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Abstract: Epoxy resin toughening agents such as core/shell nanoparticles, CTBN epoxy, polyester polyols, and
polyurethane have been widely used in order to compensate for the brittleness and improve the impact resist-
ance of the epoxy resin. In this work, a few tougheners mentioned above were individually added into adhesive
compositions to observe the effects of physical and mechanical properties. Both flexural strength and flexural
modulus were measured with UTM while impact strength was analyzed with Izod impact tester. The obtained
results showed that the addition of toughening agents afforded positive performance in terms of flexibility and
impact resistance of the cured epoxy resin. Furthermore, DMA experiments suggested that the trends of storage
modulus data of each epoxy resin composition coincided with the trends of flexural modulus data. FE-SEM
images showed that toughening agents formed circled-shape particles when it was cured in epoxy resin compo-
sition at high temperature by phase separation. The existence of particles in the cured samples explains why
epoxy resin with toughener has higher impact resistance.

Keywords: Epoxy resin, toughening agent, impact resistance, phase separation

F AR Fof shdl o=
Al A= A EA A7) - Az Bop, B3 A
5 5% Ze S8 BoklA F FARA AREHA

TCorresponding author: Choong-Sun Lim (chsunlim@krict.re.kr)

101

ATH1,2]. oFA] FA= AHE 7
2 AgER Aoy oA, agla UEARd ¢ AE
ol it Aol ok SHANE =2 VtudE

SHA =1, old wet 9
e FH = 7HA 2 ATH3].
NZA FA BYE =

Atz

7] SAsiA e AT



102 A4 -

el -

o ©
Q-‘-\

Liquid rubber Core/Shell

particle nanoparticle

(b)

Figure 1. Crack propagation in epoxy system (a) neat ep-
oxy system (b) rubber particles dispersed epoxy system[10].
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Table 1. Foumulations of Epoxy Resin with Toughening Agents
Sample Epoxy resin Curing agent Accelerator Filler Toughening agent
1 100 11 0.3 10 0
2 100 11 0.3 10 27 (MX 156)
3 100 11 0.3 10 27 (Polydis 3614)
4 100 11 1 10 27 (DYNACOLL 7210)
5 100 11 1 10 27 (Polyurethane)

3% Unit = phr (part per hundred resin)

Figure 2. Closed type metal mold to fabricate the cured ep-
OXy specimen.
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Figure 3. Graphs of storage modulus of cured epoxy sam-

ples with neat or toughened conditions.
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Figure 5. DSC graphs showing the glass transition temper-
ature of epoxy resin systems with tougheners.
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Figure 6. The comparison of flexural properties of each
cured sample (a) flexural strength (b) flexural modulus.
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Figure 7. Impact strength of cured epoxy resins with tough-
ening agents by Izod impact tester.
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