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Abstract
Current research work focuses on the synthesis of phosphorus- and silicon-containing amine curing agent (PSA) for epoxy 
resins. PSA was synthesized using phenyl phosphonic dichloride and ethylenediamine as raw materials and further modi-
fication with 3-glycidoxypropyltrimethoxysilane. NMR, FTIR and amine value analysis were performed for the structure 
confirmation of the obtained product and intermediate. PSA was taken in different molar ratios for the crosslinking with 
epoxy resin before which the sol–gel technique was performed onto the product for self-crosslinking of the methoxy groups. 
The obtained formulations were applied onto the mild steel panels and cured in an oven. The thermal and mechanical proper-
ties of cured epoxy resins were analyzed by TGA, DSC, impact resistance, pencil hardness and flexibility. The thermal and 
mechanical properties were increased along with the heat resistance index temperature (THRI) toward the loading of PSA 
into the coating formulations. The flame retardant properties were also checked and found to be increased with respect to 
the increasing concentration of PSA because of the synergistic effect of P and Si atoms. The formulation with the highest 
amount of PSA showed the highest LOI as 29 with self-extinguishing behavior in the UL-94 test.
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Introduction

Epoxy resins are one of the important classes of the poly-
meric materials having various applications such as aero-
space composites, printed circuit boards, metal can coatings, 
adhesives and automotive primers. These resins have a huge 
demand in consumer markets because of various outstanding 
properties such as excellent chemical, moisture and corro-
sion resistance, remarkable mechanical strength and tough-
ness, adhesion to many substrates and good insulation prop-
erties. However, epoxy resins possess poor flame retardancy 
due to their weak oxidation resistance [1] which is forc-
ing researchers to develop the epoxy resins with improved 
flame retardancy without compromising their fundamental 

properties and stringent environmental regulations [2]. Many 
times, epoxies prove to be futile when applications require 
high flame retardancy as they are highly flammable. How-
ever, this property can be improved either by physical dis-
persion of flame retardants (FRs) into the polymer matrix [3] 
or by chemical bonding of FRs to the polymer backbone [4].

Halogen-containing moieties are widely used as FR mate-
rials, but these compounds emit hazardous and corrosive 
gases in the form of hydrogen halides during the mechanism 
of action which is harmful to the environment and human 
health. Hence, the development of halogen-free FRs is one 
of the major concerns in academic as well as in industrial 
research [5]. Phosphorus-containing FRs have received 
much attention because of being less toxic to the environ-
ment than halogenated FRs and their simple mechanism of 
action [6]. Halogenated organophosphorus compounds are 
the most reactive phosphorus-containing FRs as they react 
easily with the compounds having active protons such as 
amines, alcohols, phenols and carboxylic acids [7]. These 
compounds give better flame retardancy than halogenated 
compounds because of their condensed phase mechanism 
in which they form char barrier between the flame and the 
substrate [8].
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