate.
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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 (#) 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

Absorbance

7500 7000 6500 6000 5500 5000 4500
Wavenumber (cm™!)

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
aromatic C-H stretching first overtone

5980
bands

5500-5300 secor}d C=0 stretching overtone of an-

hydride

5295 -OH stretching 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

Zadn ASE AT & Yk ARFE F A
A C=0 overtoned I@AH =7} 5300~
5500 cm ' Alololl A Vehbsd o] HaE whg Foll
A e HazA vkg Aoy 2xe o
o|z] 933 ©@x NMA o) &3 o[t o]2jd A}
A& Figure 294 o] #|art Hia FrbspA|vt
Figure 37} 49M= kg Azt we} sl=9] b3t
7 9= Aeg g 4+ A

ek C-Hel 3 5 overtone W=+ 5980 cm™
odf X8l o o] e HA| A3} vhge] AAFA
Fe Vade 128 3 &+ Aok 6075cm™
9] R WA overtone LT A FZA7)d e HA
de} fundamental stretching vibrationd] ¢}3F 3=
E2A 9Hg Azto] 1S E Zasidoh wgo A
=& APF oz JehFe £83 FF Wed F4F
719 R AR overtoned] 2|3 FHIAE 7000 cmd
A Jeht=d|, Figure 33 44|14 8918 + U=
upe} Zho] whg A|zh] wel Frtske wao HEHE
Hg BHA v FHEE TUEHPE 5 Ut

EHHSM U Fs AS. £ Alz="A g A}
4¥ BPH: 94 2&7X& @l o9 @2
APHo =z et ANAA wgS ATAA FA

68

ol ) 2

EAE 2 s Aoz A Ak oy A
E4e 3] Hste ABEA A18EE NIR
A WbAL (diffuse reflextance, R)2] d<po A%
238 #3ld (log 1/R) ¥hg A7t ule A3z}
oz2RE AYEA 2 A5 ASS B4

fo

R= @)

LR

o714, R& WALE, Lo [& 24 AEH 7E
Alge] F43EE vebdh

gt JZAle| == 4530 cm oA NIR &4 Wiz
B Ve Bz o ZA] 29 F3l Be-& A 3
£ ol$- #8311 Figure 5, 6 2 7 242} 50,
110, 28l 120Ce dhge=dx H34
4530 cm™¢] o ZAlo]=9} 7000 cm™ H-Zo A F4
HzE JYela e #4719 NIR f = st m
2 log(1/R) & YepiUch. A¥ZAF 50 CoA
= HZ2ASE A9 HolA] Yo} A3} whgo] g
2 2RSS ¥ = Asien, 110 €9} 120 ¢ 9t
$&zdM = SAY vk FEE Boln AFd) vt
%o A3 AL FEFA YL FAF 5 AN
th2 o2l AFEERE B Alage 42 oji
LN A o] Jom I o]e] o F 9
Y7} 71 AR Fule] AAl whgo] o] whg
A e AZd whgol putEe A duHg HYE

A
g5 U

sl SHE. A7 Faiy gAdsiE vhgoldl
o8} oxirane xEjr} GelHA FA=edl, A3 T
oA A FA gl FAEH fEREE Ao
A B} Be FA|E QA " o] #ale
diEAole @ ARLEH WA HU} vhES Yo
A 7ML YEY F2E FSANATE g Fa
7] F4 Wze] AFEALS EARtel B A3
gl ARz YAHE Fi A o o 3
¥ Aoz gAA UG

Fa AL F], $EE 4 oirlol= EAYE
Rt e aiale] &8, s a=n 74
A EA Zo 2 9% vy NIR 3=9| baseline
HolAl7le Aoz %A Aok Figure 87 9
d A Aoz <%l baselined] Ao)lE 110 T
120 ¢ A2 ol 244 Yeplided 120 C

flo

Polymer(Korea) Vol 24, No. 1, January 2000



2N BREHS BB Ays
. —— ——r : 1.22
0.0781
—0——pb—— o5 ..
£1.20
0.0774
& 0.076] ~1.18
= —a—Epoxide
3 0.075 —o—Hydroxyl [ 116
— 0.074 H1.14
0.073 “42
0.0724 i ‘ 7 o
0 20 40 60 8 100 120
Time (min)

Figure 5. Conversion 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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Figure 10. Conversion of the epoxide as a function of

reaction time measured at 110 and 120 C.
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