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ABSTRACT

the industry, cycloaliphatic structure in these resins can improve the chemical,

physical, mechanical and electrical properties of epoxy systems. The aim of
this research is the synthesis of cycloaliphatic epoxy resins of bi-functional diglycidyl-
4-cyclohexane-1,2-dicarboxylate (Cyclo-2F) and tri-functional diglycidyl-4,5-epoxy-
cyclohexane-1,2-dicarboxylate (Cyclo-3F) and studying the effect of a number of
epoxy functional groups and the type of placement of the cycloaliphatic ring on the
final properties.
Methods: To achieve this goal, tetrahydrophthalic anhydride was used as the raw
material and the synthesis was done with epichlorohydrin and TCCA. In this research,
two epoxy resins (bi-functional and tri-functional) have been synthesized, also, the
effect of adding NaOH as a solid or solution to the reaction medium to close the epoxy

l l ypothesis: Considering the properties and many applications of epoxy resins in

ring was investigated. The synthesis steps were investigated and confirmed using
FTIR, 'H-NMR and epoxy equivalent weight (EEW) analyses. To check the final
; ; . properties, the synthesized resins were cured with m-phenylenediamine (m-PDA) and

Crelodl Rl SR Re e analyzed by TGA, DSC, tensile and DMTA analysis.
multi-functional epoxy Findings: Due to the presence of ester groups in the main structure, the Cyclo-2F

epoxy resin has relatively good modulus and strength, but because the cycloaliphatic

synthesis, . . . . .
v structure is not placed in the cured network by hanging out, it practically does not
ester group, contribute much to the process of transferring stress and improving properties. While
tensile modulus, in the Cyclo-3F resin, the presence of the epoxy group on the aliphatic ring causes this

structure to be placed in the cured network, and in addition to increasing the density
of crosslinks, it can withstand the introduced stress and external energies into the
composite. If the synthesized tri-functional cycloaliphatic epoxy resin is cured with
m-phenylenediamine, it has a tensile modulus of 5.3 GPa, which has improved by
more than 50% compared to conventional bisphenol epoxy resins.

cross-linking density
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resin synthesis and then converting it into tri-functional resin.
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Table 1. Theoretical and practical values of EEW for the
synthesized Cyclo-2F and Cyclo-3F.

EEW (g/eq)
Sample
Theoretical | Practical
Cyclo-2F (with NaOH)* 141 152
Cyclo-2F (with NaOH solution, 50%) 141 169
Cyclo-3F 100 108
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Table 2. Curing characteristics of Cyclo-2F and Cyclo-3F systems.
Heating rate o o o AH
Sample (°C/min) T, (°C) Tp (°C) | T, (°C) g
Cyclo-3F 10 113 149 179 517
Cyclo-2F 10 93 143 201 312
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Table 3. Tensile analysis results of Cyclo-3F, Cyclo-2F and
DGEBA cured systems.

Sample Strength (MPa) Modulus (GPa) | Strain (%)
Cyclo-3F 113£2.9 5.3+£0.05 3.5+0.20
Cyclo-2F 81+3.2 4+0.04 2.5+0.21
DGEBA 89+33 3.5+0.06 3.1+£0.23

T v Storage modulus (MPa) A
Samples . L
©°C) Glass region® | Rubber region (mol/m?)
Cyclo-3F | 194 3402 4591 3741
Cyclo-2F | 151 2911 26.06 2327
DGEBA 140 2187 33.94 3107
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