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ABSTRACT

and coatings, acrospace and electronics due to its unique attributes. Epoxy
curing agents can be generally classified in two groups of normal (room or
high temperature) and latent curing agents. Latent curing agents are mixed with epoxy
resins to obtain stable compounds at normal conditions. These compounds can cure
epoxy resins rapidly when exposed to external stimulation, such as heat. Capsulation
of curing agent as a cost-effective method has attracted an extensive attention to
prepare non-reactive or latent curing agents. The concentration of microencapsulated
latent curing agent significantly affects the final mechanical properties of cured epoxy
resins.
Methods: The effect of concentration of microcapsules containing curing agent of
1-methylimidazole by solid epoxy shell on the mechanical properties of epoxy resin
was investigated using dynamic mechanical thermal analysis.
Findings: The effect of 20, 25, 30 and 35 phr (per hundred resin) microcapsules
epoxy resin, concentration in liquid epoxy on storage modulus (E’) and phase angle tangent
latent curing agent, (Tand) was investigated. The results showed that increasing the concentration of
microcapsules in cured samples causes to advance storage modulus due to increasing
the amount of curing agent and consequently increasing the density of crosslinks. On
concentration of curing agent, the other hand, it was found that liquid epoxy resin cured with 30 phr microcapsules
dynamic mechanical has the highest glass transition temperature (48°C). The hardness test results also
confirmed the results of thermal-mechanical dynamic test at the optimum microcapsule
concentration. The results also indicated that at 30°C the storage module decreased
by increasing microcapsule concentration from 20 to 25 phr. The storage modulus
of cured epoxy resins increased to higher values by increases in microcapsule
concentration. Therefore, the epoxy resin cured by 35 phr microcapsule showed the
highest storage module (723 MPa).

l l ypothesis: Epoxy resin is used in various industries such as adhesives, paints

microcapsule,

thermal analysis
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Fig. 1. Chemical structure of (a) diglycidyl ether bisphenol A and (b) 1-methylimidazole.
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Fig. 2. (a) Cured samples in different concentrations of
microcapsules (1-methylimidazole/solid epoxy) and (b)
degradation of cured epoxy resin by a concentration of 30 phr

microcapsules during DMTA test.
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Fig. 3. SEM images of the fracture surface of cured epoxy systems at concentrations 20, 25, 30 and 35 phr of microcapsules

containing 1-methylimidazole by solid epoxy shell at magnifications (a) 400x and (b) 1000x.
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Table 1. The area under tand curve liquid epoxy resin cured at
concentrations of 20, 25, 30 and 35 phr from microcapsules

containing 1-methylimidazole by solid epoxy shell.

Microcapsule Area under Glass transition
concentration (phr) | tand curve temperature (°C)
20 23.65 43.9
25 21.21 36.5
30 22.53 47.7
35 21.75 40.6
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Fig. 5. Tand curves of liquid epoxy resin cured versus temperature

at concentrations of 20, 25, 30 and 35 phr of microcapsules

containing 1-methylimidazole by solid epoxy shell.
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Fig. 6. Storage Modulus curves of liquid epoxy resin cured versus temperature at concentrations of 20, 25, 30 and 35 phr of

microcapsules containing 1-methylimidazole by solid epoxy shell: (a) before the glass transition temperature (30 and 45°C) and

(b) after glass transition temperature (60, 120, 220 and 290°C).
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