Effect of Aromatic Amine Structure as a Curing
Agent on Molecular Packing and Mechanical
Properties of Cured Epoxy Resin

Mehran Jahani, Hassan Fattahi, and Mehrzad Mortezaei”

Department of Polymer Engineering, Faculty of Composite Engineering, Malek-e-Ashtar University
of Technology, P.O. Box: 15875-1774, Tehran, Iran

Received: 6 March 2019, accepted: 10 July 2019

ABSTRACT

Many factors affect the mechanical properties of this family of polymers, but

the effects of parameters such as molecular packing on mechanical properties
are less investigated. The most important factor in molecular packing and mechanical
properties is the chemical structure of the curing agent. Herein, we report the effect
of aromatic structure of the curing agent on the molecular packing and mechanical
properties of the cured epoxy resin.
Methods: The curing of the epoxy resin was performed by melting the curing agent and
addition of the epoxy resin. To study the effect of curing agent structure, three different
curing agents including meta-phenylenediamine (m-PDA), ortho-phenylenediamine
(0-PDA) and 2,4-diamino toluene (2,4-DAT) were used. The molecular packing was
studied by X-ray diffraction (XRD) technique. Also, the density measurements of
Keywords: cured epoxy resins were carried out using the Archimedes method and finally, the
effect of molecular packing on the mechanical properties was investigated by tensile
test.
Findings: The results obtained from XRD and tensile test measurements showed that
there is a direct relationship between the molecular packing and mechanical strength
which by increases in the molecular packing the tensile strength increased as well.
By changing the curing agent from m-PDA to o-PDA, the molecular packing was
increased and consequently, led to an increase in the tensile strength of the epoxies.
In using 2,4-DAT as a curing agent, the molecular packing and hence the mechanical
strength were decreased due to the steric hindrance of the methyl group.

l l ypothesis: Epoxy resins are one of the most prominent resins in the world.
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Scheme 1. The chemical structure of EPON 828 epoxy resin.

Cdu st o 40 S Ol 5 oy S eslanad oy iy al> e (6l
o Sl 0 ) S oy (b oS el e 3 s
5 GRS Sl St oo b S e U Bl oy iy
oty JolS sy 3l i Bl axdls lae ol LSS
Sy aby e ooy glaas 2 F Jsdr o 258 ol Oliabl

el o 53 il oy slaJole b oSl 5y S

o g s

Pl s s (Saphd o e Gl s Gl
S esliial b agel as gamme 93 oISy WSl s SO
Lo gpos ol ol 5 53 ol il wle 0-PDA oy Jole
LSy Ldgas 3 Ll e 5 55 oy iy al e 5o e
o 5 S SOl Cod sddastle Gladsas As bl
Shls lad sad o> 0L (225 05a51 ol LB S 13 e

O

n=0.13

o O35l Sl A8 (5 Se3Nl Jsene slos ;3 ASTM D 792
<33 b el csle CP224S Jus Sartorius (555l 5 51 oo
)‘ ‘_&&A u.p‘f EOr LS‘J" ¢W A ealaal ¢/ mg
Gillae Lo 5ol Oga3l b plnil (sl A eslizal [REST 0 el
2 Ymm/min Ce e b 5,0 5 Lds 4 ASTM D 638 5/l
TCS 2000 Js s lioslizw! Universal olKews .0 Jlasl Lot 5o 51

33 e GoTech 5,5 Ll

b 35
53 o) lge (g S il Sls akises SIS e e gl
sk ods LA 4 Ol g, b gl 5 eoliad (V sl
e S 035530 O & 5y e 5 sd e ey bele Ll
Glp S Jlasl b ol jan Olde Sl 3 L3l O min 550> )
S edalio gl A5 (S B blss 0 g sl 255
Syt Sl ek WS oo s S0 (S50

Table 1. The chemical structure, melting point, molecular weight and the amount of curing agents (the amount of EPON 828 was 100 phr).

Melting point Molecular weight Amine Amount
Curing agent Structure )
(°O) (mol/g) equivalent (phr)
NH,
NH,
0-PDA 103 108 27 14
NH,
m-PDA 66 108 27 14
NH,
NH,
HsC
2,4-DAT 97 123 30.75 16
NH,
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Table 2. Curing cycles used for epoxy resin curing with

different aromatic amine curing agents.

Curing agent Curing cycle
0-PDA 2 h@100°C+2 h@120°C+3 h@160°C
m-PDA 1 h@85°C+2 h@100°C+3 h@160°C
2,4-DAT 1 h@120°C+2 h@140°C+3 h@180°C
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Table 3. Characterization of epoxy cured with o-PDA during two curing cycles, with and without pre-cure.

Density Strengh Elongation Modulus
Name Curing cycle
(kg/m?) (MPa) (%) (GPa)
With pre-cure 1208+0.5 84.3+1.8 6.6+0.05 1.740.03 2 h@100°C+2 h@120°C+3 h@160°C
Without pre-cure 1198+0.6 74.0+1.4 5.240.5 1.57+0.12 2 h@120°C+3 h@160°C
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Fig. 2. X-ray diffraction pattern for cured epoxy with m-PDA.
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