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Structure and properties of novel epoxy resins containing
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Abstract Two novel epoxy resins; namely, R1 and R2

were synthesized and characterized. These two resins were

isomers and both contained naphthalene units and two

symmetric flexible aliphatic ester chains terminated by

epoxy groups. To investigate the influence of different

structural isomers on the performance of these epoxy res-

ins, they were both cured with various curing agents which

results in the choosing of 4,40-diaminodiphenylmethane

(DDM) as the optimized curing agent. The curing technical

temperature was obtained from extrapolated plots of T–b
curve at different heating rates. The kinetic parameters, the

activation energy (Ea) and the reaction order (n) were

deduced by Kissnger’s isoconversional method and Crane

equation. The moisture absorption and mechanical and

thermal properties of the cured epoxy resins were investi-

gated. Experimental results indicated that the R1/DDM and

R2/DDM epoxy resins displayed improved mechanical

performance without significant decrease in their important

inherent properties, e.g., temperature of glass transition

(Tg), moisture absorption and thermal properties when

compared with the corresponding commercial biphenyl-

type epoxy resins. The average inter-segment distances in

R1/DDM and R2/DDM systems were 4.46 and 4.88 Å,

respectively, which were measured by wide-angle X-ray

diffraction. The result showed R1/DDM (1,5-di-substi-

tuted) was strongly hindered in comparison with R2/DDM

(2,7-di-substituted) and Ea and Tg values of the R1/DDM

were slightly higher than those of R2/DDM. Furthermore,

mechanical properties and moisture absorption of the

R1/DDM were lower than those of R2/DDM. Nevertheless,

the position of the substituent only weakly affected the

thermal properties and the reaction order (n).
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Introduction

As an important matrix material, epoxy resin has been

widely used in adhesives, constructions, surface coatings,

electronic components and encapsulation fields [1–4].

However, there are some disadvantages which may affect

the further applications of epoxy resins, such as weak

toughness, poor moisture resistance, high thermal expan-

sibility, low heat resistance, etc. [5–8].

Owing to excellent thermotolerance and repellency of

naphthalene compound, the introduction of naphthalene

units into the epoxy skeleton is an effective way to enhance

the thermal stability of epoxy resin and reduce its water

absorption [9–11]. However, naphthalene units may result

in the weakening of fracture toughness and mechanical

strength [12, 13]. Therefore, it is necessary to explore a

good strategy to improve the fracture toughness and

mechanical properties of epoxy resin, while keeping high-

glass transition temperature (Tg) and excellent thermal

properties. It is expected that the synthesis of a novel epoxy

resin contains both naphthalene units and long aliphatic

chains can be a satisfactory solution, for naphthalene units

can provide high Tg and good thermal stability, while the

flexible long aliphatic chains can result in good yielding-

ness and mechanical strength.

It is well known that different bridging groups, chain

lengths or various structure backbones may affect the

Y. Zheng � B. Zou � L. Yuan (&)

College of Chemistry and Molecular Sciences, Wuhan

University, Wuhan 430072, People’s Republic of China

e-mail: ljyuan@whu.edu.cn

Iran Polymer and

Petrochemical Institute 123

Iran Polym J (2013) 22:325–334

DOI 10.1007/s13726-013-0131-9

https://link.springer.com/article/10.1007/s13726-013-0131-9


