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Effects of Stoichiometric Ratio on Dynamic Mechanical Behavior for an Epoxy/Anhydride System

Deuk-Soo Kim and Jong Keun Lee
School of Polymer and Textile Design Kumoh National University of Technology Kumi, Kyungbuk, 730- 701, Korea

(19973 79 14 W g, 19974 114 4o HE5HE ©3)

= B EQFdMe AdFA/AMFFEAC SeekEn(r=ARFE/AZA)E 0.5 07, 0.9, L12 H3kAA M2 o2 F

=52 743}& 24 1-cyanoethyl-2-ethyl-4-methyl imidazole(2E4MZ-CN)3} N,N-dimethyl benzyl amine(BDMA)<& #
74 Al dE AAES A T FAHE A o] AE 9 E& ARAEL F9% £47](dynamic mechanical ana-
lyzer, DMA) 2} A)a}5-x} odek£ A7) (differential scanning calorimeter, DSC)& o]-83}o] A}3lgicd. DMAZ 2| 78z
A5 B ‘ 743} 2] Akt 227} A8 (relative storage rigidity, RSR) 3} AbeH&4A17}A)-8-(relative loss rigidity, RLR) 2] ¥i3}7}
rzkz} A& a1A 9 TRl 3 S vk 2ejx DSC Z3= rgbo] ZAagel wet Ashr) 23=HE 7leg veldo. A3E 9
AAE 4187 9dske] 28" DMAR ¥ 93l fejHe]& 5 (glass transition temperature, T,) 2} 7} 27} Hg-22}
2 (average molecular weight between crosslinks, M)e AR 5 A& Ao ko] rzhe] 3%ke] tprEA b}E}""E]-
BDMA 9] 7%= T2 101 spehef&u]|d r=09014] H1AE BHovt, 2EAMZ-CN-E ro| ZFadol w2} A& Fr1sle o4
& ¥odch. oj9h 2 AgL ZEAMZ-CNS AEAA 2 AHE-3E9l S of ol ZA7) 3o B IE 25 o ZA|I71E71e] o2
o] E7bHo 2 alofuh Mok 7h48h7] wiolch.

Abstract lsothermal cure behavior and cured properties of an epoxy/anhydride system with two different accelera-
tors, 1-cyanoethyl-2-ethyl-4- methyl imidazole(2E4MZ- CN) and N,N-dimethyl benzyl amine(BDMA), were investi-
gated. The stoichiometric ratios(r=anhydride/epoxy by weight) were 0.5, 0.7, 0.9, and 1.1. The cure behavior of un-
cured mixtures was examined by means of dynamic mechanical analyzer(DMA) and differential scanning calorimeter
(DSC). From DMA, the relative storage and loss rigidities were affected by r and used accelerators. Also, DSC results
show that the cure was accelerated with decreasing r for both accelerators. DMA was also employed to examine the
properties of the cured samples. The glass transition temperature(T,) and the average molecular weight between
crosslinks (i/L) with changing r vary differently for the two accelerators. The T, reaches maximum at a 1 : 1 stoichio-
metric ratio(r=0.9) for BDMA,put continues to increase with decreasing r for 2E4MZ-CN. The increase of the T, may
be due to the decrease of the M. by the additional etherification reaction between residual epoxides, which mainly oc-
curs in excess epoxy mixtures with 2E4MZ-CN.
Keywords : epoxy, anhydride, stoichiqmetric ratio, dynamic mechanical analysis
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Reaction Scheme

(a) Initiation

*
RCH—CH, & NR, wumm R CH——CH,NR,

o,
(U]

(b) Propagation
Esterification
—C—0 * co co ——= ——Coco coo”
m \0/ mono ester (1)
—COoco0  coo + RCH—CH, ——» —COCO  COOCHCHR
L | A\ )
m diester (1) ©
Etherification
—C¢——0" 4+ RCH—CH, ——= ——COCHCHR'
" \o/ &
ether

Fig. 1. Reaction scheme of an epoxy/anhydride system.
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bisphenol- A(DGEBA, &% shell, Epikote 828)% ) 3
2o 183g/molejt}. 8] A3 A & & methyltetrahy-
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hydride(HHPA)(w/w=6/4, Lonza italia, MTHPA-
600) & Abg-stglom Fake- 164g/molelth. Leji 7 s}
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Fig. 2. Chemical structures of the reactants.
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Table 1 Composmons of mixtures and cure condition.

FRSEA A B AFe| vjx e sehoFEuly &3 1091

epoxy/hardener/
accelerator
accelerator(w /w/w)

100/50/3 0
100/70/3.0
100/90/3.0*
100/110/3.0

100/50/3.0
100/70/3.0
100/90/3.0"
100/110/3 0

2E4AMZ-CN

o1 Sto1ch10metr1c Mixture

500mL/min2 2 353}
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WA Zebd s (B )3 tande] WH3E 2ABFAE o]y
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£ 0.35mm 2 3145
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1 1
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Fig. 3. Relative storage rigidities of samples with different stoichiometric ratios during isothermal cure. (a) 2E4MZ-CN (b) BDMA
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Fig. 4. Relative loss rigidities of samples with different stoichiometri ratios during isothermal cure. (a) 2E4MZ-CN (b) BDMA
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Fig. 5. DSC thermograms of samples with different stoichiomet-
ric ratios during isothermal cure. (a) 2E4MZ-CN (b) BDMA
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Fig. 6. Storage moduli of samples cured with different stoichio-
metric ratios. (a)2E4MZ-CN (b) BDMA
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Fig. 7. Tand curves of samples cured with different stoichio-
metric ratios. (a) 2ZE4MZ-CN (b) BDMA
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Fig. 8. Variations of the glass transition temperature of samples
cured with different stoichiometric ratios.
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